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Introduction. The process of drying agricultural raw products
is associated with loss of bioactive substances by the products
exposed to heat, light, oxygen, or pH medium. It is reasonable
to enhance the table beet processing technology in order to
achieve maximum betanin conservation at lower energy
consumption.

Materials and methods. Table beets, rhubarbs, lemons, and
tomatoes were dried at temperature of 50 to 100 °C, air speed
of 1.5 to 3.5 m/s, heat carrier water content of 7 to 15 g/kg, and
layer thickness of 2 to 20 mm. The betanin content was
determined via absorption spectra, using the optical density
value at 540 nm wavelength. A differential microcalorimeter
was used for measuring evaporation heat consumption.

Results and discussion. The effect of raw product pre-drying
preparation was studied. With no preliminary preparation, the
loss of betanin after drying reaches 66 %. The preliminary
preparation technology we have developed includes boiling
whole root crops with optimal selection of acid medium and
allows us to reduce the betanin loss down to 6 %. Regretfully,
the process requires large energy consumption. Low energy
consumption pre-drying preparation method was developed for
antioxidant raw products with thermal processing replaced by
blending. The betanin loss, in this case, does not exceed 5 %.
Optimal drying temperature of betanin-containing raw stock,
after its preliminary processing, is 60 °C. It allows to keep up
to 95 % of betanin. Specific heat consumption for water
evaporation out of the developed table beet based antioxidant
plant compositions, with addition of rhubarb and lemon, is less
by 4 to 5 % as compared to the initial components.

Conclusions. Dependence of betanin loss in plant raw stock
on the material temperature and composition components, in
the course of their pre-drying preparation, was found. It was
also found that water evaporation heat, for some antioxidant
plant compositions developed, is less as compared to the initial
raw stock components. It is reasonable to use the results for
development of industrial thermal processing technologies used
for functional food powder production.
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Introduction

Production of food keeping its nutrients requires additional processing operations not
used, so far, in modern technologies. One of the drawbacks of current table beet treatment
methods is considerable loss (20 to 80 %) of biologically active substances.

Betalains contained in table beet are water soluble pigments classified earlier as
anthocyans. They are found in cell vacuoles. However, betalains differ, structurally and
chemically, from anthocyans and were never found in the same plant with the latter [1]. For
example, betalains contain nitrogen in their structures that can never be found in
anthocyans. Currently, it is known that betalains are indole compounds synthesized from
tyrosine. Chemically, they differ from anthocyans as well as from flavonoids [2]. All
betalains are glycosides containing sugar and pigments. Their synthesis is stimulated by
light [3].

Two type of betalains exist: betacyanins that include pigments from red to violet and
betaxanthins that may be yellow or orange. The betalain studied in most details is betanin
otherwise called beetroot red. Betanin is glycoside hydrolysed to glucose and bethanidine.
Bethanidine is glycosidic food pigment extracted from table beets [4].

Thus, table beet is an important raw stock for production various vegetable tinned food
including those aimed for dietary and medioprophylactic use. But the main problem of its
treatment is still retaining its natural color, even after thermal processing. Retaining table
beet natural color (betanin) is the main purpose when creating beet-based antioxidant
products.

To make table beet pigments more stable and to retain its color, it is recommended to
add ascorbic, sorbic, citric, acetic, and lactic acids till reaching pH level of 3 to 5.
Otherwise, apple or black chokeberry juices may be added, or else sauerkraut, or mashed
ashberry. Besides, caramel syrup, sodium phosphate, or sodium chloride may be used as
stabilizing additives. Vine seed extract, tea, oak acorn broth, cherry or Cornelian cherry
extract show considerable stabilizing effect, too [5].

The stabilizing methods proposed enhance betanin stability, but they could not take
their due place in the food and food-canning industries. That is why the search for new,
efficient pigment preservation methods for table beets under processing is still going on.

Since table beets, while being stored, may lose up to 70 % of pigments, while after
drying with high temperature heat carrier the loss may reach 85 %, we have developed a
method of whole root crop hygrothermal processing in acid medium aimed to stabilize
betanin by creation of optimized pH medium. The method allows retaining almost 96 % of
betanin over a rather long period of storage [Yu.F. Snezhkin, Zh.O Petrova. Patent of
Ukraine No. 92843. Method of Receiving Powdery Pigment from Table Beet]. However,
such hygrothermal processing is power-consuming and takes much time, so a new method
was developed based on creation of optimal pH medium. It has been proposed to create,
prior to drying, functional compositions of the raw stock based on table beets with addition
of lemons, rhubarbs, or tomatoes. [Yu.F. Snezhkin, Zh.O. Petrova, V.M. Pazyuk, K.M.
Getmanyuk, O.P. Samoylenko. Patent of Ukraine No. 102358. Method of Receiving Beet-
Lemon Antioxidant Pigment].

The aim of the study set forth in the proposed paper is development of table beet
processing technology using the proposed method of creating plant raw stock functional
compositions right prior to drying in order to reach maximum preservation of betanin and
essential reduce of power consumption.
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Materials and methods

To perform the study, parenchymal table beet, rhubarb, lemon, and tomato tissues
were used along with their functional mixtures. Since betanin stabilizes in media with pH in
the range of 3.2 to 4.0, table beet/rhubarb, table beet/lemon, and table beet/tomato
compositions were taken in such proportions as to get required pH.

For drying the raw stock, an experimental drying stand was used having wide ranges
of working parameters, such as 50 to 100 °C for temperature, 1.5 to 3.5 m/s for air speed, 7
to 15 g/kg of dry air for heat carrier water content, 2 to 20 mm for layer thickness. The
stand is equipped with a system of automatic collection and processing of information, like
mass and temperature changes, based on a software application we have developed [6].

Within the development of the proposed preliminary processing method, the effect of
preliminary plant raw stock processing on conserving betanin in the finished product and
dehydration heat consumption was studied.

The betanin content was determined via absorption spectra, using the optical density
value at 540 nm wavelength on the SF-26 spectrometer [7].

For determination of specific heat consumptions for water evaporation out of the
functional plant raw stock in the drying process, the DMKI-01 differential microcalorimeter
was used developed in the Institute of Technical Thermal Physics, National Academy of
Sciences of Ukraine [Yu.F. Snezhkin, L.V. Dekusha, N.S. Dubovikova, T.G. Grishchenko,
L.Y. Vorobyov, L.A. Boryak. Patent of Ukraine No. 84075. Calorimetric Device for
Determination of Specific Heat of Water and Organic Liquid Evaporation out of Materials].
The device functioning is based on the Synchronous Thermoanalysis Method, that is
simultaneous use of thermogravimetry and differential calorimetry. In the course of
isotermic drying inside the calorimeter heat unit, the amount of heat used for water
evaporation out of the material and the respective loss of mass by the sample are measured
simultaneously. Current evaporation heat values for water evaporation out of a sample are
determined after termination of the experiment using the formula:

]ﬂ O(r)dr
hE—t— (D

m(Ti) - m(TM)

r; are specific evaporation heat values for the drying period since ; till 741, kJ/kg;

7; and 7;44 are current times of the drying process, s;

QO(7) is the heat flow inside the working chamber of the DMKI-01 heat unit as function of
time, J/s;

m(t;) and m(z;4;) are masses of the sample at 7; and 7;4 time moments, kg.

Results and discussion

For identifying the betanin stabilization effect reached, the betanin loss was studied in
the course of table beet drying, at # = 60 °C, with no preliminary preparation, with
preliminary hygrothermal processing of whole root crops in acidulous medium, and with
table beet composition with rhubarbs, tomatoes, and lemons in respective proportions
required for creation of optimal pH medium (Fig.1). As can be seen on the figure, the
betanin loss in the course of table beet drying with no preliminary processing is 66 %.
Boiling whole root crops in acidulous medium with pH of 3.2 to 4 reduces the loss down to
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6 %. Preliminary creation of the proposed table beet-based functional compositions
minimizes the betanin loss in the course of drying down to 5 %.

70
o 60 | . 120
g 50 S 100
g g
S 40 » 80
c o
‘S 30 1 = 60
) 2 40
& 20 o
(=
10 w 20 ]
0 o Y e Y o O 0 1 ,
1 2 3 4 5 Raw material preparation
Raw material type method
Fig. 1. Loss of betanin depending on raw stock Fig. 2. Energy consumption for raw stock
and preliminary processing types: preparation prior to drying:
1 — table beet with no hygrothermal processing; 1 — hygrothermal raw stock processing;
2 — table beet after hygrothermal processing; 2 — enhanced raw stock processing.

3 — table beet-rhubarb (blending);
4 — table beet-lemon (blending);
5 — table beet-tomato (blending).

The process of the preliminary table beet hygrothermal processing (boiling whole
root crops for 40 min.) requires a certain amount of energy. Taking this amount for 100 %
(Fig. 2), we will have about 15 % of energy consumed for raw stock preparation via
creation of respective pH medium by mixing minced table beets with minced tomatoes,
lemons, or rhubarbs. Thus, the developed method of raw stock preparation for drying made
it possible not only to minimize betanin loss in the course of drying down to 5 %, but also
to reduce, by 85 %, the energy consumption for preliminary processing.

The study of dependence of betanin conservation in finished products of convective
drying on heat carrier temperature has shown (Fig. 3) that maximum (94.0 to 96.5 %)
conservation of betanin in table beet-based mixtures, as well as in table beets having passed
hygrothermal processing in medium with pH of 3.2 to 4, takes place at heat carrier
temperature of about 60 °C. At temperatures of 40 to 50 °C, the level of betanin
conservation is in the range of 55 to 58 %. This is explained by the facts that table beets
contain betalain oxidase enzyme, while the temperature of # = 40°C and medium with pH =
2 to 3 are optimal conditions for detecting enzymatic activity of this enzyme. That is the
cause of higher enzyme activity, essential betanin destruction and oxidation in minced table
beets at temperatures of 40 to 50 °C. At higher temperatures of 60 to 100 °C, the percentage
of retained betanin is gradually reduced returning to 50 % at the heat carrier temperature of
100 °C. The level of betanin conservation in unprocessed table beets fluctuates around 30 %
at the heat carrier temperature of 40 to 80 °C, while in case of raising the temperature to 90
to 100 °C, the percentage of betanin conservation drops down to 24 to 16 %.
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Fig. 3. Dependence of betanin conservation on drying temperature in various types of raw stock
and with various preliminary processing.
1 — hygrothermal table beet, 2 —table beet-rhubarb (2:1); 3 — table beet- lemon (3:1);
4 — table beet-tomato (3:1); 5 — unprocessed table beet.

Thus, drying the mentioned table beet-based functional compositions, as well as table
beets after hygrothermal processing, makes it possible to reach considerable rise of betanin
conservation as compared to drying fresh table beets. Analysis of the betanin conservation
results allows to come to the conclusion that the best betanin conservation is reached with
convective drying at the heat carrier temperature of 60 °C. l.e., drying compositions at 60
°C is optimal according to qualitative indicators.

When calculating energy consumption for the drying process, it is necessary to know
not only the process duration but also specific heat consumption for water evaporation. The
practice of drying large number of complex plant materials shows an essential difference of
actual heat consumption values required for water evaporation out of such materials as
compared with the case of clean water evaporation [8]. Since energy consumption growth
when drying plant materials is associated with difficult penetration of cell membranes by
water and complicated remove of water interacting with soluble molecules of cellular fluid
and material frame molecules, it would be important to study the effect of creating
functional compositions of plant raw stock on the specific heat of its evaporation.

The drying process was taking place inside the DMKI-01 heat unit, at the temperature
of 60 °C which was optimal according to qualitative indicators. The results are shown on
Fig. 4. The air (heat carrier) velocity and humidity values are shown in figure subscriptions.
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Fig. 4. Comparison of water evaporation heat values for table beet-based antioxidant raw stock
with lemons (A), rhubarbs (B), and tomatoes (C).

Fig. 4 A shows that the heat of water evaporation out of table beet/lemon mixture
exceeds by 4 to 5 % the clear water evaporation heat and is less, by the same value, as
compared to the heat of water evaporation out of unmixed table beet and lemon. The same
picture is observed for heat of water evaporation out of the table beet and rhubarb mixture
(Fig. 4 B). We suppose that mixing pieces of minced table beet with tissues of rhubarbs and
lemons, like the previous table beet hygrothermal processing, causes some changes in
chemical content of the composition and destruction of cell membranes by organic acids.
The changes, in this case, cause reduce of plant tissue water capture properties and reduce
heat consumption for water evaporation out of these tissues by 4 to 5 %. That is, the effect
of mixing different plant tissues was not just averaging heat consumption and water
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evaporation out of individual components, as might be expected. Instead, a synergy effect
was observed.

Fig. 4 C shows water evaporation heat values for tomatoes, table beets, and table
beet/tomato compositions in comparison with one another and the clear water evaporation
heat. As can be seen, the values of specific evaporation heat consumption for the table
beet/tomato mixture (3:1 and 1:3) are between respective values for table beet and tomato
individual tissues. That is, in this case, the mixture dehydration resulted in sum of the
component dehydrations, according to the additive rule, instead of general reduce of
evaporation heat consumption as in the cases of the table beet/rhubarb and table beet/lemon
compositions. However, we managed to reach the effect of maximum retaining of both
table beet and tomato colors in the final product. Moreover, their colors even became
somewhat enhanced, more bright. We may suppose that the changes having occurred in the
raw product after creation of the table beet/tomato composition were sufficient for
conservation of table beet betanin and tomato licopin in the drying process but evidently are
not sufficient for reducing water capturing.

Conclusions

Preliminary preparation of betamin-containing plant raw stock via creation of
functional compositions with selected component proportions makes it possible not only to
stabilize the native raw material components but also to reduce the drying period duration
thanks to exclusion of rather long-time preliminary hygrothermal processing in acidulous
medium.

The optimal drying temperature equal to 60 °C was found experimentally for
preliminarily processed betanin-containing raw stock (table beets) allowing to retain up to
95 % of betanin.

It was found that values of specific heat consumption required for evaporation of water
out of the antioxidant plant compositions developed based on table beets with addition of
rhubarbs and lemons are less by 4 to 5 % as compared to the initial components. The
additive rule is not met for the specific heat of waster evaporation out of a mixture of
various substances thanks to changes in the initial component plant tissues and creation, on
the preliminary processing step, of an exactly new material to be dried.
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Introduction. The percentage of potato processing for
food products in the former Soviet Union decreased to 1%,
at the same time in some countries of Europe and the USA
the share of potato processing is 60-80%. Numerous works
have shown the economic feasibility of potato processing
for food products.

Materials and methods. In laboratory and industrial
conditions of the open stock company «Mashpishcheprod»
(Maryina Gorka, Minsk region, Belarus) researches have
been conducted on increase of efficiency of technological
processes potato processing. Sampling, preparation and
conducting of tests were performed by standard and special
methods of analysis.

Results and discussion. Potato varieties suitable for the
production of dry mashed potatoes and potatocrisps have
been determined, acclimatization before processing ensures
minimumthe content of the reducing sugars, which provide
high quality of the finished product. Studies have shown
that the process of kneading potato at temperatures close to
cooking temperature is optimal, in which the process of
destruction cells is hardly taking place. Pneumatic dryers for
drying boiled potato provide high product quality due to the
low temperature of heating and short contact of a powdered
product with a drying agent. However, the contents of
damaged cells in the finished product do not exceed 1.3-
2.6%. The optimum modes and parameters of potato crisps
production have been defined, the processes of cutting,
blanching,  treatment  with salt, drying  and
roasting have been scientifically grounded, that provide a
finished product with fat content not more than 27.7%.

Conclusion. Economic expediency of processing the
following varieties of potato Desire, Temp, Synthesis for
dry mashed potato and potato crisps has been proved. The
processes of kneading and drying potato are decisive stages
of the processing, because they determine the number of
destroyed cells in the finished product. Optimal parameters
of production technology of potato crisps have been
scientifically grounded.
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Introduction

Condition of industrial potato processing in Eastern Europe is very deteriorated.
Percentage of potato processing decreased to 1%. In Europe and the U.S. part of the potato
processing is 60-80%, and the range of potato products increased from 10-15 to 28-30
titles. Common potato products are dried mashed as granules and chips from fresh potatoes.
Scientific development of food production of potatoes showed the economic feasibility of
potato processing primarily on chips and dried mashed potatoes.

The advantages of potato processing:
. Improving the nutritional value
. Elimination of losses during storage of potatoes
. Reducing containers for storage and transport
. Rational use of waste
. Improvement of working conditions

Materials and methods

In laboratory and industrial conditions of the open stock company «Mashpishcheprod»
(Maryina Gorka, Minsk region, Belarus), where these products are produced, studies have
been conducted to refine the scientific and practical fundamentals of technologies of dry
mashed potato and potato crisps.

Sampling, preparation and conducting of tests were performed by standard and special
organoleptic, physical and chemical and microbiological methods of estimation and the
analysis of properties of raw materials and finished products. Starch content has been
determined by Evers’method, maintenance of the common and reducing sugar
byBertran’smethod; fatty acid composition of vegetable oils — by the method of gas
chromatography. Mass fraction of fat in potato crisps has been determined by the
chromatography method, the contents of protein — Kjeldahl’s method.

The obtained results of the research have been described by the arithmetic mean value,
which has been determined from the three parallel experiments under 3...5 times repetition
of the measurements. The experimental data have been processed by the methods of
mathematical statistics using standard computer programs.

Results and discussion

For the experiments widespread potato varieties of Belarusian and Ukrainian selection
with the following physical and chemical parameters of quality [1] have been selected.
They arepresented in table 1.

Table 1
Indicators of the quality of potato varieties
Potato The content of dry | Starchcontent, % Reducing
varieties substances, % sugars content, %
Synthesis 23,8+0,1 21,2+0,5 0,10+0,02
Desiree 22,1+1,0 21,0+0,5 0,13+0,03
Temp 21,5+0,1 20,5+0,5 0,12+0,03
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These varieties are the most suitable for the production of dry mashed potato and
crispsdue to their orbicular-oval shape, shallow groundwater buds on the surface of the
lower content of reducing sugars and high solids content.

It has been established that intensive assimilation of reducing sugars occurs during the
storage, especially at low temperatures and the nature of assimilation of reducing sugars in
the tubers at a temperature of 2...4°C has clearly expressed varietal peculiarity [2] (Fig. 1).

1,8 T 4 T 25
1,6

14 -
1,2 7
1,0 -
0,8
0,6 -
0,4 -

Reducing sugars content, %

The content of dry substances, %

september december march june

Fig. 1. The character of changes of dry substances and reducing sugars
in the tubersduring storage:
Reducing sugar: Dry substance:
storage temperature 2...4 °C 4 - Synthesis; 5 - Temp
———————— storage temperature 6... 8 °C
Varieties: 1 - Synthesis; 2 - Desire; 3 — Temp

The modification of the contents of reducing sugars in potatoafter acclimatization for
25 days after its cold storage has been investigated (table 2), while the content of reducing
sugars in potato greatly reduces. Therefore acclimatization should be not less than for 20
days at a temperature of 15...20°C, regardless of potato varieties that provides the minimum
content of the reducing sugars, the most acceptable for processing. After conducting
acclimatization all subjects potato varieties provide good quality products (table 3). The
quality of fried products has been determined on a scale.

Table 2
Changes of reducing sugars content in the tubers and the quality
of potato crisps during acclimatization
Duration of acclimatization, 24 hours

Variety 0 10 15 20 25

% | mark | % | mark % mark % | mark % mark
Synthesis 0,54 | 3,7 ]0,40 | 4,0 0,23 4,8 0,12 7,1 0,12 7,1
Temp 0,57] 3,5 041 3,9 0,24 4,7 0,14 6,9 0,13 6,9
Desiree 048] 4,0 10,38 ] 4,1 0,21 5,0 0,17 6,5 0.17 6,5
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Table 3
Impact of acclimatization on the content of reducing sugars in the tubers and the quality of
potato crisps depending on the variety and period of storage

Variety September Storage temperature 2...4° C
After acclimatization
Reducing Quality of potato
X % sugars content, % crisps,mark
on 2 2 E
=R} 2,
ISER= o« 8
3 8 )
&) a = % § < § <
@ S = S S| =5
Q Q
Temp 0,12+0,05 8,0 0,14+0,02 | 0,14+0,03 | 0,16+0,02 | 6,2 | 7.2 | 7.2
Desiree | 0,13+0,04 7.9 0,17+0,02 | 0,17+0,01 | 0,16+0,02 | 6,0 | 6,5 | 8
Synthesis | 0,10+0,02 8,7 0,12+0,02 | 0,14+0,02 | 0,15+£0,01 | 6,7 | 7,3 | 6,7

It is seenfrom table 3 and figure 1 that the character of change in the tubers of reducing
sugars when ¢ = 2-4°Chas varietal characteristics, but the content of dry substance does not
depend on the length of storage and depends on the source of their content in the tubers.
Increase in the content of dry substances in potato of 1% increases the profitability of
processing of 10-20%. In addition, potato should have an insignificant quantity of reducing
sugars (not more than 0.25) and a property not to collect them during prolonged storage of
tubers. High content of sugars causes a decrease in the quality of the finished product as a
result of leaking melanoid reactions between reducing sugars and amino acids. This forms
dark-colored substances that cause darkening of the product, deterioration of its taste, being
boiled soft, swelling. The researches concerning the determination of the number of
destroyed cells potato tubers have been madeto clarify the scientific and practical basis for
the technology of potato processing into dry mashed potato.

Received data are displayed in table 4.

Table 4
Cell destruction of mashed potato duringthe processing of tubersin different ways

Stages of the technological process Number of destroyed
cells, %

Blanching 0,1-0,2

Cooking 0,1-0,2

Kneading at different temperatures 2,111,8

80°C40°C20°C10° 32,537,8

Drying on contact monorolled dryers 4,5-5,0

Air conditioning of the product 0-0,1

with the 2-stage pneumatic dryer

Microscopic examination of tissue boiled potatoes [3] and the data from table 4 have
shown that large swelling of corn starch completely filled the cells and all the walls of the
cells remained intact (whole) after cooking. Potato research, kneaded at temperatures close
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to the temperature of boiling, suggests that the division of cells is easy and damage to cell
walls is insignificant. However, withdecrease in temperatures during the kneading,the
process of cell destruction increases. So, lowering the temperature of kneading with from
80° to 10°Chas caused 18 times increase of the percentage of destroyed cells from 2.1 to
37.8.

The most important for obtaining high-quality dry mashed potato plays drying, when it
is unacceptable to change the color of the product and its natural organoleptic properties
which may occur at the interaction of amino acids and sugars, and a drying agent should
have a temperature at which caramelization and destruction of potato cells would not
happen. Various methods are usedfor drying mashed potato, but in recent year two main
methods of drying are used:drying on contact monorolled dryers and air conditioning with
the pneumatic dryer. A great advantage of using pneumatic dryers is obtaining a high
quality product, which is achieved due to the low temperature of product heating and short
contact of the powdered product with a drying agent, the possibility to adjust the
temperature and the duration of the process. The number of destroyed cells on monorolled
dryers is 5.7-7.4 %, and pneumatic is only 0-0.1 %, which affects the quality of the finished
product (table 5).

Table 5 shows that the use of pneumatic dryers with soft modes of drying and
conducting air conditioning of the product provides the obtaining of a dry mashed potato in
the form of granulate, which favourably differs from the flakes on the duration of the
recovery, bulk density, the number of destroyed cells that express the stickiness of the
product, as well as the amount of liquid that is added for the recovery.

Table 5
Comparative indicators of quality of dried mashed potato
Name of indicators Product characteristics
Flakes Granulate
Exteriorview Dry bulk product in the form of| Dry bulk powder product
plates
Consistency of reconstituted | Homogeneous characteristic of | Homogeneous characteristic
mashed mashed potatoes, expressed of mashed potato, without
stickiness the expressed stickiness
Durationofrecovery, min 2-3 1-2
Bulkdensity, g/dm3 200-300 700-800
Sizeofparticles, mm 0.8-10,0 Not more than1.0
The quantity of liquid in one 4,0-4,5 5,5-6,0
part by weight of dry product,
parts by weight
Number of destroyed cells,% 5,7-7,4 1,3-2,6

While studying the quality of potato crisps, the influence of water temperaturethat was
supplied to the cutting process, has been studied. It has been established that with increase
of water temperature the surface petals potato becomes smooth, oil absorbing
abilitydecreases, they evenly absorb oil, and the resulting product has on the whole the
surface of the same color and a pleasant taste. Oil absorbing ability decreases as largely
retained the integrity of cells unlike petals with a rough surface. The optimum water
temperature is 45... 50°C.
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Petals were washed and blanchedto improve the quality of finished products. Blanching
was a minute processing of petals potato with hot water. It should not give stickiness to
theproduct, and it is necessary to reduce the content of reducing sugars and inactivation of
enzymes that contributes to the quality of fried products. In our case a blancher does not
perform technological functions as during the production of dry mashed potato, where the
blanching process takes place within 10...20 minutes and is required for the hydration of
starch grains. [4]

While studying the process of osmotic dehydration it has been shownthat with
increasing concentration of salt solution there is an increase in the number of dry
substances in the wings of a potato and reduction of fat in the potato crisps.

So, during the process of osmotic dehydration of aqueous solutions of salts from 3 to
12% of the amount of dry substances increased from 18.5 to 22.3% (potato variety - Temp,
10.8 cm). The fat content in the final product significantly reduced: from 35.8% to 31.2%
(Fig. 2).

Studies have shown [5]that the salt concentration 3...5% and the content of dry
substances in potatoes is not less than 21.5% a finished product had a taste satisfying the
degree of salinity. For receiving high-quality potato crisps, it is necessary to apply petals of
potatoes by successive processes of blanching at a temperature 78-80°Cfor 1...2 minutes
and osmotic dehydration in the salt solution with the concentration of 5% for 10 minutes.

The influence of dry substances produced by the petals of the potatoes on the quality of
potato crisps has been studied. Achieved in the process of drying the increase in the content
of dry substances in the petals of potatoes ensures the reduction of fat in potato crisps
(Figure 3). For example, the finished product made from potato variety Synthesis, fat
content decreased from 35% to 24.2% with increase in the contents of dry substances from
25.9 to 62.3%, respectively.
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Fig. 2.The influence of the process of osmotic dehydration on the fat content in the petals of

potato crisps with the specific surface10.8 cm:
1 — potatovariety - Synthesis; 2 - potato variety - Desire; 3 - potato variety —Temp
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Fig. 3. The influence of the content of dry substances in the petals of potato crisps on the fat
content (potato variety - Synthesis, the specific surface 14,1 cm):

1 - not blanched;

2 - blanched

The optimum content of dry substances in the petals ofpotato while drying is from 37
to 40%, which provides high quality of the finished product. At the higher content of dry
substances (not more than 40%) potato crisps get tough and burnt edges appearon the

surface (Table 6).
Table 6
The impact of drying process of blanched petals of potato on the indicators of quality
of the finished product
Specific surface Drying time, Content of dry Quality of potato crisps,
area, cm”’ min substances, mark
% Desire Synthesis
14,1 0 22,0+1.4 8.3 8.4
30 25,7¢1,2 8.2 8.4
60 29,7+1,2 8,2 83
90 36,914 8.0 8.3
105 40,2+0,9 8.0 8.3
120 49,7+1,3 6.9 6.8
150 62,0£1,3 5,6 5,5
10,8 0 22.2+1.4 8.3 8.2
30 28,7+1,2 8,2 8.0
60 32,1+0,8 8.0 8.0
90 36,8+1,1 8,0 8,0
120 40,0+1,4 8,0 8,0
150 44,0+1.4 6.9 6.9
180 61,0+1,3 5,8 5,7
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It should be noted that the optimal content of dry substances during drying the petals of
potato is guaranteed if the duration of this process is within 105...120 minutes. For
intensification of the process of drying a consistently dryer was used in a vibro-boiling
layer and then the belt conveyor dryer was used, reducing the time of drying up to 20..30
minutes.

As a result of mathematical processing of experimental data on the influence of specific
surface and oil temperature on the fat content in potato crisps, cooked potato variety
Desiree, the following equation has been received:

y, ==70,29+9,12-X,+0,72-X, —0,1-X> —0,03-X, - X, ,

Dependences for other varieties of potato have been received in the same way.

After organoleptic evaluation of the obtained samples of potato crisps by appearance,
colour, smell, texture and taste, it has been established that high product quality is provided
at frying pieces of potatoes, the specific surface of which is 10.8. ..14.1 cm. These petals
have thickness of 1.5...2.0 mm and the straw has section of 3.0-4.0x4.0 mm. When the
thickness of the petals is less than 1.5 mm — excessive accumulation of oilin the product
takes place during frying because of the increase of the specific surface of slices of potato,
and when the thickness is 2 mm —high quality of the finished product is not ensured
(roasted product has burnt edges, soft middle).

A roasting oven was used for frying the product, where thermal oil was used to heat the
vegetable oil as the heat carrier agent, which distinguishes it from the roasting oven, where
the heat of vegetable oil is made directly with electric heaters.

Optimum temperature for roasting is 145-150 = 1°C for 3-3.5 min.

Unlike traditional technology in the developed technology of production of potato
crisps the processes of cutting, blanching, processing with salt, drying and roasting have
been scientifically justified, that provided the finished product with high organoleptic and
physical and chemical indicators (Table 7). So the colour of the product is evenly golden
instead of uneven yellow, and the fat content of the product has decreased from 34.2% to
27.7%.

Table 7
Technological processes of potato crisps production

Traditional technology Developed technology
. Cutting potatoes on the petalsthickness |« Cutting potatoes on the petalsthickness
of of 1.5.. 2 mm with water supply t
« 1.5 mm with water supply t=10...20°C =45...50°C
. Separation of little things . Separation of little things
. Rinsing . Blanching in water t = 80°C for 1...2 min
« Airdrying . Keeping in 5% salt solution, within 10

« Roasting at t = 140... 170°C for 4..7 Drying with hot air t=80°C
min when vegetable oil is heated by Roasting at t =145..150°C for 3..3.5 min
electric heaters when thermal oil is used as a heat carrier
agent for heating vegetable oil
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Conclusion

Economic expediency of processing the following varieties of potato Desire, Temp,
Synthesis for dry mashed potato and potato crisps, which are most suitable according
to the content of dry substances (20-24%) and reducing sugars (0.1-0.2%) has been
proved. The character of changes in the tubers of reducing sugars when stored at 2-
4°C, which has varietal characteristics, but the content of dry substances does not
depend on the length of storage and depends on the source of their content in the tubers
has been determined. For a high quality product all varieties of potato before
processing should be necessary subject to acclimatization within twenty days at a
temperature of 15-20°C.

It is established that the consistency of dry mashed potato depends on the changes
faced the starch of potato in the technological process, and the process of kneading
potato - the decisive stage of the processing, because it determines the degree of cell
division of boiled potato and the number of destroyed cells. Lowering the temperature
of the kneading process increases the destruction of the cells in 18 times that due to the
strongstretching ofthe cell walls ofthe starchwith additionalmechanical loads in
connection with cooling of the product. Air conditioning with pneumatic drying of
mashed potato provides a high quality product by the number of damaged cells,
recovery, stickiness, which makes the consistency of the product soft and crumbly.
Optimal parameters of production technology of potato crisps have beenscientifically
grounded. Ithas been scientifically based that cutting potato on the petals of a specific
surface 10.8... 14.1 cm with water supply at a temperature of 45...50°C, processing
petals potato before frying, including blanching with water at 80°C for 1-2 minutes,
osmotic dehydration in aqueous solution of sodium chloride concentration of 5% for 10
minutes and drying with hot air to the content of dry substances 37...40%, frying oil
temperature of 145...150°C duration 3...3.5 minutes, that ensure the high quality of the
finished product while reducingthe oil content in the product from 34.2% to 27.7%

References

Turko S.A. (2008), Varieties and production technology of potato for industrial
processing, RUE Research and Practical Centre NAS of Belarus for potato production
and horticulture, Minsk

Mazur A.M., Prokhortsova T.V., Ban M.F. (2012), Researches of raw materials quality
for potato crisps production, Vestnik MSUF, 3, pp. 71-75

Mazur A.M. (2013), Scientific and practical basis of dry mashed potato technology,
Vestnik MSUF, 1(14), pp. 8-13

Mazur A.M., Prokhortsova T.V. (2012), Improving the efficiencyof manufacturing
processes of potato crisps, 5 International Scientific and Practical Conference, March
26-29 2012, Pyatigorsk, pp. 233-236

Mazur A.M., Prokhortsova T.V. (2009), Research of optimal parametersof the
production process of potato crisps, Storage and agricultural raw materials
processing, 2, pp. 16-18.

Hanna Pastukh, Julia Grytsay, Yevhen Hrabovskyi (2013), Research on the ways of the
pectin extraction from the potatoes, Ukrainian Journal of Food Science, 1(2), pp. 199-
203.

——Ukrainian Food Journal. 2014. Volume 3. Issue 2 — 183



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

—— Food technologies —

Balunkeswar Nayak, Jose De J. Berrios, Juming Tang (2014), Impact of food
processing on the glycemic index (GI) of potato products, Food Research
International, 56, pp. 35-46.

Ainara Loépez, Silvia Arazuri, Carmen Jarén, Jesis Mangado, Pedro Arnal, José
Ignacio Ruiz de Galarreta, Patrick Riga, Raquel Lopez (2013), Crude Protein Content
Determination of Potatoes by NIRS Technology, Procedia Technology, 8, pp. 488-492.
Raquel Medeiros Vinci, Frédéric Mestdagh, Bruno De Meulenaer (2012), Acrylamide
formation in fried potato products — Present and future, a critical review on mitigation
strategies, Food Chemistry, 133(4), pp. 1138-1154.

Oluwaseyi Kemi Abegunde, Tai-Hua Mu, Jing-Wang Chen, Fu-Ming Deng (2013),
Physicochemical characterization of sweet potato starches popularly used in Chinese
starch industry, Food Hydrocolloids, 33(2), pp. 169-177

Oluwaseyi Kemi Abegunde, Tai-Hua Mu, Jing-Wang Chen, Fu-Ming Deng (2013),
Beneficial phytochemicals in potato - a review, Food Research International, 50(2),
pp. 487-496.

Anatoliy Mazur (2013), Scientific and practical basis of potato processing for food
products, Ukrainian Food Journal, 2(4), pp. 510-520.

Franco Pedreschi (2009), Advances in Potato Chemistry and Technology, Academic
Press.

Janositz A., Noack A.-K., Knorr D. (2011), Pulsed electric fields and their impact on
the diffusion characteristics of potato slices, LWT - Food Science and Technology,
44(9), pp. 1939-1945.

Michael A. Kirkman (2007), Potato Biology and Biotechnology, Academic Press.
Lindhauer M.G., Haase N.U., Putz B. (2003), Encyclopedia of Food Sciences and
Nutrition (Second Edition), pp.4674-4680.

Pilar Manzano, Juan Carlos Diego, Maria Jesus Nozal, José Luis Bernal, José Bernal
(2012), Gas chromatography—mass spectrometry approach to study fatty acid profiles
in fried potato crisps, Journal of Food Composition and Analysis, 28, (1), pp. 31-39
Wu H., Jouhara H., Tassou S.A., Karayiannis T.G. (2012), Modelling of energy flows
in potato crisp frying processes, Applied Energy, 89(1), pp. 81-88.

Arda Serpen, Vural Gokmen (2009), Evaluation of the Maillard reaction in potato
crisps by acrylamide, antioxidant capacity and color, Journal of Food Composition and
Analysis, 22(6), pp. 589-595

Sergii Dementyev (2014), Theoretical aspects of organizational and economic
mechanism in vegetable, Ukrainian Food Journal, 3(1), pp. 53-63.

Gunilla A.1. Viklund, Kerstin M. Olsson, Ingegerd M. Sjoholm, Kerstin I. Skog (2010),
Acrylamide in crisps: Effect of blanching studied on long-term stored potato clones,
Journal of Food Composition and Analysis, 23(2), pp. 194-198

Jeroen J. Knol, Gunilla A.I. Viklund, Jozef P.H. Linssen, Ingegerd M. Sjcholm,
Kerstin 1. Skog, Martinus A.J.S. van Boekel (2009), Kinetic modelling: A tool to
predict the formation of acrylamide in potato crisps, Food Chemistry, 113(1), pp. 103-
109

Olga Rybak (2013), Some aspects of the formation of emulsions and foams in food
industry, Ukrainian Journal of Food Science, 1(1), pp. 41-49.

Kita A., Lisinska G., Golubowska G. (2007), The effects of oils and frying
temperatures on the texture and fat content of potato crisps, Food Chemistry, 102(1),

pp. 1-5.

184 ——Ukrainian Food Journal. 2014. Volume 3. Issue 2 —



Sorption

characteristics of pectin

——Xapyosi mexHonoaii——

isolated from

Jerusalem Artichoke tubers (Helianthus tuberosus L.)

Nesho Toshkov, Naiden Delchev, Siyka Kozludzhova

University of Food Technologies, Plovdiv, Bulgaria

Keywords:

Jerusalem artichoke
Pectin
Sorption

Abstract

Article history:

Received 03.02.2014
Received in revised
form

18.03.2014
Accepted 16.04.2014

Corresponding author:

Nesho Toshkov
E-mail:
nesho.t@abv.bg

Introduction. The aim of the present study is the
isolation of pectin from Jerusalem artichoke tubers
(Helianthus tuberosus L.) and the analysis of its sorption
characteristics

Materials and methods. Research was carried out on
the pectin content of the tubers of Jerusalem artichoke
plants cultivated in Bulgaria. The polyuronide content
(PUC) was determined via the McCready method. The
static gravimetric method was used for analysis of the
sorption characteristics of pectins.

Results and discussion. The polysaccharide was
extracted. The isolated pectins were analyzed in physical
terms: the equilibrium sorption isotherms, belonging to type
I in Brunauer’s classification, were obtained
experimentally. The entire isotherm length demonstrated
statistically significant hysteresis. The Henderson and
Chung-Pfost models provided adequate isotherm
description. The pectin content of the three Jerusalem
artichoke samples is 14.8, 9.2 and 119 % a.d.m.,
respectively. The monomolecular moisture content of
pectin was within the 7.42 — 7.92% dry basis range, its
corresponding water activity value — within the 0.14 — 0.16
range.

Conclusion. The results of research are advisable for
use in develop of functional food ingredient which is used
pectin as a gelling agent and a stabilizer.
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Introduction

Pectins are carbohydrates possessing complex composition and structure. They belong
to the acidic branched heteropolysaccrahides. Their major chain is constructed by linearly
joined with (1—4)-glycosidic bonds o-D-galactopyranosyluronic acid residues, partially
esterified with methanol. o-L-rhamnose with (1—2)-bonds is found among them. Various
neutral sugars — D-xylose, D-glucose, D-mannose, L-fructose, etc. — occur in the chain
branches [10, 17].

Pectin is a common component of the cell walls of all land plants [18]. Among the
basic raw materials used in the manufacture of commercial pectin is apple and citrus fruit
peel [12].

Pectin extraction is a multi-stage physico-chemical process taking place under the
influence of a number of factors, notably temperature, pH and duration [11]. It has been
studied by many researchers. EI-Nawawi and Shehata [8] have analyzed the factors bearing
upon pectin production during its isolation from orange peel, the results showing that the
highest yield is achieved with hydrochloric acid as extractant, at 90 °C, pH 1.7 and 120-
minute duration of extraction.

Pagan and Ibarz [13] have studied the production and rheological properties of peach
pomace pectin demonstrating that the maximum yield is achieved with 70%-nitric acid,
80°C, pH 1.2 and 60-minute duration. After isolating and analyzing waste apple peel
pectins, Virk and Sogi [16] have found out that citric acid is a more efficient extractant than
hydrochloric acid. Rehmann et al. [14] have extracted mango peel pectin with the help of
sulphuric acid, their results testifying to a maximum yield at 80°C, pH 2.5 and 120-minute
duration of extraction. Our previous research features a description of Jerusalem artichoke
pectins (Helianthus tuberosus L.) [1]. Our results manifest that in tuber pectin extraction
maximum yield and purity are achieved with ammonium oxalate as extractant, at 85°C and
45-minute extraction.

In food industry, pectin has a long-established application as a functional food
ingredient which is used as a gelling agent and a stabilizer. Scientific literature provides
data on the physical and physico-chemical properties of this polysaccharide accounting for
its functional and technological characteristics [2, 3]. The equilibrium isotherms of food
products show the correlation between equilibrium moisture content and water activity at a
given temperature. The sorption isotherms of the product reveal the manner in which water
is bound to the solid skeleton. Scientific literature suggests a multitude of empirical and
theoretical models for sorption isotherm description [5, 7]. Chen and Morey [7] draw the
conclusion that there is no universally applicable model. In general, several models are
used, the most adequate of which is opted for on the basis of specific criteria. Model
evaluation criteria are usually mean relative error (P, %) and standard deviation (SEM) [4].
Quite a few studies prove that the products whose moisture content corresponds to
monomolecular moisture can be stored for long periods of time with no changes to their
technological properties [6].

The aim of the present study is the isolation of pectin from Jerusalem artichoke tubers
(Helianthus tuberosus L.) and the analysis of its sorption characteristics.

Materials and methods
1. Raw materials.
This study is based on the analysis of Jerusalem artichoke tubers collected during the

technological maturity of the plant (November, 2012) in three Bulgarian regions: the
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territory of the city of Stara Zagora, Stara Zagora District (sample Nel), the town of
Parvomai, Plovdiv District (sample Ne2) and the town of Vidin, Vidin District (sample
Ne3).

All reagents used in the analysis are p.a.

2. Determination of pectins.

The polyuronide content (PUC) was determined via the McCready method which we
used earlier [1], as follows:

2.1 Preparation and washing of the raw material.

10 g preliminarily ground plant matter is weighed, to which 100 cm® of a 5 %-solution
of hydrochloric acid and 70 %-ethanol is added and the mixture is stirred for 1 h with the
help of an electromagnetic stirrer. Afterwards, it is filtered in a Biichner funnel and rinsed
with 70 %-ethanol first (until a neutral reaction) and then with 96 %-ethanol. The substance
is dried at 50°C.

2.2 Polyuronide Content (PUC) determination.

Two 2-gram samples (with a precision of £ 0.0001 g) of the rinsed material are
weighed, to each of which 2.00 g of NaCl and 150 cm® of distilled water is added. The
samples are stirred with an electromagnetic stirrer for 2 h, after which 50 cm® of distilled
water is added to each of them. Two check samples are prepared. 4-5 drops of Hinton
reagent are added to each sample, which is followed by titration with 0.1 n NaOH. 40 cm’
of 0.1 n NaOH are added to each sample, the samples are then left undisturbed for 2 h, after
which 50 em® of 0.1 n H,SO, is added to each of them. The remainder of the acid is titrated
with 0.1 n NaOH.

The PUC (%) of the rinsed plant matter is calculated by the following formula:

V,-F-0.01761+V,-F-0.01901

m

PUC =

-100%

V, is the volume of NaOH spent in the first titration, cm’;
V, — the volume of NaOH spent in the second titration, cm’;
F —NaOH factor;
0.01761 — the amount of the non-esterified galacturonic acid residue corresponding to
1 cm® of 0.1n NaOH in g;
0.01901 — the amount of the esterified galacturonic acid residue corresponding to 1
cm’ of 0.1n NaOH in g;
m —sample mass, g.
In order to determine the degree of esterification (DE, %), the following formula is
used:

V, F

DE=—2"__
V,-F+V,-F

-100%

3. Extraction of pectins.

2000 cm® of 85-90°C distilled water containing 18.8 g (0.075 mol/l) of ammonium
oxalate is poured on 100 g of the rinsed plant material. The extraction of the mixture
continues for 45 min, at 85°C, with regular stirring. It is filtered while hot, the filtrate
volume is measured and the filtrate is left to cool at room temperature. 20 cm’® of
concentrated hydrochloric acid and an equal volume of 96 %-cthanol are added. The
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mixture is stirred well and left undisturbed at room temperature for 2 h. The resultant gel is
filtered, rinsed a few times with 70 %-ethanol until the elimination of all chloride ions, then
rinsed twice with 96 %-ethanol and dried at 40°C to get constant weight.

4.Analysis of the sorption characteristics of pectins.

We used the static gravimetric method recommended for food products [6]. One-gram
samples (with a precision of * 0.005 g) are weighed in weighing dishes. The latter are
placed in hygrostats over saturated solutions of seven salts (LiCl, CH;COOK, MgCl,,
K,CO;, NaBr, NaCl, KCI) keeping the water activity of the product in the 0.11 — 0.85 range
[9]. The hygrostats undergo tempering in a thermostat at 20 £ 0.1°C. When equilibrium is
reached (within 20 - 30 days), sample moisture is determined by weighing, the samples
being dried for 24 h at 105°C. The experimentally obtained data are average values of the
results achieved after triplicate tests.

In order to describe sorption isotherms, we resorted to the two-parameter Chung-Pfost,
Halsey, Oswin, and Henderson models [5, 7]:

Chung-Pfost:
In(ay,)=—-A4e™™ (1)
Halsey:
ay, =—exp™" )
Oswin:
C
M= B[ A J 3)
1-ay,
Henderson:
In(1-ay,)=-4M", 4)

M is equilibrium moisture content, % dry basis; ay, — water activity, decimal; 4, B, C —

constants.
To determine the monomolecular moisture content, the wide-known Brunauer-Emmett-
Teller (BET) model was used [15], valid for ay, < 0,5 [6]:

My Cay,

M =
(1-ay)(1-ay, +Cay,) ’

)

M, is the monomolecular moisture, % dry basis; C - constant.

Results and discussion
Table 1 presents the results related to the polyuronide content (PUC) and the degree of

esterification (DE) of pectins contained in Jerusalem artichoke tubers (Helianthus tuberosus
L).
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Table 1

Polyuronide content and degree of esterification of pectins in Jerusalem artichoke tubers

(Helianthus tuberosus L).

Neinturn | PUC, % a.d.m. | DE, %
Sample Nel 14.8 60.7
Sample Ne2 9.2 63.4
Sample Ne3 11.9 59.8

a.d.m. — absolute dry matter

It is evident that sample Nel is the richest in pectins. Therefore, this sample was chosen

to isolate the polysaccharide from in order to determine its sorption characteristics.

The experimentally obtained pectin sorption isotherms are illustrated in Figure 1. It
demonstrates that with low water activity the character of the isotherms is typical of
monomolecular adsorption whereas with high water activity it is typical of polymolecular
adsorption, i.e. the isotherms possess the characteristic S-shape of Brunauer’s II type [6].
Such sorption isotherms are common for many colloid capillary porous products and most
foods are such products. The hysteresis effect is statistically significant (6=0.05) along the
entire length of the isotherm and the highest for higher water activity values (over 0.6),
reaching 2.5% dry basis. With lower water activity, hysteresis values amount to about 1%

dry basis on average.

25

N
o

S
(e ]

Equilibrium moisture,
% dry basic
w5

0 0.2

o Adsorption

0.4 0.

Fig. 1. Equilibrium isotherms of pectin

6 0.8 1.0
Water activity
@ Desorption

Coefficients of the models (4, B), mean relative error (P,%)

and standard deviation (SEM) for desorption

Model A B P SEM
Chung-Pfost | 6,398093 | 0,1566 3,36 | 0,84
Oswin 0,3169 | 13,85852 | 4,45 | 0,94
Halsey 172,2075 | -2,1395 7,55 1,66
Henderson 0,001587 | 2,2702 3,43 0,92
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Table 3
Coefficients of the models (4, B), mean relative error (P, %)
and standard deviation (SEM) for adsorption

Model A B P SEM
Chung-Pfost 6,86956 0,1793 3,79 0,61
Oswin 0,3155 12,5059 4,94 0,84
Halsey 134,5317 -2,1284 8,34 1,69
Henderson 0,001937 2,2838 2,56 0,58

The coefficients of the linear equations were determined on the basis of the Least
Squares method. The coefficient values, mean relative error P and standard deviation SEM
of the models from (1) to (4), for desorption and adsorption, respectively, are presented in
Tables 2 and 3. The results obtained show that in adsorption the Henderson model is most
suitable for sorption isotherm description (the lowest values of P and SEM) while in
desorption the most adequate model is that of Chung-Pfost. However, since the differences
in the P and SEM values for both models and both processes are minimal, both models can
be recommended as equally adequate for the description of pectin sorption isotherms.

In order to calculate the monomolecular moisture content, equation (5) can be
transformed into a linear form:

ayy _ 1 +(l—C)aW
M(1-ay) MmC  MmC

(6)

On the basis of the slope of the line, using the Least Squares method, one can
determine the coefficients of the linear equation (6) and, hence, the monomolecular

moisture My, and the C coefficient. The linear dependence ay, /[ M (1-ay,)]|= f(ay),
with the experimental data for desorption and adsorption for a, < 0.5, is illustrated in Fig.

2. The monomolecular moisture values obtained and the correlation coefficients are given
in Table 4.

3 00

=T 006 ‘.

i yad=0.1294x+0.0054 e
-, 005 &

U.Uli- W
0.03

yd=0.1227x+0.0036
0.02

0 04 0.2 03 0.4 05
Qy

o Adsorption @ Desorption

Fig 2. Dependence a,, /[M (1 —ay, )] = f(aw) for pectin

190  ——Ukrainian Food Journal. 2014. Volume 3. Issue 2 —



——Xapyosi mexHonoaii——

Table 4
Monomolecular moisture values (M,,), correlation coefficients (Rz) and water activities
corresponding to the monomolecular moisture content (a,)

Pectin M,, R’ Awm
Desorption 7,92 0,9936 0,144
Adsorption 7,42 0,9958 0,16

The results demonstrate that the monomolecular moisture content of pectin is from 7.42
to 7.92 % dry basis, the hysteresis effect still occurring, while the value for desorption is
higher.

The BET model makes it possible to determine the product’s water activity at which it
is to be stored in order to preserve its monomolecular moisture:

aym =(VC -1)/(C-1) (7)

The results obtained for a,y, are given in Table 4. They show that if pectin is to have

moisture content approximating monomolecular moisture, it should be stored at water
activity within the 0.14 — 0.16 range.

Conclusion

The pectin content of the three Jerusalem artichoke samples is 14.8, 9.2 and 11.9 %
a.d.m., respectively. The experimentally obtained equilibrium sorption isotherms of the
pectin isolated from sample Nel belong to type II according to Brunauer’s classification.
The entire isotherm length manifests statistically significant hysteresis. The Henderson and
Chung-Pfost models have been found to be adequate for isotherm description. The
monomolecular moisture content of pectin is between 7.42 and 7.92 % dry basis, the
corresponding water activity being between 0.14 and 0.16.
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Introduction. Paper is aimed at developing of low-lactose
(hydrolyzed) sweetened condensed milk products technology
for lactose intolerant people and for the whole population.

Materials and methods: Rheological characteristics were
determined on a Reotest device by the 2™ method of
viscometry

Results and discussion. Reasonability of (-galactosidase
use for milk lactose hydrolyze during the production of
canned products with sugar was proved in the previous
works. This technology gives possibility to increase the
quality of condensed canned foods, to reduce sugar
concentration till 50 %, to increase dietary properties. Due to
the reducing of saccharose mass part till 22 and 31 % the
products had a liquid consistency that’s why was a necessity
to increase the viscosity properties of condensed products.

One of method to increase the product viscosity is
inoculation of stabilization systems. Reasonability of the
usage of stabilization system Bivicioc 1L was proved. The
researches of viscosity determination in whole hydrolyzed
sweetened condensed milk were shown in the work.
Relations of viscosity of whole hydrolyzed condensed milk
to the deformation rate were presented.

Conclusions Viscosity indices of experimental samples in
the fresh produced products and during storage are
determined and justified.

Introduction

Due to the high biological value and good storage ability condensed milk products with

sugar are widely used in human nutrition.

However, the defects of consistency as “mealy” and “grainy” that reduce the quality of
products are often seen. Surplusage of sugar can be a risk factor for predisposition to
diabetes and lead to excessive weight.
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A part of the world population cannot consume milk, which is associated with
insufficient or lack of B-galactosidase enzyme in the human digestive tract, which leads to
disruption of its work and discomfort.

Enzymatic hydrolysis of lactose makes it possible to develop a technology of dairy
products with reduced lactose content [1-4]. Low-lactose products are considered as
functional food products for people with lactose intolerance and it allows you to extend the
range of dairy products, improve the organoleptic characteristics of the product, excluding
the possibility of crystallization of lactose in the hydrolysed sweetened condensed milk
during storage. During enzymatic hydrolysis, lactose is split into monosaccharides glucose
and galactose, the organoleptic characteristics are changed and depending on the level of
lactose hydrolysis the increase of sweetness of milk is took place that makes it possible to
reduce the concentration of sucrose in the formulations of condensed milk products with
sugar. New samples of hydrolyzed sweetened condensed milk products were proposed and
developed in the production laboratory of Luhansk National Agrarian University and the
technological properties were studied, Table 1.

Table 1
Characteristics of skim milk and whole hydrolyzed sweetened condensed
Mass part of | Mass part of | Mass part of Effective
A title sucrose, dry materials | dry materials viscosity,
of the product of milk, of product,
% % % Pas

Whole sweetened
condensed milk 43,5 28,5 72,0 3,6+0,2
(control)
Whole hydrolysed
sweetened condensed 31,0 28,0 59,0 1,240,1
milk
Whole hydrolysed
sweetened condensed 22,0 37,0 59,0 1,6+0,1
milk

With decreasing mass part of sucrose in the formulation of condensed sweetened
canned products the consistency of the product with a mass part of 59% dry materials had a
liquid consistency. To increase the viscosity properties of hydrolyzed sweetened condensed
milk the stabilizer systems MAKGEL 11 and Bivicioc 1L have been recommended and
used in many sectors of the food industry and, in particular, for condensed sweetened
canned milk products.

At the same time, several functions perform: to provide the formation of uniform,
stable fat emulsion, which is protected from destruction; the ability to reduce the mass part
of fat in the product without deterioration of quality; the chemical bonding of water
molecules are provided that help to extend the shelf life of products and reduce the
migration of moisture from the product into the packaging etc. The mechanism of action of
stabilizers is based on the ability to bind the moisture at coming into the food system, as a
result of which the latter loses its mobility and thus altering the viscosity and consistency.
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At first, theirs technological properties were studied in the laboratory conditions, in a
production laboratory of Luhansk National Agrarian University and then samples worked
out on JSC "Troitsky MDZ" Luhansk region. Determination of rheological properties of
hydrolyzed condensed products were performed at a storage temperature of 6-10 °C.

Materails and methods

Rheological characteristics were determined on a Reotest device by the 2™ method of
viscometry [5].

Before the measurements, an appropriate index of measuring device was selected. The
required amount (30 cm®) of product charged into the measuring cylinder. The principle of
measurement was as follows: under the action of the rotor one layer of product is shifted
relative to another one. Measurements began to conduct at low rates of speed deformation
increasing it gradually, by increasing the frequency of rotation of the measuring cylinder.
The required frequency rotor speed was asked by the switching drive and by installing lever
in position stage la to 12 a. The rheological characteristics of the product were determined
according to the rotor speed (velocity gradient) and the resistance force of its rotation.

Shift stress t (Pa) was determined by the formula:

t=7Z"q, €))

Z - constant of cylinder, Pa / unit. scale of the instrument;
o — indexes of device.
Effective viscosity of experimental samples is determined by the formula:

M= 1/ D100, (2)
T — shift stress, Pa;
D — shift rate, s™!
Research task - increasing the viscous properties of hydrolyzed sweetened condensed
milk products by using stabilization systems.

Results and discussion

Stabilization systems - Makgel K11 and BIVICIOC 1L are created on the base of
polysaccharides of natural origin, which fulfill a useful role related to their molecular
architecture, size and the presence of intermolecular interactions due to hydrogen ties. And
moreover, they are important (such as food fibers) for the normal functioning of the human
organism.

The results of experiments have showed that 11 MAKGEL is poorly soluble in milk,
with the changes the color of the product, giving it a grayish hue, which adversely affects
the organoleptic characteristics and the products did not meet the regulatory requirements.
When using Bivicioc 1L the adverse effects were not revealed in the final product (almost
100% of solubility is achieved and the color of the product is not changed). Therefore it
was decided to continue to use the stabilization system Bivicioc 1L. The series of
experiments have been conducted with whole milk to determine the mass part of Bivicioc
1L, wherein into the raw material prepared in advance, respectively with technological
scheme of production of hydrolyzed milk the stabilizing system was inoculated at an
amount of 0.2, 0.4, 0.6, and 0.8 % of weight of the finished product. Enzymatic hydrolysis
was conducted under the influence of GODO-YNL2 preparation at activity of 5000
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NLE/sm’. Hydrolysed milk was headed for inactivation of the enzyme at a temperature of
75... 80 °C [6-8].

As evidenced by the data shown in Fig. 1, the dependence of the effective viscosity of
the products is non-linear: an increase in the mass part of the stabilizer increases the
effective viscosity products. Effective viscosity of whole fresh hydrolyzed condensed milk
with mass part 31% is sucrose and stabilizer is 0,2% - 2,9 = 0,1 Pa's ( the product had a
liquid consistency, not peculiar to the skim sweetened condensed milk during storage can
occur stratified fractions), a further increase of the mass part of the stabilizer cause even
more substantial increase of viscosity up to 5,5 + 0,3 Pas, which is not typical for whole
sweetened condensed milk (a sharp increase of viscosity is possible during storage, the
product may have a " thickening " defect).

n, Pas

6 s
5 P

0 0,2 0,4 0,6 0,8
w, %

Fig. 1. Dependence of the effective viscosity of whole hydrolyzed sweetened condensed milk
upon mass part of stabilizer:
1 - whole hydrolyzed sweetened condensed milk with mass part 59%, sucrose is 31%,
2 - whole hydrolyzed sweetened condensed milk with mass part of 59% dry materials, 22% is
sucrose.

Dependence of the effective viscosity of the experimental samples of whole sweetened
condensed milk and mass part of 59% dry materials of different amounts of the stabilizer on
the deformation rate, Fig. 2 and 3.

As have been mentioned in the research, the recommended viscosity for the production
- 3.5...4.1 Pa's with a mass fraction of the stabilizer 0.4...0.6 % for whole hydrolyzed
condenced milk with a mass part of sucrose 31% and 3.8...4.5 Pa-s and mass part of the
stabilizer of 0.2...0.4 % by weight of the finished product to a whole hydrolyzed condensed
milk with a mass part of 22% sucrose.

For further research the minimum mass part of stabilizer was selected.
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n, Pas

2 'ng\‘-:\q:‘\

Fig. 2. Dependence of the effective viscosity of whole hydrolyzed sweetened condensed milk
upon deformation rate:
1 — whole condensed sweetened milk (control);
2 - whole hydrolyzed sweetened condensed milk with mass part 59% of dry substances, 31% is
sucrose, the mass fraction of the stabilizer is 0 4% by weight of the product;
3 - whole hydrolyzed sweetened condensed milk with mass part is 59% dry materials, 31% is sucrose,
the mass part of the stabilizer is 0.6 % by weight of the product.
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Fig. 3. Dependence of the effective viscosity of whole hydrolyzed sweetened condensed milk
upon deformation rate:
1 — whole condensed sweetened milk (control);
2 - whole hydrolyzed sweetened condensed milk with mass part 59% of dry materials, 22% is
sucrose, the mass part of the stabilizer is 0.2 % by weight of the product;
3 - whole hydrolyzed sweetened condensed milk with mass part 59% of dry materials, sucrose is 22
% mass part of stabilizer is 0.4% by weight of the product.
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For all of experimental samples with increasing strain rate (from 1 to 16.2 s™) the
effective viscosity decreases. And that particularly intensively the viscosity decreases in the
range of low deformation rates up to 5.4 s, while the structure of the product breaks down
and shows the greatest strength. With increasing deformation rate the viscosity decreases
sharply. At higher deformation rate of 5.4 s a structure of the product is destroyed, the
indexes of viscosity is lowering and changing inconsequently. According to the
investigations which have been put into practice (Fig. 2 and 3) you can make specifications
for hydrolyzed sweetened canned milk products, the results are presented in the Table 2.

Table 2
Characteristics of whole hydrolyzed sweetened condensed milk
A title Mass Mass part of | Mass of dry | Mass part The effective
of the product part of dry milk product of stabilizer | viscosity of fresh
sucrose, material materials, condensed mixture,
% % % % Pas

Whole sweetened 43,5 28,5 72,0 - 3,6+0,2
condensed milk
(control)
Whole 31,0 28,0 59,0 0,4 3,5+0,2
hydrolyzed 0,6 4,1+0,2
sweetened
condensed milk
Whole 22,0 37,0 59,0 0,2 3,8+0,2
hydrolyzed 0,4 4,5+0,2
sweetened
condensed milk

It is known that during the storage the viscosity of sweetened condensed milk, is
sharply increases [9,10].

They conducted investigations of structural and mechanical properties of hydrolyzed
sweetened condensed products and stabilizer in fresh products and during storage. Results
of the investigation of the effective viscosity of whole hydrolyzed condensed milk during
storage are shown in Fig. 4

A series of experiments with whole hydrolyzed sweetened condensed milk were
conducted, in the process to the beforehand prepared raw materials were added stabilizer
Bivicioc 1L at the amount of 0.2, 0.4, 0.6 and 0.8 % by weight of the finished product [11].
For the whole hydrolyzed condensed milk mass part of dry materials of the product - 59 %
including 31 sucrose and 22 %.

The facts of the studies (Fig. 5) testify that by increasing the mass part of the stabilizer
from 0.4 to 0.6 % (for whole milk) during storage the indexes of effective viscosity and
consistency of the products varies insignificantly. Further increase of the mass part of the
stabilizer above 0.6 % (for whole milk) during storage causes more significant changes of
indicators. For example, when adding a stabilizer at an amount of 0.8 % for the 8th month
of storage the effective viscosity of the product increased to 10,2 = 0,4 Pa's with the
product had a thick and dense texture.
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Fig. 4 . Change of the effective viscosity of whole hydrolyzed condensed milk during storage:
1 — whole condensed sweetened milk (control);
2 - whole hydrolyzed sweetened condensed milk mass part of 59% dry materials, 31% is sucrose,
mass part of stabilizer is 0,4 % of the finished product;
3 - whole hydrolyzed sweetened condensed milk mass part of 59% dry materials, 31% is sucrose, the
mass part of the stabilizer is 0.6 % of the finished product;
4 - whole hydrolyzed sweetened condensed milk mass part of dry materials 59 %, sucrose is 31%, the
mass part of the stabilizer is 0.8 % by weight of the product.
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Fig. 5. Change of the effective viscosity of whole hydrolyzed condensed milk during storage:

1 - condensed milk with sugar (control);

2 - whole hydrolyzed sweetened condensed milk mass part of 59% dry materials, 22% is sucrose,
mass part of the stabilizer is 0.2% of the finished product;

3 - whole hydrolyzed sweetened condensed milk mass part of 59% dry materials, 22% is sucrose, the
mass part of the stabilizer is 0.4% of the finished product;

4 - whole hydrolyzed sweetened condensed milk mass part of 59% dry materials, 22% is sucrose, the
mass part of the stabilizer is 0.6 % by weight of the product.

For whole hydrolyzed condensed milk with a mass part of 59 % dry materials,
including 31% of sucrose, the optimum alternative of the mass part of the stabilizer became
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samples with application of 0.4...0.6 % by weight of the product and the effective viscosity
was 5.8 £ 0,3 to 6,6 £ 0,3 Pa-s, respectively (for 6 months storage).

For whole hydrolyzed condensed milk with a mass part of 59% dry materials, including
22% of sucrose (Fig. 4 b), the maximum amount of stabilizer became the samples with the
introduction of 0.2...0.4% by weight of the product, and the effective viscosity was from
6,0 £ 0,3 to 7,2 + 0,3 Pa's (at the 6 months of storage period). At the mass fraction of 0.6 %
stabilizer in 10 months the gelation process was seen, the effective viscosity have increased
to 14,0+£0,6 Pa's, due to the peculiarity of the stabilizer (which is based on carrageenan),
when the amount of stabilizer is overstated the consistency of the product become
gelatinous ( which is not typical for condensed sweetened milk products).

According to the obtained experimental facts (Fig. 4 and 5), the maximum mass part of
stabilizer Bivicioc 1L for whole hydrolyzed condensed milk with a mass part of sucrose
31% and 22 is the quantity of 0.4..0.6% and 0.2...0.4 % by weight of the product,
respectively [12].

Conclusions

1. Application of the stabilization system Bivicioc 1L for products with mass part of
59% dry materials is justified and the mass part of the stabilizer is determined:

- for whole milk with a mass part of dry materials (59% sucrose 31 % and 22) -
0.4...0.6 and 0.2 ... 0.4 % by weight of the product, respectively.

2 Viscosity of hydrolyzed condensed milk and sugar mixtures with the application of
Bivicioc 1L stabilization system is established:

- for whole hydrolyzed condensed milk with mass part of dry materials (59% sucrose
31%and 22 )-3.5...4.1 and 3.8...4.5 Pa's.

3. Effective viscosity in the hydrolyzed sweetened condensed canned milk products
with the application of Bivicioc 1L stabilization system in the process of storage is
established:

- for whole hydrolyzed condensed milk with mass part of dry materials (59% sucrose,
31 and 22 % ) - from 5,8 £ 0,3 to 6,6 + 0,3 and from 6,0 £ 0,3 to 7,2 + 0,3 Pa-s,,
respectively.
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Introduction. It is necessary to determine the effect of
the physicochemical properties of native and modified
starches in their use in food.

Matherials and methods. Investigated two samples of
food emulsions using starches of different nature of origin
(native, modified starch). Using laboratory balances, volume
of cylinders determined percentage of water separation
during freezing and unfreezing emulsions; Brukfild
viscometer measured the viscosity increase depending on the
time, temperature and pH of food emulsions.

Results. When freezing / unfreezing emulsion of native
starch in the first cycle of water has been separated by 8% in
the second cycle of 38%, the third 50%, in contrast to the
emulsion with modified starch water separation starts from
the fourth cycle slightly, in the fifth cycle percentage of
water separation is 1%, the sixth cycle of 3 %.

As a result, studies of viscosity versus time, temperature
and pH of food emulsions proved that in an acidic medium at
pH 6.5 viscosity emulsion with modified starch is stored and
then increases over a longer time compared with the
emulsion of native starch where the viscosity at the
beginning of the storage period increases and then decreases.

Conclusions. Investigated the properties of native starch
in the emulsion show that their use in industrial processes
can lead to blockage of the heat exchanger, and the viscosity
of the output of the production process is unpredictable and
varies greatly depending on the combination of temperature
and mechanical stress. It makes use in the manufacture of
modified starches that combines a combination of two types
of modifications: stabilization and crosslinking.
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Introduction

Modern manufacturers merganser at their disposal are dozens or hundreds of titles and
some special products combined title starch, where each product has its own specific
characteristics and scope. Without claiming to be a complete analysis of starch produced
special, try to capture the most significant features.

It all starts with the selection of raw materials. Having known iodine - starch reaction,
it is easy to see that all starches except derived from waxy maize, iodine stained in dark
blue. The next difference is seen iodine - starch complex under a microscope shows that
starch is composed of numerous granules, and, depending on the raw granules have a
different shape and size. Interestingly, potato starch is a mixture of both small and very
large grains of which are several times larger than grains of corn or tapioca starch.

If you delve starch at the molecular level, it appears that the starch granules are
composed of two types of natural polymer molecules - polysaccharides. Line
polysaccharide called amylose and branched - amylopectin (Figure 1).

Amilose Starch polymers
CH,OH CH,0H
o] o]
OH OH
OH 0 o OH
OH OH 300-600
Amilopectine
OH
& Q
HO
i OH HO
6 o/
HO
HOO O OH
HO
HOO O
HO:
HO L
Fig. 1.

In most cases, the linear amylose content of about 20% and amylopectin - 80%.
However, there are exceptions, such as waxy maize and highamiloze maize. In the first
case, the content of amylose minimal (less than 1%) and the second - the maximum (90
%). Because of the lack of amylose starch from waxy corn gives blue color iodine - starch
reaction, and texture brewed starch solution is pasty (sour cream) and does not turn into a
gel during storage. In contrast, a high percentage of amylose leads to the fact that during
cooling and storage starch paste turns into a gel.
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As Table 1 shows the main characteristics of some species of native starches, on which
most often produce modified starches for special and industrial processes.

As can be seen from the Table 1, another significant parameter by which to judge the
properties of starch are gelation temperature. This - the temperature of water is typically 5%
- solution of starch in which granules start to swell and bind water.

Thus, even when discussing the raw material for the manufacture of starch, there are
certain criteria to choose a product: potato starch has a low gelation, corn and corn
highamiloze has the ability to form gels, tapioca - clean neutral taste waxy corn - past
consistency and the most stable texture. Why, despite the many variations of native
starches, is a constant development and implementation of special starches or modified (not
to be confused with genetic modification). Why, well working jelly "native starch is rarely
used as a thickener in products with any significant shelf life?

Table 1
The origin of the The diameter of Temperature of Amylose content,%
starch the granules, mk gelation, °C
Corn 5-30 62-80 25
Wax corn 5-30 63-72 <1
Hyghamilozna corn 5-30 63-92 50-90

Potato 5-100 58-65 20
Topioka 4-35 52-65 17
Rice 1-3 68-78 19
Wheat 1-45 52-85 25

Matherials and methods

Investigated two samples of food emulsions using starches of different nature of origin
(native, modified starch). Emulsions were prepared by following the recipes.

Emulsion for drinks
Recipe for 1000 kg of finished product

Unit Variations recipes
Name of raw materials 1 2
Native starch (Wax corn) kg - 120
Modified starch kg 120 -
Orange oil kg 55 55
Rezynogum kg 55 55
Colorant kg 15,5 15,5
Citric acid kg 5 5
Sodium benzoate kg 2,5 2,5
Water kg 747 747
Total kg 1000 1000

Using laboratory balances, volume of cylinders determined percentage of water
separation during freezing and unfreezing emulsions.
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Brukfild viscometer measured the viscosity increase depending on the time,
temperature and pH of food emulsions.

Results and discussion

There are several factors that hinder the wide industrial application of native starches as
thickeners - stabilizers:

* Syneresis (water separation during storage and frozen);

* Uncontrolled change in viscosity when heated;

* A sharp decrease in viscosity in acidic medium, as well as overheating and
homogenization ;

* Long sticky texture;

* Change in texture during storage.

In order to overcome these limit, developed a number of special modified starches.

As mentioned earlier, changes in texture during storage and display syneresis connect
with presence in linear polymer amylose starch. One can imagine is schematically as line
amylose obtained by brewing from the interior of the granules and distributed evenly
throughout the volume of the solution.

However, the storage of linear amylose molecules can fit around each other and formed
associates. This phenomenon is called retrogradation starch, as a result, there is a
separation of the water and the texture of a product containing amylose, changes over time
with the gradual formation of a gel.

Following the statement of facts in order to reduce and eliminate syneresis texture
changes during storage is most suitable starch from waxy maize, which contains almost no
amylose. However, despite the lack of amylose, one can imagine that the linear part of
amylopectin is also able to associate. This can lead to syneresis during storage.

In order to avoid such associations in the molecular structure of starch introduce
additional volume substitutes which interfere with the convergence of linear parts of
amylopectin. From a chemical point of view volume substitutes are the esters of starch.
This modification is called stabilization and provides a starch that holds water without a
noticeable manifestation of syneresis for a long shelf life and modes of freeze/thaw. Figure
2 shows the diagram depending percent of separated water with starch paste, depending on
the number of cycles a deep freeze (-27 © C) and thawing.

Unlike native starches separating moisture after the first cycle, the standard modified
starches stand at least 4-5 such cycles, and the most advanced modification much more
such cycles without markedly water separation.
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Fig. 2. The percentage of water separation during freezi and unfreezing
of emulsions with native and modified starches

When freezing / unfreezing emulsion of native starch in the first cycle of water has
been separated by 8% in the second cycle of 38%, the third 50%, in contrast to the emulsion
with modified starch water separation starts from the fourth cycle slightly, in the fifth cycle
percentage of water separation is 1%, the sixth cycle of 3 %.

Therefore, the stabilization modification eliminates syneresis and change the texture for
long term storage and freeze thawing modes.

In order to describe how a change in the viscosity of native starch under the influence
of temperature, acidic and homogenization, consider the so-called Brabender diagram
(figure 3)
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Fig. 3. The dynamics of the viscosity of native starch
1-pH=7,0
2 -pH=6,5
3-pH=3,0
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It shows a graph of the viscosity of the 5 % suspension of starch is heated in water at
neutral and acidic environment in the absence of mechanical action. Direct the figure is a
graph of temperature change (right axis) with time (bottom scale). Curve shows the change
in viscosity (left scale) in the same time frame (lower scale)

As can be seen from the diagram, until the temperature gelation practically no starch
water binding and viscosity not change. After reaching the temperature gelation seen a
dramatic increase in viscosity. In this case, the starch granules begin to swell, form water
and increase in size. Achieving peak viscosity means that most of the starch granules
reached its maximum size and maximum water-retaining characteristics. When failure
occurs subsequent recording of pellets, resulting in a decrease in viscosity and water -
reducing ability. The same effect leads and mechanical action (homogenization) after
brewing starch. As can be seen from the graph, in acidic medium viscosity decreases much
faster. This is due to hydrolysis of starch polymer molecules.

The above properties of native starches leads to the fact that they use in manufacturing
processes can lead to blockage of the heat exchanger (with high peak viscosity) , and the
viscosity of the output of the production process varies greatly and often unpredictable
depending on the combination of temperature and mechanical stress. In addition, the use of
native starches in foods with acidic environment leads to a decrease in viscosity due to
hydrolysis.

These shortcomings of native starches was overcome by strengthening the internal
structure of the granules by means of so -called “cross- mating” (cross - linkage) or cross-
linking.

Example diagram Brabendera modified starch is shown in figure 4. It can be clearly
seen no peak viscosity or viscosity drop during heating.
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Fig. 4. The dynamics of the viscosity of modified starch
1 -pH=7
2 -pH<7

As a result, studies of viscosity versus time, temperature and pH of food emulsions
proved that in an acidic medium at pH 6.5 viscosity emulsion with modified starch is stored
and then increases over a longer time compared with the emulsion of native starch where
the viscosity at the beginning of the storage period increases and then decreases.
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Conclusions

The most common nowadays classical starch - thickener, which combine
simultaneously two types of modifications: stabilization and crosslinking. Thus, it is
important so-called «depth modification ", the number of modifying units, per molecule of
starch. Thus, the deepening of stabilization - modification, except water- enhancing
features, allows reducing point gelation starch. However, «overload ", especially acetyl
fragments can cause unwanted interaction of the modified starch with milk proteins.
Increased «cross- coupling» can get starches, which are characterized by high resistance to
the conditions of the process (temperature, homogenization, exposure to an acidic
environment). However, the more resistant to external influences starch, the lower viscosity
makes it soft working conditions. Therefore, in each case, selecting the optimum starch,
should take into account as much as possible the conditions of a particular process.

According to ISO 4380:2005 «Modified starch». General specific at the most common
nowadays classical starch - thickener, which combine simultaneously two types of
modifications: stabilization and crosslinking. Thus, it is important so-called «depth
modification ", the number of modifying units, per molecule of starch. Thus, the deepening
of stabilization - modification, except water- enhancing features, allows reducing point
gelation starch. However, «overload”, especially acetyl fragments can cause unwanted
interaction of the modified starch with milk proteins. Increased «cross- coupling «can get
starches, which are characterized by high resistance to the conditions of the process
(temperature, homogenization, exposure to an acidic environment ). However, the more
resistant to external influences starch, the lower viscosity makes it soft working conditions.
Therefore, in each case, selecting the optimum starch, should take into account as much as
possible the conditions of a particular process.

The following (Table 2) are the special starch approved for use in the food industry ,
most of which modified method described above .ions " modified starch - a starch obtained
due to physical , chemical, biochemical or combined processing of natural starch to change
its properties. As you can see from the definition, modified starches not related to
genetically modified foods. Starch modified without interfering with the structure of DNA,
he acquires the required properties using very different transformations.

The following (Table 2) are the special starch approved for use in the food industry,
most of which modified method described above.

Table 2
Code according to the index of food additives Type of modification

E-1404 Oxidation
E-1410 Stabilization
E-1412 Stitching
E-1413 Stitching + Stabilization
E-1414 Stitching + Stabilization
E-1420 Stabilization
E-1422 Stitching + Stabilization
E-1440 Stabilization
E-1442 Stitching + Stabilization
E-1450 Stabilization
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The most widely used in the food industry, thanks to a good combination of price /
quality found from waxy maize (E1422). These are used as thickeners, stabilizers in the
production of various types of yogurt and fruit flavours. The main advantage of these
starches is stability against syneresis due to lack of amylose and shiny surface by small
granules.

E1412 priori has lowered resistance to syneresis and less "work" mode freezing and
thawing in what he is missing a stabilization type of modification, but the absence of
amylose still allows the use of E1412 derived from waxy maize in dairy products as a
thickener.

Modification E1414 is most often used for tapioca and potato starches. Despite the
presence in this case, two types of modifications: "cross- coupling" and "stability" are
usually (E1414) based on tapioca and potato amylose due to having less stable during
storage and less resistant to syneresis.

The most functional today is the modification E1442. It distinguishes high storage
stability, using the freeze-thaw and against syneresis. Low viscosity prevents hot block
(brewing) pasteurizers, facilitates mass transfer and thermal conductivity.

Due to global market trends related to the concept of healthy eating, recently developed
special starches - analogues modified in 1422, but chemically modified and are not a food
additive. In foods in the U.S. and the EU are declared as ordinary natural starch.

Summary of the types of modifications should be noted that one and the same
modification can be made using different materials and with different depth, which
ultimately determines the specific properties of modified starch.
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degradation in the cathode space, while remaining stable at
low pH values at the anode surface.

Conclusions. Gelatin-Alginat and Gelatin-Hyaluronat
shells have a negative electric charge. Electrophoresis can be
used to obtain required diameter of coacervate
microcapsules. High stability of the microcapsules in the
anode space (acid) confirms the validity of their introduction
into fermented dairy products.
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Introduction

Food fortification with biologically active substances in microencapsulated form is of
interest to improve their sustainability, alimentary and biological value [1]. Microcapsules
suitable for incorporation into food products must have a fully edible shells consisting of
biopolymers. Such microcapsules can be prepared by complex coacervation of differently
charged polyelectrolytes [2]. Polyelectrolytes are important components of many foods. So,
the fermented dairy products contain the positively charged protonated forms of the
proteins, but fruit nectars and juices include negatively charged pectin [3]. Therefore,
knowledge of the surface charge of the microcapsules is important for predicting their
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stability in different types of foods. Electrophoresis is a reliable method to determine the
charge of macromolecules of biopolymers [4]. The aim of this work is the experimental
determination of the shell charge of microcapsules containing oil composition and
sustainability assessment of microcapsules in the electric field.

Materials and methods

Oil composition. Microencapsulated oil composition was formulated from Juglans
regia nut oil, oil concentrate of carotenes and sunflower seed oil in the ratio of 2:1:1. The
concentration of carotene in the final composition was determined by spectrophotometric
method [5] and is amounted to 0.209 + 0.001% (m). That provides good visibility of
microcapsules during their microscopy and photography.

Microcapsules. Edible microcapsules (fig. 1.) were obtained by complex coacervation
method (Patent MD-557, BOPI 11/2012, p. 31-32.). Initially, an aqueous gelatine solution
and oil composition was stirred to form O/W emulsion. The emulsion was cooled and the
rate of stirring was reduced to create conditions for coacervation process. The dehydration
of gelatine shells with sodium sulphate and fixing of the shells by means of salts of alginic
or hyaluronic acids was followed.

Dialysis and electro-dialysis. Suspensions of microcapsules in supernatant solutions
were purified by dialysis through cellulose membranes for 1-2 days. Good results were
obtained using electro-dialysis at 100V/m during 30-60min until the resistance of the lcm
of supernatant solution reached = 100kQ, which corresponds to the conductivity of approx.
1:107S/m. This is only one order of magnitude more than conductivity of distilled water,
approx. 5-10*S/m [6], that talks about almost complete removal of sodium sulphate from
the supernatant solutions.

0.5mm

a b

Fig. 1. Microcapsules with Gelatine-Alginate (GelAlg) shells (),
and with Gelatine-Hialuronat shells (b) - “in status nascendi”.

Electrophoresis. Microcapsules, purified by dialysis, were subjected to electrophoresis
with graphite or stainless-steel electrodes, introduced in the U-shaped tubes. Parameters for
graphite / steel electrodes: distance between cathode and anode surfaces: 10/25cm; Voltage:
10/100V; field intensity: 100/400V-m™.
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Polydispersity measurements. This was determined by our own method. Samples of
microcapsules were photographed by the high resolution camera (3-12 megapixels) in the
optical microscope in transmitted or lateral light (Figure 1). Real diameter of the observed
field of view was 2.1mm. Microcapsules of certain sizes were manual counting in the
images, zoomed to 15-20cm. Then, specific volume of the microcapsules with average
diameter, the volume of fraction and the volume fraction of microcapsules of a certain size
were calculated, using formulas:

y r<d >
MC,i 6

V.
Vi=Nuci Vie.is9, _Wa
in which: V. ;- volume of single MC with average diameter<d, >; V;- volume of
- volume fraction of
microcapsules of certain diameter <d, >; Z V' - summary volume of all fractions.

fraction i , V; - number of certain species of microcapsules; ¢;

Table 1
Example: calculation of polydispersity for GelHur MC “in nascendi”

di,min. sy um di, max. s HIN <di>1 um NMC, i VMC, iy ,um3 Vi) ,um3 Pi, %
0 11.9 5.95 77 110 8493 0.16
11.9 23.8 17.80 20 2953 59060 1.09
23.8 35.7 29.65 37 13648 504980 9.35
35.7 47.6 41.55 25 37559 938970 17.4
47.6 59.5 53.40 14 79730 1116222 20.7
59.5 71.4 65.25 7 145459 1018212 18.8
71.4 83.3 77.15 2 240440 480880 8.90
83.3 95.2 89.00 2 369121 738242 13.7
95.2 107.1 100.95 1 538664 538664 9.90

Results and discussions

Nearly all known methods of obtaining a coacervate microcapsules with
polyelectrolyte membranes involve the use of dehydrating agents, particularly sodium
sulphate [1, 2]. It in turn causes vigorous electrolysis of water, which distorts the results of
electrophoresis. Therefore there is a need of purification of the supernatant solution from
the excess of sodium sulphate, maintaining microcapsules intact. We noticed that soaking
in water causes destabilization of the microcapsules shells. This phenomenon may have at
least two reasons. First, this is the removal of sodium sulphate from polyelectrolyte
membranes. Second, slowly hydrolysis of polyelectrolyte complexes is possible. Filtration
or centrifugation caused partial coalescence of the microcapsules in the irregular
dodecahedrons and the further destruction of the microcapsules, similar to the destruction
of foams [7]. The best results among all tested purification methods showed the dialysis of
microcapsules suspensions through cellulose membranes. The dialyzed suspension was
stirred, and the microcapsules were subjected to electrophoresis. A destruction of
microcapsules at the anode wasn't observed even after 10-20min after the start of
electrophoresis. But in the small time interval, the microcapsules were deformed and even
broken at the cathode (fig. 2, right). In the cathode space appeared free oil, indicating
extensive destruction of shells of the microcapsules.
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0.5mm

a

Fig. 2. The microcapsules coated with GelHur after electrophoresis:
at the anode (a); at the cathode (b); broken MCs are contoured.

We explain the destruction of the microcapsules in the cathode space as follows.
Electrolysis of water takes place rapidly in the presence of even small, trace amounts of
electrolytes, such as sodium sulphate, and leads to a change pH near electrodes.

Cathode (-): 2H,O — H, + OH ™ - 2¢’; water reduction
Anode (+): 2H,0 — O, + 4H " + 2¢’; water oxidation
Electrolysis: 6H20 + 2N02S04 — (2H2 + 4NaOH)m,;,0de + (02 + 2H2S04)an0de

It is known that the complexes of protein with polyuronic acids and their salts are
particularly stable only in a narrow range of pH, namely, 2-5 [8]. It can be assumed that this
interval is not respected on the cathode, whereby the microcapsules become unstable. We
note that, despite apparent simplicity, is very difficult to measure the pH values in the
immediate vicinity of the electrode, but it is possible to do in an indirect way, using
electrochemical model. Thus, when experimentally determined current strength is 100pA,
in 15 minutes of electrolysis must be formed approx. 1:10° mol of ions, according to
Faraday laws of electrolysis. Naturally, near the cathode and the anode are formed the equal
number of OH and H' ions equivalents, respectively. Assuming that the volume of the
near-electrode space is about 1ml or 0.001L, the molar concentrations of ions constitute
approx. 0.001mol/l. Therefore:

[H Janoge = 0.001mol/L=> pHypoge =3.
[OH_]CathOde ~ 0001m01/L = pOHcathode = 3:> pHcathode =14- 3 =11

These estimations shows that microcapsules remain near the anode in the pH values,
“friendly” to them. At the same time, at the cathode is very easily achieved the conditions
for their destruction. It is quite obvious for us, that the reason is the local pH at the cathode,
equal to 11, much greater, than that of the isoelectric point of the gelatin, equal to 4.8-5.0
[8]. From the above it follows that the destruction of gelatin-alginate membranes in the
cathode space occurs by the following mechanism:
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1.Neutralization of gelatine macromolecules at near its isoelectric point (pI = 4.8):
Gel" +OH™ — Gel’ + H,0;

2.Acquisition of negative charge by gelatine molecules at pH > pl:

Gel’ +OH™ — Gel +H,0;

3.Unbundling of polyelectrolyte shells because of repulsion of negatively charged
macromolecules of gelatin and polyuronic salts :

Geldlg — Gel™ + Alg™ ; GelHur — Gel™ + Hur™ .

As a matter of fact, the described process is not pure electrophoresis. Rather, this
process can be called as “destruction of the microcapsules, caused by electrolysis”, but is

not can be called as “electrolysis of microcapsules”.
High stability of the microcapsules in the anode space is further supported by statistical

data for polydispersity of different samples (fig. 3.).
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Fig.3. Statistical distributions of microcapsules coated with GelAlg:
1 — “in nascendi”
2 — on surface
3 — cathode (-)
4 —anode (+)

Maximum of the distribution curve of microcapsules with different diameter, taken
directly from the reactor, “in (status) nascendi”, is located at 75-100pum. In comparison with
the other curves, this curve is shifted towards the smaller microcapsules. At the same time,
the polydispersity of the microcapsules in the anode space is practically identical to
polydispersity of the microcapsules which were not subjected to electrophoresis, from the
surface of the dialyzed suspension. In these cases, the maximum of the distribution curve is
situated at <d> =~ 125um. Such shifts towards larger diameters can be explained due to
different densities, which cause flotation of large microcapsules and deposition of the small
ones [9]. At the beginning of the DC passing, a very intensive migration of the
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microcapsules from the negative electrode (cathode) to the positive (anode) was observed.
The process speed was 0.5-1.0mm/min. Movement of the microcapsules in the opposite
direction, from the anode to the cathode, was much slower (near 0.lmm/min). Migratory
MC-flows from both electrodes gradually slows down, forming incoherent suspensions in
the U-shaped tube. These were separated from the near-electrode spaces, and always were
displaced noticeably toward the anode (+).

The totality of all observed phenomena, demonstrates that the charge of microcapsule
shells, which were not subjected to electrophoresis, is negative. Negative charge is also
conserved in the initial stages of the electrophoresis. Some “runaway” of microcapsules
from the anodic space suggests that recharging of MC-shells occurs at the anode surface,
probably, because of two possible ways:

1. Neutralisation of polyuronic anions by H', liberated during the electrolysis:

Alg”+ H" — HAlg ; Hur™ + H™ — HHur .

2.Further high-positive charging of gelatin molecules.

Interestingly, that the first presumed phenomenon should not lead to the destruction
and destabilization of the microcapsule shell, and can even strengthen them thanks to the
formation of insoluble polyuronic acids at the pH <3 [10].

As for second phenomenon, the high positive charging of gelatin can cause the intra-
molecular repulsion and critical straightening of macromolecules. This in turn should lead
to the destruction of the shells. However, this straightening is possible only at very low pH
values [11], which can not be achieved on the basis of electrochemical model, discussed
above.

Insofar as the destruction of the microcapsules at the anode on the investigated
electrophoresis conditions are not observed, the first process is most probable.

Statistical analysis shows that the mobile and stable fraction (fig. 4., left) consists of
microcapsules having a diameter less than 35um. A polydispersity of this fraction obeys the
law of normal distribution (fig. 4., right).
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Fig. 4. Stable fraction with GelAlg shells (a);
its statistical distribution ().
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The effect of migration of the microcapsules that do not suffer destruction in the

electrode spaces is of interest for further practical applications. In particular, it will be
possible to separate unstable large microcapsules and stable small ones, which are most
valuable for food and cosmetic industries.

10.

11.

23.

Conclusions

In an electric field the microcapsules with gelatine-polyuronic shells moves from the
cathode (-) to the anode (+). This electrophoresis clearly confirms the negative charge
of MC-shells, and further suggests the mechanism of their neutralization and recharge.
Microcapsules with diameter > 35um undergo the electrochemical destruction at the
cathode, constantly remaining in the cathode space because of their low density. At the
same time, a fraction of the microcapsules with a diameter less than 35um is practically
not destroyed by the electric field, leaving the cathode space during electrophoresis.
This effect can be used for separation of microcapsules of different diameters.

At the anode, the destruction of microcapsules at the investigated parameters of
electrophoresis does not occur, because is not reached the critical level of pH, smaller
than 2. High stability of the microcapsules in the anode space (containing H") confirms
the validity of their introduction into dairy products.
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Introduction. Additional treatment of water by
nonequilibrium contact plasma allows improving consumer
characteristics of bakery goods considerably. Determination of
the effect of plasma-chemically activated water on
morphological, cultural and physiological properties of
Saccharomyces cerevisiae yeast is important from the
technological point of view.

Materials and Methods. Experimental investigations were
carried out in the conditions of bacteriological laboratory by
seeding the culture of yeasts of TM “Lvivski” and
“Kryvorizki” on Sabouraud dense liquid nutrient media. The
quantity of viable cells of microorganisms was determined by
the method of Gould sector seeds. Morphology of the yeast
was investigated by  phase-contrast = microscopy.
Biotechnological properties of yeasts were determined on Giss
media.

Results. The paper establishes the effect of water exposed
to nonequilibrium contact plasma on the sensitivity of
Saccharomyces cerevisiae and shows absence of suppressive
action of treated water with regard to cultural properties of
microorganisms. The experiments prove that with the use of
plasma-chemically activated water morphological
characteristics and biochemical properties of bakery yeasts
produced by Lviv and Kryvyi Rig yeast plants are preserved.
Culturing of Saccharomyces cerevisiae yeast on the nutrient
media prepared with the use of water exposed to
nonequilibrium contact plasm resulted in 6,5-15 times’
increase in quantity of viable microorganisms compared with
the control on the mains drinking water.

Conclusions. Physiological properties of Saccharomyces
cerevisiaec yeast improved owing to use water exposed to
nonequilibrium contact plasma. Results of investigations are
recommended for using in yeast production and bread making.
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Introduction

Food and processing industry play a key role in the national economy of Ukraine, since
the citizens’ health directly depends on high-quality nutrition. According to global food
pattern indices, share of cereals and bakery products amounts to 51 % of total foodstuffs
consumed by population of the globe. In particular, the dominating role in present-day diet
of Ukrainians is traditionally given to bakery products. As the most of foodstuffs, during
the manufacture of which structural biopolymers undergo significant transformation of
properties, substantial amount of breadstuffs cannot do without using additives of artificial
origin. However, over recent years the number of consumers caring of their health is
growing, so the market of environmentally safe production where the usage of improvers is
limited features increasing opportunities for expansion in Ukraine.

The leading place in food industry is occupied by biotechnology where microorganisms
are dominating initiators of transformations. Microbiological and biochemical processes
occurring in the source raw materials throughout the technological process make a
significant contribution into formation of organoleptic and physical-chemical properties of
finished products. Microbiological processes running in heterogeneous food systems have a
number of peculiar features connected with their component composition which may vary
considerably.

Water is one of the basic raw materials in bread production. Most often, drinking water
without any treatment is used in the process, but it is reported that in case of additional
treatment thereof, for example, by plasma-chemical activation, it is possible to improve the
technology of bakery products considerably [1]. It is found that owing to usage of plasma-
chemically activated water instead of mains drinking water without additional treatment the
dough maturation is accelerated by 20 % on average, compared with the control. Besides,
technological characteristics of yeast, namely, fermentation property and osmo-sensitivity
thereof, improve by 10-15% and 40-45 % accordingly [2,3]. However, the papers
mentioned above do not deal with the action of water exposed to nonequilibrium contact
plasma (NCP) on the bakery yeast beyond the heterogeneous food systems. Since the yeast
is the main driving force of microbiological processes which occur during maturation in
wheat semi-finished products, the purpose of this paper consists in investigation of the
effect of plasma-chemically activated water on sensitivity, morphology and cultural
properties of Saccharomyces cerevisiae.

Materials and methods

Pressed bakery yeast Saccharomyces cerevisiae is the main object of investigations.
The work deals with the yeasts of trade marks (TM) “Lvivski” produced by Lviv yeast
plant (Enzym PJSC) and “Kryvorizki” produced by Kryvyi Rig yeast plant (“Nadezhda”
CJSC) as those being in good demand of Ukrainian bakery enterprises. It should be noted
that each enterprise produces the yeasts following its own technical specifications stating
the better quality indices and longer term of storage compared with the yeasts produced
following national quality standard [4]. Strains of yeast used in production are not disclosed
by the manufacturers for obvious reasons.

Investigators used mains water without additional treatment and water exposed to NCP,
with the characteristics given in Table 1. Treatment of water with nonequilibrium contact
plasma was carried out in the laboratory of plasma-chemical technologies of the Public
higher education institution “Ukrainian State University of Chemical Technology” at the
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discrete-type laboratory unit with the reactor volume of 0,1 dm3 (Fig. 1). For preparing
control samples, drinking water of the Dnipropetrovsk city mains was used.
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Fig. 1. Apparatus for plasma-chemical treatment of water:
1 —reactor; 2, 3 — electrodes; 4 — vacuum gage; 5 — cock; 6 — pump; 7 — filtering elements;
8 — switch; 9 — voltmeter; 10 — ammeter; 11 — ignition transformer;
12 — switch; 13 — voltage transformer

In order to determine sensitivity of yeast to water exposed to NCP, yeasts produced by
Lviv and Kryvyi Rig yeast plants were cultured on Sabouraud medium for 24 hours at
temperature of 28°C. After that 0,1 ml of the microbial suspension of 1 bln/ml dilution
were seeded with a lawn on Sabouraud agar with 20 ml of agar per one Petri dish. Dishes
with seeds were dried, and after that four wells of 5 mm in diameter were formed in agar.
Obtained wells were filled with 0,1 ml of water exposed to NCP with various
characteristics (Table 1). After incubation of seeds during 24 hours at 28 °C the degree of
delay in growth of the culture in millimeters was determined.

220  ——Ukrainian Food Journal. 2014. Volume 3. Issue 2 —



——Xapyosi mexHonoaii——

Table 1
Characteristics of mains drinking water and plasma-chemically activated water
Duration of Co;ncentralltlon Oxidation-
No. of sample NCP action on| ° peroxide pH of water reduction
water, minutes compounds, potential, m}
mg/l

Mains water

1 |without additional - - 7,0 240
treatment
Plasma-chemically

2 |activated mains 3 100 10,1 123
water
Plasma-chemically

3 |activated mains 7 300 10,3 110
water
Plasma-chemically

4 |activated mains 9 500 10,4 95
water
Plasma-chemically

5 |activated mains 12 700 10,2 90
water

For investigating the effect of water on the yeast morphology, pure daily culture of
Saccharomyces cerevisiae was seeded with inoculating loop on liquid Sabouraud agar
prepared with the use of mains water without additional treatment (control) and plasma-
chemically activated water with 500 mg/l concentration of peroxide compounds (sample 4).
Cultural properties of microorganisms were determined after incubation of seeds during 24
hours at 28 °C. Morphological peculiarities of yeast microorganisms were additionally
studied using the phase-contrast microscopy method. For that purpose, micro-chambers
were prepared as follows: agar layer of 17x17x1 mm was placed onto preparation glass; 1
bln/ml suspension of Saccharomyces cerevisiae daily culture was applied onto its surface
using the inoculating loop, with the cover glass put on top, and sealing of the sample with
paraffin. Prepared micro-chambers were examined by the 100-power microscope.

Bakery yeasts cultured in the liquid medium were studied separately. Pure daily culture
of yeasts was seeded in 5% Sabouraud broth prepared both on the mains water and plasma-
chemically activated water. Seeds were incubated for 24 hours at temperature of 28°C; after
that cultural properties of yeasts were determined. Quantitative content of viable cells of
Saccharomyces cerevisiae in broth for experimental and control samples was determined by
the method of Gould sector seeding on Sabouraud agar. Morphology of yeast cultured in
Sabouraud broth prepared on the basis of mains water without additional treatment and
plasma-chemically activated water was studied by means of phase-contrast microscopy.
Biochemical properties of the grown Saccharomyces cerevisiae yeast were determined on
Giss media. Bacteriological investigations were carried out following the standard practice
(Klymniuk S.I., Sytnyk 1.O., Tvorko M.S., Shyrobokov V.P. (2004), Praktychna
mikrobiolohiia, Ukrmedknyha, Ternopil).
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Results and discussion

Testing of microorganisms for sensitivity to components of chemical or biological
origin is of top priority from the practical point of view. In bakery production, yeast
promotes the alcoholic fermentation in dough semi-product with the generation of
secondary metabolites which form organoleptic properties (taste, flavor, coloring of the
crust) and physical-chemical characteristics (porosity, acidity) of the finished products.
Running of microbiological processes depends on a number of factors of different origin,
among which a special role is given to stress factors as those resulting in various damages
of the cell constituents and, as a consequence, even the cell death. For example, occurrence
of oxidative stress is conditioned by active oxygen forms (AOF). Increase in protons’
concentration often leads to suppression of many metabolic processes. Accumulation of
anions in the cell under aerobic conditions can increase the intensity of free radicals’
generation, that is, cause the oxidative stress [5], i.e. a set of response reactions aimed at
overcoming adverse changes in the environment under the action of stress. Because of NCP
action in the liquid, owing to processes of ionization, dissociation and dissociative
attachment of plasma electrons to water molecules, thermal dissociation and dissociation
through excited vibrational levels of water molecules in collisions H,O — H,O the ions,
atoms and molecules like H,O', OH", H, OH’, H', H,, are formed, which initiate many
chemical ion-molecular reactions and cause the accumulation of molecules of H,O,, H,03,
H,04 (1-3) and other peroxide-type compounds (up to H,Oy) in water:

OH" +OH* - H,0, (1)
HO; +OH"* - H,0, )
HO; +OH; — H,0, 3)

After treatment with NCP, water acquires small-cluster structure, and its penetrating
capacity increases which is shown by spectral and physical-chemical methods [6].
Therefore, it is important to ascertain whether the usage of plasma-chemically activated
water would play the role of stress factor for Saccharomyces cerevisiac development.
Regarding the other microbiological cultures, the paper [7] investigates the effect of
plasma-chemically activated water and aqueous solutions on the pathogenic and
opportunistic-pathogenic microorganisms, such as Staphylococcus aureus, Staphylococcus
epidermidis, Staphylococcus saprophyticus, Escherichia coli, Pseudomonas aeruginosa,
Candida ablicans, Streptococcus pyogenes, Proteus vulgaris, Klebsiella ozaenae. In
particular, the action of chemical hydrogen peroxide on test cultures in concentrations
approaching to the relevant values in plasma-chemically activated water was determined.
Complete absence of antimicrobial action of hydrogen peroxide solutions of 10—100 mg/1
concentration and poor sensitivity of microbiological cultures under study to the exciter of
500 mg/l concentration was shown. At the same time, test cultures demonstrated stable
sensitivity to usage of plasma-chemically activated water with the concentration of
peroxide compounds corresponding to similar hydrogen peroxide solutions (Table 2). It is
found that the effect of water exposed to NCP on the microorganisms under study is similar
to the effect of usage of known antiseptics such as Lyzoformin 3000 (Germany,
Lyzoformin) and Sterillium (Germany, BODE Chemie Hamburg). There is well-known fact
that the most of improvers of oxidizing action and preserving agents in bakery production
suppress vital activity of yeasts which has a negative impact on biochemical, colloid and

222 ——Ukrainian Food Journal. 2014. Volume 3. Issue 2 —



——Xapyosi mexHonoaii——

physical-chemical processes during maturation of dough semi-products [8]. One of the
reasons of delay in microbiological processes is the presence of AOFs capable of inhibiting
the yeast metabolism in such food systems.

Table 2
Effect of plasma-chemically activated water and various
antiseptics on growth of microorganisms [7]
Microbiological Delay in microorganisms growth, mm, when using:
cultures plasma-chemically hydrogen Sterillium Lyzoformin
activated water with peroxide 3000 of
500 mg/l solution of 1000 mg/1
concentration of 500 mg/1 concentration
peroxide concentration
compounds
Staphylococcus 20 13 13 20
aureus
Staphylocgccus 10 N/A ] 13
saprophyticus
Staphylococcus 14 12 1 20
epidermidis
Escherichia coli 13 10 8 15
Pseudpmonas 12 N/A ] 10
aeruginosa
Candida ablicans 11 11 13 20
Streptococcus ] N/A 20 15
pyogenes
Proteus vulgaris 14 8 34 20

Investigation of the effect of water exposed to NCP on sensitivity of bakery yeasts
produced by Lviv and Kryvyi Rig yeast plants showed no zones of delay in growth of
Saccharomyces cerevisiae culture, that is, the usage of plasma-chemically activated water
did not suppress the bakery yeast growth. During experimental investigations it was found
that Saccharomyces cerevisiae yeast cultured on Sabouraud broth prepared with the use of
plasma-chemically activated water and control samples where the mains drinking water was
used for culturing had the same cultural properties, i.e. duration of growth, shape, color,
and size of colonies. By way of studying the condition of microorganisms in micro-
chambers it was determined that experimental and control samples of bakery yeasts had the
same morphology inherent to yeast cells, and the young cells were observed as well.

Effect of specific components of nutrient media on microorganisms depends both on
their concentration and duration of action on the objects under study. With the aim of
determining the deep and more prolonged effect of water exposed to NCP on bakery yeasts
after their culturing on Sabouraud broth for 24 hours with the subsequent three-time
passaging the control of microorganisms’ condition was carried out. Results of
investigations have shown that micro-mycetes cultured in the liquid nutrient media with the
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use of plasma-chemically activated water had cultural properties (gas production, turbidity
of nutrient media) similar to control samples.

It is impossible to assess the action of impact factors on vital activity of the yeasts
without determination of quantity of colony-forming microorganisms. For that purpose,
bakery yeasts after their culturing on Sabouraud broth and three-time passaging were
seeded on Sabouraud dense nutrient medium and incubated for 24 hours at temperature of
28 °C. Obtained data has shown that in the liquid nutrient media prepared with the use of
water exposed to NCP quantity of microorganisms forming the colonies was growing 6,5—
15 times compared with the control (Table 3) both for the bakery yeast of TM “Lvivski”
and the yeast of TM “Kryvorizki”.

Table 3
Effect of plasma-chemically activated water on physiological characteristics of
Saccharomyces cerevisiae culture

No. of water sample Bakery yeast of TM
used for yeast culturing
Lvivski Kryvorizki
1 10° 10°
2 6,5x10° 10°
3 10° 10°
4 10° 3x10°
5 10° 10°

However, the prevailing effect was observed in case of culturing of the yeast
produced by Kryvyi Rig yeast plant in the presence of water exposed to NCP, with the
concentration of peroxide compounds of 500 mg/l (sample No. 4). It is evident that such
difference is conditioned by peculiarities of fermentative complexes of yeasts typical for a
certain strain of microorganisms used under conditions of their industrial production.
Cultural properties of Saccharomyces cerevisiae of the above manufacturers for the
experimental and control samples featured no difference.

Morphology of Saccharomyces cerevisiae yeast cultured on the liquid nutrient media
with introduction of the mains drinking water and water exposed to NCP was studied with
the use of phase-contrast microscopy. Fig.2 shows the morphological state of
Saccharomyces cerevisiae cells. Certain peculiar features of the Saccharomyces cerevisiae
morphological structure depending on the yeast industrial origin were found: yeast of Lviv
yeast plant had more rounded shape (Fig. 2.A, 2.B), while the yeast of Kryvyi Rig yeast
plant were of somewhat elongated and oval shape (Fig. 2.C, 2.D). This difference is
evidently caused by using of the yeast of various strains under conditions of production at
specific company. At the same time, morphology of yeast cells was preserved with the use
of water exposed to NCP — both experimental and control samples of microorganisms were
characterized by typical appearance and shape (Fig. 2, pos. 1), and young budding cells
were also in sight (Fig. 2, pos. 2). Biochemical properties of Saccharomyces cerevisiae
yeast were determined on Giss media after their culturing in Sabouraud broth using plasma-
chemically activated water and mains water without additional treatment. It is shown that
both experimental and control samples fermented glucose, maltose and sucrose and had
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similar biochemical properties. No suppression of metabolism of bakery yeast when using
water exposed to NCP occurred.

1
1

2 2
1 1

Fig. 2. Morphology of yeasts of TM “Lvivski” (A, B) and “Kryvorizki” (C, D) with the use of
mains water (A, C) and plasma-chemically activated water (B, D):
1 — independent cell; 2 — budding cells.

Concerning the effect of hydrogen peroxide on the yeast, rather conflicting data is
known. Results of investigations of the work [9] prove that with the use of hydrogen
peroxide of 100-1000 mg/l concentration fermenting activity of bakery yeast is reduced.
However, the paper [10] deals with the method of activation of must fermentation
consisting in previous treatment of the yeast with the solution of hydrogen peroxide of
100 mM concentration and addition of the yeast ferment lysate to the initial must. Besides,
the effect of parameters of treatment of brewing yeast with hydrogen peroxide which
provides for the largest quantity of viable osmo-tolerant cells in suspension was
determined. Proposed treatment of the yeast suspension with hydrogen peroxide allowed
decreasing the negative impact of higher concentrations of ethyl alcohol on the
fermentation process. As it was shown by results of investigations, growth of
Saccharomyces cerevisiae produced by Lviv and Kryvyi Rig yeast plants was not restrained
because of use of plasma-chemically activated water. On the contrary, increase in quantity
of viable yeasts in suspension and stimulatory action of water exposed to NCP on the yeast
vital activity was found. It is evident that AOFs, in particular, hydrogen peroxide, have
essential influence on the effects obtained. Bailyak [11] has shown that in vivo hydrogen
peroxide is capable of inactivating or activating antioxidant ferments depending on their
concentration, peculiarities of the yeast strain and phase of the culture growth. The ability
of baking yeasts to survive in the environment with presence of hydrogen peroxide depends
on the capacity of antioxidant systems of cells. In the presence of catalase, with the action
of oxidative stress induced by H,O,, activity of antioxidant systems and cell survival shall
increase owing to restoration of intracellular homeostasis. Since water exposed to NCP
contains peroxide and superoxide compounds, it should be noted that oxidative processes in
Saccharomyces cerevisiae are enhancing, with the further adaptive response of cells. That
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is, AOF content in plasma-chemically activated water results in mobilization of
physiological and genetic reserves of a cell when the gradual increase in the organism
resistance to stress action is displayed as metabolism stimulation and improvement of
cultural properties of microorganisms. Besides, usage of plasma-chemically activated water
may possibly increase the penetration of water molecules through membranes of
Saccharomyces cerevisiae, that in turn speeds up metabolism between the cell and its
environment and promotes higher resistance to stress, serving as an impulse to increased
reproduction of microorganisms in the nutrient medium.

Results of experimental investigations are important for biotechnology and, in
particular, for the theory and practice of bakery production based on microbiological
processes traditionally initiated by Saccharomyces cerevisiae yeasts.

Conclusions

It was determined that plasma-chemically activated water had no suppressive action on
Saccharomyces cerevisiae yeast in contrast to its impact on various pathogenic and
opportunistic-pathogenic microorganisms.

The experiments prove that with the use of plasma-chemically activated water
morphological characteristics and biochemical properties of bakery yeasts produced by
Lviv and Kryvyi Rig yeast plants are preserved.

It is found that culturing of Saccharomyces cerevisiae yeast on the nutrient media
prepared with the use of water exposed to NCP resulted in 6,5-15 times’ increase in
quantity of viable microorganisms compared with the control on the mains drinking water,
and therefore it is promising for use in the yeast production, baking and fermenting
branches of food industry.

Further investigations shall be aimed at determining the effect of plasma-chemically
activated water on antioxidant ferments of Saccharomyces cerevisiae and peculiarities of
transmembrane transfer of water exposed to NCP through hydrophilic channels of
membranes of the bakery yeast.
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Introduction. Search for new types of alternative raw
material for the efficient development of poultry industry
and problem of waste disposal of canning industry made it
necessary to develop a method of processing tomato pomace
in feed additives.

Materials and methods. Sampling, preparation and
testing were carried out by general and specific organoleptic
and physical-technological methods of assessment and
analysis of the properties of raw materials and finished
products.

Results. Incorporation of tomato pomace in the feed
additive reduces the cost of raw materials and expenses
associated with moistening of the mixture before extrusion
and incorporation of chalk feed will solve the problem of
calcium imbalance of laying hens. It was found that
extrusion process has improved the physical properties of
feed additive and showed the possibility of its use as a feed
component: moisture content decreased by 34.5 %, the angle
of repose increased by 11.4 %, flowability decreased by
39.7 % and bulk density decreased by 32.3 %.

Conclusions. The resulting feed additive will solve the
problem of diversification of raw materials, waste, calcium
imbalance of laying hens and reduce expenses on compound
animal feedstuff production.

Introduction

At present stage of reform and development of the food complex of Eastern Europe
countries there is a strategic issue to increase production of high-quality food for their own
needs, while gaining international food market. One of the areas capable in the short term to
solve the assigned problems is poultry breeding [2].

Poultry breeding is the most powerful branch of world agriculture which differs in
extremely high dynamic development; is unbeatable on cost of feed and labor costs per
production unit and provides the population with high-quality food [1-3].
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However, despite the dynamic development poultry farming is facing a number of
problems solution of which will enable industry to take new heights.

A necessary condition for the industry development is search for new types of non-
traditional materials that can reduce the content of cereals in the poultry feeding and able to
reduce the cost of compound animal feedstuff products.

At the same time, according to the data of the State Statistics Committee of Ukraine in
recent years the production of fresh tomatoes in our country significantly increased. In 2000
Ukraine cultivated 1126.6 thousand of tons of tomatoes and in 2012 this number has
already reached 2274.1 thousand of tons. Along with fresh vegetables production also
production volume of tomato canning products and waste received in the process of their
production has been increased [13, 14].

Therefore, canning industry faces the problem of herbal waste disposal of high
humidity in the form of tomato pomace which contain a number of nutrient bioactive
substances and can serve as an effective component of compound animal feedstuff
production in nutrition diet of farm animals and poultry. However, insufficient attention is
so far paid to the use of canning industry waste in our country. At most companies these
valuable feed stuff are spoiled and destroyed in large quantities creating a significant threat
to the environment [5, 6].

Limiting factor for use of tomato pomace in the process of compound animal feedstuff
production is high humidity which is an excellent environment for the development of
pathogenic organisms and significantly reduces the shelf life of waste. They are highly
perishable and require immediate disposal. Existing disadvantages considerably complicate
the processing and use of by-products of the canning industry in the compound animal
feedstuff production of high humidity [6].

Literature data analysis shows various ways of processing tomato pomace both
independently and in mixtures with other by-products of the canning industry. Tomato
pomace can be fed to animals and poultry as green feed, silage and subjected to drying and
granulation.

The most rational way of processing tomato pomace is drying to a final moisture
content 8...14 % and use at the process of compound animal feedstuff production as feed
flour [7]. However, this method was not widespread in the feedstuff industry due to high
price — high electric power consumption makes it expensive.

Therefore, the most rational way to use them is the processing in feed additives for
further use in the manufacture of compound poultry feedstuff.

Along with the problem of expanding the raw material base big problem for the poultry
industry is the calcium imbalance including calcium deficiency of laying hens during
ovulation period. This necessitates the development of feed additives that will expand the
raw material base, solve the problem of the imbalance of calcium of poultry and reduce the
production costs of compound animal feedstuff production.

Materials and methods
In the manufacture of feed additive fodder chalk and tomato pomace were used as raw

material. Extrusion of additive has been carried out with grain extruder E3-150 (Fig. 1) at a
temperature of 110...120°C and a pressure of 2...3 MPa.
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Fig. 1. Extruder E3-150 (Bronto, CherkasyElevatorMash)
1 — base (frame), 2 — main drive, 3 — bin, 4 — feed screw dispenser, 5 — receiving chamber, 6 — forcing
screw, 7 — prefabricated housing, 8 — matrix, 9 — secondary drive, 10 — thermometer, 11 — DC motor,
12 — reducer.

Feed additives has been assessed by physical parameters such as moisture content, bulk
density, modulus size, flowability, angle of repose, index of extrudate expansion.

Moisture content was determined by drying the sample of the product in the weighting
cup in the drying oven at a temperature of 130°C for 40 min. and was calculated using the
formula:

W =(q1-92)/ (qr—q0) 100, %,

where g, — mass of empty weighting cup, g; ¢; — mass of weighting cup with a lifting bar
before drying, g; g, — mass of weighting cup with a lifting bar after drying, g.

Extrudate expansion ratio was determined by extrudate diameter to the diameter of the
outlet of the extruder matrixes.

Bulk weight of additive has been determined with a half-liter grain-unit scale which
consists of jack, filler, cylinder head, bailer, knive, puller and measurer. The cylinder was
closed with funnel, put down on filler with bailer and after the product was poured in filler,
the cylinder with bailer has been removed. The knife was removed faster from the crack
and after the puller and the product fell in the measurer the knife was again gently inserted
into the slot. Then the measurer with the filler has been removed from the jack, overthrown,
holding the knife and the filler, and poured the excess remaining on the knife. Then the
knife has been removed from the crack, the measurer with the product has been weighed
and the nature of the product was set up accurate within £ 0.5 g.

Angle of natural repose was determined by the product pouring from the filler on a
horizontal surface. The product has been poured through a metal funnel that has a cone
angle of 60°, until the top reached the height of vertical walls of the device. There has been
performed protractor angle measurement. For this the protractor has been applied to the
cone generatrix and determined by screeching angle . Then the angle of natural repose o
was considered as: a. =90 - .
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Flowability has been determined by the method of pouring the product through hole of
a certain size (diameter 4 cm). The product was poured in a box with the outlet which was
closed with the latch. To determine the product flowability the latch has been open and the
time of pouring of the product through the outlet on a horizontal surface has been noted.

Volume of poured product was measured with the cylinder. Flowability was
determined by the formula:

V.=q/(St), cm’/sec.,

where ¢ — volume of product that passed through the hopper outlet, cm’; ¢ — duration of
pouring of the product, sec.; S — cross-section area of the outlet, cm?.

Determining the size of the module was performed on a laboratory plansifter. Sample
of the product on the top sieve placed laboratory plansifter, closed the lid and sieved for 5
minutes at 190...210 sieve oscillations per minute. After sifting weighed stairs on each
sieve.

The size modulus was determined by the formula:

Size modulus determination has been carried out with the help of the laboratory
diffuser. Sample of the product was placed on the top sieve of the laboratory diffuser, then
it was closed with the lid and sieved for 5 minutes at 190...210 sieve oscillations per
minute. After sifting remaining residue on each sieve were weighed.

M= 3,5m;+2,5my+1,5m3+0,78m,+0,28ms) / 100, mm,

where m;, m,, m;, m,— mass of remaining residue from the sieves with holes @ 3, @ 2, 91,
@ 0,56 mm, g;
ms — mass of passage with holes @ 0,56 mm, g;
3,5;2,5; 1,5; 0,78 — the average size of the particles remaining on sieves with holes @3, @1,
@ 0,56 mm, accordingly, mm;
0,28 — the average size of the particles which passed through a sieve with holes @ 0,56 mm;
100 — mass of the sample taken for the analysis, g.

All tests were performed at 3-fold review of measurements and experimental results
have been processed by software (Mathsoft, Inc., USA; Mathcad Professional).

Results and discussion

The feasibility of processing tomato pomace in feed additives demonstrates their
physical properties. Therefore, at the first phase of work there has been investigated
physical properties of tomato pomace indicators such as moisture content, bulk weight and
density. Thus, weight ratio of moisty tomato pomace was 70 %, bulk weight comprised
399 kg/m’ and accordingly density was 1.29 kg/m’.

Analysis of studies of the physical properties of tomato pomace suggests that these
residues are characterized by poor physical properties because of their high moisture
content. Therefore, it is advisable to carry out their processing only as part of other grain
ingredients of compound animal feedstaff for physical properties of the mixture to get
satisfactory value and avoid demixing and clumping of products. In addition, high humidity
of pomace may lead to corrosion of metal equipment.

A necessary condition for the development of feed additives using tomato pomace is
the choice of the optimal additive components in terms of chemical composition, physical
properties and cost. It is necessary to consider not only the cost of raw materials but also
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the cost of electricity for its processing. Therefore, a further step in our research was the
analysis of physical-chemical properties of grain components, costs related to their
acquisition and processing.

Among cereals the most widespread in the poultry is corn as an energy source that
exceeds all grain cereal feed that is 1,382 mJ of metabolizable energy but it has less protein
(8...10 %). Corn contains 4...6 % of fat, about 60...70 % of starch and 2...3 % of fiber. In
addition, the yellow pigment of corn make attractive broiler carcass and add to the egg
yolks really yellow color [8-11]. In addition, the specific power consumption for extruding
corn is lower by 10.2 % than wheat by 14.3 % lower compared to shelled oats and by
24.4 % compared with peeled barley [12].

The inclusion of the mineral feed additive will solve the problem of calcium deficiency
of laying hens.

Fodder chalk is characterized by low cost and high contents of calcium what has made
it widespread among other minerals. And due to its physical properties, chalk by sorbing
moisture can increase the percentage of making tomato pomace, thereby reducing the cost
of raw materials that is an important factor in calculating recipes of compound poultry
feedstuff [4].

To determine the most optimal feed additive composition there has been determined
moisture content of the components that can be included into its contents. Moisture content
of corn comprised 12.9 %, fodder chalk — 0.5 %, tomato pomace — 70.0 %.

Extrusion process allows to save a number of nutrients and biologically active
substances, to improve the taste and aromatic properties, increase the assimilation of food
and increase shelf life of products [15-17].

Considering useful properties (advantages) of extruded products we have developed a
way of processing tomato pomace in feed additives. As humidifier mixture before extrusion
we were using tomato pomace. Since in the process of the extrusion up to 50% of moisture
from the extrudate has been evaporated, we calculated the amount of tomato pomace which
provided moisture content after extrusion in feed additive of not more than 12.5 % due to
the inability to keep extrudate with higher moisture content for a long time. So dry mixture
before extrusion shall be not more than 16...18 %.

Therefore, the estimated water content of the mixture before extrusion with the
introduction of 73 % corn with a moisture content of 12.9 %, 12 % tomato pomace with a
moisture content of 70 % and 15 % fodder chalk with a moisture content of 0.5 %
comprises 17.89 %. If adding more tomato pomace of the mixture increases its moisture
content and extrusion process fails completely while a smaller quantity the mixture have to
be further moisten with water resulting in additional costs.

Addition of fewer quantity of fodder chalk is inefficient because it does not meet the
needs of animals and poultry in calcium in full as well as increase of its addition negatively
affects the physical and technological properties of the feed additive. Therefore, the
introduction of such a large number of components of the additive is the best in terms of
physical and technical characteristics and costs of their processing (table 1).

Table 1
Feed additive contents
Components Raw material Total
content in feed Corn Fodder chalk Tomato pomace
additive, % 73 15 12 100
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Figure 2 demonstrates traditional and developed processing technology of tomato
pomace. Traditional technology involves the processing of tomato pomace in feed flour by
grinding it, drying, cooling, grinding and packaging. Processing of tomato pomace by
traditional technology requires the use of external heat sources which requires additional
investment in boiler construction, expenses on gas, liquid or solid fuel. At the same time as
the extrusion process eliminates these costs, thereby reducing expenses on processing of
tomato pomace in feed additives. Furthermore, in the process the structural and mechanical
and chemical state of the mixture are changed and as result satisfactory sanitary conditions
and better assimilation of nutrients are received.

Traditional technology Developed technology

} v
Grinding of tomato Grinding of tomato
pomace pomace

I | :

Viscolization

Drying )
l ‘ Dosage ‘
¥

Separation of exhaust = :
gases in the cyclone Blending of premix of
tomato pomace and corn

! :

Separation of oxygen in Main blending of premix,
the cyclone remaining tomato pomace
l and corn
v
Cooling ‘ Extrusion ‘
l v
| Cooling |
Grinding v
‘ Grinding ‘
. v
Packaging ‘ Packaging ‘

Fig. 2. Technological methods of processing tomato pomace

The developed technology provides cleaning of corn from impurities, grinding on
hammer mill to a particle size of 3 mm and dosage. Separately there are prepared tomato
pomace for processing including grinding with grinder to particle size of 2...3 mm,
viscolize and dosage. Fodder chalk with humidity less than 10 % has been cleaned of
impurities and dosaged. Then there is prepared premix for which tomato pomace and corn
taken in proportion of 1:1 are mixed in grinder for 180 sec. to form a homogeneous
mixture. Then the main blending of the premix with the remaining of corn and fodder chalk
in blade-type mixer for 120...180 sec. The resulting mixture is extruded at a temperature of
110...120°C and pressure of 2...3 MPa. The resulting extrudate of moisture 11.6 % has been
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cooled to a temperature that does not exceed the ambient temperature by more than 10°C,
grind in a grinder to a particle size of 3 mm for storage, if necessary, extrudate is packaged.

Samples of feed additives was studied using indicators that mostly characterize the
technological properties of the finished products such as angle of natural repose,
flowability, bulk density, and efficiency of extrusion has been defined by specific power
consumption, extrudate expansion index, starch dextrinizing degree and moisture content
(table 2).

Table 2
Extrusion effect on the physical properties of the feed additive (n = 3, P>0,95)
Feed additive
Index Before After Alternations, %
processing processing

Moisture content, % 17,7 11,6 -34,5
Angle of natural repose, degrees 35,0 39,0 +11,4
Bulk density, kg/m’ 665,0 450,0 32,3
Flowability, cm/sec 13,6 8,2 -39,7
Size modulus, mm 1,8 1,2 -33,3
Starch dextrinizing degree,% 56,2
Extrudate expansion index 2,1
Specific power consumption, kW-h/t 16,0

Analysis of the data presented in table 2 demonstrates that during feed additive
extrusion moisture content is reduced by 34.5 %, the angle of natural repose is increased by
11.4 %, flowability is reduced by 39.7 %, bulk density is decreased by 32.3 %.

When extruding feed additive starch dextrinizing degree is 56.2 % while the
recommended value is not less than 55 % , the specific power consumption is 16 kW-h/t
and extrudate expansion index is 2,1. The low degree of starch dextrinizing degree and
extrudate expansion index is explained by the formation during extrusion of protein-
carbohydrate complexes.

Conclusions

1. Addition to the feed additive 12 % of tomato pomace reduces the cost of raw materials
and expenses associated with moistening the mixture before extrusion.

2. Use of chalk feed in additives of a bound state will provide the organism of the poultry
with calcium according to physiological needs.

3. Extrusion process has improved the physical properties of the feed additive including
moisture content decreased by 34.5 %, the angle of natural repose increased by 11.4 %,
flowability decreased by 39.7 % and the bulk density decreased by 32.3 %. Also as a
result of extrusion there has increased nutrient uptake as that is demonstrated by starch
dextrinizing degree (56.2 %).

4. Obtained feed additive allows to expand the raw material base in compound animal
feedstuff production, recycle byproducts of canning industry of high humidity, solve
the problem of calcium deficiency of poultry and reduce expenses on compound animal
feedstuff production.
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Introduction. Infringement of balance mineral
substances is widely manifested in the meat products which
is much wealthier in phosphorus than calcium. List of
additives that containing calcium and technology meat
products with their using are limited. Purpose of the work is
studying and scientific substantiation of influence protein-
mineral additive (PMA) on the technological micro-
structural properties of minced meat products.

Matherials and methods. Studies water- and fat-holding
ability (WHA, FHA) of samples carried out by gravimetric
and refract metric methods. Histological sections were
produced at microtome, followed by coloring with
hematoxylin and eosin and by the method of Mallory.

Results and discussion. Created a technology of the
minced meat products for health improvement using the
PMA which is a carrier of Bioorganic calcium. Rational is
the addition of PMA in powder form in amount of 7,5 % of
the meat systems. Technological parameters of minced meat
increase when making additions in particular WHA and FHA
approx about 5 and 10 % respectively. Histological studies
have shown that PMA promotes the preservation of meat
juice and sarcoplasmic proteins in the meat systems during
thermal processing.

Conclusions. PMA has a positive impact on the
properties of water-holding properties of minced meat and
output the finished product.

Introduction

The structure and quality of the nutrition the of modern person can described as those
that do not provide to fully all physiological needs of the body of irreplaceable nutritional
factors. Today expansion of assortment food products in particular meat, is mainly through
by replacing the components of the product at more cheap, economically most
advantageous raw materials. Among the essential elements of nutrition the most scarce are
mineral compounds, in particular calcium in digestible by the human body form. An
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imbalance of minerals commonly seen in meat products naturally much wealthier in
phosphorus than calcium. The priority direction of the science of nutrition is the creation
balanced chemical composition of food with health-improving properties.

The majority of well-known technology of meat enriched with calcium, a mineral
component is represented as water-soluble inorganic salts of calcium or low organic forms,
which does not provide this element deposition in body tissues [1-2].

Modern research has proved the importance of food bones as a source of bio-organic
calcium compounds. However, for calcium-based food additives on bone and meat
technology with their use is limited [3].

Therefore, additional food sources of digestible calcium compounds and their use in the
meat processing of mass consumption is actually.

Matherials and methods

In order to study water- and fat-holding ability (WHA and FHA) the developed minced
meat samples of natural mince and cutlet mass were researched made by traditional
technology using protein-mineral supplements in powder form (PMA) in an amount of 2.5
... 10 % by weight of raw meat, control samples - made without the use of PMA. WHA and
FHA samples was determined by gravimetric and refractometric method.

For micro structural researches were chosen 4 samples

1. Control. Raw minced meat produced without the use of PMA.

2. Experimental model. Raw ground beef, made using 7.5% dry PMA relative to the
mass of raw meat.

3. Control. Heat treated minced meat produced without the use of PMA.

4. Prototype. Heat treated ground beef, made using 7.5% dry PMA relative to the mass
of raw meat.

In order to study histological characteristics samples of minced meat were fixed in 10%
neutral formalin aqueous solution, followed by preparation and pouring in paraffinic
blocks. Histological sections thickness of 5-7 microns produced at microtome, followed by
coloring with hematoxylin and eosin and by the method of Mallory (differential coloring on
the muscular and connective tissue).

For unbiased estimation of the obtained results was carried morphometric studies using
the microscope "biolam" and eyepiece micrometer MOV - 1 - 15%. We determined the
thickness of the muscular fibers in the control and experimental samples respectively raw
and heat-treated. Calculated compacting factor of muscular fibers after samples minced
meat heat treatment.

Obtained digital indicators treated variation-statistical methods [4].

Photographing was carried out using a microscope MBI-3 and photo tips MFN-10.

Results and discussion

For enrichment the diet with essential nutrients such as calcium bioorganic, and to
correct the chemical composition of meat products we scientifically substantiated and the
technology of minced meat products that are rich in digestible calcium by using of protein-
mineral additive (PMA). PMA is a stable complex pig skin collagen and minerals (calcium,
magnesium), which ensures their metabolic activity.

Investigations have established that the most appropriate is addition of PMA (in
powder form) in the mince meat products in the quantities about 7.5% by weight of raw
meat on stage of mixing prescription ingredients. It leads to an improvement of
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technological, organoleptic characteristics, that fundamentally changes the traditional
production process of the product, and provides about 50% of the daily physiological need
for usable calcium [5].

Scientific interest and practical value is to study the effect of PMA in water- and fat-
holding ability (WHA, FHA) developed samples of minced meat. From the data
characteristics of the microstructure is strongly dependent samples technological properties
minced meat systems, changes of protein components, yield and organoleptic properties of
the finished product (texture) economic production efficiency.

On fig. 1 is shown the change in WHA (a) and FHA (b) minced meat by using PMA.
The diagram shows that the WHA of ground meat at entering PMA in an amount of 2.5 ...
10% increases: for natural ground meat — on 2,33 ... 7,33% for cutlet mass — 1.5 ... 5%.

Results of the research of FHA minced meat show increasing the value of this
parameter with increasing content of PMA. When used PMA in an amount of 2.5 ... 10%
FHA value compared with control increased to 5.88 ... 14.71% for natural forcemeat and at
3.45 ... 10.35% for cutlet mass. Probably, this effect is achieved by the presence in PMA
water soluble polypeptides that act as emulsifiers to form direct emulsion.

. 75
WHA, % 5 FHA,

70

65 -

60 -

A ———_——

Y
AR ——_—
b

Fig. 1. Changing WHA (a) and FHA (b) minced meat by using PMA

- natural mince I:l - kotlet mince

It can be assumed that the increase in WHA minced meat by using PMA predefined the
following:

— Through the use of PMA ensure absence of connective tissue basis and reducing the
number of raw meat that can "squeeze" moisture during denaturation while heat treatment;

— A high degree of crushing PMA increases the active surface macromolecular
substances - collagen for moisture absorption, increasing the number of proteins (of
collagen) in the aqueous phase mince. Collagenic proteins composed of PMA able to swell,
show hydration properties;
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— It is possible interaction of calcium compounds PMA with myofibrils proteins of
meat, in consequence is formation of complexes with high functional- technological
properties;

— As a result of capillary-porous structure of PMA particles can to refrain moist by the
surface tension in the pores of PMA.

In order to confirm the obtained highly functional and technological indicators,
including WHA and FHA, minced of meat with PMA was researched micro structural
characteristics of semi-finished and finished minced meat products using the PMA.

Minced meat semis without using PMA. On the histological sections of control
samples raw minced meat are determined shredded muscle fibers plump and dense
connective and adipose tissue. From Fig. 2 shows that the grinding mince uneven, a sign of
what is the presence on the area of section fragments structurally framed muscular tissue
with saved entries endomysium and peremizium and milled muscle fibers with loss of the
beam and the violation of the integrity of the sarcolemma.

In these fibers occurs bundle of myofibrils formation micro-slit spaces resulting from
loss of fiber sarcoplasm liquid fraction (Fig. 3). Liquid protein fraction of meat juice
between fibers is not detected, indicating a free leaking it from the control sample of raw
minced meat until the last fixation formalin.

Fig. 2. A sample of raw minced meat with Fig. 3. A sample of raw minced meat with
PMA (Mallori, x 3,2) PMA (hematoxylin and eosin, x 40)
1 — fragments of muscular tissue structure Micro cracks in musclar fibers shown by the
decorated with saved entries endomysium and arrows:
peremizium; 1 - longitudinal sections of muscle fibers;

2 — finely milled muscular fibers with loss beam 2 — transverse sections of muscle fibers with
organization; 3 — fragments of connective tissue  violation the integrity of sarcolemma

Meat chopped semi-finished products using the PMA. In histological sections of test
samples of raw minced meat (Fig. 4), as in control, defines all its components, as well as
dispersed particles PMA. Latest at preparations colored with hematoxylin and eosin, have
the form of basophilic particles that are show adhesive properties on structured components
minced (Fig. 5).

Adding impurities to the minced meat had positively affect on the preservation of meat
juice in semifinished from chopped meat (Fig. 5). Protein components of impurities,
revealing hydrophilic properties, linking liquid component of meat juice. A characteristic
feature of the test samples of raw minced meat is to keep the internal structure of the
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muscle fibers without stratification of myofibrils, indicating a lower degree of loss by them
liquid components of sarcoplasm.

Fig. 4. Example of raw minced Fig. 5. Example of raw minced PMA
of PMA (Mallory, x 3,2) (hematoxylin and eosin, x 40)
1 — samples of muscle tissue structure executed Micro cracks in the muscle fibers are almost
with saved entries endomysium and peremizium; absent.
2 — finely milled muscle fibers with loss beam 1 — dispersed particles of impurities;
organization; 2 — transverse sections of muscle fibers in
3 — fragments of connective tissue violation of the integrity of sarcolemma;
3 — meat juice between milled muscle fibers

Heat-treated minced meat products made by traditional technology without
PMA. Heat treated control samples of mince characterized by irregular structuring (Fig. 6).
On the histological preparations are defined areas of adhesion muscle fibers in large-sized
conglomerates, which are formed between the large cavity.

Fig. 6. sample of heat-treated mince without Fig. 7. A sample of heat-treated minced
PMA (hematoxylin and eosin, X 10) without PMA (Mallory, x 10)
1 - adhesion of muscle fibers in large 1 — conglomerates of finely milled muscle fibers,
conglomerates; colored in bright red;
2 — large cavity; 2 — connective tissue

3 — coagulant of meat juice
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Empty slotted gaps formed between the individual muscle fibers. This structure leads to
fragility of the finished mince meat product.

From Fig. 6 clearly shows that the voids between the compacted muscle fibers is
determined by thermally coagulated juice of the meat in the form of large areas of oxyphilic
granular mass.

In preparations painted by Mallory (Fig. 7) muscle fibers often become a mosaic view
due to the prevalence of some of them bright red color, which results from excessive loss of
protein fractions sarcoplasm when leak in meat juice.

Heat-treated minced meat products made of PMA. In heat-treated experimental
samples of minced dense arrangement of muscle fibers occurs only in not chopped
fragments where no impurity (Fig. 8). These fragments of minced when stained
preparations revealed partially it turns coloring mosaic muscle fibers (Fig. 9).

On Fig. 8 shows that thermally coagulated meat juice mostly evenly distributed between
the muscle fibers, which are also defining and dispersed particles of impurities.

Fig. 8. A sample of heat-treated minced PMA  Fig, 9. A sample of heat-treated minced PMA

(hematoxylin and eosin, x 10) (Mallory, x 10)
1 — meat juice between chopped muscle fibers; 1 — muscle fibers and their fragments placed
2 — partial adhesion of muscle fiber Samples of  evenly;
mince in which was not included PMA 2 — connective tissue

Thus, we can conclude that the control samples of minced because of mechanical
integrity violations of sarcolemma muscle fibers lose in composition of meat juice soluble
fraction of sarcoplasmic proteins. An introduction experimental impurity in PMA mince not
only prevents the loss of meat juice that is evenly distributed between the fragments and of
minced is kept in the finished product, but also significantly reduces the loss of muscle
fibers sarcoplasmic proteins after heat treatment.

Conclusions
1. Created technology of the mince meat products using PMA. Exactly PMA is the
carrier of bioorganic calcium metabolic activity which caused by the binding of

calcium and collagen pigskin.
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Established improve the organoleptic and technological parameters of mince meat
products using PMA, by raising the value of WHA, FHA mincemeat. Probably, this
indicates a positive effect PMA on output the finished product against the background
of conservation of other functional-technological characteristics of the finished
product, along with the fact that the use of recycled cheaper raw materials will reduce
the cost of production.

Putting PMA in mince not only prevents the loss of meat juice that evenly placed
between fragments of minced meat and preserving in the finished product, but also
significantly reduces the loss of muscle fibers sarcoplasmic proteins. The obtained
results of histological investigations meat products and ready-made products from
PMA bring a positive impact of PMA on the water-holding properties of minced meat
and output the finished product.
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Introduction. The scarcity of natural resources arouse a
necessity to find additional sources of protein, fat,
carbohydrates, and their complexes with scarce mineral
compounds. Therefore, a relevant issue is to enrich the diets
deficient iodine compounds through research and
development of new food products.

Materials and methods. Investigation of iodine content
in emulsion-type sauces at all stages was performed using X-
ray-fluorescence analyzer «Elvax». X-ray-fluorescence
method consists of the appearance characteristic X-radiation
of atoms of a chemical element at infringement they the
primary X-ray irradiation.

Results and discussion. Investigated for the
determination of organic and inorganic forms of iodine in
content of food items, and installed the total loss of iodine in
sauces after cooking and storage at +5 ... +10 ° C for 30
days. Using iodine-proteinaceous additive from 0.5 ... 2.5%
by mass of iodine 0.01% can be achieved from 15 to 50% of
the human daily requirement by iodine.

The resulting product does not lose its organoleptic,
physico - chemical, consumer characteristics and meets the
requirements of normative documents.

As a result of our research, it was found that the addition
of the supplements enriched protein-mineral (SEPM) in
composition sauces does not adversely affect the physical -
chemical characteristics of sauces, but due to the stabilizing
effect of additives iodine-proteinaceous increased emulsion
stability up to 98 - 100% without additional food additives
(emulsifiers).

This additive has passed a series of tests that indicate on
compliance with requirements normative and technical
documentation.

Conclusions. Used methodical approach allowed us to
estimate the level of organic and inorganic iodine, as well as
describe in more detail and correctly interpret the chemical
composition of foods fortified with iodine and predict their
health properties.
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Introduction

Of particular importance to maintaining the state of human health and longevity has a
full and a regular supply of body all necessary micronutrients: essential amino acids,
vitamins and mineral components. And the most suitable and physiologically reasonable
route of these components in the body -is alimentary.

Insufficient intake of micronutrients from food - is a common problem of modern
humanity. It arose as a result of reduction in the intensity of exercise on the body, as a
consequence - lower energy costs and a corresponding decrease in the total amount of food
consumed by people. Against such deficits arise metabolic disorders and so-called "diseases
of metabolic origin." These diseases occur when deficiency of essential amino acids, fatty
acids and minerals. Relative deficiency of minerals most often the cause of serious diseases
is the lack of iron, iodine, calcium, selenium, etc.

The most feasible, effective, and economically accessible by the way of radical
improvement of provision of the population micronutrients is a regular inclusion in the diet
foods in health purposes, enriched with micronutrients.

Must take into account the fact that the level of uptake of micronutrients from food
influenced by several factors: a person's age, gender, lack of pathological conditions of the
digestive system, the ratio of individual components of the diet and the relationship
between individual micronutrients.

Must take into account the fact that the level of uptake of micronutrients from food
influenced by several factors: a person's age, gender, lack of pathological conditions of the
digestive system, the ratio of individual components of the diet and the relationship
between individual micronutrients.

Analysis of recent research shows that Ukraine is traditionally endemic region relative
iodine deficiency. As a consequence, the structure of the metabolic pathology of origin
accounts for a significant percentage of serious illnesses such as endemic goiter, short
stature, deaf-mutism, disturbances of mental activity of children and adults.

Question iodine uptake by the human body is also associated with a number of
problems. Iodine is absorbed by the body only in the state of a cation, in this form; it can
form complexes with organic compounds, in particular with the proteins. However, in
foods, it is basically in the state of the inorganic compounds in most cases, it corresponds to
his anionic chemical form.

That is why one of the main functions of the thyroid gland of the human body is the
conversion of iodine from anionic in a cationic state with subsequent formation iodine
organic compounds necessary for normal biological processes of human.

Given the proliferation of thyroid disorders, a transformation of the population iodine
may not always occur, which leads to the impossibility of assimilation by the body mineral
iodine compounds.

Furthermore, it is known that iodine has radio protective properties, so adding it to the
food will expand the range of products with radio protective properties, which is especially
important for Ukraine, Belarus and Russia, as states the maximum affected by the
Chernobyl NPP.

It is important to note the differences in the metabolism of organic and inorganic
iodine associated with the regulatory function of the liver in this process. At the use of
marine products (fish, non-fish marine hydrobionts, algae), which contains organic iodine,
iodinated protein first under the action of proteolytic enzymes in the small intestine breaks
down into amino acids, with one of them - tyrosine - iodine binds. Then iodinated amino
acids via the portal vein enter to the liver cells - hepatocytes. The required amount of iodine

——/Ukrainian Food Journal. 2014. Volume 3. Issue 2— 245



—— Food technologies —

released into the blood and thyroid gland, and his excess through the biliary tract excreted
from the body. The use of inorganic iodine that is absorbed in the stomach and does not
pass the "filtration" in the liver may be the consequence of overdose of iodine and may
cause iodine-inducing hyperthyroidism.

The aim of this work is to study the kinetics of iodine content in emulsion-type sauces
made using additives iodine-proteinaceous during preparation and storage, as well as the
application of a method for evaluating the content of organic and inorganic iodine in sauces
emulsion type.

Materials and methods

For research were selected samples of emulsion type sauces with different content of
additives mineral-enriched protein (AMEP) relative of egg powder, 0.5 ... 1.5% AMEDP,
Sauces emulsion type using AMEP (iodine-proteinaceous), which were submitted to the
analysis, had the following characteristics:

- Appearance, consistency had uniform, creamy system, and was thick with single air
bubbles.

- Taste and smell was neutral inherent in this type of mayonnaise, odors were not.

- The color was uniform throughout the mass had a creamy yellow color.

Organoleptic indicators are an important component in determining the quality of
mayonnaise. On organoleptic indicators can determine the quality and freshness of
mayonnaise.

In accordance with this have been developed formulations with content AMER 0.5 ...
1.5%. AMER added to the hydrated form in emulsifying basis to form a basis for a better
distribution of the additive in the finished product. Other components were introduced by
traditional technology.

For conducting research was used X-ray fluorescence analyzer «Elvax». X-ray-
fluorescence method consists of the appearance characteristic X-radiation of atoms of a
chemical element when excited by the primary by X-ray irradiation.

The fluorescence spectrum consists of a series of analytical lines. Each line
corresponds to the energy of the fluorescent radiation characteristic for atoms of a given
element. Since in the analyzer is used energy dispersive measurement method, then the
resulting spectrum contains lines of all atomic elements located in the sample.

The energy range is from 1 to 40 KeV. This corresponds to a range of definitions the
elements from Na to U. The intensity of spectral lines depends on the concentrations of
elements determined. Pre-measured composition of pure filter paper and its spectrum is
taken as a background. For calculation shall be taken the spectrum of the difference spectra
taken a working sample and background.

Calculation of the mass fraction of the element produced according to the
characteristics of the calibration of the analyzer. Calibration of the analyzer to determine
the mass fraction of the element was performed using standard solutions of metal ions,
which are used for calibration, certification and calibration of analytical instruments: photo
colorimeter, spectrophotometers, atomic absorption spectrophotometers, etc.

Results and discussion
We created iodinated additive (iodine-proteinaceous) based on egg protein and mineral
iodine compounds. Selecting objects due to expediency to ensure conditions of ion sorption

I-on protein molecules to form stable complexes.
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Developed iodine-proteinaceous addition is a powdered system with can be used in a
wide range of food health purposes, in particular in the technology of emulsion type sauces.

Based on knowledge about of the volatility and instability of inorganic iodine
compounds, we carried out studies to determine the loss of iodine at the stage of
preparation and storage of sauces emulsion type (Table 3). The iodine content in the
emulsion sauce at all stages of determined using by X-ray fluorescence analyzer «Elvax».

Table 3
Kinetics of changes in the content of iodine in the emulsion-type
sauces during cooking and storage
Indicator iodine content % loss from the

mg/100 g beginning. content
The iodine content in the additive 207 +£20 -
The iodine content in a freshly 146 + 20 20,5
prepared gravy
The iodine content after storage

135+20 7,2
(t=+5...+10° C, T =30 days) ’

Received data testify that the greatest loss of iodine occur during cooking. Probably
this is due primarily to the fact that during the preparation of raw components to emulsify
implemented pasteurization step (T =70 £ 3°C, t= 20 ... 25 x60c¢) egg-mustard and
milk mixture, in order to reduce the total bacterial contamination. Losses associated with
iodine sublimation of inorganic iodine, which was in the system.

After preparation and storage at a temperature of +5 ... +10°C for 30 days the total loss
of iodine in sauces is 37 £+ 3%.

On the basis of the proposed method, we conducted a study to determine the relations
of organic and inorganic forms of iodine in comprising of food. Based on literature data and
on the volatility of inorganic iodine compounds, we carried out temperature control
emulsion-type sauce using additives iodine-proteinaceous which applied a thin layer of less
than 2 mm, the surface of the parchment paper. Mode of heat exposure was carried out at
temperatures of 50 ... 60°C. (120) x60 s. (Fig. 1).

Selection of temperature regime caused by need for process intensification on the
background to avoid destruction of proteins and organic substances, which may lead to
release of organic iodine and its loss. It was determined that after (110 ... 115) X60 s.
importance of iodine in food ceases to decrease and becomes stable. This is probably due to
the complete sublimation of inorganic iodine compounds. The remaining amount of iodine
is strongly linked to the protein, but not sublimate. According to the data this method, in
test samples of the organic iodine content was 132 + 3 mg per 100 g of product, i.c.
decreased by 31 £ 2%.

Using additive iodine-proteinaceous from 0.5 ... 2.5% by mass of iodine about 0.01%
can be achieved from 15 to 50% of the human daily requirement of iodine.

The resulting product does not lose its organoleptic, physicochemical, consumer
characteristics and meets the requirements of normative documents

——/Ukrainian Food Journal. 2014. Volume 3. Issue 2— 247




—— Food technologies —

200
180 ™

o0 RN

140

Contents |, mg/100 g

120

100
0 20 40 60 80 100 120 140

Te- 60", s

Fig. 1. Kinetics of changes in the content of iodine in the emulsion-type sauces during
incubation (t =50 ... 60°C)

As a result of our research, it was found that the addition to the composition of
mayonnaise iodized food additive has no adverse effect on the physical and chemical
characteristics of the sauces, but due to the stabilizing effect of additives iodine-
proteinaceous increases resistance of the emulsion to 98 - 100% without additional food
additives (emulsifiers).

This additive has passed a series of tests that demonstrate compliance with regulatory
and technical documentation.

Conclusions

1. One of the key factors in improving the health of the population as a whole is to
rationalize of nutrition since an unbalanced diet can cause quite serious violations in
the body.

2. One way to solve the problem of unbalanced diet is the massive introduction of foods
with health properties in the diets of consumers.

3. Topical issue is the enrichment diets of deficient iodine compounds through research
and development of new food products fortified iodine-proteinaceous complexes

4. Given that the object of enrichment is advisable to use products of mass and daily food
we have decided to choose as the object emulsion type sauces to enrich the bio-organic
iodine compounds.

5. The carried out researches of physico-chemical parameters of the developed emulsion
sauce evidencing of compliance regulations. These studies have identified the level of
iodine and iodine resistance was studied at all stages of preparation and storage of the
emulsion type in sauces manufactured using additives iodine-proteinaceous.

6. From the data obtained in test samples of organic iodine content compose 132 + 3 mg
per 100 g of product, i.e. decreased by 31 £ 2%. Although this level of iodine in the
product sufficient to provide the daily requirement of iodine for human.

7. Used methodical approach allowed us to estimate the level of organic and inorganic
iodine and as described in more detail and correctly interpret the chemical composition
of foods fortified with iodine and predict their health properties.
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Introduction For the formation of biscuits quality
natural carrier of iodine and sweetener from stevia leaves
were used. Desorption of moisture is the dominant process,
which will determine the guaranteed shelf life of biscuits.
The conditions for the developed biscuits storage was
determined by investigating of sorption isotherms and
kinetics of reaching the equilibrium moisture content.

Materials and Methods. The objects of study-are newly
developed biscuits: "Health" (rich in iodine and with the
replacement of 50 % sugar by stevioside), "Light" (with the
replacement of 75% of sugar by stevioside and enriched with
wheat bran), "Fortified" (contains elamine, which is a natural
source of iodine). Control — the biscuit prepared according to
traditional recipes. Tenzometric method was used to study
the sorption equilibrium moisture content. Differential
function of pore radius distribution was determined using
sorption isotherms and then have been subjected to
approximation.

Results. New biscuits samples are in the area of
polymolecular and monomolecular sorption in the range of
the relative air humidity (RAH) from 10 to 75 ... 80%. The
control sample has less distinct plot of monomolecular
sorption (10 to 20%) and short- moisture range wich is
corresponding with polymolecular sorption (from 20 to 65 ...
70%). There is a moisture absorbtion of microcapillary and
swelling of samples when RAH increases to 75 ... 80% for
all the samples. The ratio of average pore radius to the most
likely of the test samples are different that was shown by the
investigation of differential function of pore distribution. So
this ratio for biscuit "Health" is 5.73, for biscuit "Light" —
2.98, for biscuit "Fortified"— 4.91 and for the control — 3.88.

Conclusions. There’s the sense to store developed
biscuits in a cardboard packaging with polymeric covering, if
RAH is not more than 75%, and vapor-proof if RAH is
above that.
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Introduction

There is a complicated ecological condition all over the world, which requires the
improvement of quality and the creation of new fortified foods that have high biological,
physiological and curative properties. Improving the quality and the range of pastry by
providing them with dietary properties such as reducing sugar content, calories; enrichment
by biologically active agents and inclusion to their composition dietary ingredients which
are able to compensate iodine deficiency and promote excretion of toxic metabolic products
compounds is the actual direction [1]. Traditionally, scientists all over the world use
fructose to reduce the amount of sugar in pastry [2-4]. Also it is known methods for the
replacement of sugar using Jerusalem artichoke, sorbitol, xylitol [5, 6]. We have proposed
to enrich biscuits with product of processing of laminaria (elamin) and to decrease 50 ...
75% of sugar in their recipe through using natural sweetener — stevioside.

Changes in biscuit’s recipe certainly lead to changes in the finished product. There are
main processes taking place in biscuit during storage, which dominate and most of all effect
on its safety. There’re a lot of world scientists who are engaged in determining the storage
conditions of enriched biscuits [7], they have found that the dominant process which will
determine the guaranteed shelf life of these products is desorption of moisture. Moisture
loss the most affects on sensory and microbiological quality parameters. Based on the
above in order to determine the conditions of storage for new biscuits which is the aim of
this work, it’s worth doing a research of their sorption isotherms and kinetics of reaching
the equilibrium moisture content.

Materials and methods

The study has been conducted with the help of determination of dependence between
loss and gain of moisture by our samples as well as influence of processes associated with
hygroscopic properties of biscuits, i.e. the ability to evaporate or absorb water vapor from
the air. Product mass can exchange with the air when it is in an atmosphere of humid air. If
the partial pressure of water vapor at the surface of the product is more than the partial
pressure of vapor in the air, there is an evaporation (desorption), as a result weight and
moisture content of the product are reduced but if the ratio of the partial pressures is inverse
— there’s a moistening of product (sorption) — weight and moisture content of the product
increases. In this case, hereinafter, the product is characterized by equilibrium moisture
content — a vapor pressure of water above the surface and in the atmosphere is aligned. We
need explore sorption isotherms of new types of biscuits at different RAH and kinetics of
achieving equilibrium moisture content to determine optimal conditions of their storage.

The objects of study-are: newly developed biscuits: "Health" (rich in iodine and with
the 50 % replacement of sugar on stevioside), "Light" (with the replacement of 75% of
sugar on stevioside and in addition is enriched with wheat bran), "Fortified" (contains
elamin and satisfies the daily human need for iodine that enters the organically bound form
of the protein ). Control — the biscuit prepared according to traditional recipes.

Study of sorption and equilibrium moisture content. Tenzometric method was used
to study the sorption equilibrium moisture content. Differential function of pore radius
distribution was determined using sorption isotherms and then has been subjected to
approximation. The test samples were placed in desiccators with a fixed RAH. All
desiccators were maintained at a constant temperature for measuring (20 ... 23°C). Length
of staying in desiccators was determined by the achievement of samples constant weight.
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Construction of sorption isotherms and kinetics of reaching equilibrium moisture content
for the samples at different ambient relative humidity were based on the experimental data.
Determination of differential distribution functions pore radii. Differential function
of distribution of pore radii tested biscuits were determined using sorption isotherms, in
order to explain the peculiarities of their character. They were calculated as follows [8-10].
Sorption isotherms of the samples were approximated according to the function [8]:

wh

A+ 4w

¢ ()

¢ — the relative humidity;

4, 4,, A, —approximation coefficients;
w — moisture content, kg/kg dry. peq.

Use of this approximation function allows us to receive such an important structural
and physical characteristics as the differential function of distribution of pore radius

/ (R) . The differential function of distribution of pore radius is defined according to the

formula:
(In(R")~m, )
. 1 n —my
L(R)= ~€xp| — (2)
s N2mo R 20,

m, and o, —the parameters of the log normal distribution;
R" — dimensionless pore radius R =(R—d,)/d,;
R —pore radius, m;
d, =0,3-10" m — radius of a water molecule.
Lognormal distribution parameters are defined according to the formulas:

1,247
4 Y
= 3
" [0,433} @
_ In6,124) ( 4,-0,957 )" @
B 0,625 0,223

Using determined type of analytic functions of the pore size distribution it can be
defined the average radius:

R=d, [l+exp(mR +0'R2/2)J 5)
and the most probable pore radius (the distribution center):

R, =d, [l+exp(mR -0, )J (6)
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Results and discussion

Study of sorption and equilibrium moisture content. Sorption isotherms of tested
biscuits are presented on Figure 1.
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Fig.1 — Sorption isotherms of biscuits:
1 - "Health", 2 — "Light", 3 — "Fortified", 4 — control.

The figure shows that samples 1, 2 and 3 are in the area of polymolecular and
monomolecular sorption in the range of the RAH from 10 to 75 ... 80%. The control sample
(4) has less distinct plot of monomolecular sorption (10 to 20%) and short- moisture range
wich is corresponding with polymolecular sorption (from 20 to 65 ... 70%). There is the
moisture absorbtion of microcapillary and swelling of samples when RAH increases to 75
... 80% for all the samples.

Continuation of hydration of the samples is possible only in case of direct contact with
the liquid because of sorption isotherms have distinct asymptotes parallel to axis of the
moisture content. Resulting indicates the possibility of long-term storage the test biscuits in
cartons with a polymeric covering with RAH not over 75%. Storage at the relative humidity
above this is possible only in vapor-proof packing materials.

If we construct the kinetics of reaching equilibrium moisture content by our testing
biscuits at a different RAH (Fig. 2) it will allow to define the storage conditions for biscuit
packaged in paperboard. This package is supposed by normative and technical
documentation.
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Fig. 2. Kinetics of moisture in biscuits at different RAH:
a — «Health»; b — «Light»; ¢ — «Fortified»; d — control.

It can be found the water activity for the test biscuits samples using specified
dependency. Water activity characterizes a condition of water in foods and its involvement
in the chemical and biological changes. This is one of the criteria by which we can judge
about the stability of food spoilage during the storage. It is important for food preservation
extent to which water is associated with a non-aqueous component, i.e., solids in biscuits. It
can be determine as follows. The relative humidity, at which the moisture content of the
biscuit sample does not change during its storage in desiccators, is the water activity that
holds the sample.

Figure 2 shows that the water activity in biscuits is: “Health” (a) — 0,40 RLU; "Light”
(b) — 0,75 RLU; " Fortified” (c) — 0,45 RLU, the control (d) — 0,40 RLU. The water activity
of the biscuit "Light" differs considerably to the other samples, because this sample
contains wheat brans, which are highly hygroscopic material, and can absorb and hold large
amount of water. For other biscuits meanings of water activity are similar.

254  ——Ukrainian Food Journal. 2014. Volume 3. Issue 2 —



——Xapyosi mexHonoaii——

Thus, based on these results, it can be conclude that, firstly, the lowest stability to
spoilage during storage has biscuit "Light" due to his high water activity. Secondly, storage
of tested biscuits without packaging and with minimal changes because of drying of their
surface is possible at the relative humidity: biscuit "Health" — from 35 to 45% for biscuit
"Light" — from 70 to 80%, biscuit "Fortified"— from 40 to 50% for the control — from 35 to
45%.

Determination of differential distribution functions pore radii. Study the

distribution of pore radii for biscuits can explain the differences in the samples properties to
absorb moisture from the air.
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Fig. 3 - Distribution functions of pore radii for the biscuits:
1 - "Health", 2 — "Light", 3 — "Fortified" 4 — control.

Differential distribution function of pore radii for the test samples are shown on
Figure 3, and calculated according to the formulas (5) and (6) the most probable and the
average radii — in Table 1. Obtained distribution functions have similar character and

similar positions of the maxima relative to the axis on which are the dimensionless pore
radius.

Table 1
The average and the most probable pore radius
Sample R-10°, m (5 =10%) R,10°, m (5 =10% )
Health 19,6 3,42
Light 15,2 5,10
Fortified 19,7 4,01
The control 15,2 3,92
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However, it should be noted that the meanings of ratio of the average pore radius to the
most probable of the samples are differ. So for biscuit "Health", this ratio is 5.73, biscuit
"Light" — 2.98, biscuit "Fortified" — 4.91, for the control — 3.88.

It is known that the bigger is the result of the average pore radius ratio to the most
probable material has, the more developed its porosity is, and the more moisture it can
contain or absorb. Based on the presented results, the most developed porosity has biscuit
"Health", and the lowest — biscuit "Light".

This result explains the different position about the axis of sorption isotherms of water
content (Fig. 1): as biscuit "Health" has the most developed porosity compared to other
samples, then its sorption isotherm is relatively higher than other samples sorption
isotherms are, the sorption isotherm of biscuit "Light" is the lowest — because of its least
developed porosity.

It should be noted that the pastry with a high content of air phase have several valuable
functional and quality characteristics. For example due to the porous structure of the
product it can easier wetted with saliva in the mouth and is easier to digest and has a more
pleasant taste.

Conclusions

Samples can be stored for a long time in the carton with a polymeric covering if the
relative humidity is not over 75%, storage if the relative humidity is above this cab be
possible only in vapor proof containers.

The smallest stability of test samples has biscuit "Light" because of the high activity of
water in it compared to other samples; storage of tested biscuits in cardboard packaging
with minimal changes because of drying of the surface of products is possible at the relative
humidity: biscuit "Health" — from 35 to 45% for biscuit "Light" — from 70 to 80%, biscuit
"Fortified" — from 40 to 50% for the control sample — from 35 to 45%.

The most developed porosity compared to other samples has biscuit "Health", and the
least — biscuit "Light" which makes biscuit "Health" more attractive from the viewpoint of
organoleptic properties.
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Introduction. Microbial exopolysaccharides (EPS) by the
ability of their solutions to change the rheological properties
of aqueous systems are widely used in various industries. In
recent years, research on the use of industrial waste
(including oil-containing) to obtain practically valuable
microbial metabolites intensified.

Materials and methods. Cultivation of Acinetobacter sp.
IMV B-7005 strain was performed in liquid medium,
containing as a carbon source sunflower oil (1-5 %, v/v), a
source of nitrogen — ammonium nitrate (0.4—0.8 g/1), a
source of pantothenate — multivitamin  complex
«Complevit» (0.00085 and 0.00095 %). EPS concentration
was determined gravimetrically after precipitation with
isopropanol, EPS-synthesizing ability — as a ratio of EPS
concentration to biomass concentration, wich was
expressed as g EPS / g biomass.

Results and discussions. It was established that
increasing the concentration of sunflower oil in basic
medium for Acinetobacter sp. IMV B-7005 cultivation to
4—5% was accompanied by decrease of ethapolan synthesis
compared with those in the medium containing lower (2—3
%) substrate concentration. Increasing ammonium nitrate
content to 0.6 g/l and/or pantothenate concentration to
0.00095% in a medium with 5% sunflower oil allowed to
increase the amount of ethapolan synthesized up to 6.6—6.7
g/1, that is in 1.3—1.4 times higher than in the basic medium
with the same concentration of the substrate but lower
NH;NO; (0.4 g/l) and pantothenate (0.00085 %).

Conclusion. The obtained results indicate the possibility
of microbial polysaccharide ethapolan synthesis under
Acinetobacter sp. IMV B-7005 cultivation in the medium
with a high content of sunflower oil. These data are the
basis for the development of ethapolan technology using as
a substrate fried oil.
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Introduction

Microbial exopolysaccharides (EPS) due to the ability of their solutions to gelation,
emulsification, suspending and changing rheological properties of aqueous systems are
widely used in various industries, agriculture and medicine [1, 2].

The vast majority of known microbial EPS are obtained from carbohydrate substrates.
Usually, products derived from sugar beet: molasses, sugar syrup, sucrose or corn: starch,
hydrolyzed starch, glucose syrup, glucose, maltose are used as substrates in the industrial
production of EPS [3]. But studies conducted in the 70-80s of the twentieth century
demonstrated the possibility of expanding the resource base of microbiological production
of EPS by using of non-food substrates (methane, methanol, ethanol, ethylene glycol,
hydrocarbons) [3]. However, the concentration of polysaccharides obtained on non-
carbohydrate substrates remains low for today.

Our studies have shown that a wide range of mono- and mixed C,-Cg-substrates
(ethanol, acetate, propanol, pyruvate, C4-dicarboxylic acids, carbohydrates — mono- and
disaccharides, starch, molasses, etc.) can be used for the synthesis of ethapolan — complex
exopolysaccharide preparation (producer is Acinetobacter sp. 12S, deposited in the
Depositary of the Institute of Microbiology and Virology, National Academy of Sciences of
Ukraine by the number of IMV B-7005) [3]. The ability of Acinetobacter sp. IMV B-7005
to form EPS on C,-C¢ compounds allows to develop a flexible universal technology of
polysaccharide production from a wide set of carbon substrates, or complex of different
technologies, each of which can be realized depending on the economic feasibility,
availability and accessibility of a substrate necessary to obtain the EPS with certain
physical and chemical properties.

Last years the researches of using industrial waste have been activated to obtain a
practically valuable microbial metabolites [4]. Replacing traditional substrates for microbial
synthesis by industrial waste will allow to reduce the cost of technology in several times,
and recycle unwanted waste, to solve the problem of storage or destruction of large masses
of waste in food industry, agricultural sector and in companies that produce biodiesel, as it
needs a lot of energy and money. Oil-containing waste are promising for using in microbial
technologies [5, 6].

The world production of sunflower oil is about 2.5—3 million tons, 75 % of which is
obtained mainly from plant raw materials [6]. Significant amount of waste produces on the
enterprises which recycling such materials, and its getting into the environment is
extremely dangerous [4, 5]. Oil-containing waste are cheap and available in necessary
quantities for using in microbial technologies, but still there are only a few reports in the
literature about the possibility of its using as substrate for the biosynthesis of microbial
polysaccharides. Thus, there is information concerning of use of waste water from plants of
processing oils for the synthesis of EPS [7]. In recent years Cellulomonas flavigena UNP3
was described as the strain, which is able to synthesize kurdlan-like EPS in the medium
with vegetable oil or appropriate waste [8].

Previously, we have established the possibility to use sunflower oil as a source of
carbon and energy for the synthesis of microbial polysaccharide ethapolan [9]. However, in
earlier studies, the concentration of oil in the cultivation medium was low (only 1 % v/v).
As for the synthesis of ethapolan we supposed to use fried oil as a substrate, volume of
which is extremely large, so its content in the medium has to be more higher.

The purpose of this work — to research intensification of microbial polysaccharide
ethapolan synthesis in medium with the maximum concentration of sunflower oil.

——/Ukrainian Food Journal. 2014. Volume 3. Issue 2— 259



—— Biotechnology, Microbiology ——
Matherials and methods

EPS-synthesized strain of bacteria Acinetobacter sp. 12S, which is deposited in the
Depository of Institute of Microbiology and Virology, National Academy of Sciences of
Ukraine by the number of IMV B-7005 was used as the object of research.

Cultivation of Acinetobacter sp. IMV B-7005 was carried out in a liquid mineral
medium of such composition (g/l): KH,PO, — 6.8; KOH — 0.9; MgSO,x7H,0 — 0.4;
CaCl,x2H,0 — 0.1; NH4NO; — 0.4; FeSO,4x7H,0 — 0.001. In one variant, the concentration
of ammonium nitrate in the medium was increased to 0.6 and 0.8 g/1.

Sunflower oil (1-5 %, v/v) was used as a source of carbon and energy. In additionally
yeast autolysate (0.5 %, v/v) and multivitamin complex "Complevit" (0.00085 and 0.00095
%) were added to the medium as growth promoter and source of pantothenate, respectively.

Culture from the exponential phase, grown in the medium with 0.5 % of sunflower oil
was used as the inoculum. Quantity of inoculum was 10 % from the volume of the medium.

Cultivation of Acinetobacter sp. IMV B-7005 was carried out in flasks
(750 ml) with 100 ml of medium in shacker (320 rpm) at 30 °C for 120 hours.

Growth of the strain and EPS synthesis were evaluated by the following parameters.

Biomass concentration was determined by optical density of the cell suspension with
the following recalculation on the absolutely dry biomass (ADB) according to the
calibration curve. Quantity of synthesized ethapolan was determined gravimetrically. For
this, 1.5-2 volumes of isopropanol were added to a certain amount of culture liquid
(usually 10—15 ml), the precipitate of EPS was washed by clean isopropyl alcohol and dried
at room temperature for 24 h. EPS-synthesizing ability was determined as the ratio of the
EPS concentration to the concentration of ADB and was expressed in g EPS/g ADB.

The results of the experiment in accordance with the Student t-test were statistically
significant at the 5 % significance level.

Results and discussions

Note, that the literature data about synthesis of microbial EPS on any industrial waste
(not just oil-containing) is extremely limited. So, it is known that Xanthomonas campestris
ATCC 13951 synthesized 28 g/l of xanthan under cultivation in reactor
(2 1) during 96 h in the medium containing partially hydrolyzed molasses (the concentration
of lactose, galactose, glucose was 4.7; 17.8; 17.8, respectively) as the carbon source [10]. It
was determined that Pseudomonas oleovorans NRRLB-14682 synthesized EPS (12.18 g/l)
on the medium with crude glycerol (by-product of biodiesel production) [11].
Acinetobacter sp. DR1 under cultivation in the medium with diesel oil (2 %) synthesized
about 5 g EPS/g biomass [12]. It is known about synthesis of scleroglucan by fungi
Sclerotium rolfsii from plant biomass [13]. Strain C. flavigena UNP3 synthesized 1 g/l of
polysaccharide with high emulsifying properties in the medium containing 1 % of peanut
oil after 192 h cultivation [8]. Parameters of EPS synthesis slightly decreased in case of
replacement peanut oil with coconut, olive, castor, sesame, mustard and cotton oils. It
should be noted, that until now in the available literature we couldn’t find information
about the synthesis of microbial EPS on sunflower oil.

Our previous data [9] have shown that during Acinetobacter sp. IMV B-7005 growth in
medium with 1 % of sunflower oil, 5 g/l of EPS were synthesized. Further studies
demonstrated that increasing sunflower oil content in the medium of IMV B-7005 strain to
2-3% was accompanied by increasing of synthesized ethapolan concentration to 5.8-6.3 g/l,
but the EPS-synthesizing ability was slightly decreased (Table 1). Indices of EPS synthesis
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decreased with the higher substrate concentration (4-5 %) and the highest EPS-
synthesizing ability (5 g EPS/g ADB) was observed under Acinetobacter sp. IMV B-7005
cultivation in the medium with 1 % of sunflower oil (Table 1).

Table 1
Depending ethapolan synthesis on the concentration of sunflower oil in the cultivation medium
of Acinetobacter sp. IMV B-7005

Concentration of sunflower EPS, g/ EPS-synthesizing ability,
oil in the medium, % ’ g EPS/g ADB
1 5.0+0.25 5.0+0.25
2 5.8+0.29 4.7+0.23
3 6.3+0.31 4.0+0.20
4 5.0+0.25 3.7+0.19
5 4.940.24 3.6+0.18

Note. The concentration of pantothenate in the medium was 0.00085 %, ammonium nitrate — 0.4 g/I.

As in case of increasing of carbon’s concentration in the medium, C/N ratio changes,
that significant impacts on synthesis of microbial polysaccharides [3], so on the next stage
we increased concentration of nitrogen source simultaneously with enhancing of oil content
(Table 2).

Table 2
The influence of the nitrogen source concentration on the synthesis of ethapolan under
Acinetobacter sp. IMV B-7005 cultivation on sunflower oil

Concentration of Concentration of EPS-synthesizing
ammonium sunflower oil in the EPS, g/l ability, g EPS/g
nitrate, g/l medium, % ADB

3 4.6+0.23 4.1+£0.21
0.6 4 5.6+0.28 4.2+0.21
5 6.4+0.32 3.9+0.19
3 3.2+0.16 3.0+0.15
0.8 4 3.4+0.17 2.9+0.14
5 3.6+0.18 2.7+0.13

Note. The concentration of pantothenate in the medium was 0.00085 %.

Results presented in Table 2, show that increasing ammonium nitrate concentration to
0.8 g/l in a medium containing 3—5 % of sunflower oil promotes degrease of synthesized
ethapolan concentration and EPS-synthesizing ability compared with those in the medium
with lower (0.4 g/) concentration of nitrogen sources (see Table 1 and 2). However,
concentration of synthesized ethapolan in the medium with 4 and 5 % of sunflower oil and
0.6 g/l of NH4NO; was 5.6 and 6.4 g/1, respectively. That is higher than in medium with 0.4
g/l of ammonium nitrate (5.0 and 4.9 g / I, see. Table. 1 and 2). EPS-synthesizing ability
also increased under such cultivation conditions of IMV B-7005 strain. Thus, parameters of
ethapolan synthesis were improved by increasing NH4;NO; concentration to 0.6 g/l with
increase of oil content to 4—5 % in the medium.
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The concentration of pantothenate in the medium is another factor that may affect on
synthesis of ethapolan, as Acinetobacter sp. IMV B-7005 is auxotroph for calcium
pantothenate [3]. Therefore, on the next stage concentration of pantothenate in the
cultivation medium of IMV B-7005 strain was increased with enhancing sunflower oil and
nitrogen source content (Table 3).

Thus, increasing of pantothenate content to 0.00095 % in medium with 0.4 g/l of
ammonium nitrate and 5 % of sunflower oil allowed to enhance the concentration of EPS in
1.4 times, comparing with results in the medium with lower amount of pantothenate.

Table 3
Synthesis of ethapolan depending on the concentration of pantothenate
in Acinetobacter sp. IMV B-7005 medium with sunflower oil
Concentration in the medium
of ammonium . EPS, g/l
. of pantothenate, % | of sunflower oil, %
nitrate, g/l
4 4.8+0.24
0.4 0.00085 5 4.9+0.24
' 4 5.6+0.28
0.00095 5 6.7+0.33
4 5.6+0.28
06 0.00085 5 6.4+0.32
' 4 5.5+0.27
0.00095 5 6.6+0.33

However, no positive effect on the synthesis of ethapolan with higher concentrations of
pantothenate and NH4;NO; (0.6 g/1) in the medium was observed (Table 3).

Conclusions

As a result of this work cultivation’s conditions were established for producer of
microbial exopolysaccharide ethapolan. They provide synthesis of 6.6—6.7 g/l of EPS in the
medium with a high content of sunflower oil (4—5 %). These results were achieved in the
case of both increasing of nitrogen sources content to 0.6 g/l and/or pantothenate — up to
0.00095 % with increasing of the substrate concentration for ethapolan synthesis. The
experimental data are basic for the development of this polysaccharide technology in the
medium with fried sunflower oil or other oil-containing industrial waste.
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Introduction. Theoretical developments concerning
the determination of the energy costs of the transition
process dispersal devices driven mass food production
based on the driving factors and factors of resistance.

Materials and methods. The mathematical
description of these processes was carried out using
Newton's laws, the principle of d'Alembert, general
theorems of dynamics and power relations, as well as the
independence of the forces .

Results and discussion. It is proved that the benefits
of growth dynamic forces over the forces of resistance leads
to a reduction in the time course of the transition process,
but energy costs at the same time remain stabilized at the
level of the kinetic energy of the mass.

Conclusions. Mathematical models have shown that
the capacity of developing drivers with reduced time
transients, increasing as the dynamic load of the system.
This should be considered when designing and engineering
calculations occasions devices for food industry.

Introduction

Concerning to food technology, mechanical power of action and interaction between
the various components are widespread. They concerning to the processes that characterize
the operation input reception commodity flows, transportation, processing, storage,
overhaul, maintenance of internal flows, formation of gas and liquid flows, ensuring their
interaction with the commodity flow, thermodynamic achieve this transformation of air or
gases, special purpose and etc. Implementation of specified actions mean to have necessity
to overcome the resistance factors, requiring introduction to the driving factors. Value of
the driving factors (forces or moments of forces) and resistance factors determine the nature
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of the process that accompanies their performance. Inequality of main factors and resistance
factors means that their effect on individual lot will be accompanied by transients, result in
the emergence of forces of inertia and (or) the moments of inertia forces [1].

This chapter includes following tasks:

- the choice of methods of estimation of parameters of mechanical systems;

- determination of energy expenditure in systems transporting cargo conveyors;

- determination of the energy costs of moving goods in the transition process;

Materials and methods

The mathematical description of these processes is using in Newton's laws and in the
principle of D'Alembert. Using the latter allows it go from strength factors acting on a body
or system of bodies (w) to describe their kinematics.

In subsequent studies, expected use of general theorems of dynamics and power
relations, as well as the independence of the forces.

Results and discussion

Creating technological machines always linked to performance requirements set
operations and also to minimize the energy, materials and economic costs of their
operation. The most common in modern equipment operations include moving and
handling specific cargoes or complexes of them (group of packages) that occur on the job
of their surface areas of overcoming
the friction forces [2, 3]. X

Giving some cargoes velocity
and kinetic energy in the process of
dispersal should to perform work
against the forces of inertia.

These components of energy
expenditure are required, but it is
possible to significantly limit the
total number of them through the
full use of the kinetic energy of the
body, accumulated during the
dispersal of the latter [7]. Since
established theoretical background
processes of acceleration and
coasting cargo is not in doubt, it is
logical to make the transition to the
problem of machine maintenance.
Implementation of various laws of
motion of the working bodies used
in these operations can be carried
out by various mechanical,
pneumatic  hydromechanical or  Fig. 1. Kinematic diagram displacement, velocity and
electromechanical means. acceleration of the pusher and chart x = x(X)
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Widespread use is a cam mechanism through which the cam profiles implemented various
laws of motion outgoing links (pushers).

Let pusher and with it a load on the section 0 - A has a sinusoidal law of motion
X=X, sin(owt) (Fig. 1).

Then the initial conditions

iy =05 x5 =0, X, =0, ¥,=0 M
we obtain
= x"‘i(l —cos(w1)), 2)
®
x= T g T i oo ) 3)
® ®

It is known that the energy costs associated with acceleration dynamic mass elementary
displacement are determined dependence

dE = mx(x)dx C))

In our case, and the acceleration ¥ and displacement x are functions of time, except as
a graphical parameter t (Fig. 1) we can get the chart X = ¥(x) . The area, which is bounded

by the curve and the axis Oh determines wanted integral j)’é(x)dx. At the same time
0
accumulated at the end time t.) defined as the kinetic energy

.)\2 . 2
VVkin — m();@) — m(x;aX) (5)

However, there is a possibility of an analytical evaluation of the kinetic energy via the
displacement and acceleration. To get it out of the formula ¥ =X sin(w ¢), we determine
arcsin ——
t = max (6)
®

Then substituting (6) into equation (3) we obtain

xmax
2
(0]

arcsin————-sin arcsin— (7)
¥ 1] ¥

max max

X =

As a result, look up and transformations we obtain the dependence for the
determination of energy to overcome the forces of inertia
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2 2 2
mx mx, mx,
E=—m M oos5(@t) + —m cos® (1) ®)
200 @ 20

However, the kinetic energy of the body has determine as a function of time according
to the formula

X o ’ 2 m
w.. =(TJ (1—cos (a)t)) 5 9

For further analysis we choose a finite displacement

t =nlo (10)

(e)

and the resulting kinetic energy

. 2 . 2
Wi =(x“‘“j (1—cosn)§= m[x—j (11)

Moving cargo at t = t,
T Xy X 7T
X, = ———sing = — (12)

Energy costs associated with overcoming the friction forces at this stage

X
E, = fimgx= fmg—“;é . (13)

Then the total energy at this stage

.. 2 ..
xmax xmax”
E =W +EFm = m(—} + fing —=— (14)
w W

To minimize energy consumption at the stage of dispersal, then we note the need for
further clarification of end conditions. Obviously, it is more reasonable to use the
accumulated kinetic energy of the second phase, which is characterized as a stage

freewheel. The initial level of the kinetic energy of the body at the second stage W,” = the

kin(i)
final value of the first stage

. 2
X
Vg _ 1 _ max
VVkin(i) - VVIdn(e) - m( J
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Assuming that the kinetic energy is spent on performance against the forces of friction,
we can write

. 2
m(xm—axj =fmgx(’:,) (15)
)
from
%)
I X,
X, =—na 16
(e) fa)Zg ( )

Then two general steps will be moving

.. )

¥ ¥

x = max + max 17
£ 0 fo'g (17

From the last formula it shows that the parameters that can affect the outcome include

the maximum value of acceleration X, and angular velocity of the cam mechanism. The

same values X, can achieve different pairs of values %_, and . But let us return to the
question of the choice of parameters in which energy minimization is achieved on the
movement of goods and perform the differentiation dependence (14) for X, . Then

dE
g =2—"2’5e L 2Smg (18)
di [0 [0

max

Equating to zero right-hand side of this formula, we obtain the acceleration X, , which
corresponds to the extreme function £, = E, (%, )
X =7fg/2 (19)

Using the relation (19) , we write the expressions for finite displacements on the stages
and the angular velocity , wondering quantity x(’K) :

. 2 1Y)
I xmaxﬂ- T fg . n xmax ﬂfg
Xey=7 52 % 20 Yo T 2 42 (20)
) 20 fo'g 4o
7’ fg
o= 21
o (2D

()

If we take x;,, =0,1m; f=0,3; g=9,81 m/s%, the

2
o= 3,14°-0,3-9,81 =12,045 s, (22)
2-0,1
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30w 30-12,045
T 3,14

The table shows the correlation between parameters x(’L,), o and n with £=0,3, g = 9,81

m/s” and m = 10 kg. Determination of the angular velocity and acceleration X, ofthe cam

X

=115 rev/min.

corresponding to the frequency of rotation of the cam n =

plunger movement are important components in the synthesis of cam mechanism. The next
step should be to determine the values of the phase angles. If the selected value corresponds

to the laws of motion and of the working of the cam, which is used to disperse the load. As

the value 7, concerning ¥ = 0, so the corner ¢, = wt,, =7 .

Table
Relationship between the geometric, energetic and kinematic parameters of "cam gear -load"

3 m 0,10 0,15 0.20 0.25 0.30 0.35
o, s’ 12,045 9,835 8,517 7,62 6,95 6,44
n, rev/min 115 94 81,4 72,8 66,4 61,5
o m 0.2 0.3 0.4 0.5 0.6 0.7
E, J 4.4 6,62 8,79 11,03 13,24 15,44
= The area from ¢, to o,

important values to plug pusher
\ acceleration was less than the

negative acceleration module load
(Fig. 2). At the corner of the phase
reverse movement of the cam its laws
| of motion do not affect the goods, but
' because of their choice should be
guided by the provisions of generally
accepted theory of mechanisms and
machines.

—

-t
o
—
S
&
S

1 Conclusions

Growth of the benefits of
dynamic forces over the forces of
resistance leads to a reduction in the
time course of the transition process,
but energy costs at the same time
remain stabilized at the level of the
kinetic energy of the mass of the
system. Nevertheless, capacity of
developing dynamic with a reduction
in the time transients, increasing as
the dynamic forces of the system
elements.

—

S\

Fig. 2. Kinematic diagram of moving
the pusher (e ), cargo ( )
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Introduction. The problems of simulating viscoplastic
longitudinal and cross-sectional flow of non-Newtonian
fluids are overviewed.

Materials and methods. For the first time the
superposition method by expressing the components of the
stress tensor for building flow fields with higher dimension
from flow fields with lower dimension with various
boundary conditions when rheological parameters change
depending on pressure was used. The flows in the channel
are categorized by velocity and pressure values in each point
of the section.

Results. The theoretical methods for simulating flows of
non-Newtonian fluids in channels of different geometry with
moving bounds and pressure drop on channel edges with
respect to functional connections between main process
parameters are described using the superposition method. It
is shown that longitudinal and cross-sectional are reduced to
the collection of one-dimensional longitudinal flows of the
same type which allow to describe three-dimensional
isothermal in rectangular channel and two-dimensional flows
in flat channels with different channel aspect ratio. The
received theoretical two- and three-dimensional model of
viscous flows in channels with basic geometry allow to
research main regularities of the process and to establish
optimal  macro-kinetic and  macro-dynamic  flow
characteristics of non-Newtonian materials which are aimed
at reducing energy costs and material consumption of food
processing equipment.

Conclusion. The developed and theoretically reasonable
three-dimensional models flows of non-Newtonian fluids in
channels allow to perform qualitatively new design of food
processing equipment which allows to reduce energy costs
and material consumption.
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Introduction

The problems of viscous fluids flow simulation are overviewed. The method for
building flow fields of higher dimension from flow fields of lower dimension with different
boundary conditions and with changes in parameters of rheological state based on the
pressure is suggested.

Materials and methods

The problems of viscous fluids flow simulation are overviewed. The method for
building flow fields of higher dimension from flow fields of lower dimension with different
boundary conditions and with changes in parameters of rheological state based on the
pressure is suggested.

Theoretical analysis

All the variety of flows inside equipment can be divided into two major classes: flows
with Reynolds numbers higher than 1 and flows with Reynolds numbers lower than 1. The
flows of the first class are realized in practice for liquids with low viscosity. These flows
allow easy sharing of heat and mass thus reallocating target substance [1]. Flows of the
second class are realized for liquids with high viscosity. These flows allow developing high
shear rates and internal friction powers as well as high pressure values. Pressure and
internal friction allow affecting and changing internal structure of such fluids. While for the
flows with Reynolds number higher than 1 the more important are the characteristics which
provide effective interchange of heat and mass, and less important is the rheological state of
the fluid; for the flows with Reynolds number lower than 1 the most important if the
equation of substance state in rheological aspect. Therefore studying the fluid flow using
only Newtonian model is not sufficient. The main difference between flows with high
Reynolds number and flows with low Reynolds number lies in the fact that for the first type
of liquids rheological parameters are fixed and constant during the flow while for the
second type rheological parameters may change during the flow. This fact is especially true
for chemical technology. The driving force for flows with Reynolds number higher than 1
is the pressure difference on both ends of the flow region. The driving force of the flows
with Reynolds number lower than 1 is the movement of flow region bounds. Moving of
liquids with high viscosity demands more energy. The pressure therein is the result of flow
region bounds movement [2]. The typical regions of flows with high Reynolds number is
tube segments with predefined pressure difference on their ends. Such flows appear in
technological equipment of various constructions and also in conduits [3, 4]. Typical flow
regions for high viscous fluids are segments of channels and their branches. These channels
form working chambers for various screw machines in which high viscous fluids move and
change their properties. When describing viscous fluids flow some principles which apply
for both Newtonian and non-Newtonian fluids can be used.

Results and discussion
In this paper the methods for simulating viscoplastic longitudinal flow in flat and
rectangular channels are discussed. The channel bounds are movable. This movement can

occur both along and across the channel. The channel with rectangular cross-section is
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considered standard. The flow in the channel is characterized by velocity and pressure
values in each point of the flow region. Information about the flow may be condensed
(pressure and consumption only) and full, or local (pressure and velocity) in each point.
Movement of liquid in the channel can be straight and curved. The latter does not affect the
results because inertia does not matter for the flows with Reynolds number lower than 1
[4].

The equations for stokes flows have the following general form:

-ﬁP+ﬁf=O,6=(uX,uy,uz),
vpﬁ:oafzrikaiakzxayaza (1)
t=7(&,PT),é=¢,,p=p(P),

where P — pressure in the fluid, Pa; p — density of the fluid, kg/m’

T - stress tensor, Pa; I3) - flow velocity vector, m/s;

T — temperature, K; é — strain rate tensor, 1/s; x, y, z — coordinates of point in the flow
region, m.

All flows described by equations (1) can be divided into two groups. First group
includes flows with velocity vector which has only one component. This component may
depend on one or two coordinates but these coordinates should be transverse. If coordinate
Z is chosen as the longitudinal coordinate (along OZ axis), then coordinates x and y will be
transverse. Longitudinal flows have velocity component v, which can depend either on x

or on y separately or on both these coordinates. Longitudinal flows have only one velocity
component which depends only on transverse coordinates and can not contain any values
which depend on pressure and temperature except for pressure gradient. In these
longitudinal flows B Takux mpomonbHbIX TeueHusix kaptuHa the distribution of velocity is
the same in all cross-sections. The second group contains flows with velocity vector which
has two or three components each of which depends on two or three coordinates.

The flows of the second group can be ordered like this: two-dimensional longitudinal
flows; two-dimensional transverse flows with zero longitudinal velocity, three-dimensional
TpexMepHble twist-and-steer flows which contain all three velocity vector components each
of which depends on all three coordinates.

The reasons for various types of flows are the boundary conditions and dependency (or
independency) of rheological characteristics on pressure and temperature. Such dependency
of reasons and consequences can be illustrated by the example of Newtonian or non-
classical non-Newtonian fluid with properties that do not depend on strain rate tensor. If
some flow depends only on longitudinal coordinate and has longitudinal component only
than this is the flow in flat channel which has only one pair of bounds — and velocities of
these bounds are also longitudinal. At the same time only pressure varies along the channel.
If rheological parameters depend on pressure than component of stress tensor in equation
(1) will also depend on pressure. In this case longitudinal velocity depends on longitudinal
coordinate. Due to the equation of matter conservation (1) the second — transverse —
velocity component appears, although boundary conditions are purely longitudinal. For
Newtonian fluid the longitudinal flows with one velocity component which depends on two
transverse coordinates are possible. These flows demand for one additional pair of bounds
with longitudinal boundary conditions to be available. Complication of this problem and
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addition of dependency for rheological characteristics leads the solution of this problem
beyond the two-component flow. The flow obtains additional component and yet another
coordinate as an argument. Thus adding another pair of bounds adds new coordinate while
adding dependency from the pressure adds both component and coordinate. This is
illustrated on fig. 1.

a b

Fig. 1. Longitudinal fluid flow:
a — in channels with mutually perpendicular bounds;
b — in the rectangular channel

There are also purely transverse flows for Newtonian fluids. If the channel is flat and
the velocities of its bounds are purely transverse then the flow will be purely transverse and
will depend on one transverse coordinate only. In the practical aspect these flows are of
interest to the small channels with large width. These channels may be approximately
considered as flat. The flow consumption in wide closed channel has the value of zero.
Hence in order for transverse flow in flat channel to adequately represent the transverse
flow in rectangular channel, the purely longitudinal flow with zero consumption should be
considered. If rheological characteristics of the flow depend on pressure then the transverse
flow in flat channel obtains additional velocity component and additional coordinate as a
variable. This is illustrated on fig. 2.

Fig. 2. Transverse fluid flow:
a —in flat channels;
b — in the rectangular channel.
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The flow in rectangular channel with bounds that move both longitudinally and
transversally has three velocity components. If the fluid is Newtonian then all these
components depend on two transverse coordinates only. If equation of rheological state
includes pressure than the third — longitudinal — coordinate is added, and the flow itself has
the highest complexity level.

When connection between bounds count, the type of boundary velocities and
rheological characteristics is established, then the method of building velocity field of two-
and three-dimensional flows on the velocity field of the flow with lower dimension can be
suggested. This method involves representation of transverse flow in rectangular channel as
the superposition of two transverse flows in two flat channels which are perpendicular to
each other and have zero consumption. This method can be applied to both Newtonian and

non-Newtonian fluids. This superposition is represented on fig. 3.
’v

) ﬂ’HWWHWﬁ

\

U

Fig. 3. Fluid flow in flat channels:
(a) — velocity profiles in transverse flows; (b) — superpositions of transverse flows

The superposition lies in the fact that for each flat channel with bound that are
perpendicular to each other the longitudinal flow is considered. The equations of this flow
contains terms related to another channel. The easiest way to see this is to consider the
transverse flow of Newtonian fluid. Suppose there is a transverse flow on the oy axis

direction which depends on x coordinate (see fig.4.).

2
" R w, y
A ‘h
T V()
=
Y, (x) »X
1,
“h 'WZ a W4
a b

Fig. 4. Velocity profile and boundary velocities:
a —in longitudinal flow which depends on x coordinate;
b — in longitudinal flow which depends on y coordinate
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In this case the equations for stress balance have the following form:

oP 6Tyx or
- _ +—=, oh) =
dy  Ox Oy

2
v, =V, (x),v‘(_h) =W, v, (—h)=W2,

Ry

where i — if the half of flat channel width, 7, , W, — are the channel boundaries velocities.

In order to solve the problem (1) the connection between 7, and 7z, should be
specified. This can be done in several different ways, however the connection between
stresses and velocities of deformations in the 7, = uég, form for Newtonian fluid should be
known. Thus knowing the boundary conditions the derivatives with respect to x coordinate
can always be expressed in terms of derivatives with respect to y coordinate. The

derivatives with respect to x coordinate are related to the flow in channel with sides that
are perpendicular to the channel from problem (2). This can be done as follows:

ov, ov .
a—~(Wl—W2)/2h; ~~(W,-W,)/2a in case when W, _W,#0, W,-W,=0.
x
. . . ov,
Otherwise the estimates of the following form should be used: a—y ~(v, =W/ AL
x
ov N

(v, =W,)A,, where A7, A, characterize the

(v =W )As 2~ (=) A
extremum position of velocity of the respective longitudinal flow: A]+A] =2h;

TYY TYX

A; +A =2a. In the first case the estimates lead to expressed in terms of .In

oy Ox
the second case values v, and A, A] act as unknown parameters which are determined
after solution of the problem. In both cases the problem (2) is reduced to the longitudinal
problem with one transverse coordinate. Then the same problem, but for the flat channel

which is perpendicular to the first one is considered. This problem can be represented in the
following form:

0
6_P=&+%’ VX(+G)=VV3,
ox Oy Ox
A3)
vxzvx(y)’ vx(_a)zm

The solution to this problem has the same form as the solution of problem (2). The

. . . .ot . ot .
estimates for velocity derivatives allow expressing a” in terms of 5 2. The solution (2)
X vV

and (3) should consider the zero-consumption condition. This condition leads to the
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. opP oP .

equations for ™ and ™ in a way that values of these pressure become dependant on
y X

W, =W, and W, =W, .

Applying the method described below to non-Newtonian fluid does not lead to any
fundamental changes but make the solution for problems (2) and (3) core complicated. Here
the following cases are possible: viscosity depends on the second invariant of the strain
velocity tensor, or viscosity depends on pressure.

In the first case all terms of the second invariant should be expressed in terms of

ov,
corresponding derivative of the longitudinal velocity: for problem (2) it is a—y; for
X

.. O o .
problem (3) — it is aUX . In the second case the longitudinal flows v, (x) and v, (y) obtain
Y

additional component v, (x) — for problem (2), and v, () — for problem (3). Hence in this

case the problem for longitudinal flow with one transverse component should be
considered. This problem is based on the following equations:

a_P_aTZY_*_aTzz
oz Oy oz’
v, =v,(y,2),0, (+h,z) =W, 4)

v, =0, (y,z),0.(-h,z) =W,

where W,,W, — values for longitudinal velocities of the bounds (see fig. 5).

B/ y ¥ X
+h *a
v.(y,2) =i
,7 —— ‘( > ) [ﬂ]ﬂ] HHHI 7
Yy (,2) = v (x,2)
= =1

a b

Fig. 5. Longitudinal flow with transverse component for the fluid, properties of which depend
on pressure:
a — transverse component is directed along ox axis;
b — transverse component is directed along oy axis

or,
The solution for this problem is based in reducing aaL to 6_y with the aid of
Z v
described estimates. The solution for problem (4) describes longitudinal flow along the
channel axis with the following boundary conditions:
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P(z=L)=P,

L>°

P(z=0)=P,, )
where L — channel length, m; P, and P, — pressure values on the channel bounds, Pa.

If the zero-consumption condition is taken into account then the solution for the
problem describes the transverse flows in channel which are perpendicular to each other
and have two flat bound.

The problem for longitudinal flow for another pair of bounds looks similar to the
problem (4):

oP Ot Ot
__=_“X+_“=0’
Oz ox 0z
v, =v.(x,z), v, (+a,z)=W,, (6)
v, =v,(xz2), v, (-a,z) =W,

where W, and W, — longitudinal velocities, m (see fig. 5).

Problems (2), (3), (4), (5) lead to velocity fields which consist of two velocity fields in
the intersection of flat channels. Thus the question of choosing one or another field arises.
This can be done in two ways. The first method: the velocity fields obtained as the solutions
for different problems are attributed to the bounds for which they are obtained. Herewith
four fields are obtained for longitudinal velocity: two for each pair of bound. The condition
for continuity of longitudinal velocity values, which are calculated based on two different
expressions, leads to four equations for four lines which divide the rectangle of channel
cross-section into sub-areas, each of which is described by its own expression for
longitudinal velocity (fig. 6a).

S~ v
| ] vr
v, | 2, kol V
d s e b e AVl
/Vz /,/’V‘c x
(a) (b)

Fig. 6. Partition of cross-section of rectangular channel into sub-areas:
(a) — for longitudinal flow; (6) — for transverse flow

The same procedure is applied for transverse flow. In this case there are four sub-
areas as well. However the condition for their fixation is not the condition for velocity
continuity but the condition for continuity of the absolute velocity. Velocity vectors are

tested on the lines which separate one area from another by rotating by the angle of % (see
fig. 6b). This method lies in the fact that for the rectangular channel with different sides a
and # the main velocity field is the field which has longer bounds. This field is corrected
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by the multipliers in order to match boundary conditions for the second pair of bounds.
Also the experimentally tested statement about the fact that the influence of the pair of
bounds extends inside the flow region for the distance approximately equal to the bounds
length is used. Thus for large values of this length the influence of shorter pair of bounds
weakens. In order to illustrate this statement the channel in which a>>%4 can be
considered. In this case the cross-section has two sub-areas which abut the sides with length
h and extend deep for a distance of %, in which expression for velocity flow in flat
channel with the width of 2/ should be corrected in the abovementioned sense. Outside of
these two regions the flow is the same as without these two bounds. Applying this method
to the transverse flow leads to these two velocity fields, each obtained for its own pair of
bounds, are attributed to the entire area of rectangular cross-section, but corrected by
multipliers which consider the missing pair of bounds. The method described above is more
precise but also more complicated. The complexity of its application is in the fact that
bounds influence extends inside the flow region for a distance of bound area and is valid for
Newtonian fluids only. This rule is also valid for non-Newtonian fluid but the bound length
should be multiplied by some multiplier which depends on parameters of rheological state
equation.

Conclusion

The method for reducing problems of flows with higher dimension to the problems
of flows with lower dimension described in this paper can be applied to the wide variety of
non-linear fluids with various boundary conditions which are based not only on adhesion.
This method can be extended to the flows with slipping and to the non-isothermal flows.
Herein one should consider the fact that the flow of fluids with high viscosity is
accompanied by significant dissipative heat release which is described by distributed
source. The presence of slipping apart from mentioned source indicates the necessity for
accounting of surface source which is localized on the flow region bound. Sliding contact
on the border is similar to the contact of two solid surfaces. Heat release in this contact
depends both on pressure normal to the contact and on the magnitude of the slip. In the first
case the heat release occurs on the Coulomb type, while in the second case — on the
hydrodynamic type. The task for the future is to extend method of solving three-
dimensional problems to the problems with surface heat sources.

Having the possibility of non-Newtonian fluid to slide at the region bounds allows
dividing all flows into two groups. First group includes flows throughout which the first
sliding conditions are complied. The second group includes flows which partially formed
by adhesion conditions and partially — by sliding conditions. For the flows of the last group
the number of velocity vector components and the number of coordinates are changed in
the cross-section of the channel which has longitudinal coordinate that matches the
coordinate along which the change of boundary condition form may occur. For such flows
the problem of “bonding” several flows of two different types should be solved. Such
“bonding” should be subordinated to the conditions of continuity of all velocity and
pressure components. Here first derivatives of the velocity in the coordinates will
experience a leap. Considering connections between the components of stress tensor and
strain velocities the leap of velocity derivatives means the leap of components of stress
tensors. Thus the imposition of velocity components continuity conditions is not fully
consistent, because it leads to the leap of stress components and the continuity of pressure

(fig. 7).
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a b

Fig. 7. Flow of the fluid with combined bounds:
a — “bonding” lines for the fluid with sliding and adhesion conditions at the part of the bounds
b — partition of channel; cross-section into sub-areas when one of the sections belongs to the area with
sliding and the other section belongs to the area with adhesion

The more consistent is the extension of continuity conditions on the partial derivatives
of velocity vector in cross-section, where flows with different dimensions are linked.
Everything said above applies to the longitudinal components of the velocity field and to
the transverse components providing that partition of channel cross-section rectangle into
sub-areas from different sides of the cross-section of transition from one boundary
conditions to another — is the same. In fact it is not so, thus the problem of “bonding” and
partitioning arises. This problem requires additional study. Therefore the method for
building three-dimensional velocity and pressure fields described in this paper has certain
potential of development and extension on the flows which appear during the description of
large amount of practical situations in food technological processes. The method described
in this paper was applied to isothermal flows without sliding for the three-dimensional
problems of the flow of Newtonian, power-law, generalized and Bingham fluids in the
rectangular channel with arbitrary piecewise constant distribution of bound velocities [6].
Herein in some cases it was possible to consider fluid compressibility and the dependence
of the parameters of rheological state equation of the pressure.
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Introduction. Dairy industry generates a large
amount of wastewaters that have high concentrations and
contain milk components. Membrane processes have been
shown to be convenient for wastewater treatment recovering
milk components present in wastewaters and producing
treated water.

Materials and methods. The experiments were
carried out in an unstirred batch sell using nanofiltration
membranes OPMN-P (ZAO STC “Vladipor”, Russian
Federation) and reverse osmosis membranes NanoRo, ZAO
(“RM Nanotech”, Russian Federation). The model solutions
of dairy effluents — diluted skim and whole milk were used.

Results. The nanofiltration and reverse osmosis
membranes showed the same permeate flux during the
concentration of model solutions of dairy effluents. The
reason of this was likely membrane fouling with feed
components. The fouling indexes indicated the fouling factor
that was higher for RO. The higher permeate quality was
obtained with RO membranes. The NF permeate containing
up to 0.4 g/L of lactose and 0.75 g/L of mineral salts can be
discharged or after finishing treatment (e.g. RO or other) can
be reused. The obtained NF and RO retentate corresponds to
milk in composition and can be used for non-food
applications or as feed supplement for animals.

Conclusions. The studied RO and NF membranes can
be used for concentration of dairy effluents at low pressure.
They showed better performance and separation
characteristics comparing with data of other membranes
available in the literature.
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Introduction

Dairy industry generates a large amount of wastewaters, from 0.2 to 10 L of effluent
per liter of processed milk [1] with an average value of about 2.5 liters of wastewaters per
liter of the milk processed [2]. The effluents are produced in the starting, equilibrating,
stopping and rinsing steps of the processing units [3] and during cleaning operations,
especially between product changes. They are composed of milk components (lipid, protein
and lactose) with cleaning chemicals (acids, alkalis and detergents). The dairy effluents are
high loaded and have high concentrations. The first rinsing waters generated from the
washing operations have the main contribution to the dairy effluents pollution load, since
they content all components of milk. Because of its high chemical and biological oxygen
demand and its high concentration the dairy wastewaters must be treated prior to discharge
to the environment.

Dairy industry effluents are generally treated using biological and physico-chemical
methods. Among these methods, membrane processes have been shown to be convenient
for wastewater treatment [1, 4-8]. Membrane treatment of dairy wastewaters could
simultaneously lower the total water consumption and the effluent production of the dairy
plant by recovering milk components present in wastewaters (lactose, proteins) and
producing treated water [3, 9, 10]. Several works dedicated to dairy wastewater treatment
by membrane methods showed that one (UF, NF, RO) or two stage (NF+RO, RO+RO,
UF+RO) operations allow recovering nutrients and producing reusable water [1, 3- 5, 11-
13]. However, high transmembrane pressure (especially for RO) and membrane fouling
weaken its application.

In this study, we investigated NF and RO concentration of dairy effluent model
solutions (flushing waters, first rinse waters) by dead-end filtration at low pressure. The
studied membranes were OPMN-P and NanoRo membranes (of Russian production) since
they are cheaper and more available for Ukraine enterprises, and in addition their separation
properties are poorly studied in this field.

Materials and methods

Dairy effluent model solutions. The dairy effluents are mainly generated in cleaning
and washings steps of processing units. They are mixtures of water and milk without
chemicals of various compositions (flushing waters, first rinse waters). Composition and
concentration of these waters varies greatly and depend on the dairy plant main product and
on the processing units used. That’s why model solutions were used for the experiments to
compare NF and RO. The solutions were prepared from skim and whole milk diluted with
deionized water (dilution 1:4.5 and 1:5, respectively). The main characteristics of these
model process waters are shown in Table 1.

Table 1
Main characteristics of dairy model effluent solutions
Characteristics Skim milk Whole milk

Fat, g/L 0.06-0.07 4.10-4.30

Proteins, g/L 4.40-4.60 4.45-4.70

Lactose, g/L 6.60-6.90 7.40-7.80

Mineral content, g/L 0.53-0.63 0.59-0.60

pH 6.45 6.7

Dry matter, g/L 17-18 18-20
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Membranes. Two commercially available membranes were used in this study: one NF
membrane OPMN-P (ZAO STC “Vladipor”, Russian Federation) and one RO membrane
NanoRo (ZAO “RM Nanotech”, Russian Federation) with a NaClI rejection of 99.5%.
Membranes are thin-film composite (NanoRo) with an active polyamide layer.

A new membrane was used for each experiment. New membranes were soaked in
deionized water for at least 12 h prior to use. Once installed, each membrane was
compacted at a high pressure (2.0 MPa for NF, 4.0 MPa for RO) until reached steady-state
conditions. The membrane pure water permeability was measured with deionized water at
20 °C before each experiment. After the filtration, membranes were flushed with deionized
water and then pure water permeability was measured again to calculate irreversible fouling
for each membrane. Then membrane was cleaned with a 0.1% NaCl solution (pH=8) for 20
minutes at 20 °C. After cleaning membrane permeability was checked again.

Experimental set-up and procedure. The dead-end filtration was performed in a
laboratory-constructed magnetically stirred cell in concentration mode. A detailed
description of the cell used can be found in a previous paper [16]. The working volume of
the cell was 200 mL. The working pressure in the cell, applied by a nitrogen tank, was 1.0
MPa for NF and RO membranes. The membrane sheet area was 1.38:10 m?. Stirring of the
solution was provided with a two blades stirrer.

The filtration unit can concentrate the solutions up to VRR 2 due to dead volume. Thus,
to reach a higher concentration of retentate, the filtration was performed in several steps.
The experiments were carried out until permeate flux decreased to 5-6 L-h™-m™.

Analysis. During experiments, feed, retentate and permeate were sampled and assessed
for fat, proteins, lactose and mineral salts content.

Dry matter content was measured by a refractometer URL-1. The protein concentration
in solution was measured using AM-2 unit. Lactose concentration was determined using
iodometric titration GOST 8764. Fat concentration was determined by Gerber method
GOST 5867-90. The mineral salts content was measured by a conductivity meter (HANNA
Instruments DIST 1) and pH was measured with a pH-meter (Ionomer 120M).

For the different components, the observed rejection of the membrane was obtained by
the following equation:

R:[l—&)m()%, (1)
C

R

C, and C, are the permeate and the retentate concentrations respectively.

Calculated parameters. Permeate flux J was calculated according to following
equation

J=3600~V’ @)
S-t

V' is permeate volume obtained at time ¢ from the membrane area S .
Volume reduction ratio (VRR) vs. time
V.(t V.(t
V010 o
VR(’) Vi (t)_VP(f)
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V,(t), Vi(t), V,(t) is the feed, retentate and permeate volume at time ¢, respectively.

The pure water permeability L, was calculated as follows:

L =—, “)

where J is the permeate flux of deionized water, AP is applied pressure.
The irreversible fouling index (/F) can be expressed as a percentage of pure water
permeability decrease after the experiment.

L,-L,
IF = =22 100% (5)

i
L, and L, are the initial and final pure water permeability, respectively.

Results and discussion

Permeate flux. The dead-end filtration of effluent model solutions was performed in
the continuous concentration mode to about VRR 6. During filtration experiments permeate
flux decreased continuously with increase of retentate concentration (Fig. 1). As it can be
seen (Fig. 1) permeate flux from the NF membranes was not higher than from RO ones
during concentration of model solutions of skim and whole milk in spite of different
membrane characteristics, although it was expected that NF flux would be higher. It was
likely due to membrane fouling by the feed components and their adsorption on to the
membrane surface, especially proteins [3]. One should note here that permeate fluxes were
slightly lower for NF and RO membranes during concentration of model solutions of skim
milk. Comparing the obtained fluxes with those in papers [1, 3, 12] it can be seen that the
fluxes of studied membranes (OPMN-P and NanoRo) at 1.0 MPa are the same as of
membranes in [1, 3, 12] at higher pressure of 2.0-2.5 MPa. Obviously, these membranes
have better performance and can be used for concentration of dairy effluents at lower
pressures reducing energy consumption.

Although permeate fluxes were almost similar for NF and RO during concentration of
model solutions the fouling indexes were different. The fouling indexes indicated the
fouling factor of membranes with feed components. As it was expected the higher fouling
index was observed for RO membranes (Fig. 2). It may be explained by the higher
membrane fouling during RO experiments due to properties of RO membranes to retain all
the components present in the wastewater in contrast to NF membranes. However, the
fouling index of RO membrane was not much higher than of NF after concentration of
effluent model solutions of skim milk (Fig. 2, a). Furthermore, it should be outlined that the
fouling index was lower for OPMN-P membranes in 2-3 times at VRR 6 compared to the
index that was obtained for NF-270 at VRR 3 [5]. The fouling was removed with an
appropriate chemical cleaning, described in section 2, after which the initial membrane
permeability was restored.
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Fig. 1. Permeate flux vs. retentate dry matter during concentration of dairy model wastewaters
of skim milk (a) and whole milk (b) by NF and RO
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Fig. 2. Pure water permeability decline for RO and NF membranes after filtration of dairy
effluent model solutions of skim milk () and whole milk (b)

Permeate and retentate characteristics. The main permeate characteristics are
summarized in Table 2. As expected, concentrations in permeate were higher with NF
membranes than with RO. NF and RO membranes totally retained fat and lipids. Lactose
rejection was 97 and 95% for NF membrane for model effluent solutions of skim and whole
milk respectively and 99.9% for RO membrane. Rejection of mineral salts was 62-63% for
NF and 98-99% for RO. High mineral content of NF permeates (Table 2) and its low
rejection is caused by permeability of NF membranes to monovalent ions Na', K', CI.
Multivalent ion concentrations were low (1 mg/L for Mg*" and 3 mg/L for Ca®"). Since
lactose, which has an important contribution to COD, and mineral salt content are high in
NF permeate, one single NF step is insufficient for producing water suitable for reuse, but
these water can be discharged. Therefore a finishing step (e.g. RO or other) is needed for
the production of reusable water. RO permeate of both model effluent solutions was low
mineralized (50 mg/L). Thus it can be reused in dairy plants, e.g. for washing floors and the
outside of plant vehicles [3]. Comparing the obtained results of permeate characteristics
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with those in [12] it should be noted that the studied membranes in this study had better
separation characteristics and showed better rejection of mineral salts and lactose at higher
VRR.

Table 2
Main characteristics of permeate produced by NF and RO from dairy model process waters

Characteristics NF RO
Skim milk | Whole milk | Skim milk | Whole milk

Fat, g/L - - - -
Proteins, g/L - - - -
Lactose, g/L 0.230 0.370 0.02 0.02
Mineral content, g/L 0.670 0.75 0.05 0.03
Ca?", g/L 0.003 0.003 0.001 0.001
MgH, g/L 0.001 0.001 0.001 0.001
Na', g/L 0.07 0.12 0.006 0.004
K', g/L 0.21 0.28 0.017 0.009
CI, g/L 0.38 0.34 0.026 0.015

The retentate composition of model effluent solutions is shown in Table 3. There are
also characteristics of skim and whole milk to make a comparison. As it can be seen NF
retentate had lower content of the main components in the skim and whole milk, obviously
due to penetration of some components (lactose, minerals) through the membrane into the
permeate. For RO the concentration of components in the retenates of model solutions was
higher and was almost the same as in the milk. The obtained NF and RO retentates can be
used for non-food applications [17] or after the appropriate treatment (e.g. pasteurization)
as feed supplement for animals [18].

Considering the obtained permeate and retentate characteristics it is recommended to
use RO for concentration of dairy effluents. Such a treatment of dairy wastewaters allows
achieving the set of targets:

-to recover valuable products (lactose, protein);

-to receive purified water suitable for reuse;

-to reduce the amount of wastewaters and its pollution load,

-to reduce the load of treatment plant.

Table 3
Comparison of main characteristics of retentate produced by NF and RO from dairy
model effluents with skim and whole milk

NF RO Milk
Characteristics Soluti.on Solution Soluti.on Solution Sk'im with fat
of skim of whole | of skim of whole milk content
milk milk milk milk of 2.7%
Fat, g/L 0.4 23.5 0.5 25.8 0.5 26.0
Proteins, g/L 26.5 254 31.7 28.2 30.0 28.2
Lactose, g/L 40.8 41.6 47.5 46.8 45.0 47.2
Mineral content, g/L 5.8 7.0 6.9 8.8 7.0 9.0
Dry matter, g/L 98.0 114.0 124.0 112.0 96.0 112.0
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Conclusions

1. The permeate flux of NF and RO membranes was the same during concentration of
model effluent solutions in spite of different membrane characteristics. This was likely
caused by severe membrane fouling with solution components (proteins).

2. The calculated fouling indexes showed that fouling with RO membranes was higher
than with NF. The fouling layer formed on the membrane surface was removed with
chemical cleaning, after which the initial membrane permeability was restored.

3. The higher permeate quality was obtained with RO membranes that showed better
rejection of milk components. The low mineral content of RO permeate makes it possible to
be reused in the dairy industry for washing floors and the outside of plant vehicles.

4. One single NF step is insufficient for producing water suitable for reuse, but allows
the milk constituents to be concentrated in the retentate. These permeate can be discharged
or reused in the dairy plant after finishing step (e.g. RO or other).

5. The NF and RO retentates corresponded in composition to skim and whole milk and
could be used for non-food applications or after the appropriate treatment (e.g.
pasteurization) as feed supplement for animals.

6. The studied NF and RO membranes showed better performance and separation
characteristics at lower pressure comparing with data of membranes of foreign
manufactures available in the literature. Considering the economic benefit it is better to use
these membranes for concentration of dairy effluents.
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__ Abstract -

Introduction. The volume of useful information in the
planning of elimination of emergency consequences process
is reasonable to assess with calculatory problems and
mathematical models.

Materials and methods. The expert survey method is
used to calculate quantitative values of probability and to
determine the optimal solution before the information in
condition is received.

Results. It is determined that the quality of the solution of
elimination emergency consequences depends primarily on
the number of factors that are taken into account in particular
circumstances of the situation; on the level of information
readiness of control bodies to take decision to eliminate
emergency consequences as soon as possible and to consider
several options for achieving reasonableness and
concreteness of a particular decision.

The ratio between volume of useful information collected
and processed during operation planning which is required
for identifying optimal solution is calculated. This ratio
allows to construct a graph of probability of identifying a
solution in existing environment and probability value of
identifying optimal solution before information in
P*condition is obtained.

This graph also shows the ratio volume of useful
information collected and processed during operation
planning and necessary volume of information for
identifying optimal solution.

Conclusion. The results of this research can be used for
improving control bodies decisions to ensure safe working
conditions for employees of food industry.
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Introduction

The qualitative and operational work of control bodies during the planning of
elimination of emergency consequences significantly depends on the completeness and
usefulness of the information that will be used for management decisions. In order to
control bodies could react timely and adequately to changes in environment and make
reasonable decisions and develop plans, the process of obtaining necessary information
during informational support must be continuous.

Completeness and usefulness of information is a the main objective of the phase of
identifying the decision of planning of elimination of emergency consequences, this
decision must fully meet the requirements of the existing situation and depend on
completeness and usefulness of information collected and processed by the control bodies
during its definition.

Some scientists in there works on planning of elimination of emergency consequences
[1, 2, 3] paid enough attention to investigation of completeness and usefulness of
information. But, proposed methods do not fully take into account wide introduction of new
automation devices and this significantly affects the process of obtaining and processing of
information.

In the article the method of assessing volume of useful information during the process
of planning of elimination of emergency consequences, based on application of calculatory
problems and mathematical models is proposed. From the functional point of view, the
system of analytical data processing and mathematical modeling is closely connected with
the subsystem of system analysis and making proposals. During the process of designing
elements for decision making support in emergency situations the universal approach is
used, that allows to bringing together both subsystems from viewpoint of the used software-
tools and methodological support. In this connection we could claim that the system of
analytical data processing and mathematical modeling, analysis and presentation of
information and analytical materials fully solve all tasks during emergency situations.

Materials and methods

The developed method of assessing volume of useful information in the planning of
elimination of emergency consequences, based on application of calculatory problems and
mathematical models is used. During the process of designing elements for decision making
support in emergency situations the universal approach is used, that allows to bringing
together both subsystems from viewpoint of the used software-tools and methodological
support. System of analytical data processing and mathematical modeling, analysis and
presentation of information and analytical materials fully solve all tasks during emergency
situations.

Currently to solution of similar problems, especially when analyzing large data
volumes, it is impossible without the use of new information technologies, such as OLAP
(online analytical processing) and Data Mining (data mining methods), which significantly
increase the efficiency and effectiveness of the analytical information processing, that’s
why implementation of elements of support of control bodies decision in emergency
situations is based on development of support data warchousing (Data Warehouse), and
also on use of OLAP technology and Data Mining.

The method of survey experts was used to calculate the quantitative value of
probability for identifying the optimal solution before information in (P*) condition is
received. It is the practice to express [3] the probability of identifying optimal solution
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before information is received during planning of elimination of emergency consequences
as P* = 0,46 according to experts. Certainly, the level of training of control bodies that
make a decision, practical experience in performing duties of the position, psychological
stability etc. influence greatly on this value.

Results and discussion

To make a decision of planning of elimination of emergency consequences is a creative
and responsible task. The essence of this task from the perspective of cybernetics, can be
defined as conversion of information in quantitative components, parameters of information
control, and a creative side of identifying decision, can by defined as production of
complete information cadastre and its assessment.

To solve this task control bodies need required volume of useful information, and the
correctness of conclusions in assessment of a situation, timeliness and validity of the
decision planning of elimination of emergency consequences will depend on this
information. That is, the volume of useful information is a function of completeness and
usefulness of information used by control bodies.

R =1(0.,C) ()

R; - volume of useful information;

Q; - completeness of information;

C; - usefulness of information for control bodies during planning of elimination
of emergency consequences.

According to equation 1 volume of useful information can be expressed in terms of
increase in probability of achieving a goal. If before information is obtained this probability
is (P *), i.e., the decision could be defined as rational or irrational, and after information is
obtained it has become — P, so volume of useful information can be defined as:

R; = logy(P/ P*), where 0 < P* <0,5 ©)

If before information is obtained the decision can be determined by one of two variants
of P *= 10,5, then after obtaining certain volume of useful information a variety of options
appear, part of these options lead to a goal and others don’t lead. Probability of achieving a
goal after obtaining information can be equal P*, more or less than P* and it depends on
relative fraction of one or other variants. In other words obtained information in some
volume can be useful, neutral or harmful (misinformation).

We can state that the best solution in the existing environment must include
information about all the factors which affect this solution.

It is important to know how to calculate the required volume of useful information for
obtaining the optimal solution. To identify the optimal solution it is necessary to solve a
certain number of calculatory problems and mathematical models, which take in account
maximum number of factors (ideally all of them) that will influence performance of tasks
of elimination of emergency consequences.

Based on the results of previous studies volume of useful information can be
calculated as follows:
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N - information problems, which control bodies use in process of making decision;
N/ - calculatory tasks which the control bodies use in process of making decision;

N - mathematical models which use controls bodies use in process of making decision

N;- number of information problems, which can be solved by control bodies in process of
making decision depending on volume of useful information;

N>- number of calculatory problems, which can be solved by control bodies in process of
making decision depending on volume of useful information;

N;- number of mathematical models, which can be solved by control bodies in process of
making decision depending on volume of useful information;

M;- number of information problems, which control bodies must solve in the process of
making decision;

M,- number of calculatory problems, which control bodies must solve in the process of
making decision;

M;- number of mathematical models, which control bodies must solve in the process of
making decision;

K} - coefficient of comparative importance of information problems;

K/ - coefficient of comparative importance of calculatory problems;

K™ - coefficient of comparative importance of mathematical models.

But there is no sufficient statistics on control bodies activity in solving control at the
stage of planning of elimination of emergency consequences. So, we propose to determine
quantitative value P * by expert survey.

The proposed approach to assess the completeness of information supply is not unique,
and from a logical point of view is the most suitable for assessing of information support of
operation that meets requirements of completeness of information and its usefulness.

The method of experts survey is used to calculate quantitative value of probability of
identifying the optimal solution before information(P*) is received. We can state [3], that
the probability of identifying the optimal solution before information is received during
elimination of emergency consequences, according to experts P * = 0,46. Certainly, such
factors will have a significant impact on the value as: the level of training of control bodies
that make a decision; practical experience in performing the duties of a position,
psychological stability, etc.

The most appropriate ways to enhance the probability of identifying the optimal
solution before information is received are:

. to increase the level of training of control bodies;

. to improve practical skills in duties of a position;

. improve regulatory framework of elimination of the consequences of
emergency situations;
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. create database and knowledge data base that would be used in identifying the
optimal solution.

According to equation (3) calculated the ratio of volume of useful information, which
is collected and processed during the planning of the operation required for making a
solution is calculated. The ratio between volume of useful information collected and
processed during operation planning which is required for identifying optimal solution is
calculated. This ratio allows to construct a graph of probability of identifying a solution in
existing environment (P) and probability value of identifying optimal solution before
information in P*condition is obtained.

This graph also shows the ratio volume of useful information collected and processed
during operation planning and necessary volume of information for identifying optimal
solution (1) (fig. 1).
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o
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Fig. 1. The ratio of probability of identifying a solution that corresponds the situation to
probability of determining the optimal solution before information is received and volume of
useful information

The existing control system does not allow to collect centralized information. That is,
the analysis shows that there is no possibility to connect informational support of planning
of elimination of emergency consequences with the organization of the system of control,
besides conditions for forming general principles of information choice and nature of
information sources are created. This leads to the selection of the organizational and
functional structures, which have the most favorable information characteristics. Currently
it is possible to achieve this only in conditions of a rigid centralization of information
gathering.

The study of causes and circumstances of elimination of emergency consequences at
the food industry enterprises will allow to develop sustainable and effective ways of
preventing and reducing occurrence of emergency situations in this field. Thanks to this
study it will be possible to determine the directions and recommendations for prevention
emergency situations. It is a topical scientific task, related, first of all, to solving industrial
problems.
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Conclusion

The quality of the solution of elimination emergency consequences depends primarily
on the number of factors that are taken into account in particular circumstances of the
situation; on the level of information readiness of control bodies to take decision to
eliminate emergency consequences as soon as possible and to consider several options for
achieving reasonableness and concreteness of a particular decision.

Thus proposed approach allows to establish the ratio between the volume of useful
information and probability of identifying solution that corresponds to the situation in
received information.
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AHoTaiil

XapuoBi TexHosnorii

InTencudikanisa npouecy cymiHHs 32 J0MOMOI 010
(pyHKIiOHATBHUX POCTHHHUX KOMITO3HIIiH

Xanna IlerpoBa, IOpiii CHexkin, Karepuna ['eTmMaHIOK,
Haranis JImutpenko, Mukona BopoHiios
Tnuemumym mexniunoi mennogpizuxu HAH Vxpainu, Kuis, Yrpaina

Beryn. Ilpu cymiHHI pOCIMHHOI CUPOBHHH Y pe3yJbTaTi TEIIOBOI 0OpOOKH, BILUIUBY
cBiTia, KUcHIO, pH cepenoBuina BinOyBalOThCs BTpAaTH OIOJOTIYHO aKTHMBHUX PEYOBUH,
TOMY JOIIJIBHO YJOCKOHAJIUTH TEXHOJIOTII0 TMEePepOOKH CTOJOBOTO OYPSKY 3 METOIO
MaKCHMAaJIbHOTO 30epeKeHHs OeTaHIHy Ta 3MEHIIIEHHS! €HEPTOBUTPAT.

Marepianu i metonu. CymiHHas OypsiKy, peBEHIO, IMMOHA, [TOMiopa BiIOyBajIoCh NMpu
temnepatypi 50...100°C, mmBuakicte MOBITps  ckiagama 1,5...3,5 M/c, BOJOroBMiCT
TerIoHocist - 7...15 r/kr, ToBuMHA mapy - 2...20 mM. Bwmict OeraHiHy BH3Ha4aimu 3a
CHEKTpaMH IIOTVIMHAHHS, BEJIUYUHOIO ONTHUYHOI TYCTHHU TP JOBXWHI XBWiIl 540 HM.
Butpatn  TemioTM < Ha  BHIAPOBYBaHHA ~ BHM3HA4€HO Ha  JudepeHHialbHOMY
MiKpOKaJIOPHUMETPI.

PesynbraTn i o6rosopeHHsi. [[oCiiUKEHO BIUTUB ITONMEPEIHBOI MMIATOTOBKA Ha
CHpOBUHY, sIKa IiJJISra€ CylriHHIO. Brpatu OeraHiHy miJ 4ac CymIiHHS, 0e3 mornepenHboi
MiATOTOBKM CHUPOBUHH, CTaHOBIATH 66%. Po3poOieHa TexHoNOTis —MomnepenHboi
MiATOTOBKY, siKa Tependavae BapKy IUIMX KOPEHEIUIOAIB 3 MigiOpaHUM ONTHMAaIbHUM
KHCJIOTHAM CEPEIOBHIIEM, HAaJa€ MOXKJIMBICTh 3MEHIITMTH BTpaTH OeTaHiHy 10 6%, aie 11e
JIOCUTh EHEProeMHUI mporec. Po3pobiieHo eHeproe)eKTUBHUM CIOCIO  IMiArOTOBKU
QHTHOKCHJIAHTHOI CHUPOBHMHH II€pEell CYLIIHHSM 3 IIOBHOIO 3aMiHOIO TEIUIOBOI 0OpOOKH
KynaxyBaHHsM. [Ipu mpoMmy  BimOyBaeTbcsi BTpara OeraniHy 10 5%. OnrumanbHa
TeMIepaTypa CyIIiHHS MOMepeIHhO 00p0o0IeHOT OeTaHIHOBMICHOT CHPOBHHU CTaHOBHTH 60
°C, mpu 1poMy 30epiraetbcs m0 95% Ocraniny. IluTomi BHTpaTH TEIUIOTH Ha
BUIIAPOBYBAaHHS BOJAM 3 PO3POOJIEHMX AHTUOKCHAAHTHHX POCIMHHHX KOMIIO3MIIH Ha
OCHOB1 OypsIKy 3 NOJaBaHHIM PEBCHIO 1 JUMOHa Ha 4...5% MEHII, HIX IS BUXITHUX
KOMITOHEHTIB.

BucHoBku. 3HaliieHO 3alleXHICTH BTpar OeTaHiHy B pPOCIHMHHIM CHUpOBHHI Bij
TeMIepaTypy MaTepiany Ta KOMIO3UIIIHHUX CKJIAJOBUX IiJ] 4ac ii MiJrOTOBKY O CYIIiHHS.
BcranoBieno, 1m0 Temwiora BUNAPOBYBAaHHA BOOM B JEIKUX  PO3pOOJIEHHX
QHTUOKCUJIAHTHUX POCIMHHHX KOMIIO3WIISIX MEHINA, HIK BHXIJHHX KOMIIOHEHTIB
CHpOBUHH. Pe3ynbraTH JOLIIBHO 3aCTOCOBYBAaTH IPH  PO3pOOII  MPOMHUCIOBUX
TEIUIOTEXHOJIOT1 BUPOOHUITBA (DYHKIIIOHAJIHHUX XapUOBUX IOPOIIKIB.

Karwou4osi cioBa: cywinns, 6ypsax, bemanin, menioma, UNApOSy8aAHHsL.
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HaykoBo-npakTH4Hi 0CHOBH NepepodKH KAPTOILTi HA Xap4YoBi NPOAYKTH

Amnaroniit Masyp
Benapycoruiil 0epoicasnuil azpapruti mexHiuHUll YHIgepcumem,
Mincwok, Pecnybnika benapyce

Beryn. Biacorok mepepoOku KapToluli Ha IIPOAOBONIBYI TOBapud Ha TEpUTOPIi
KoNuIIHboro Paasacskoro Coro3y 3HU3UBCA 10 1%, TOMl K y MesIKUX KpaiHax €Bporu Ta
CIIA uacrtka nepepoOku kaproruti craHoBUTE 60-80%. CyuacHi HayKOBi pO3pOOKH 10BN
€KOHOMIYHY JOLUIBHICTh IEPePOOKH KapTOIUIi Ha MPOAYKTH Xapu4yBaHHI.

Marepiann Tta metomu. JlochmiypkeHHS e(QEKTUBHOCTI TEXHOJOTIYHMX MpPOILECiB
nepepoOKH KapTOILT MpOBENEeHI y J1Ta0OpaTOpHHUX 1 MPOMHCIOBHX YMOBAaX BiJAKPHTOIO
akuioHepHoro ToBapuctBa «Mammumenpon» (Map'ina Topka, MiHcbka 0071acTh,
Binopycs). Bindip npo0, miaroroBka i mpoBeieHHsI BUIIPOOYBaHb BUKOHAHI 32 JOIMOMOTOI0
CTaHJAPTHHX 1 CIICI[iaIbHUX METOJIB aHaJi3y.

Pe3yabraTu i odroBopennsi. BuzHaueHi copT KapToILIi, NPUAATHI Uil BUPOOHUIITBA
CyXuX mope i uumciB. IX axmiMaTmsamis 3aGesmeuye MiHiMadbHHI BMIiCT IyKpiB, fKi
MO3UTHBHO BIUTMBAIOThH Ha SIKICTh TOTOBOI NponyKiii. JlociikeHHs moKa3aiy, 110 MpoIiec
MepeMilllyBaHHs KapToOILTl TIPH TEMIeparypax, ONM3bKHX [0 TeMIlepaTypu BapiHHSI, €
ONTHUMaJbHUM. PyilHYBaHHs KIIITHH Maibke He BinOyBaeThcs. [IHEBMAaTHUHI CyIIapKH JUis
CYIIIHHS BapeHoi KapTomul 3a0e3nedyyloTh BHCOKY SIKICTh HPOAYKIII 3aBASKH HHU3BKIiH
TeMIlepaTypi HarpiBaHHs 1 KOPOTKOMY KOHTakKTy ITOPOLIKOMOAIOHOTO MPOIYKTYy i3
CyIIMIGHUM areHToM. KiJbKICTh MOMIKOMKEHUX KIITHH Y TOTOBOMY IIPOAYKTI HE
nepepumnye 1,3-2,6%. BusHaueHi Ta HaykoBO OOIDYHTOBaHI ONTHMAalbHI PEXHMHU 1
mapaMeTpyd BHPOOHMIITBA YWIICIB, TPOLECIB 1X pi3aHHs], OJAHIIYBaHHS, 3HCBOIHCHHS,
CymiiHHS W OOCMakyBaHHS, SIKi 3a0e3NeuyloTh BHCOKY SIKICTh T'OTOBOi MPOJYKIII Ta
3HW)KEHHS 0Jii B IPOAYKTi 10 27,7%.

BucnoBku. JloBeneHo, mo Ipu BUPOOHUITBI YMIICIB 1 CyXHX IIOpE€ €KOHOMIYHO
BUTITHO BHKOpHcTOBYBaTH coptu Kapromuti Jlesipe, Temn, Cunre3. BupimansHumu
MpoLIeCaMy, [0 BH3HAYAIOTh KUIBKICTh 3pYWHOBAaHHMX KIITHH B TOTOBOMY IpPOAYKTI, €
3MILTyBaHHS 1 CyIIIKa.

Kutio4oBi cnoBa: xapmonas, uuncu, niope, CyuinHs.

CopOuiiini XapaKTepUCTUKHU NEKTHHY, BUIiTeHOro 3 0yJib0 ToniHaM0ypa
(Helianthus tuberosus L.)

Hemro Tomkos, Haiinen [emyes, Ciiika Ko3nymkosa
VYuisepcumem xapuosux mexnonoeiu, Iloeois, boneapis.

Beryn. Mera pocnipkeHHs - BUIJICHHS NMEKTHHY 3 Oynb0 TominamOypy (Helianthus
tuberosus L.) 1 anani3 fioro copOLiiHUX XapaKTEPUCTHUK.

Marepianu i metomu. JloCHiKEHHS MPOBOIWIOCS 3a 3MICTOM IEKTHHY 3 OyJbO0
ToriHaMOypa, BupouieHoro B bomrapii. Bmict momiypoHifiB BU3HaYEHO 3a JOMOMOTOO
Merony McCready. [lns aHamizy copOIIMHUX XapaKTEpHUCTHK IEKTHHIB BUKOPUCTAHO
CTaTUYHHUI TPaBIMETPUYHUI METOI.

Pe3yabraTu Ta odrosopenns. [lomicaxapuay Oy excTparoBaHi. BumineHi nekTuau
Oynu TIpoaHaNi30BaHi B HATypaJbHOMY BHPAKEHHI: OTPUMAaHi EKCIIEPUMEHTAIBHO
piBHOBaXkHI i30TepMu copOIIii, mo Hanexarts o Tuny Il B knacudikanii Brunauer. ITo Bciit
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JIOBXKHHI 130T€pMH MPOAEMOHCTPYBAJIU CTATUCTUYHO BH3HAYEHHI TicTepe3uc. AJEeKBaTHO
ormucytoth i3otepmu Mozeni Henderson i Chung-Pfost. Bmict mekTuHy B TphoX 3pa3zkax
TomiHaMOypa ckimamgae 14,8, 9,2 i 11,9%  BignoBigHo. MOHOMOJIEKYISIpHA BOJOTiCTh
MeKTUHY cknaznana 7,42 - 7,92%, BimnoBigHa ilf akTHBHICTh BOAM - B Mexax 0,14 - 0,16.

BucnoBku. Pesynbrat J0OCHIKEHb JOLIIBHO BUKOPHUCTOBYBATH IIPH PO3POOI
TEXHOJNOTi  BUPOOHMITBA  (QYHKUIOHAIPHUX  XapuOBUX  IHTPEIIEHTIB, B  SKHX
BHUKOPHCTOBYIOTBCS T€JI€yTBOPIOBAUi Ta CTa01Ii3aTOPH.

KurouoBi ciioBa: moninambyp, nexkmun, copoyis.

Hocainxenns B'A3KOCTI rigpoJiizoBaHoro
MOJIOKa He30MPAaHOro 3ryIeHOro 3 HyKpPoM

Onena Kaninina, Onexcannp Kosanenko, Onbra KopHinosa
Jlyeancovruii HayionanvHuti azpaprutl yuieepcumem, Jlyeancok, Yxpaina

Beryn. Y crarri po3poOiieHO TEXHOJOTiI0 HU3BKOIAKTO3HUX (TiApONi30BaHMX)
3TYIIEHUX KOHCEPBIB 3 I[yKpPOM, NMPU3HAUSHUX JJIS JIIOJIEH, 1HTOJIEPAaHTHUX 0 JIAKTO3H, a
TAKOX ISl INUPOKUX BEPCTB HACEIICHHSI.

Marepianu i metogu. PeonoriuHi moka3HUKHM BH3HayaiW Ha mpuiani Peorect - 2
METOZIOM BiCKO3MMETPIii.

PesyabraTt i o6roBopenHsi. B monepeaHix OCTiKEHHSX IOBEAEHO IOULIBHICTH
3aCTOCYBaHHSA (DepMEHTY [-TalakTO3Wmasu JUIs TiIpoNii3y JIAKTO3W MOJIOKa MpHU
BUPOOHMUTBI TiJPOJi30BaHMX MOJIOYHHX KOHCEPBIB 3 I[YKpPOM. Y 3B'S3Ky 3 THUM, IO B
MPOAYKTI 3HM)KEHO MAacoBy 4acTKy caxapodu 10 22 i 31 %, HpOAyKTH Maiu piIKy
KOHCHUCTEHIIII0, TOMY BHHHKJIA HEOOXIJHICTh MiJBUINEHHS B'S3KICHMX BIIACTUBOCTEH.
TexHoorist cripusie MiJBUIIEHHIO SKOCTI 3TYIIEHUX KOHCEPBIB 3 IYKPOM, €KOHOMII IyKpy
110 50 % 1 MOKpAIICHHIO TI€THYHUX BIACTHBOCTEH.

OpuH i3 croco0iB MiBUINEHHS B'S3KOCTI - [I€ BHECEHHs CTaOLTi3amiiHUX CHCTEM.
JloBeneHO MOIIBHICTE 3aCTOCYBaHHsS cTabimizamiiHoi cuctemu Bivicioc 1L. BusnaueHo
B'SI3KICTh Y MOJIOII HEe30UpaHOMY TiApOJIi30BaHOMY 3TYIICHOMY 3 ITykpoM. IIpencraBieHo
3aJIeKHOCTI B'SI3KOCTI TiJpONTi30BAHOTO MOJOKAa HE30MpaHOTO 3TYHIEHOTO Bij IIBHIKOCTI
nedopmarii.

BucnoBku. Bu3HaueHo ¥ OOIpYHTOBAaHO ITOKAa3HUKH B'S3KOCTI €KCHEPHUMEHTAIBHUX
3pa3KiB y CBIXKOBHPOOJIECHUX MPOJYKTaX 1 B Mpolieci 30epiraHHs.

KurouoBi ciioBa: monoxo, 6 sizkicms, 2ioponis, cmaoinizamop.

Brnuius kpoxmadnio ik riipokosioiny Ha (popMyBaHHS cTA0IIBLHOI eMyJILCiHHOI cHCTeMHU
B Xap4OBHUX NMPOAYKTAX

1 1oy 2
Okcana JIyroecbka , Bacuns Cunop ', Imiana Koctosa
1 - Hayionanvnuii ynigepcumem xapuosux mexwonociu, Kuis, Yxpaina

2 - Pycencoxuti ynisepcumem «Aneen Kanuesy, boneapis

Beryn. HeoOxifHO BH3HA4YMTH BIUTMB (Di3UKO-XIMIYHHMX BJIACTUBOCTEH HATHUBHUX 1
MOM(DiKOBAaHUX KPOXMAJIB Y MPOIEC] X BUKOPUCTAHHS B XapuOBUX NPOAYKTAX.
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Metomn pmocaimkeHnb. JlochipKyBaduch JBa 3pa3Kd  XapuOBHX EMYIbCIH 3
BUKOPHCTaHHIM KPOXMAaJiB Pi3HOI MPUPOJH MOXOMKEHHS — HATHBHUH 1 MOIU(IKOBaHUIA.
3a 70moMoror JadopaTOpHHX  BariB, O00’€MHMX IMNTIHAPIB BH3HAYABCS IPOLIEHT
BiJUIIJICHHS BOJAM TPU 3aMOPOKYBaHHI Ta PO3MOPOXYBAaHHI €MYIIbCii; BICKO3UMETPOM
Bpykodinpaa BumiproBaBcs TPHUPICT B’S3KOCTI  3aJIeKHO BiA 4yacy, TemrepaTypu Ta pH
PO3YHHY Xap4YOBOi eMYJIbCIi.

PesyabraTtu. Ilpym 3amopokyBaHHI Ta pPO3MOPOXKYBaHHI  €MYNIbCii 3 HATHBHHM
KpOXMaJieM YK€ B MepIIOMY UK BiIUTIJICHHS BOIU CKiaino 8%, B apyromy 1wk - 38%,
B TpeThoMy - 50%, Tomi K B eMyJbCii 3 MOAU(DIKOBAaHUM KpOXMaJieM He3HaYHE BiJIIICHHS
BOJIU TIOYMHAETHCS 3 YSTBEPTOrO UKIY, B I’ ATOMY LUK BiATIICHHS BOAX CTaHOBHTH 1%,
B moctomy - 3%.

VY kucnomy cepenoBuili pu pH=6,5 B’3KicTh eMyInbcii 3 MOM(]iKOBAaHUM KpOXMaJeM
30epira€Thes, a 3roloM 3pOCTA€ MPOTATOM OUIBIIOrO 4acy TMOPIBHAHO 3 EMYIIBCIEID 3
HAaTUBHUM KpOXMaJIeM, Ji¢ B’SI3KICTh Ha I0YaTKy TepMiHy 30epiraHHs 3pocrae, a HOTiM
3HUKYETHCS.

BucHoBku. BHKOpUCTaHHS HAaTHBHUX KPOXMAaJiB y BHPOOHHYMX IIpOIECaX MOXKE
MIPU3BECTH /10 OJOKYBaHHS pOOOTH TEI00OMIHHHMKIB. lle 00yMOBIIOE BUKOPHCTaHHS B
BHUPOOHHUIITBI MOJM(IKOBAHUX KPOXMAJIB, sKi MOEAYIOTH B €001 OJXHOYACHO JBA THITH
Momudikallii: crabiTizamiiHy 1 31IUBKY.

Knrouosi cnosa: kpoxmans, HamueHuil, MOOUPIKOSAHUL, 6 S3KICMb.

Enexrpodope3s xap4oBuX 01i€eBMiCHUX MiKpOKAancyI i3 :KeJJaTHH-NOJiyPOHATHUMH
00010HKAMH

Onnexciii baepne, Oxnpra Jlimosa, Jlapuca 3amopoxHs,
ITaBno Tarapos, Asia 3eHKOBUY
Texuiunuii ynieepcumem Monoosu, Kuwuney

Beryn. Metoro mociipkeHHsI € BU3HAYEHHS 3HaKa 3apsity OOOJOHOK MiKpOKarcCyll
(MK), 1110 MiCTATB OJTiiHY KOMITO3HIIiO, OIIHKA CTIMKOCTI MiKpOKAIICYJI Pi3HOT'O JiaMeTpa B
ENEKTPUIHOMY ITOJIi.

Marepianu i meTomu. Mikpokarcyiau OTpUMYBaJIM METOJOM CKJIQJHOI KoalepBarlii.
3anuIIKy eIeKTPOIIITIB BUAAISIIM JTiasli3oM abo enekrpoaianizoM. OUuIeHi MiKpoKarcyinu
mignaBanu enekrpodopesy mpu 100-400 B/m. IlomigucnepcHiCTh BH3HAYajid HOBUM,
PO3pOOJICHUM HAMH METOIOM.

PesynbraT. /[[piOHi Mikpokancyimu 3 OIJIKOBO-IIOJiyPOHATHUMHU OOOJOHKAMU
MEPEMINIYIOThCS Y TIpolieci enekrpodope3y Bix karona (-) mo anonaa (+). Mikpokancynu 3
niamerpoM > 35UM HaHOLIBII CXWJIBHI IO pyWHYBaHHS B HAaBKOJIOKATOAHOMY IIPOCTOPI,
3aJIMIIAI0YKMCH CTA0LTBHUMH 32 ITiBHMIIICHOI KMUCIOTHOCTI, 1[0 BUHUKAE Ha aHOII.

Bucnoskn. O6ononku GelAlg i GelHur marote HeratuBHHiA 3apsn. Enekrpodopes
MOXe OyTH BUKOPUCTAHHH JUIS IIJIECTIPSIMOBAHOI'O OTPUMaHHS KOAI[EPBATHIX MiKPOKAICYIl
HeoOXimHoro AiaMerpa. Bucoka cTabiibHICTh MIKPOKAICYNl Y HABKOJIOAHOAHOMY HPOCTOPI
(kucie cepemoBHINE) MIATBEP/XKYE OOIPYHTOBAHICTh iX BBEIEGHHA B KHCIOMOJOYHI
MIPOIYKTH.

KarouoBi cioBa: mikpoxancynu, oiceramun, aibeinam, 2iarypoHam, eieKmpooianis,
enexkmpogopes.
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BruiuB Boau, niaaanoi Aii KOHTAKTHOI HEPIBHOBAKHOI MJIa3M U, HA APLKIKI
Saccharomyces Cerevisiae

Cgitirana Mukonenko, /Imutpo CtenaHchKuit
I'anna Tumienko, Osekcanap ITiBoBapos
Jlninponempogcokuii nayionanonuil ynieepcumem imeni Onecs I'onuapa, Ykpaina
Jninponemposcvra meouuna akademiss MO3 Vkpainu, Yxpaina
Vxpaincoruii deporcagnuii ximixo-mexnonoeiunuil ynisepcumem, /[ninponempogcok, Yrkpaina

Berym. JonarkoBa 00poOKa BOJIH KOHTaKTHOIO HEepiBHOBa)KHOIO
HU3BKOTEMIIEPATYPHOIO  IUIa3MOI0  JIa€  3MOTY CYTTEBO  TIOKPAIlIUTH  CIIOXKUBYI
XapaKTepPUCTUKH XJi0onekapchkol Nponykiii. TeXHONOriYHO BaXKIMBUM € BH3HAYEHHS
BIUIMBY IUIa3MOXIMiYHO aKTUBOBAHOI BOJIM HA UYTJIHMBICTh, MOP(OJIOTiuHI, KyJbTYpaJIbHI Ta
(izionoriyHi BIacTUBOCTI APIXkIDKIB Saccharomyces cerevisiae.

Marepianu i meromu. ExcrniepuMmeHTanbHI JOCTIIUKEHHS BHKOHAaHO B YMOBax
OakTepionoriyHoi J1laboparopii HUIIXOM IPOBEIEHHS IOCIBIB KYIbTYpU IpixmkiB TM
«JIpBiBChKI» 1 «KpUBOPI3bKi» Ha piJKi Ta HIJIbHI OXKBHI cepenoBuma Calypo. Kinbkicth
KHUTTE3JATHUX KIITHH MIKpOOPraHi3MiB BU3HAYallaCh METOJIOM CEKTOpHHX IociBiB Gould.
Moponoris ApXIKIB AOCHTIHKEHa NUIIXOM (a30BO-KOHTPACTHOI Mikpockorii. bioxiMivHi
BJIACTHBOCTI JIPIXK/IXKIB BCTAHOBJICH] Ha cepenoBuiiax ['icca.

Pesyabratu. Bu3HaueHo BIUTMB BOIM, WiJAaHOI Jii KOHTAaKTHOI HEpiBHOBA)KHOI
IUIa3MH, Ha 4YyTJIMBICTH JpDKMIKIB Saccharomyces cerevisiae 1 JOBeNeHO BiJCYTHICTh
MPUTHIYYBaJIbHOI i MiJArOTOBJIEHOI BOXM CTOCOBHO KYJBTYPQJIBHHX BIIACTUBOCTEH
MiKkpoopraHiamiB.  ExcriepuMeHTaqbHO  IMIATBEpIXKEHO, IO TNpPU  3aCTOCYBaHHI
TUIa3MOXIMIYHO aKTUBOBAHOI BOAM 30epiraroTbcsi MopdosioriuHi o3Haku W OioxiMiuHi
BJIACTHBOCTI XJIiOOMEeKapchkuX ApiKMKIB BUpoOHMITBa JIbBiBchKOro 1 KpuBOpizbkoro
JIPDKDKOBUX 3aBOJIB. BupornnyBaHHs ApixmKiB Saccharomyces cerevisiae Ha MOKUBHHX
cepeloBUINAX, NPHUIOTOBAaHMX 3 BUKOpPHCTaHHsIM Bomu, mimmanoi nii KHII, Bukimkae
301IBIIEHHST KUTBKOCTI JKUTTE3IATHUX MIKpOOpraHizMiB y 6,5-15 pa3iB mopiBHSIHO 3
KOHTPOJIEM Ha MariCTpabHIN MUTHIA BOJI.

BucnoBku. IlokpameHo ¢i3ionoriydi  BJIACTHUBOCTI  JIpiKMKIB  Saccharomyces
cerevisiae 3a paXxyHOK 3aCTOCYBaHHS JIOJAaTKOBOi OOpPOOKH BOAM, MiAMaHOI dii KOHTAKTHOT
HEepIBHOBaXXHOI IUIa3MU. Pe3ynbraTd AOCITIKEHb PEKOMEHIOBaHI /sl 3aCTOCYBaHHS B
JIPIXKOBOMY Ta XJI1100MeKapcbKOMY BUPOOHUIITBAX.

KurouoBi cioBa: dpioicooici, niasma, 600a, Mopghonozis.

TexHoJIOTiYHI OCHOBHU Nepepo0KN TOMATHUX BUYABOK Y KOPMOBI 100aBKH

Bornan €ropos, Iimona Manaki
Oodecvra HAYIOHAIbHA AKAOeMisl Xapyosux mexnonozitl, Yrpaina

Beryn. Tlomryk HOBMX BUIIB HETPAAMIIHHOI CHUPOBMHHM JUisi  3a0e€3IeYeHHs
e(peKTHBHOTO PO3BUTKY T'ay3i NTaXiBHUIITBA Ta MpoOIeMa yTUIi3allii BiAXOIiB KOHCEPBHOI
MIPOMUCIIOBOCTI OOYMOBWIJIM HEOOXIIHICTH PO3POOKH CIoco0y mepepoOKd TOMaTHHX
BUYaBOK Y KOPMOBI JI00aBKH.

Marepianu i meromm. BinOip mnpo0, miaroroBKy i IpoBeneHHS BHUIIPOOYBaHb
MPOBO/IMIIA  3aTaJIbHONPUHHATHMHU 1 CIEliaJbHUMH OPraHOJNENTUYHUMU Ta (Di3HKO-
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TEXHOJIOTIYHUMH METOJaMHU OIIHKM ¥ aHali3y BJIACTHBOCTEH CHUPOBHHU 1 TOTOBOL
MIPOAYKIIII.

Pesyabratn i o6roBopennsi. BBeieHHS TOMAaTHHUX BHYABOK [0 CKJIAIy KOPMOBOI
J00aBKM 3MEHIITYe BUTPATH Ha 3aKYNKy CHPOBHUHH Ta BUTPATH, MOB’si3aHi 31 3BOJIOKEHHIM
CyMillli Tepen eKCTPYJyBaHHSIM, a BBEISHHS KpeHan KOpMOBOi Ja€ 3MOTY BHPIIIUTH
npobyieMy KajbllieBoro aucOanaHcy B Kypei-Hecydok. BcraHOBIIEHO, IO MPOBEIEHHS
TIPOLIECY EKCTPYAYBaHHs MOKpammio (i3uyHi BIACTUBOCTI KOPMOBOI TOOaBKH Ta JOBEJIO
MOXIIUBICTh ii BHKOPHUCTaHHS SIK KOMIIOHEHTa KOMOIKOpMY: MacoBa 4YacTKa BOJIOTH
3MmeHmmwiIack Ha 34,5 %, Kyr npupojHoro ykocy 30umbmmBcs Ha 11,4 %, cumkicts
sMenmuiack Ha 39,7 %, a 06’ eMHa Maca 3MeHImIachk Ha 32,3 %.

BucnoBkn. OTtpuMaHa KOpMoOBa J100aBKa HaJa€ MOXJIMBICTh BUPINIUTH TPOOIEMY
PO3LIMPEHHSI aCOPTHUMEHTY CHPOBWHM, YTWIi3amii BiIXOMIB, KalbLI€BOro aucOalaHCy y
Kypei-HeCcy4oK i 3MEHIINTH BUTPATH Ha BUPOOHHUIITBO KOMOIKOPMIB.

KurouoBi ciioBa: 6ioxoou, momam , nepepodxa, excmpyoyeantsl, 000a6Ka.

MiKpoCTpPYKTYPHI XapaKTepUCTHKH M’SICHUX MOCiYeHUX BUPOOIB i3 BUKOPUCTAHHAM
0i1KOBO-MiHepaJIbHOI 100aBKH

Muxosa I'onosko, Makcum Cepik, TersHa 'onoko, Banentun [lonymnan
Xapxiecokuil 0epacaHuil YHIGepCUMem XapyyeaHHs ma mopeieni, Yxpaina

Beryn. Ilopymienns 6anaHcy MiHEpaJIbHUX PEYOBHH HPOSBISETHCSA Y M’ SICONIPOIYKTAX,
110 3HAYHO OaraTiii 3a BMicToM ¢ochopy, HiXK Kambiliro. [leperik KanapiieBMiCHUX T00aBOK
1 TEXHOJIOTIH M’SICONPOMYKTIB 3 X BUKOPUCTAHHSIM € 0OMekeHHM. MeTol0 TOCHiKEHHS €
BUBYEHHs W HayKoBe OOIPYHTYBaHHs BIUIMBY 100aBKH OinkoBo-MiHepasbHOi (JIBM) Ha
TEXHOJIOTI4HI 1 MIKPOCTPYKTYPHI BIIACTUBOCTI M’SICHUX ITOCIY€HHX BUPOOIB.

Metomu mociimxkeHb. J[OCTiIKEHHS BOJIOrO- Ta XHPOyTpuMyrouoi 3aatHocti (BY3,
KV3) 3pa3kiB npoBezieHi rpaBiMETPUYHUM 1 pepaKTOMETPUUHIM MeTonamHu. ['icTo3pizu
BUTOTOBJISUTM Ha CAaHHOMY MIKpOTOMi 3 ToaajibliuM (papOyBaHHSIM TI'€MaTOKCHIIIHOM Ta
€03UHOM 1 32 MaJutopi.

Pesyabratn. CTBOPEHO TEXHOJOTII0 M’SICHUX MOCIYEHHX BHUPOOIB 0370pPOBUOTO
npu3HaueHHs 3 BUKopucTaHHsM JIBM, mo € HocieM 0i0OpraHi4HOrO KaJbIilo.
PamionanpauM € momaBanHs JIBM y BUIJISAI HOPOIIKY Yy KimbKocTi 7,5 % 10 ckiamy
M’sICHUX crucTeM. [1iIBUILIeHHs] TEXHOJIOT1YHHUX ITOKa3HHUKIB M SICHUX (hapllliB IIPH BHECEHHI
nmobaBku, 30kpeMa BY3 Ta XKVY3, ckinagae 6mm3pko 5 ta 10 % BimnosigHo. 'icTonoriuni
JOCHi/pKeHHsT Tokaszanu, mo JIBM chpuse 30epexeHHIO M SICHOTO COKYy Ta
CapKOoIUIa3MaTHYHUX OUTKIB Y M SICHUX CUCTEMaX IIiJ] 4Yac TEIIOBOi 0OpOOKH.

BucnoBku. /[BM 1o3uTHBHO BIUIMBa€E Ha BOJOTOYTPHMYIOUI BIACTHBOCTI M’SICHHX
(bap1riB i BUXiJl TOTOBOTO MPOAYKTY.

KurouoBi ciioBa: xanwsyiii, 006aexa, 60102036 513y8aHHs, MIKPOCMPYKMYPA.
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BwmicT iiony B coycax emyabciifHOro Tumy

Mromik bakipos, Mukona I'onoBko, Makcum Cepik, TetstHa [onoko.
Xapxiscokuil OepoicasHull yHieepcumem xapuyeanms ma mopeieli, Ykpaina

Beryn. Bpak mnpupomHHX pecypciB BHKIMKAa€ HEOOXIAHICTh MOUIYKY JOJATKOBHX
JoKepen OUIKIB, JKHMpPIB, BYIVICBOMIB Ta X KOMIUIEKCIB 3 Ne(IIUTHUMH MiHEpaJIbHUMH
CHOJNYKaMH, TOMY aKTyaJbHUM TIMTaHHSIM € 30araueHHs palioHiB XapyyBaHHs
JNeQimUTHUMH CHONYKaMH HOAY IUIIXOM PO3POOKM ¥ OCTIKEHHS HOBUX IPOAYKTIB
Xap4yBaHHSI.

Marepianu i metomu. J{ocnmipkeHHsT BMiCTy HOIy B coycaxX €MYNbCIHHOTO TUITYy Ha
BCIX eTamax MPOBOJAWIIN 32 JOIIOMOTOI0 PEHTTeHO]IyOopeceHTHOro aHaizaTopa «Elvaxy.
Merox peHTreHO(IYyOpPECIeHTHOrO aHaji3y Iojsirac€ y BHHHUKHEHHI XapaKTepHOTO
PEHTTCHIBCHKOTO BUIIPOMIHIOBAHHS aTOMIB XIMIUYHOTO €JIEMEHTAa MpPU BIUIMBI Ha HHUX
HIEPBUHHOTO PEHTTE€HIBCHKOTO OMPOMIHEHHSI.

PesyabraTu. BuszHaueno oprasiuyni i HeopraniuHi (opMu Homy y cKiali IPOIYKTIB
XapuyBaHHs, 3arajbHi BTpaTh Homy B coycax IIiCHsi HPUTOTYBaHHS i 30epiraHHs mnpu
temrepatypi +5 ... +10 ° C nporsirom 30 1i6. BukopucroByrouun 106aBky 1#o10011K0BY (Bif
0,5 ... 2,5 % , 3 macoro Hoxny Bix 0,01 %), mokHa 3abe3neuntu Big 15 mo 50 % mobosoi
notpedu Hony mis moauHd. OTpUMaHHUN MPOAYKT HE BTPAda€e CBOIX OPraHOJENTHYHHX,
(i3UKO-XIMIYHUX, CIIOKMBYMX XapaKTEPUCTUK 1 BIJIOBiJla€ BUMOraM HOPMAaTHBHHUX
JIOKYMEHTIB.

BusiBrieno, mo noJaBaHHS A0 CKJIaqy MalioHe3y HOmoBaHOi XapuoBoi J00aBKU He
YHUHUTh HETATHBHOTO BIUITMBY Ha (Pi3UKO-XIMIUHI XapaKTEPUCTUKU COYCIB, a 32 PaXyHOK
crabinizaniiiHoro edexry m00aBKU HOMOOLIKOBOI CTIHKICTh eMyJbCii miABUIIYETHCS 10 98
- 100 % 6e3 momaTKOBUX Xap4YOBUX JOOABOK (EMYJIBIaTOPIB).

JlobaBka mpoiinuia psig BUNPOOYBaHb, sKi JOBOMATH ii BIAMOBIAHICTP BHUMOTaM,
BU3HAYEHUM Y HOPMATHBHO-TEXHIUHIH JOKyMeEHTAIli.

BucHoBKkH. 3anpornoHOBaHNi METOIUYHHUNA X1 Ja€ 3MOTY OLIHUTH PiBEHb BMICTY
OpraHivyHOro i HEOpPraHiyHOro iojay, OULTBII JETANBHO ONMUCATH i MPAaBUIBHO TPAKTYBAaTH
0COOJIMBOCTI XIMIYHOIO CKJIaay MPOAYKTIB XapuyBaHHsS, 30aradeHuX MHOMOM, a TaKOX
MIPOTHO3YBATH iXHI 03/I0POBYi BIACTUBOCTI.

Kurouogi citoBa: 100, 6inox, coyc, emyavcis.

Busnauyennsi ymoB 30epiranasi HOBUX O0iCKBITIB 3a i30TepMamu copOuii

lanuna droxapesa, Anapiii [1ak, Auna ['acanoBa
Xapxiscokuil OepoicasHull yHieepcumem xapuyeanms ma mopeieli, Ykpaina

Beryn. s migBuIneHHs SIKOCTI OICKBITIB BUKOPUCTAHO NMPHPOAHUE HOCIH Homy Ta
mijconomkyBayu i3 creBii. J[OMiHYIOUMM MpoLeCOM, IO BU3HAYa€ TEPMiH 30epiraHHs
OickBiTIB, € aecopOuis Bojoru. BuzHaueHO ymMoBM 30epiraHHs po3poOJEHUX OICKBITIB
JIOCHI/DKEHHSIM  130TepM  iX copOwii # KIHETUKH JIOCSATHEHHS HHUMH PiBHOBa)KHOTO
BOJIOTOBMICTY.

Marepianu i meTogu. O0’€KTH JOCIIPKECHHS: HOBI pO3pO0JIcHI OiCKBITH «3710pOB’s1»
(30arauenwuii fomom Ta i3 3amiHor0 50% Iykpy creBio3umoMm), «Jlerkuit» (i3 3amiHo0 75%
PELEnTYypHOro I[yKPy Ha CTEBIO3W 1 JOMATKOBO 30arayeHuil MIICHWYHUMU BUCIBKaMU),
«30arayeHuid» (MICTUTh €JIaMiH, SIKUH € IPUPOIHUM JKepesioM iony). KoHTposs — OicKBiT,
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OTpUMaHUi 3a TpajWLIWHOI penenTypoto. s BuBUeHHs copOLii Ta pPiBHOBaKHOTO
BOJIOTOBMICTY BHMKOPHCTOBYBA&JM TEH30METPHUYHHMIA MeTOA. 3a i30TepMamH copOuii
BU3HaueHi audepeHuianbHol QyHKOii po3noxity mop 3a panmiycamu, sKi Oynmu mignaHi
arpOKCUMAIIi].

PesynbraTi. 3pa3ku po3po0iieHUX OICKBITIB Yy Jiama3oHi BIIHOCHOI BOJIOTOCTI MOBITPs
(BBII) Bix 10 mo 75...80% mnepeOyBaroTh B 00JaCTi MOHO- Ta MOJIIMOJNIEKYIAPHOI COpOIIii.
KoHTponbHuit 3pa3ok Mae MEHII YiTKO BUPa)XXeHY IUISHKY MOHOMOJIEKYISIpHOI copOii (Bix
10 no 20%) Ta KOpOTHIMI [iala3oH BOJIOTOCTI, SIKMH BIiJNOBIga€ IOMIMOJIEKYJISPHIN
copbuii (Bim 20 mo 65...70%). Ilpu 30impmenni BBIT mns Bcix 3paskiB (75...80%)
BiIOYBAE€THCSl TIOTJIMHAHHS BOJIOTM MIKpOKamiispaMu Ta HaOyxaHHs. JlocmimkeHHs
nudepeHIianbHoi QYHKINT pPO3MOALTY IMOp 3a paaiycaMd IOKa3aji, IO BiTHOIICHHS
CepeHBOr0 pajiyca MOp M0 HaWOLIBII IMOBIpHOTO AJis OiCKBiTa «3I0pOB’S» IOPIBHIOE
5,73; mns Oickeita «Jlerkuit» — 2,98; mist OickpiTa «30araucHui» — 4,91; 111 KOHTPOITIO —
3,88.

BucnoBku. Po3po6iieni GiCKBiTH JOIIIEHO 30epiraTi B KapTOHHIH Tapi 3 MoJiMepHUM
nokputTsM, sikio BBIT ne Oinmbime 75%, a Takox y mapoHENpoHHKHIN Tapi, sikmo BBIT
BUINA 32 BKa3aHy.

KurouoBi ciioBa: 6icksim, copbyis, nopu, eiamitn, cmegiosuo.

BioTrexHonoris, Mikpobionoris

InTencudikanisa cuaTE3y MiKpOOHOI0 eK30M0JIicaXapuay eTanoaaHy
3a yMo0B pocty Acinetobacter sp. IMB B-7005 Ha coHSIIHUKOBIM oJii

Muxkona IBaxuiok, TetsiHa [Tupor
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Mikpo6Hi ex3onomnicaxapuau (EIIC) 3aBasku 31aTHOCTI iXHIX PO3YMHIB 110
3MIHEHHS PEOJIOTIYHUX XapaKTEePUCTUK BOJHUX CHCTEM IIUPOKO 3aCTOCOBYIOTHCS Y Pi3HUX
rany3six MpOMHCIOBOCTI. OCTaHHIMHA POKaMH aKTHUBI3YBAJIUCS JOCIIKCHHS, IOB’sI3aHi 3
BHUKOPUCTAHHSM MPOMHUCIOBHX BiJXOMIB JJIS OACPXAHHA MPAKTUYHO IIHHHX MiKpOOHHX
MeTaboIiTIB, B TOMY YHCII i OJ1i€BMiCHHX.

Metomu nociaimkenb. Kynstusysanus Acinetobacter sp. IMB B-7005 3mificHioBam
Ha PiIKOMY CEPEIOBHIIN, 10 MICTHIO SK JPKEPENIO BYIJICIIO COHANIHUKOBY omiro (1-5 %,
00’eMHa 4acTKa), a30Ty — HiTpat amoHito (0,4—0,8 /1), maHnToTeHary — MyJbTHBITAMIHHHNA
komiuieke «Komruiesim» (0,00085 1 0,00095 %). Konnentpamiro EIIC Bu3Ha4Yamu BaroBum
METOJIOM Ticisl oca/pkeHHs1 i3ompornanHoioM, EIIC-cuHTe3yBanbHy 37aTHICTH — SIK
BigHomeHHs koHuneHrtpauii EIIC no konueHrtpamii Oiomacu ta Bupaxamu y r EIIC/T
GiomacH.

Pesynbratn i oOroBopeHHs. BcraHOBJGHO, 110 30UIBIICHHS KOHIICHTpAI|
COHSIITHUKOBOI Oii y 6a30BOMY cepeloBHII KylbTHBYBaHHS Acinetobacter sp. IMB B-
7005 mo 4-5 % cympoBOMKYBAOCA 3HIDKCHHSIM IIOKA3HUKIB CHHTE3y €TaIloNaHy
MOPIBHAHO 3 TAKMMU Ha CEPEIOBUII 3 HIKUOI0 (2—3 %) KoHIeHTpaIlliero cyocTpaty. [Ipore
MiIBUIIEHHST BMICTy HiTpary amonito no 0,6 r/m i/abo KOHIEeHTpalii maHTOTeHaTy a0
0,00095 % nano 3Mory 30LIBIIMTH KiJIbKICTh €TarojiaHy, CHHTE30BAHOI'O Ha CEPEIOBHII 3
5 % COHAIIHUKOBOI oii, 10 6,6—6,7 /i, mo B 1,3—1,4 pa3a BuIile, HiXK Ha 0a30BOMY
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CEpEIOBUINI 3 TAKOK JK KOHIIEHTpaIliero cyocrpary, ane Hmwkdoro NHyNO; (0,4 r/m) i
nanToreHaty (0,00085 %).

BucnoBok. Oznepxani pe3yabTaTH HiATBEPAKYIOTh MOXKIIUBICTh CHHTE3Y MiKpPOOHOTO
moJTicaxapuy eTarojiaHy 3a YMOB pocty Acinetobacter sp. IMB B-7005 Ha cepenoBuiii 3
IiJIBUIICHUM BMIiCTOM COHSIIHHMKOBOI oiii. Ili maHi € OCHOBOW IS pO3POOKH TEXHOJIOTiT
eTarnoyiaHy 3 BUKOPUCTaHHSM SIK CyOCTpaTy BiANpanboBaHoi (TlepecMaxKeHoi) otii.

Karwouosi ciioBa: exzononicaxapuo, 6iocunmes, COHAUWHUK, Oisl, KYIbMUBYSAHHSL.

Mpouecu i obnagHaHHA Xap4oBUX BUPOOGHMLUTB

Bu3HavyeHHs1 eHEProBUTPAT HA PO3TiH BeeHOI MACH i3 CHHYCOITaJIbHUM
NPUCKOPEHHSIM i CHHTE3 MeXaHi3My NPUBOLY

Bonoaumup ITinnyoHnii, Bomogumup KpusopoTrbko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. TeoperwuHi po3poOKH CTOCYBAJIMCS BH3HAUCHHS CHEPTCTUYHHMX BHUTpAT Ha
MepexiIHMi MpoIleC pPO3rOHY BEAEHOI Mach NPUCTPOIB XapyOBHX BHPOOHHILTB 3
ypaxyBaHHsIM pyIIiHHUX GaKkTopiB i (haKkTOpiB OMOpYy.

Marepianu i meromu. MaremMaTMyHMH ONKC TaKUX MPOLECIB 3[ifiCHIOBaBCS 3
BHUKOPHUCTAaHHAM 3akoHiB HbroToHa, mpunnumny J['Anamoepa, 3arajbHUX TEOpEM JAUHAMIKH 1
S€HEePreTHYHUX CITiBBIHOIICHD, & TAKOX MIPHHITUITY HE3aJISKHOCTI il CHIL.

PesynbraTi. JloBeneHo, o mepepara pymniiHAX CHI HaJ CHIIAMHU OMOPY MPU3BOAUTH
JI0 CKOPOYEHHS 4Yacy mepeliry mepeximHuX MpOIeCiB, OJHAK CHEPreTUYHI BUTPATH IPH
LILOMY 3JIMIIAIOTHCS CTa0lIi30BAHUMHY Ha PiBHI KIHETHYHOI €Heprii Mach CUCTEMU.

BucHoBkn. OtTpuMaHi MaTeMaTUYHI MOJEII IMOKa3allkd, IO MOTY)KHOCTI, SKi
PO3BHBAIOTBCS PYIIIHHUMHU CHJIaMH 31 CKOpPOYEHHSM 4Yacy IepexiJHUX MpOIECiB,
3pOCTalOTh, SK 1 JWHAMIYHI HABAHTA)KCHHSA C€JIEMCHTIB CHCTEMH. Bce 1e¢ HEoOXimHO
BpaxoOBYBaTH IPH IH)KCHEPHUX pPO3paXyHKaxX 1 KOHCTPYIOBaHHI IPHUBOMIB IPHUCTPOIB
XapYOBUX BUPOOHUIITB.

KarwouoBi caoBa: cuna, inepyis, Kinemamuxa, pywinHuil gaxmop, eHnepeis,
eHep208Uumpamu.

TeopeTHuHi aceKTH MATEMATUYHOT 0 MOJIETIOBAHHS Tedil HEHLIOTOHIBCHLKMX PiMH
Y Xap4yoOBHX TE€XHOJIOTisIX

Enyapn Binerpkuii', Onena ITerpenko’, Jimutpo CeMeHOK
1 — Xapxiecokuii mopeoso-exonomiunuii incmumym Kuiscvkoeo nayionanvsnoeo
MOop2080-eKOHOMIUHO20 YHigepcumemy, Yipaina,
2 — Xapkiscokuil Oeporcagnull yHigepcumem Xapyy8anHts ma mopeieni, Ykpaina

BCTyl'l. POSFJ'IHHyTO IIMTaHHA MAaTCMAaTHYHOI'0O MOJCIHOBaAHHSA B’ SI3KOIIJIACTHYHOL

MO3/IOBXKHBOI Ta TMONEPEYHOi Tedii HEHBIOTOHIBCHKMX MarepialiB Yy IUIACKOMY W
MPSIMOKYTHOMY KaHaJlaX Xap4oBOro 00JIaIHAHHSI.
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Marepiann i metomu. Brepmie BHKOPHCTAHO METOA CYHEPHO3UIIT  IIIIXOM
BUpPa)XCHHSI KOMIIOHEHTIB TEH30pa HANPYXXEHHsI Yepe3 €JJMHUI KOMITIOHEHT, KUl 103BOJISIE
noOyMyBaTH oISt Tedii OLIBIIOT pO3MIPHOCTI 3 MOMNIB Tedii MEHIIOl pO3MIPHOCTI 3 Pi3HUMHU
TpPaHUYHUMH YMOBaMHU Ta 31 3MiHOIO apaMeTpPiB PEOJOTiYHOTO CTaHy BiJl THCKY.

PesynbraTn. HaBeneHO TEOpPETHYHI METONM MOJICTIOBAHHSA TeYil HEHBIOTOHIBCHKHX
piAvH y KaHajax pi3HOI TeoMeTpii 3 pyXOMHMH IPaHUIISIMH Ta TIepPena oM THCKY Ha KIHIISX
KaHaly 3 ypaxyBaHHAM (YHKIIOHAIbHHX 3B'S3KIB Mi)K OCHOBHUMH NapaMeTpaMH IPOLECY
HAa IiJICTaBl BUKOPUCTAHHSA METOMYy cymepro3uilii. [TokaszaHo, o MO3M0BKHI i MOMepeyHi
Teuil 3BOAATHCSA JO CYKYITHOCTI OJMHOTHUIIHHX OJHOMIPHHX TO3JOBXKHIX Teuil, sKi Jar0Th
3MOTy OITUCYBATH TPUBUMIpPHI 130T€pMidHi Tedii B MPSIMOKYTHOMY Ta JIBOMIpHI B IIACKOMY
KaHaJlaX 3 PI3HAM BIJHOIIEHHSM CTOpiH KaHaimy. Tedii B KaHalaX XapaKTepH3YIOThCS
BEIMYMHAMU IIBUIKOCTI 1 TUCKY B KOXHIM Touli AinsHKH Tewii. OTpuMaHi TeopeTHdHi
TPUBUMIpHI ¥ TBOMipHI Mozeni B’SI3KMX Tedill y KaHaitax 0a30BOi reoMeTpii JT03BOJSIOTH
JIOCIIJDKYBaTH  OCHOBHI ~ 3aKOHOMIpDHOCTI ~ TIpPOIECYy Ta BCTAHOBUTH  ONTHMAJIbHI
MaKpOKIHETHYHI i MaKpOJAWHAMIYHI XapaKTEPUCTHKHU Te4ii HEHbTOHIBCHKUX MaTepiaiB.

BucnoBkn. Po3poOieHi TeopeTnyHO OOIpYHTOBaHI TpPUBUMIpHI Mojeni Teuii
HEHBIOTOHIBCHKUX PIIMH y KaHaJaX Aal0Th 3MOTY TPOBOJUTH SIKICHO HOBE MPOEKTYBaHHS
TEXHOJIOTIYHOI'O ~ OOJIaJHAHHS XapyoBOI IPOMHCIOBOCTI y HAmpsMKY 3HWKEHHS
€HEePrOBUTPAT 1 MATEPIAIOEMHOCTI.

KurouoBi ciioBa: meuis, Henblomoniecvka piouna, Kanai, peoiozis, MOOe08aAHHS.

OuulIeHHS MOJeJBbHUX PO3YMHIB CTIYHUX BOJ MOJIOYHUX HMiANPHEMCTB
HaHo(iIbTpaLiclo i 3BOPOTHUM 0CMOCOM

IBanna Kupnuyk, IOpiit 3mieBcbkuii, Banepiii Muponuyk
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. Ha mignpuemcTBax MOJIIOYHOT MPOMHUCIIOBOCTI YTBOPIOETHCS BEJIMKA KUIBKICTh
CTIYHHMX BOJI 3 BHCOKOIO KOHIICHTpAII€}0 OpraHiyHHUX 3a0pyaHeHb. [lepcrieKTHBHUM JUIst
OYMIIECHHS CTIYHHX BOJ € 3aCTOCYBaHHS MEMOpaHHUX TEXHOJOTIH, W0 JaloTh 3MOTY
OJTHOYACHO BHJIYYWTHU I[iHHI KOMIIOHEHTH MOJIOKA 31 CTOKIB Ta OTPHUMAaTH BOIY, NPHIATHY
JUISI TOBTOPHOTO BUKOPHCTAHHSI.

Marepianu i metoau. JlociikeHHs POBOIMIKCS HA YCTAHOBII HEMPOTOYHOTO THUITY
3 BukopucTanHsiM HaHodinbrpaniiinnx OIIMH-IT (3AT «Bnaaimop», Pocist) i 3BopoTHO
ocmornuHux MemoOpan HanoPo (3AT «PM Hanotex», Pocist). BukopucroByBanu MojienbHi
PO3YHMHU CTIYHHX BOJ| MOJOKONEPEPOOHHX MIiANPUEMCTB — pO30aBICHE 3HEKUpPEHE i
LIUIbHE MOJIOKO.

PesyabraTu. B nporeci KOHIIEHTpYBaHHS MOJIEIBHUX PO3YHMHIB CTIYHUX BOJ MUTOMa
MPOAYKTUBHICTh HAHOQUIBTPAI[IHUX 1 3BOPOTHO OCMOTHYHHUX MeMOpaH Oyia MpakTUIHO
onHakoBoto. [IpuumHOIO 1BOro Moryio OyTu 3a0pyAHEHHS IIOBEpPXHI MeMOpaH
KOMITOHEHTaMH CcTiuHMX BojA. OTpuMaHi iHAeKcH 3a0pyAHEHHS TMOKa3ajiW CTYIIiHb
3a0pyaHEHHS MeMOpaH, SIKMHA Uil 3BOPOTHO OCMOTHYHUX MeMOpaH OyB Oinbimii. 3a
JIOTIOMOT'OF0 3BOPOTHOTO OCMOCY OTPHMaHO IepMeaT Kpalloi SKOCTi, 0 MOXKE HOBTOPHO
BUKOPHCTOBYBATHCS JIJIsl TEXHIYHUX Litel mianmpuemctsa. [lepmear micis HaHO(iBTpaii 3
BMicToM Jakto3u a0 0,4 r/m i miHepanpHux pedoBuH 0,75 1/1 MOXe CKHAaTHCS B
KaHaji3aliro abo Ticlsid JOOYMINEHHS (HANPHUKIAL, 3BOPOTHHM OCMOCOM  TOIIIO)
BUKOPHCTOBYBaTHCSl SK TEXHIYHa Bojxa. HaHo(inbTpaliifHWiA 1 3BOPOTHO OCMOTHYHHIA
KOHLIEHTPAT, SIKUH 32 XIMIYHUM CKJIQJIOM BiJITIOBiIa€ MOJIOKY, MOXKE€ BUKOPHCTOBYBATHCS
JUTSL HEXapUOBHX IiJICH a00 BIATOMIBII TBAPHH.
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BucnoBkn. 3BOPOTHO OCMOTHYHI Ta HaHODIIBTpaUiiiHi MeMOpPaHH MOXYTh
BUKOPHCTOBYBATHCS JIJIsl KOHLIEHTPYBAHHS CTIYHUX BOJ MOJIOKONEPEPOOHHX MiANPHEMCTB
NpU HU3BKOMY THUCKY. [IOpiBHSHO 3 paHille IOCHiPKyBaHUMH MeMOpaHaMH 3BOPOTHO
OCMOTHYHI Ta HaHODIIbTpaUiliHi MeMOpaHM MalOTh Kpanly HpPOJYKTHUBHICTh 1
PO3ILTIOBANIBHI BIIACTHBOCTI

KurouoBi ciioBa: mosnoxo, cmiuni 600u, po3uun, HAaHOPLILMPAYisl, OCMOC.

Bbe3neka XUTTERIANbHOCTI
InanyBanus JikBizauii HacaiAKIiB HAA3BUYANHUX CUTYyalii

Cepriii KoBanenko, Anina Cipuk, IBanna Biacrok
Hayionanvuuii ynieepcumem xapuosux mexuonociu, Kuis

Beryn. OOcsr kopucHoi iH(opMaliii B mpolleci IUIaHYBaHHS JIIKBimaIlii HACIiIKIB
Ha/J3BUYAalHUX CHUTYyallill JOIJIFHO OIIHIOBAaTH 13 3aCTOCYBaHHsIM iH(OpMAIiHUX
PO3paxyHKOBHUX 3aJa4 i MaTeMaTHYHUX MOJIEJIeH.

Marepiann i meromm. Jns po3paxyHKy KUTBKICHOrO 3HAa4€HHS HWMOBIPHOCTI
BU3HAYEHHS ONTHMAJBHOIO BapiaHTa pIlIeHHS [0 HaaXO/PKeHHs iHpopMamii mpo
CTaHOBUIILIE BUKOPHCTOBYBABCSI METOJ OIIMTYBAHHS €KCIIEPTIB.

PesyabraTu. BusHaueHo, 1110 SKIiCTh PillIEHHS [PH JIIKBiaIii HACTIIKIB HaI3BUYaHHNX
CUTYallill 3aJIe)KHUTh MEePeAyCiM BiJl KIJIbKOCTI (pakTOpiB, IO BPaXOBYIOTHCS MiJ 4Yac HOro
BU3HAYEHHS B KOHKPETHUX YMOBaX, piBHs iH(opMamiitHOT TOTOBHOCTI OpTraHiB YIIPaBIiHHS
JI0 IPUHHSATTS PillIeHHs O[O0 JIKBiAAIil HACTIKIB Ha3BUUAHUX CUTYallill y HAMKOPOTIIi
TEpMiHH 3 HEOOXIAHICTIO PO3IIISY NEKIIBKOX BapiaHTIB JUIsl JOCATHEHHS OOIPYHTOBAHOCTI
1 KOHKpeTHOCTi. Po3paxoBaHe BiAHOMICHHS 0OCSATY KOPHCHOI iH(pOpMAIlii PO CTaHOBHIIIE,
110 3i0paHa ¥ 00poOIIeHa MmiJ Yac IUIaHYBAaHHS OMeparlii, 10 HEOOXITHOrO /Il BU3HAUYCHHS
pilleHHs,, IO HAJaJl0 MOXIMBICTh TOOyIyBaTH Tpadik 3aJeKHOCTI HMOBIPHOCTI
BU3HAYEHHS PILlICHHs], sIKE BiJIIOBia€ 0OCTaHOBIII, BiJl 3HAUECHHS IMOBIPHOCTI BU3HAYEHHS
ONITUMAJBHOTO BapiaHTa pillleHHS 10 HaaXO/PKEHHsS iH(opMamii Nmpo CTaHOBHIIE Ta
BITHOIIEHHS 00CATY KOpHUCHOI iH(opMaIlil Ipo CTaHOBHIIE, IO 3i0paHa i 0OpoOsieHa i
Yyac TUIAaHYBaHHS oOIlepallii, 10 HeoOXiMHOro /i BH3HAYEHHS ONTHUMAaJbHOI'O BapiaHTa
pileHHs.

BucHoBku. Pe3ynbraTi 0OCITIKEHHS MOXXYTh OYyTH BUKOPUCTaHI IPH BAOCKOHAJIEHH]
MIPOCKTIB YIIPABIIHCHKUX PIllICHb IIOJ0 3a0e3MeueHHs Oe3ICYHUX YMOB Mpalli MpalliBHUKIB
Xap4oBOi ITPOMHUCIIOBOCTI.

KurouoBi ciioBa: naoszeuuatina cumyayis, nianye8anHs, oyiHka, ingpopmayisi.
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AHHOTAIIMMN

MuweBble TeXHOI0rMmn

HNaTencndukamms npouecca CymKky ¢ NOMOIBI0 (pyHKIMOHAJIBHBIX
PACTUTEJBHBIX KOMIIO3UIM

Kanna Ilerposa, FOpuit Cuexxkun, Exarepuna I'etmMaHIOK,
Hatanbs JImutpenko, Hukonait BopoHiios
Hucmumym mexnuuecxou mennogusuxu HAH YVipaunvi, Kues, Yxpauna

Brenenue. Ilpu cymike pacTHUTENBHOTO CHIPhS B PE3yJbTaTe TEILIOBOH 0OpabOTKH,
BIUSHUS CBETa, KUciIopora, pH cpeapl MPOHCXOIAT MOTEPU OHMOIIOTHYECKHA AKTUBHBIX
BEIIECTB, II03TOMY I[eJIeCOO0pPa3HO YCOBEPILIEHCTBOBATH TEXHOJIOTHIO MepepaboTKu
CTOJIOBOM CBEKJIBI C IICJbI0 MAKCHMAJILHOTO COXpaHEHHS OCTaHWHA W CHIDKCHHS
9HEpro3aTpar.

Marepuanbl U MeToabl. Cyllika CBEKJIBI, PEBEHS, JUMOHA, TOMHIOPA MPOMCXOIUIIA
mpu temmeparype 50...100 °C, ckopoctu Bo3myxa 1,5...3,5 w/c, Biarocomep)xaHuu
TerioHocurens 7...15 r/kr, Toimune cinos 2...20 mm. Conepxkanue OeTaHUHA ONPEACIIIIN
IO CIIEKTpaM MOIJIOMICHUS, BEIMYMHE ONTUYCCKOHN IUIOTHOCTU MPH JJTUHE BOJTHBI 540 HM.
Pacxon TernoTsl Ha ucnapeHue onpeaensics Ha quddepeHInaTbHOM MUKPOKaJIOpUMETpE.

Pe3ynbTaThl n 00cykIeHHsA. VccienoBaHO BIIMSHHE MPEIBAPUTEIBHON MOATOTOBKU
Ha ChIpbe, MoIexaniee cymke. [lorepu OeTaHuHa BO BpeMsi CYIIKH, Oe3 peIBapuTenbHON
TIOATOTOBKU CBHIPBS, COCTAaBISIIOT 66 %. Pa3zpaboTaHHas TEXHOJOTHs TpeABapUTEIHHON
00paboTKH, KOTOpas TpedyCcMaTpUBaeT BapKy IENbIX KOPHEIUIOAOB 3 IOJ00paHHON
ONTUMAJIBHOW KUCIIOTHOM CPEIoH, MTO3BOJIACT YMEHBIIIUTE IOTEpH OeTaHuHa 10 6 %, HO 3TO
JIOCTaTOYHO dHEpProeMkuii mpouecc. Paspaboran sHeproddeKTUBHEIN cIOCOO MOIrOTOBKH
AHTHOKCHIAHTHOTO CBIPhbsl TIEPEA CYIIKOW C TOJHON 3aMEHOM TEeIUIOBOM 00pabOTKU
KynmaxupoBaHueM. [loTepu OeTaHWHA TMPH 3TOM COCTaBIIOT 1m0 S5 %. OnrtumanbHas
TeMIIepaTypa CYIIKH TpeJIBapUTEIbHO 00pab0oTaHHOTO OeTaHMHOCOHAEpIKAIEro Chipbs 60
°C, mpu 3TOM coxpaHsieTcs 10 95 % OeranuHa. Y JeabHBIC pacXObl TEIUIOTH HA HUCHAPEHUE
BOIbI W3 Pa3pabOTaHHBIX AHTHOKCHIAHTHBIX PACTUTEIBHBIX KOMIIO3MIIUH Ha OCHOBE
CBEKJIBI C JOOaBJICHHMEM pPEBEHs W JUMOHAa Ha 4...5 % MeHbIe, YeM I HUCXOTHBIX
KOMIIOHCHTOB.

BoiBoabl. HaiifeHa 3aBUCHMMOCTh IIOTEph O€TaHMHA B PACTUTEIBLHOM CHIPE OT
TeMIepaTypbl MaTepraia ¥ KOMIIO3UI[MOHHBIX COCTABJISIFOIIUX BO BPEMs €€ MOJATOTOBKU K
CyIIKe. YCTAaHOBJICHO, YTO TEIUIOTAa HCIAPEHUS BOABI B HEKOTOPBIX pPa3spaOOTaHHBIX
AHTHOKCHJIAHTHBIX PACTUTEIBHBIX KOMIIO3UIIMAX MEHBIIE, YeM HCXOJHBIX KOMIIOHCHTOB
ChIpbs. Pe3ympTaThl 1eJI€COO0pasHO MPHUMEHATh B  pa3pabOTKE IPOMBIIIICHHBIX
TEIUIOTEXHOJIOTHH MPOU3BOACTBA (DYHKITHOHAIBHBIX MHIIEBBIX MTOPOIIKOB.

KaroueBsle cnoBa: cywika, céexia, bemanut, menioma ucnapeHus.
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Hay4yHo-npakTH4ecKHe OCHOBBI TEXHOJIOTHH nepepadoTku KapTodess
HA MPOAYKTHI MATAHUS

Amnaronuit Mazyp
Benapyccruii 2ocyoapcmeenmwlil azpaphwiil MEXHUYECKUll YyHUGepCumen,
Munck, Pecnybnuxa Benapyce

Benenue. IIporeHT nepepaboTKy KapTodens Ha MUILIEBble TPOAYKTHI Ha TEPPUTOPHU
obiBiero Coserckoro Coro3a cHu3mWICA 10 1%, Toraa Kak B HEKOTOPBIX cTpaHax EBponsl u
CIIIA monst mepepabotku kaptodens cocrarisger 60-80%. CoBpeMeHHbIC Hay4YHBIC
pa3paboTKK IMOKa3aJi SKOHOMHYECKYIO IIeJIeCOO0pa3HOCTh MepepadoTKu Kaprodens Ha
MPOAYKTHI TIUTAHHS.

Matepnanslt u Mmertoasl. lVccnenoBanue 3(P(EeKTHBHOCTH  TEXHOJIOTHYECKHX
MpoLecCOB nepepaboTku KapTodens mpoBeieHbl B JTAOOPATOPHBIX M MPOMBIIIIEHHBIX
YCIOBHUSAX OTKPBITOTO aKIMOHepHOro oomecrBa «Mammnumenpon» (Mapbuna [opka,
MuHckas ob6nactb, bemapyce) OtbOop mnpoO, MOArOTOBKA W MPOBENCHHE HCIBITAHUN
BBINOJHEHBI C IOMOIIBIO CTAaHJAPTHBIX M CIIEIMAIBHBIX METOJIOB aHAJIH3a.

Pesyabratel m obcy:xaenme. OrmpeneneHsl copra Kaprodens, NPUTOJHBIE JUIs
MIPOU3BOJICTBA CYyXHX ITIOpPE M 4MICOB. WX akkimmaTH3anus oOecrieuuBaeT MHHUMaJIbHOE
COJIep)KaHHWEe CcaxapoB, KOTOpbIE CIIOCOOCTBYIOT IIOBBIIIEHHIO KadecTBa T'OTOBOM
nponykuuu. VccnenoBaHus TOKa3and, YTO MPOLECC IMepeMelInBaHus KapTodens Npu
TeMmIepaTypax, OJM3KMX K TEMIepaType BapKH, SBIISIETCS ONTUMAalbHBIM. PaspyiieHue
KJIETOK TIOY4TH He Npoucxomut. [IHeBMaTHuyeckyne CYNIMJIKH Ui CYIIKH BapeHOro
KapToderst o0ecrieunBaroT BEICOKOE KaYeCTBO MPOIYKIUH Oyiarosapsi HU3KOi TemIeparype
HarpeBa M KOPOTKOMY KOHTAKTy ITOPOIIKOOOPa3HOTO MPOAYKTa C CYIIMJIBHBIM areHTOM.
KonnuecTBo TOBpEXJACHHBIX KJIETOK B TOTOBOM MPOAYKTe He mpeBbimaer 1,3-2,6%.
OnpeneneHbl 1 HAYYHO 0OOCHOBAaHBI ONTHMANIBHBIE PEXHUMBI U ITAPaMETPhI IPOU3BOICTBA
YHIICOB, MPOLIECCOB UX PE3KH, OJIAHIIMPOBAHMsI, 00€3BOKMBAHUS, CYIIKH U 00XKapHUBaHUsL,
KOTOpBIE 00ECHEeUMBAIOT BBICOKOE KAa4eCTBO T'OTOBOI MPOIYKIMM W CHIDKCHHE Macia B
npoaykre 10 27,7%.

BuiBon. [lokazaHo, 4TO TMpH NPOW3BOJCTBE YHIICOB M CYXUX HIOPE DKOHOMHYECKH
Lenecoo0pa3Ho UCIoib30BaTh copra Kaprodens Jesupe, Temm, Cunre3. KommuectBo
paspylIeHHBIX KJIETOK B TOTOBOM MPOAYKTE ONPEACNSIOT B OCHOBHOM MPOIECCHI
cMmemnnBanue u cymku. OOOCHOBaHbI ONTHMANBHBIE ITAPAMETPhI TEXHOJIOTHH POU3BOJICTBA
YHIICOB.

KaroueBsie cnoBa: kapmogenn, yuncel, niope, cyuixa.

CopOunonHbIe XapaKTePUCTHKH NMEKTHHA, BbIEJIEHHOI0 U3 KJIyOHeil TonuHaMOypa
(Helianthus tuberosus L.)

Hemmo Tomkos, Haiinen Jemues, Cuiika Kozmymkosa
Yuueepcumem nuwesvix mexnonoeu, Ilnoeous, boreapus

BBenenue. llenp uccienoBaHus - BBIICICHHE IMEKTHHA W3 KIyOHEH TommHAMOypa
(Helianthus tuberosus L.) 1 aHaIHU3 €ro COPOIIMOHHBIX XapaKTEPUCTHK.

Marepuaabl m MeTonbl. lcciienoBanue MPOBOIAMIOCH IO CONEPIKAHUIO IEKTHHA U3
KIyOHeW TommHamMOypa, BhIpamienHoro B bonrapun. ComepkaHue MOJHYPOHHIIOB
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orpeziesieHo ¢ nomoibio Merona McCready. [t aHanmM3a cOpOLMOHHBIX XapaKTEPUCTUK
MEKTHHOB UCIIOJIh30BAaHO CTATUYECKHI TPABUMETPHUYECKUI METOI.

PesynbraTel U o6cy:kaenue. [lonmucaxapumsl ObUTH SKCTPardpoOBaHbl. BEIneneHHBIC
MEKTHHBI [TPOAHAIM3UPOBAHBI B HATYPAIbHOM BBIPAKEHHH: MOTYUEHBI SKCIEPUMEHTAIBHO
PaBHOBECHBIE H30TEPMBI COPOLIMH, TpUHayIeKaIue K tumy 11 B knaccudukamu Brunauer.
ITo Bcell mIMHE W30TEPMBI IEMOHCTPHPYIOT CTATHCTHUECKU OINPEICIICHHBIN THCTEPE3UC.
AnekBaTHO omuchiBaloT m30TepMbl Momenud Henderson u Chung-Pfost. Conepixanue
MIEKTUHA B TpeX oOpasiiax TonuHamOypa cocrtariseT 14,8, 9,2 u 11,9% cooTBeTCTBEHHO.
MoHoMoeKyNsipHas BJIaKHOCTh MEKTUHa coctaBuia 7,42 - 7,92%, cooTBeTCTBYIOIIAs €it
aKTUBHOCTH BOJIBI - B mpenenax 0,14 - 0,16.

BoiBoabl. Pe3ynbTaThl Mccie0BaHUI 11€71€CO00pa3HO HCIIOIB30BaTh MPH pa3paboTKe
TEXHOJIOTHH TMPOU3BOACTBA (DYHKIHMOHAJIBHBIX IHINEBBIX WHIPEAMEHTOB, B KOTOPBIX
HCIIONB3YIOTCS Telie00pa3oBaTeNid U CTa0OUIIN3aTOPHI.

KiroueBble ciioBa: monunamoyp, nekmum, copoyus.

HccienoBanmne BI3KOCTH MOJIOKA HEJTBHOT0 TruapoJIM30BaHHOT O
CrymeHHOro ¢ caxapom

Enena Kanununa, Anexcanap KoBanenko, Onbra Kopaunosa
Jlyeanckuii HayuonanvHulil azpapuslil ynueepcumem, Jlyeanck, Yxpauna

Beenenue. B cratbe pa3paboTaHa TEXHOJOTUSI HU3KOJIAKTO3HBIX (THAPOIM30BAHHBIX)
CTYIICHHBIX KOHCEPBOB C CaxapoM, IMpeAHA3HAYEHHBIX Ul JIIOJIEH MHTOJNEPaHTHBIX K
JIAKTO3€ U JUIS NIMPOKOro Kpyra HacelleHusl.

Matepuanbl W MeToAbl. Peojornueckue IoKa3aTend ONpenesuld Ha Ipudope
Peotecr - 2 MeTOOM BHCKO3UMETPHHU.

PesynbTaThl n 06cy:xaeHue.

JlokazaHa nesiecooOpa3HoCTh MpUMeHeHHs (pepMeHTa B-rajJakTo3uaa3sl Al THAPOIH3a
JIAKTO3BI MOJIOKA TPH MPOM3BOACTBE THAPOIN30BAHHBIX MOJOYHBIX KOHCEPBOB C CaXxapoM.
TexHomoruss cnocoOCTBYET IOBBIIIEHUIO KayeCTBa CIYIICHHBIX KOHCEPBOB C CaXxapom,
SKoHOMHUH caxapa A0 50%, MOBBINICHUIO AUETUYECKUX CBOMCTB. B CBs3M C TeM, 4TO B
MPOAYKTe ObUTa CHIKCHA MaccoBas JONIA caxapo3sl 10 22 u 31 %, mpoayKThl MMETU
KHUJKYIO KOHCHCTEHIMIO, ITO3TOMY BO3HHKJIA HEOOXOMUMOCTH TOBBIIIEHHS BS3KOCTHBIX
CBOWCTB.

OmuH  #3  crnocoOOB  TIOBBIMIEHHS BS3KOCTH  NPOAYKTa — OTO  BHECEHHE
CTa0MIM3aIMOHHBIX CHCTEM. JlokazaHa 1esIeco00pa3HOCTh MIPUMEHEHUSI
cra0win3anuonHol cucreMbl  Bivicioc 1L. OmpeneneHa BS3KOCTH B MOJIOKE IIETBHOM
THJIPOJIM30BAaHHOM CTYIIEHHOM C caxapoM. [IpesicTaBieHbl 3aBUCMMOCTH BSI3KOCTH MOJIOKa
LEITBHOTO THAPOIN30BAHHOTO CI'YILIEHHOT'O OT CKOPOCTH Ae(h OpMAILIHH.

BuiBonbl. OmpeneneHsl 1 000CHOBaHBI MOKA3aTeNH BS3KOCTH OIKCIIEPUMEHTAIIBHBIX
00pa3loB B CBeXKEBHIPAOOTAHHBIX MPOJYKTAaX U B POIECCE XPAaHEHHSI.

KnaroueBbie c10Ba: m010K0, 653K0CMb, 2U0POIU3, CMAOUIUZAMOP.
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Bausinue kpaxmajia Kak ruiIpoKoJIJIona Ha ¢opMUpoBaHNe CTAOUIbH O
IMYJIbCHOHHOI CHCTEMbI B MUIEBBIX MPOAYKTAX

1 . 1 2
Okcana JIyrosckas , Bacunuit Cunop , Unuana Kocrosa
Hayuonanvnwviti ynueepcumem nuwegvix mexnonozuil, Kuee, Yxpauna
Pycenckuii ynusepcumem «Aneen Kanuesy, boneapus

BBenenne. HeoOxomumo ompeneluTh BIUSHUE (DU3MKO-XUMHUYECKHUX CBOKMCTB
HATHBHBIX ¥ MOTU(PUIIMPOBAHHBIX KPAXMAaJIOB B IPOIECCE UX UCIONB30BAHKS B IHUIIEBBIX
MIPOAYKTaX.

Metoabl ucciaenoBanmid. lccrnenoBanuce aBa 00pas3lia MUIIEBBIX OMYIbCHH C
HCIONB30BAHUEM KPAaxXMaJIOB PA3JIMYHOW MPHUPOJIBI TMPOUCXOKACHUS — HATHBHBIA U
MoIUpHUIMPOBaHHBIN KpaxMai. C MOMOIIbIO 1ab0OpaTOpHBIX BECOB, OOBEMHBIX IMITHHAPOB
OIIpeJIeIIsICST  TPOLEHT OTHENIeHUsT BOABI TPU 3aMOPXMBAaHHUM W  Pa3MOPaKUBAHHU
SMYJIBCHI; BUCKO3UMETPOM Bpyk(uibaa u3Mepsuics IPUPOCT BI3KOCTH B 3aBUCHMOCTH OT
BpPEMEHH, TeMIiepaTypsl U pH pacTBopa MUILEBOH IMYIIbCHH.

Pesynbratel. [lpu 3amMopakuBaHMM W Pa3MOPAKUBAHUM SMYJIbCHH C HATHBHBIM
KpaxMajoM YK€ B IEpPBOM IIMKJIE MPOLEHT OTACICHUS BOIbI cocTaBisieT 8 %, BO BTOPOM
ke - 38%, B TpetbeM - 50%, Toraa Kak B SMYJIbCUH ¢ MOAU(UIIMPOBAHHBIM KpaXMajioM
HE3HAYUTEIIbHOE OT/IEIEHHE BOJAbI HAYMHAETCS C YETBEPTOrO IMKIA, B ISITOM IIHKIE
MIPOLIEHT OTAENEeHUs BOJIbI cocTaBnsgeT 1 %, B mecToM 1ukie - 3 %.

B kucioii cpene npu pH = 6,5 BA3KOCTb IMYJIBCUU ¢ MOAU(DUIIUPOBAHHBIM KpaxmMaioM
COXpaHsieTCsl, a 3aTeM BO3pacTaeT B TeyeHHe OOJBLIEr0 BPEMEHHM II0 CPaBHEHHIO C
SMYJIBCHEH C HATUBHBIM KPaxmasioM, I'Jie BI3KOCTh B Hayajie CpOKa XpaHEHHUsl BO3PACTaeT, a
3aTeM CHM)KAEeTCsl.

BoiBoapl. lcnonb3oBaHME HATHBHBIX KPaxMalloB B IPOHM3BOJICTBEHHBIX IPOIIECCAaX
MOXET TPHUBECTH K OJIOKMPOBAHUIO PAa0OTHI TEIUIOOOMEHHUKOB. JTO OOYCIOBIMBAET
UCIIONIb30BAaHKUE B MPOM3BOACTBE MOAM(MDHUIIMPOBAHHBIX KPaxMajloB, KOTOPHIE COYETAIOT B
ce0e OTHOBPEMEHHO JIBa THIA MOAU(UKAIMK: CTAaOMITU3AIMOHHYIO U CIIHBKY.

KiroueBble cJI0Ba: kpaxmai, HamusHblil, MOOUDUYUPOBAHHBLIL, GI3KOCHb.

3J1eKTp0d)0pe3 MUIIEBBIX MACJT0COAECPKAININX MUKPOKAIICYJI C KEJTATHH-
MNOJUYPOHATHBIMH 00010UKaAMH

Anexceit baepie, Onbra JlumoBa, Jlapuca 3agopoxHas,
[TaBen TaTapoB, Amna 3eHKOBUY
Texnuueckuii ynueepcumem Monooswl, Kuwunés

BBenenne. llenpro paboOTBl sABNAETCS ONpeAeNieHHME 3HAaKa 3apsga 000JI0deK
mukpokaricyn (MK), conmepkammx MacisHY0 KOMIIO3UIIMIO, OLEHKAa YCTOHYMBOCTH
MHKPOKAIICYJI pa3INYHOro JHaMeTpa B 3JIEKTPUUECKOM II0JIE.

Matepuanbl 1 MeTOABI. MHKPOKAIICYJIBI MTOTYYald METOIOM CIOKHOM KOallepBalliH.
OcCTaTkyl 3JMEKTPOJINTOB  YAQIUIM JHAIW30M MM JJIeKTpoguanu3oM. OdHIleHHbIE
MUKpOKAIICYJIbl  moaBepraiu anekrpodopesy npu 100-400B/m. IlommaucriepcHOCTH
OITPEeIeISIIA HOBBIM, pa3pa00TaHHBIM HAMHU METOJIOM.

PesyabraTbl. Menkue MHKpOKANCyiabl € OEIKOBO-MOJIMYPOHATHBIMH O0OJOYKAMHU
HepeMeIaoTcsl Npu diekTpodopese oT katoja (-) K aHomy (+). MuKpoKamcymsl ¢
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JIaMeTpoM > 35uM HauOosiee MoIBEpIKEHBI Pa3pPYIICHUIO B IIPUKATOAHOM HPOCTPAHCTBE,
0CTaBasCh CTAOMIHLHBIMH IIPH MOBBIIICHHON KHCIOTHOCTH, BO3HUKAOIICH HA aHOJIe.

BoiBoapl. OGomouku GelAlg u GelHur o0mamaroT OTpHIIATEIBHBIM  3apsIOM.
Onekrpodope3 MOKET OBITh HCMONB30BaH Ul I[IEJIEHANPABICHHOTO  MOIYYSHHUs
KOAIlepBaTHBIX ~MHUKPOKAIICYJ HEOOXOIMMOIro Jauamerpa. BrIicokas CTaOMIBHOCTH
MUKPOKAIiCyJl B  TPUAHOJHOM  MPOCTPAHCTBE (KUCJIas cpena)  IOATBEPXKAACT
000CHOBaHHOCTb UX BBEJCHHUS B KUCIOMOJIOUHBIC POTYKTHI.

Knwouesvle  cnosa: MUKDOKANCYbl,  JICEIAMUH, — AIbeUHAM,  2UATYPOHAM,
INEKMPOOUANU3, INIEKMPOPopes.

Bausinue BoAbl, NOJABEPTrHYTOM JAeliCTBUI0O KOHTAKTHOH HEPABHOBECHOM MJIa3Mbl, HA
apoxcku Saccharomyces Cerevisiae

Cgetriana Meikonenko, Jmutpuit CtenaHckuit
Amnna Tumenko, Anekcanp [TuBoBapos
Jlnenponemposckuti nayuonanvuwiil ynugepcumem umenu Onecs I'onuapa, Yxpauna
Ilnenponemposcras meduyunckas akademuss MO3 Vipaunvl, Yxpauna
Yrpaunckuii 2ocyoapcmeennviil XUMUKO-mexHoL02U4ecKull yHusepcument,
Jlnenponempoeck, Yxpauna

BBenenue. JlomonHuTenbHas ~00pabOTKa BOJABI KOHTAKTHOW  HEPABHOBECHOU
HHU3KOTEMITEPaTypHOH IUIa3MOI MO3BONSAET CYIIECTBEHHO YAYUIINTh MMOTPEOUTENBCKHE
CBOMCTBa XJI€OOMEKAPHOW MPOAYKIMHU. TEXHONOTHICCKH BAXKHBIM SIBISIETCS OIpEIeIeHHe
BIMSHUSI  IUTa3MOXMMHYECKM  aKTHMBHPOBAaHHOHW  BOJABI  Ha  MOpP(OIOTHYECKHE,
KyJIbTYypaJIbHbIE U (PM3HOJIOTMYECKHe CBOMCTBA Apoxokel Saccharomyces cerevisiae.

Marepuanbl U MeTOAbl. EXcriepiMeHTaIbHBIC HCCISIOBAHUS IPOBEACHBI B YCIOBHSIX
GaKTEepPHUONOrHIECKOl JTAOOPATOPHH MYTEM OCYIIECTBICHHUS TIOCEBOB KYJIBTYPhI IPOXIKEH
TM «JIbBiBCBbKI» U «KpUBOPI3bKi» Ha JKUJAKWE M IUIOTHBIE MUTaTeNbHBIE cpensl Cadypo.
Kosu4ecTBO KHU3HECMOCOOHBIX KJIETOK MHKPOOPTaHM3MOB ONPECISIOCh  METOIOM
cekTopHbIX moceBoB Gould. Mopdomorus apoxokedl ucciaemoBaHa ImyTeM (a3oBo-
KOHTPACTHOH MHUKPOCKOIHH. BHOXMMHUUYECKHE CBOWCTBA IPOXIKEH OMpeIeNieHsl Ha cpeax
T'ucca.

Pe3ynbTathl U 06cyxaeHne. OnpenesicHO BIUSHUAE BOJBI, MOABEPTHYTOU ICHCTBHIO
KOHTAKTHOW HEPABHOBECHOH IITa3Mbl, Ha YyBCTBUTENBHOCTh JApOXOKed Saccharomyces
cerevisiae M MOKa3aHO OTCYTCTBHE YTHETAIOIIETO MCHCTBUS MOATOTOBICHHOW BOJABI Ha
KYJIbTYpalbHbIe CBOHCTBA MUKPOOPTaHU3MOB. EKCIIEpUMEHTAIBHO JJOKA3aHO, YTO B ClIydae
HCIIONB30BaHUS TIa3MOXUMHYECKH AKTUBUPOBAHHOI BOJIBI COXPAaHSFOTCSI
MopGhoNorHYecKre MPH3HAKKM W OHOXHMHYECKHE CBOMCTBA XJIeOOMEKAPHBIX JPONOKCH
npousBoacTBa JIbBOBCKOTO M KpHUBOPOXKCKOTO JPOXKIKEBBIX 3aBOAOB. BripamiuBanue
npoxokedt Saccharomyces cerevisiae Ha IUTaTEIBHBIX CPEAax, HPUTOTOBJIEHHBIX C
HCIIONB30BaHUEM BOJIbI, MOABEPTHYTOH NEHCTBHIO KOHTAKTHOW HEPaBHOBECHOH IIA3MBI,
YBEITUUMBACT KOJHYECTBO IKM3HECIOCOOHBIX MHMKpPOOPraHU3MOB B 6,5-15pa3 mo
CPaBHEHHIO C HCMOJIb30BAHMEM MArUCTPaIbHOMN BOJbI 0€3 JOMONHUTEHHON 00pabOTKH.

BeiBonbl. VYiyumeHo ¢Qusmomormueckue CBOicTBa  podoked  Saccharomyces
cerevisiae 3a CYeT WCIOJIb30BAHUS BOIbI, IIOIBEPrHYTONW JEHCTBUIO KOHTAKTHOW
HEPAaBHOBECHOM MTa3Mbl. Pe3ynbTaThl UCCICIOBAHUH PEKOMEH/IOBAHBI K HCTIONb30BAHHIO B
JIPOXIKEBOM M XJIeOONEKapHOM MPOU3BOICTBE.

KiroueBbie ciioBa: opooicoicu, niasma, 600a, Mopgonocust.
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TexHnosoruueckne 0CHOBbI rlepepaﬁoTlm TOMATHBIX BBIZKHMOK B KOPMOBbLIE HOﬁaBKl/I

bornan Eropos, Nnona Manaku
Ooeccras HAYUOHATbHASL AKAdeMUSL NUUEBbIX MeXHoAo2Ull, YKpauna

BBenenne. IIoMCK HOBBIX BHJIOB HETPAJUIIMOHHOIO CBHIPhS Ui OOECIICUCHHUSI
3 (eKTUBHOTO Pa3BUTHSA OTPACiIM NTHUICBOJACTBA M NpoOJIeMa YTHUIU3AIUH OTXOIOB
KOHCEpBHOH TMPOMBINIIEHHOCTH OOYCJIOBWIM HEOOXOIMMOCTh pa3paboTKH  crocoba
nepepaboTKH TOMATHBIX BEDKMMOK B KOPMOBBIE TOOABKH.

Marepuansl u Metoabl. OT60p TPOO, MOATOTOBKY U MPOBEICHHE HCIBITAHHUIT
MPOBOJMIIA  OOIIEPUHATHIMA U CIICHUATBHBIMUA ~ OPTaHOJMCNTUYECCKUMH U (PU3UKO-
TEXHOJIOTHUECKUMH METOIAMH OLICHKH U aHAITU3a CBOWCTB CHIPhS U TOTOBOM MPOIYKIIHH.

Pe3ynbTaThl U 00Cy:xaeHHe. BBeneHne TOMATHBIX BBDKHMOK B COCTAB KOPMOBOIL
J00ABKH YMEHBIAET PACXOJbI HA 3aKYIIKY CHIPhS U 3aTPAThl, CBA3aHHBIC C YBIAKHEHHEM
CMeCH Tepel SKCTPYAUPOBaHHWEM, a BBEICHHE Mela KOPMOBOTO MO3BOJUT PEIIUTh
npobJeMy KalbIHEBOro JucOamaHca y Kyp-HECylleK. YCTaHOBJIEHO, 4YTO MpPOIece
9KCTPYJMPOBAHUS yIydlliaeT (pU3NUECKHe CBOMCTBA KOPMOBOH J00aBKH, TaKXKe JOKa3aHa
BO3MOXHOCTh €€ HCIIOJIb30BAHUS B Ka4eCTBE KOMIIOHCHTa KOMOHKOpMA: MaccoBas IOJs
BIard ymeHninwiack Ha 34,5 % , yron ecrecTBEHHOro orkoca yBenuuwics Ha 11,4 % ,
CBHIITy4eCcTh yMeHbImiIach Ha 39,7 %, oObeMHast Macca ymeHbImIach Ha 32,3 %.

BoiBoabl. [TogyueHHas KOpMOBast 100aBKa MO3BOJIUT PENIUThH MPOOIEMY PACIIHPECHUSI
ACCOPTHUMEHTA CBIPhS, YTUIIU3AIUKA OTXOJI0B, KAJBIHEBOrO qucOanaHca y Kyp-HECYIIeK W
CHHU3UTH 3aTPAThl HA TIPOM3BOJICTBO KOMOHKOPMOB.

KitroueBble ciIoBa: omxoosl, momamsi, nepepabomra, 3Kcmpyouposanue, 000aexka.

MuKpOCTPYKTYpPHBIE XaPAKTePUCTHKH MSICHBIX PY0JeHbIX H31eJHii ¢
HCNOJIb30BaHUEM 0eJIKOBO-MUHEPATbHOM 100aBKH

Huxkomnaii I'onoBko, Makcum Cepuk,
Tatesana ['onoBko, Banentun Ionymnan
Xapwvkosckuil 20cy0apcmeeHHbll YHUGepCumem NUmanus U mopeoeiu, Ykpauna

Beenenue. Hapymienne OanaHca MUHEPaIbHBIX BEIIECTB IIMPOKO TMPOSBISIETCS B
MSICOIIPOAYKTAX, KOTOpbIe 3HAuuTeNbHO Oorade dochopom, uem kambimeM. [lepeueHb
KaJbLIUICOJEpKAIIUX JT00aBOK M TEXHOJOTWH MSCONPOJYKTOB C WX HCIOJIb30BaHUEM
orpanuyeH. 1lenpio paOboTHI SBJISETCS U3yUCHUE  HAYIHOE 00OOCHOBAHUE BIUSHUSA JOOABKU
OenkoBo-muHepanbHOi (JJBM) Ha TexXHOIOTMYECKHMEe M MHKPOCTPYKTYpHBIE CBOMCTBa
MSICHBIX PYOJICHBIX W3JICIIHH.

MeTonsp! uccienoBanmii. ViccnenoBanue Biaro- v )XHpOyAEpKUBAIOIIEH CIIOCOOHOCTH
(BY3, XVY3) o00pa3noB ImpoBefeHbl TIPaBUMETPUYECKUM U pePpakTOMETPUUECKUM
MeromamMH. [HMCTOCpPE3bl W3rOTAaBIMBAJIM Ha CAaHHOM MHKPOTOME C IIOCIENyIONIen
MOKPACKOH T€MaTOKCUIIMHOM M D03UHOM, a TaKke 1o Masuiopu.

PesyabraTbl. Co3aHa TEXHOJIOTHS MSICHBIX PYOJICHBIX HM3JIENUI 0370pOBUTEIBHOTO
Ha3zHayeHus ¢ ucroib3oBaHueM JIBM, 4ro sBiseTcs HocuTeiaeM OHOOPraHUYecKOro
KaJbIys. ParoHansHeIM sBiseTcs qobasnenue JIbM B Buje nopoika B konudectse 7,5%
B COCTaB MSCHBIX ccTeM. [IOBBIIIEHNE TEXHONIOTMUECKUX MOKa3aTened MSICHBIX Qapiieid
npu BHeceHMH 100aBku, B d4actHoctd BY3 m XKVY3, cocraBmser okoino 5 u 10%
COOTBETCTBEHHO. [mcToNornyeckue wuccienoBaHus mokaszanu, uto JIBM cnocobctByer
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COXPaHCHHMIO MSCHOTO COKa W CapKOIUIa3MAaTHYECKUX OEIKOB B MSCHBIX CHUCTEMax MpHU
TEIUIOBOM 00paboTKe.

BoiBoabl. JIBM TNOJOXKUTENHRHO BIMSET Ha BIATOYJEP)KUBAIOIINE CBOMCTBA MSICHBIX
(bapirei ¥ BBIXO FOTOBOTO MPOAYKTA.

KiroueBble citoBa: kanvyutl, 000a6Ka, 61a20C653b18aHUE, MUKPOCMPYKIMYPA.

Coneprxanus iioga B coycax IMYJbCHOHHOTO THNA

Mromduk bakupos, Hukonaii I'onosko,
Maxkcum Cepuk, TaThsiHa ['o10BKO
Xapvrosckuii 2ocydapcmeenbvlii yHugepcumem nUmanus u mopeoenu, Yxpauna

BBenenne. HexBaTka NpPUPOTHBIX PECYpPCOB BBI3BIBAET HEOOXOIUMOCTH IOUCKA
JIOTTOJTHUTEIBHBIX HCTOYHUKOB OCJKOB, JKHPOB, VYIJICBOAOB M HX KOMIUICKCOB C
JIeGUIUTHBIMA MUHEPAIBHBIMU COEIHHEHUAMH, [TOATOMY aKTYaJIbHBIM BOITPOCOM SIBJISIETCSI
oboraIieHre paldoHOB MUTAHKS Ae(QUIIMTHRIMM COESAMHEHUAMHE HOJa ITyTeM pa3pabOTKu U
HCCIIEOBAHMS HOBBIX IPOAYKTOB IIUTAHUS.

Martepuanbl u MeTonbl. McciienoBanue conepxaHus fofa B cOycax 3MYJIbCHOHHOI'O
THIIA HAa BCEX 3Talax MPOBOAMIN C IMOMOIIBI0 PEHTTCHO(GIYOPECIICHTHOIO aHaIU3aTOpa
«Elvax». Merog peHTTeHO(PIIYOPECIIEHTHOrO aHaIM3a 3aKIYacTcs B BO3HHUKHOBCHHH
XapaKTEPUCTHICCKOIO PEHTICHOBCKOI'O M3JYYCHUS aTOMOB XHMHYECKOI'O DJIEMEHTA MPHU
HaApyNIEHHH UX IEPBUYHBIM PEHTITEHOBCKUM OOJIYIEHUEM.

PesynbraTnl. IIpoBeiaeHO uCClemOBaHWE IS ONPEACIICHUS OPTaHUYECKUX U
HeopraHuueckux (opM iojla B COCTaBe MPOAYKTOB IMUTAHHMS, @ TAKKE YCTAHOBJICHBI OOIITHE
MOTepH Ho/1a B coycax IOCIE MPUTrOTOBICHUS U XpaHeHUs Ipu Temrepatype +5...+10° C B
teuenne 30 cyrok. Mcnons3ya mobasky Homobenkosyro (ot 0,5...2,5%, mo macce iioma or
0,01%) moxHO 0b6ectieunTh oT 15 10 50% CyTOUHOM MOTPEOHOCTH HOAa IS YeaoBeKa.

IMonydeHHBIN TPOAYKT HE TEPSAET CBOMX OPTaHOJENTHYECKHUX, (DU3UKO - XUMHUYECKHUX,
MOTPEOUTETBCKUX  XapaKTEPUCTUK W COOTBETCTBYET TPEeOOBAHMAM  HOPMATHBHBIX
JIOKYMEHTOB.

B pesynbpTare nmpoBeICHHBIX HAMU UCCIEIOBaHUN OBUIO OOHAPY)KEHO, YTO TOOABJICHHE
B COCTaB MaloHe3a HONMPOBAHHON MHMIIEBOW MT00AaBKM HE OKa3bIBAE€T OTPHUIATEIBHOTO
BIIUSHUS Ha QU3UKO - XUMHUYECKUEC XaPAKTEPUCTUKU COYCOB, a 3a CUET CTAOMITH3UPYIOIETO
s dexra m00aBKH HOLOOENIKOBON YCTORYMBOCTh AMYILCUH MOBEIIIaeTcs 10 98 - 100 % 6e3
JIOTIOJTHUTENBHBIX MHUIIEBBIX J00aBOK (3MYJIBIaTOPOB).

JlanHast mobaBka MpoIUia Ps UCIIBITAHHMA, KOTOPBIC MOATBEPKIAIOT €€ COOTBETCTBHE
TpeOOBaHUAM, U3JIOKEHHBIM B HOPMATUBHO - TEXHHYECKOM TOKYMEHTAIINH.

BoiBoabl. VConb30BaHHBI METOIUYECKMH ITOAXOM IO3BOJSET OIEHHUTh YPOBEHB
COJIepKaHUs OPTaHUUECKOr0 U HEOPTaHWIECKOro Ho/a, MoAPOOHO OMUCHIBATH U MPABUIILHO
TPaKTOBaTh OCOOCHHOCTH XHMHYECKOTO COCTaBa MPOMYKTOB ITMTAHHs, OOOTamCHHBIX
HOJIOM, U IIPOrHO3UPOBATh UX 03J0POBHUTEIBHBIC CBOWCTRA.

KiroueBble cJI0Ba: 1100, Oe10K, cOyC, IMYIbCUSL.
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Orlpe)le.ﬂemle ycnonm?i XPaHEHUHA HOBBIX OMCKBHUTOB IO H3oTepmMmam COpﬁHl/ll/l

lanuna {roxapeBa, Anapeii [lak, Anna ['acanoBa
Xapvrosckuii 2ocydapcmeenublii yHugepcumem RUmanus u mopeoeku, Yxpauna

Beenenue. [l GopmupoBaHHs KadecTBa OWCKBHTOB HCIOJNB30BAHO IPHPOIHBIN
HOCHTENb #oma W TOACIACTHTENb W3 CTeBUU. JIOMHHHPYIOIIUM  IPOIECCOM,
OIIPEICIISIONIMM CPOK XpaHEHUs OMCKBHTOB, sIBIsieTcsl necopOuust Biard. OrpeneneHsl
YCIIOBHS XpaHEeHHs pa3pab0oTaHHBIX OMCKBHUTOB ITyTEM HCCIIEOBAaHUH M30TEPM UX COPOIMHU
Y KMHETHKHU JTOCTHKEHUS! IMU PAaBHOBECHOT'O BJIarOCO/ICPKAHUSI.

Matepuanbl 1 Metoabl. OOBEKTHI HCCIEJOBAHUS: HOBBIE pa3pabOTaHHbIE OMCKBHUTHI
«3mopoBbex» (oborameHHbIi fogoM u ¢ 3amenoit 50 % caxapa creBuo3ugoM), «Jlerkuin» (c
3aMeHON 75 % pelenTypHOro caxapa Ha CTEBHO3WA W JIOMONHUTEIBHO OOOTaIICHHBII
MIIEHUYHBIMU  OTPYOsiMHU), «OOoraleHHbI» (COOepKUT 3JIaMUH, KOTOPBIA SIBISAETCS
€CTECTBEHHBIM MCTOYHUKOM #ona). KoHTponb — OMCKBHUT MONYYEHHBIH 110 TPAAUIIMOHHON
peuentype. Jlisi u3ydeHus COpOLMU W PABHOBECHOT'O BIIArOCOAEPKAHHS HCIOIB30BAIIN
TeH3oMmeTpudeckuii meroa. [lo m3orepmam copbumu onpexneneHsl auddepeHnnaIbHbIE
GyHKIMM ~ pacnipesieNieHHs TOop 10  pajuycaMH, KOTOpble OBbUIM  ITOJBEPTHYTHI
ANMPOKCHUMAIIHH.

PesyabraTbl. O0Opa3upl pa3pabOTaHHBIX OHWCKBUTOB B JIMAlla30HE OTHOCHTENHHOW
BinaxkHoct Bo3ayxa (OBB) or 10 mo 75..80 % Haxomsarcss B 00JacTH MOHO- H
TIONUMOJEKYJISIpHON copOumu. KoHTponbHEIH 00pa3el] nMeeT MeHee BhIpaKEHHBIH y4acTOK
MOHOMOJEKYJsIpHOH copOruu (o1 10 10 20%) W KOPOTKWE Uama3oH BIIAXKHOCTH,
COOTBETCTBYIOMINH NONMUMONEKYIsipHOH copOruu (ot 20 1o 65...70%). Ilpu yBenuuenun
OBB mis Bcex 00pa3ioB oTHOCHUTENBHO 75...80 % MPOMCXOAMT TOIJIONICHHE BJIard
MUKPOKamWUISIpaMd W HaOyxaHue oOpasmoB. HcciaemoBanue mauddepeHnmatbHONR
(YHKIMU pacrpesieNeHns 1Mop Mo pajnycaM I10Ka3ayo, YTO OTHOIIEHHUE CPEAHEro paanyca
nop K Haubonee BEpOATHOMY Juisi OMCKBHTAa «3IOpOBBE» paBHO 5,73, mis OUCKBHTA
«Jlerkuity — 2,98, mist 6uckeura «O6orameHHbi» — 4,91, 11 kouTpossa — 3,88.

BoiBoabl. Pa3paboraHHble OMCKBUTHI I1EI€CO00pPa3HO XPaHUTh B KAPTOHHOW Tape ¢
MONUMEPHBIM TTOKpbITHEM, eciii OBB He Oonee 75 %, u B naponenponunaemoii, ecii OBB
BBIIIIE YKAa3aHHOM.

KiroueBble ciioBa: oucksum, copoyus, nopol, 3J1aMuH, CIMEGUO3UO.

BuotexHosormsa, MMKpobuonorus

HNutencudpukanmsi CHHTE3a MUKPOOHOT 0 IK30M0JIMCAXAPHIA ITANIOIAHA NIPU
KyJ1bTHBUPOBaHUM Acinetobacter sp. IMB B-7005 na mnoxconHe4yHoM Maciie

Hukomnait UBaxuiok, TatbsiHa [Tupor
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

BBenenne. MukpoOusie 3k3omonucaxapuapl (JIIC)  Omaromaps CIIOCOOHOCTH K
HU3MEHEHHIO PEOJIOTMYECKUX XapPaKTEPUCTUK BOMHBIX CHCTEM MIMPOKO MPUMEHSIOTCS B
Pa3IMYHBIX OTPACASX MNPOMBIILIEHHOCTH. B  mMocieqHue TOabl  aKTHBU3UPOBAIUCH
HCCIIEOBAHMS 110 MCIIOIBb30BAHUIO MPOMBIIIIEHHBIX OTXOIO0B IS MOIYYEHHS MPAKTHIECKU
HIEHHBIX MUKPOOHBIX METa0O0IMTOB, B TOM YHCIIE W MACIIOCOEPIKAIIINE.
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Metoasl wuccaenoBanus. KyneruBupoBanue Acinetobacter sp. IMB  B-7005
OCYIIECTBIISUIN HA JKHIKOW Ccpele, colepkalleil B KauecTBE HWCTOYHHMKA YIJepoja
nmojcoiHeyHoe Macio (1-5 % mo obbemy), azora — Hutpar ammonus (0,4—0,8 1/md),
MAHTOTEHATa — MYJbTHBUTAMHUHHBIA Komiuieke «KomrmieBur» (0,00085 u 0,00095 %).
Konnenrparuto DI1C onpenessiiii BECOBBIM METOIOM TOCIIE OCAXKICHUSI N30IPOIIaHOIOM,
OIIC-CHHTE3UPYIONIYI0 CIIOCOOHOCTh — KaK OTHOmIeHue KoHieHtpamuu OIIC k
KOHLIEHTpalu duomaccel U Beipaxkanu B T II1C/r buomaccsl.

Pesynbrarel HM  00cy:KZeHHe. YCTaHOBIEHO, 4YTO YBEIHUYEHHE KOHIEHTpalUU
ITOJICOJTHEYHOT 0 Maciia B 0a30BOH cpele KyabTUBHpOBaHUus Acinetobacter sp. IMB B-7005
110 4—5 % compoBOXIaI0Ch CHIKEHUEM T0Ka3aTelield CHHTe3a dTalojlaHa Mo CPAaBHEHHIO C
TaKOBBIMU Ha cpene ¢ Oomee Hu3kod (2—3 %) koHIeHTpamuei cybOctpata. OmHako
MIOBBIIIICHUE COACPIKaHUS HUTpaTa aMMoHus 10 0,6 T/11 /WM KOHIICHTPAIUU MaHTOTCHATA
110 0,00095 % NO3BONMWIN YBEIUYUTH KOJTUYECTBO ATANONaHa, CHHTE3UPOBAHHOIO HA Cpelie
¢ 5 % moaconHeyHOro Macia, o 6,6—6,7 1/1, uro B 1,3—1,4 pa3a Bbimie, yeM Ha 0a30BOI
cpelie ¢ Tako# jke KOHIIGHTpaluel cyOctpata, Ho Oonmee Hu3kod NHyNO; (0,4 r/m) u
nantoreHata (0,00085 %).

BoiBon. IlomydeHHble pe3yibTaThl CBUIETENBCTBYIOT O BO3MOXKHOCTH CHHTE3a
MHUKPOOHOTO MoJIMcaxapua 3TarojaHa Mpu KyJbTUBHpOBaHUU Acinetobacter sp. IMB B-
7005 Ha cpene C TOBBIINIEHHBIM COJAEPKAHUEM ITOJICOJTHEYHOIO Maciia. DTH JIaHHBIE
SIBIISIFOTCSL  OCHOBOM JUIsi pa3pa0OTKM  TEXHOJIOTHMH JTarojlaHa C HUCIOJIb30BAaHHEM B
KadyecTBe CcyOcTpaTta OTpabOTaHHOrO (IepekapeHHOr0) Maca.

KiaroueBble cioBa:  sxzononucaxapuo,  Ouocummes, — NOOCOIHEUHYX,  MACO,
KYAbMUSUpPOSaHue.

Mpoueccbl 1 060pyaOBaHME NULLEBbIX NPOM3BOACTB

Onpene.ﬂemle JHEPIreTUHYECCKUX 3aTPAT HA Pa3roH Be)IOMOﬁ MacCcChbI
C CHHYCOUAJIBbHBIM YCKOPE€HHEM U CUHTE3 MEXaHU3MA IIPUBOIA

Briagumup [Momnyonsiit, Biagumup KpuopoTbko
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

BBenenue. Teoperwueckue pa3paOOTKH KacalUuCh ONpPEICNICHHs JHEPreTHYSCKUX
3aTpaT Ha TIEPEeXOJHBIM MPOIECC pa3roHa BEIOMOW MacChl YCTPOWCTB MHIIEBBIX
MIPOM3BOJICTB C YYETOM IBIKYIIUX (DAKTOPOB U (haKTOPOB COTIPOTHBIICHHUS.

Marepuanbl M MeToAbl. MaTemMaTudeckoe OIUCAaHHUE TaKWX  MPOIECCOB
OCYIIECTBIIAIIOCH C HMCIOJb30BaHWEM 3aKOHOB HeioToHa, mpuHiumna J['Anamoepa, oOmmx
TeOpeM JNWHAMUKHU M DHEPreTUYECKUX COOTHOIIEHWH, a TakkKe MPUHIIUIA HE3aBUCUMOCTH
IEHCTBUS CHII.

Pe3yabTaThl. JlokazaHo, YTO POCT ABMXKYIIMX CHJI HaJ CHWJIAMH CONPOTHBIICHHS
NPUBOJUT K COKPAIICHUIO BPEMEHU TMPOTEKaHWsI TMEPEeXOJHBIX IMPOLECCOB, OIHAKO
SHEPreTUYCCKUE 3aTPaThl MPU OTOM OCTAIOTCS CTAOMJIM3UPOBAHHBIMH Ha YPOBHE
KUHETUYECKON SHEPTUU MACChl CUCTEMBI.

BoiBoabl. IlonydeHHble MaTeMaTHYeCKHE MOJENM TMOKa3ajdd, 4YTO MOIIHOCTH,
pa3BUBAIOIIUECS JBUKYITUMHU CHJIAMU C COKpAIllEeHHEeM BPEMEHH MEPEXOAHBIX MPOIIECCOB,
pacTyr, Kak W JWHAMUYECKHE HArpy3Kd 3JIEMCHTOB CHUCTeMBI. Bce 3TO HEoOXomumo
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VUUTBHIBaTh MpPU HHXKEHEPHBIX pacyeTaX M KOHCTPYHPOBAHMM TNPUBOJIOB YCTPOMCTB
MUIIEBBIX TPOU3BOJICTB.

KnrwoueBble ciioBa: cuia, umepyus, KUHeMAamuxd, O8udCywulli hakmop, sHepeus,
9HEp203ampamsi.

TeopeaneCKne ACHEKTbI MATEMATHYIECCKOI0 MOACTUPOBAHUA TCHCHUSA
HCHBIOTOHOBCKHX )KH}IKOCTei/i B MMIIECBBIX TEXHOJIOIUAX

Dnyapx benerkuit', Enena IMerpenko’, Jmutpuii CeMeHOK
1 — Xapwvroeckutl mopeoeo-skoHomuyeckuli uncmumym Kueecko2o HayuoHanbHo2o
MOP2080-IKOHOMUYECKO20 YHUBepCUumemad, YKkpauna,
2 — XapvkoscKuil 20Cy0apCmeeHHbIll YHUSepCumem NUmanust U mop2oeiu, Ykpauna

Beenenue. PaccMoTpeHsr BOIPOCHI MaTEMaTHIECKOTrO MOJICTTUPOBAHHUS
BSI3KOIIACTHYECKOTO MPO/IOIBHOTO U ITOMEPEYHOr0 TEUEHHSI HEHBIOTOHOBCKUX MaTEpUalioB
B IUTOCKOM U MPSIMOYT'OJIbHOM KaHajIax MHUIEBOr0 000py10BaHHUIL.

Martepuaibl M MeTOAbl. BrepBble HCIIONB30BAH METOJ CYIEPIO3UIUHN ITYTEM
BBIP@KEHUSI KOMITOHEHTOB TEH30pa HANPSDKEHHS Yepe3 €AWHBIA KOMIIOHEHT, KOTOPBIiA
MO3BOJISIET TIOCTPOUTD IOJISI TEUSHUS OONbIIEH pa3MEPHOCTH M3 MOJIeH TeYEHUs MEHbIIEH
Pa3sMEPHOCTH C PAa3IUYHBIMM TPAHMYHBIMUA YCIAOBUSMH M C H3MEHEHHEM IIapaMeTpOB
PEOJIOTHYECKOT0 COCTOSIHHUSI OT IABJICHHS.

Pesyabrarel. IIpuBeqeHBl TEOpPETHUECKME METOABI  MOICIMPOBAHMS  TEUEHHIA
HEHBIOTOHOBCKHX JKHIKOCTEH B KaHajgax pa3IHyHOM TE€OMETPHUH C ITOJBMIKHBIMHU
IpaHMIAMHU U TIEPENa oM JaBeHHUs Ha KOHIaX KaHajaa ¢ y4eToM ()YHKIIHOHAJIBHBIX CBS3€H
MEXIY OCHOBHBIMH IMapaMETpaMHd Ipollecca Ha OCHOBAHHMH WCIOJNb30BAHUS METOMa
cyneprosunuu. I[loka3aHo, YTO MPOMOJBHBIE M IIOMEPEYHBIE TEUCHUS CBOMATCA K
COBOKYITHOCTH OJHOTHIIHBIX OIHOMEPHBIX MPOMOJIBHBIX TEYEHHH, KOTOPHIE MO3BOJISIOT
OITUCHIBATH TPEXMEPHBbIE H30TEPMHUUECCKHUE TEUEHHS B MPSIMOYTOJIBHOM M JBYXMEPHBLIE B
IUIOCKOM KaHaJaX ¢ pas3idYHbBIM OTHOLIEHHWEM CTOPOH KaHana. TedeHHs B KaHaIax
XapaKTEPU3YIOTCS 3HAYEHHAMH CKOPOCTH M JaBJIEHHA B KaXIOH TOYKE KaHasa.
[onyueHHbIE TEOPETHYECKUE TPEXMEPHBIE U IBYXMEPHBIE MOJEIU BA3KHX TEUEHHWH B
KaHajgax 0a30BOM TEOMETPUU TMO3BONSAIOT HCCIEN0BATh OCHOBHBIE 3aKOHOMEPHOCTH
MpoIeCCa U YCTAHOBUTH OITHMAJbHbIE MAaKPOKHHETHYECKME M MaKpPOIAWHAMUYECKHE
XapaKTEPUCTUKHU TEUEHUST HEHBIOTOHOBCKUX MATEPUAIOB.

BoiBoabl.  Teoperuueckd  OOOCHOBAaHHBIE  TpPEXMEPHBIE  MOAENM  TCUEHHUS
HEHBIOTOHOBCHKHMX KHMIAKOCTEH B KaHAaX JAIOT BO3MOXXHOCTh HPOBOIUTH KaYeCTBEHHO
HOBO€ MPOEKTHPOBAHHE TEXHOJOIMYECKOr0 000PYIOBAHUS MHUIIEBOM MPOMBIIUIEHHOCTH B
HaNpaBJICHUH CHIKEHUS SHEPro3aTpaT ¥ MaTEPHaIOEMKOCTH.

KnroueBble ciaoBa: meuenue, HEHbIOMOHOBCKAS JICUOKOCMb, KAHANL, Peono2us,
MoOenuposanue.
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OuncTka MOACTBHBIX PACTBOPOB CTOYHBIX BOJ MOJIOYHBIX NPeANPUATHI
HaHOQUIABTPanMeil 1 00pPATHBIM 0CMOCOM

WBanna Kupuuyk, FOpuit 3muesckuii, Banepuit Muponuyk
Hayuonanvnwiti ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenue. Ha mpeampusiTHsAX MOJIOYHOM NPOMBINIIEHHOCTH 0Opasyercs Ooibloe
KOJIMYECTBO CTOYHBIX BOJ| C BBICOKOH KOHIIEHTpalMell OpraHMYecKUX 3arpsi3HeHuil.
[lepcrieKTHBHBIM JUIS OYUCTKM CTOYHBIX BOJ SIBJISAETCS TNPUMEHEHHWE MeMOpaHHBIX
TEXHOJIOTUH, IO3BOJSIOMIMX OJHOBPEMEHHO W3bBATh LIEHHbIE KOMIIOHEHTHI MOJIOKa M3
CTOKOB U MOJYYUTh BOY, IPUTOAHYIO JUIsl IOBTOPHOI'O UCIIONIb30BAHUS.

Marepuansl U MeToabl. VccienoBaHus NPOBOAWINCH Ha YCTAHOBKE HENPOTOYHOI'O
THUIIA ¢ HcHoNb30BaHueM HaHomIbTpannoHHbeIX OIIMH-IT (3AO «Bnamumop», Poccust) u
obpaTtHO ocMoTnueckux MemoOpan HanoPo (3AO «PM Hanorex», Poccust). Mcnonp3oBanu
MOJICTIbHBIE PACTBOPBI CTOYHBIX BOJ MOJIOKONEpepaldaThIBAONIMX —IMPEANPUITHH —
pa30aBieHHOE 00E3KUPEHHOE U LIETHHOE MOJIOKO.

PesynbTaTsl u 00cy:kaeHue. B mporecce KOHIIEHTPUPOBAHUS MOIEIBHBIX PacTBOPOB
CTOYHBIX BOJ| yJelbHas IPOU3BOJAMTENHFHOCTh HAHOQWIBTPALMOHHBIX H  00paTHO
OCMOTHYECKHX MeMOpaH ObLia NMpakTHYECKH OIUHAKOBOH. [IpHunHON 3TOr0 MOTIIO OBITH
3arpsi3HEHUE MOBEPXHOCTH MeMOpaH KOMIIOHEHTAMH CTOYHBIX BOA. [loiydeHHbIe HHIEKCHI
3arpsi3HEHUsT TOKa3ajM CTeleHb 3arpsi3HeHHs MeMOpaH, KOTOpbhIe JUIS BO3BPATHO
OCMOTHYECKHX MeMOpaH ObuTH Ooiblne. C TOMOIIBIO O0paTHOrO ocMoca OBbUT TOJYYeH
nepMeaT JTy4IIero KauecTBa, KOTOPhI MO)KEeT IOBTOPHO MCIOIb30BATHCS ISl TEXHUYECKUX
ueneii npexnpusitus. [lepmeat mocine HaHOQUIBTPAIMK C COAEp)KaHUEeM JIakTo3bl 10 0,4 1/
u MuHepaJbHbIX BemecTB 0,75 /1 Moker cOpachiBaThCs B KaHAIM3AIMIO WIN IOCIE
JIOOYHMCTKH (Hampumep, oOpaTHBIM OCMOCOM HIJIM Jp.) MCIOJNB30BAaThCS KaK TEXHUYECKas
Bojma. HaHOQuabTpanMOHHBIW M OOpPaTHO OCMOTHYECKHWH KOHIIEHTpAT, KOTOPBIA IO
XUMHYECKOMY COCTaBY COOTBETCTBYET MOJIOKY, MOXET HCIIOIb30BaThCsA AJIS HEMHIEBBIX
Lieneit UK B KauecTBe KopMa JUIsl )KUBOTHBIX.

BeiBoasl. Mccienyemble MOTYT HCIIONB30BaThCA M1 KOHIIEHTPUPOBAHUS CTOYHBIX BOJ
MOJIOKOIIepepadaThIBAIOIINX TPEANPHUATHI TP HU3KOM AaBieHuu. [1o cpaBHEHHIO ¢ paHee
uccieayeMbIMA MeMOpaHaMu 00paTHO OCMOTHYECKHE M HAHO(DHIBTPAMOHHbIE MEMOPaHBI
MOKAa3aJI1 JIYYIIYIO IPOU3BOAUTEIBHOCTE U pa3JieIUTeNbHbIe CBOUCTBRA.

KnroueBsbie c10Ba: 1o010K0, cmouHbie 600bl, pacmeop, HAHOYUILMPAYUs, OCMOC.

Bbe30nacHOCTb Xu3HeaeaTeIbHOCTU

H.ﬂalmponanne JUKBHAAIHUHA l'IOC.T[e)ICTBl/lﬁ ‘lpe3BBI‘laI7]HBIX chyaum‘i

Cepreit KoBanenko, Anuna Cupuk, ViBanHa Bnacrox
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenue. O0beM mone3HoN MH(POPMALUKM B TpOIECCEe TUIAHUPOBAHMS JIMKBUAAIMU

HOCJ'ICZ[CTBI/Iﬁ lI]f)e:%BI)I‘IaI‘/‘IHLIX CI/ITyaHI/Iﬁ uenecooGpa3Ho OIICHUBATh C TMPHUMCHCHHUEM
HH(bOpMaHPIOHHI)IX PACUYCTHBIX 3a1a4 U MaATEMATUICCKUX Mo;[enef/i.
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Marepuanbl u Metoabl. [l pacueta KONUYECTBEHHOTO 3HAYEHHS BEPOSTHOCTH
OTpEeNIeNICHUs] ONTHUMANBHOTO BapHAHTA PEIICHHS 0 MOCTYIUIEHHs WHQOpMaMu o
COCTOSIHMH HCIIOJIB30BAJICSI METO]] OIPOCa IKCIEPTOB.

PesynbTatbl. OmnpenenieHo, YTO KAa4eCTBO PEIICHUS HAa JIMKBHIAIMH TOCIENCTBHUIl
YpE3BBIYAWHBIX CHUTYAIMil MPEXEe BCErO 3aBHCHT OT KOJNUYEeCTBa (HaKTOPOB, KOTOpBIC
YUIUTBIBAIOTCS TIPU €rO OMPE/ICICHUNH B KOHKPETHBIX YCIOBHAX, YPOBHS HH()OPMAIMOHHOM
TOTOBHOCTH OPraHOB YIPABIICHUS K MPUHATHIO PEUICHUS HA JIMKBUIAIUH IOCICICTBHIMA
YPE3BBIYAWHBIX CUTYAIIUi B BO3MOXKHO KOPOTKHE CPOKH C HEOOXOTUMOCTBIO PACCMOTPEHHS
HECKOJNBKUX BApUAHTOB JUISl OCTHXKCHHsS OOOCHOBAaHHOCTH. PacCYMTaHHOE OTHOIICHHE
o0bemMa TMOJe3HOH WHOpPMAIMU O COCTOSIHHM, COOpaHHOW W 00paboTaHHOW mpH
IUIAHUPOBAHUM OIIEpallii, A0 HEOOXOAMMOTO JUIsl ONPEICNCHHUsS pPELICHUS —II03BOJIUIIO
MOCTPOUTHh TPadUK 3aBUCHMOCTH BEPOSTHOCTH OIPEACICHUS PEIICHUS, OTBEYAIOIIETO
00CTaHOBKE, OT 3HAYCHHS BEPOSTHOCTH OMpPEACICHUS] ONTUMAIBHOIO BAPHAHTA PEIICHHS
JI0 TIOCTYIUICHHS HHOOPMAIIUK O COCTOSIHUM U OTHOIIICHHUS 00beMa MoIe3HOH HH(POpMAIUH
O COCTOSHMM, COOpaHHOWM ¥ 0O0paOOTaHHOW TIpM IJIAHUPOBAHHM OIEPALUH, [0
HEOO0XO0IMMOTO /IS OTIPEIeTICHHST ONTUMABLHOTO BapHAHTa PEIICHHS.

BouiBoabl.  PesynbraTel  HMCCIEAOBAaHHS  MOTYT  OBITh  HCIONB30BaHBI  TIPH
COBEpIIICHCTBOBAHUH MPOEKTOB YIPABICHUCCKUX PEIICHHH MO 00eCTIeYeHUI0 6e30MacHbIX
YCIIOBUH Tpy/a paOOTHUKOB MHUIIEBON MPOMBIIIIIEHHOCTH.

KirioueBble clI0Ba: upessviuatinas cumyayusi, NIGHUPOBAHUE, OYEHKA, UHGOPMAYUSL.
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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 xoseris HaykoBoro nepioguunoro Buaanusa « Ukrainian Food Journaly
3anporrye Bac 1o myOmikallii pe3yapTaTiB HAyKOBUX JOCIIIKEHb.

Bumorn 1o opopmiieHHs cTaTei

MoBH cTateii — aHIITIAChKA, YKpaiHChKa, pOCifChbKa

PexomennoBanuii o0csr crarti — 8-12 cropinok hopmaty A4.

CraTTsl BUKOHYEThCS B TEKCTOBOMY peaakTopi Microsoft Word 2003, B ¢popmari *.doc.
s Beix enementiB cratti mpudt — Times New Roman, xerns — 14, intepsan — 1.
Bci monst cropinku — 1o 2 cm.

CtpykTypa cTaTTi:

1. VK.
2. Ha3Ba crarri.
3. ABrtopu craTtti (iM’s Ta mpi3BHIIE NOBHICTIO, pukna;: JleHuc O3epsiHKO).
4. Yemanosa, 6 saxiil sukonana poboma.
5. Adoramis. PexomengoBanuii oOcsar aHoTamii — MiB CTOPIHKW. AHOTalis HNOBHHHA
BIJMOBIIaTH CTPYKTYpl CTaTTi Ta MiCTHTH po3aimu Beryn, Marepianmm 1 Mmeronw,
Pe3ysnpraTn 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 BKITIIOUaTH Taki 000B’SI3KOBI PO3IiIH:
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 0 6aTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi aHi aBTOpa, JI0 AKOTO 32 HEOOXITHOCTI Oy/e 3BepTATUCH 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 cucremu 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
CTarTsl HAJACWIAETHLCS 32 eJIeKTPOHHOI0 afapecoto: 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. ENEeKTpOoHHI CUCTEMH 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 HOCHIaHHA HE MOXYTb ONPallbOBYBATUCh HAYKOMETpUYHMMHM Oazamu (Scopus,
Index Copernicus, EBSCO, Google Scholar, Web of Science ta in.). Lli 6a3u cnpuiimaroTs mpocre
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 y3roKyrOTh 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 nependadaroTh OQOPMIICHHS CIHCKY JITEpaTypH JIHIIe
JIATUHCBKMMH cuMBoiamu. [Ipum odopmileHHI NOCHIaHb Ha JUKEpela, HalUCaHi KUPUIIMIEIO,
HEoOXi/IHO MPOBOAUTHU TpaHciaiTepauito. Kopucryrouncs nporpamMamu TpaHcliTepanii, Cllii yBaXHO
BKa3yBaTH, 3 SIKOI MOBH IIPOBOAUTHCS TPAHCIITEpalliss — 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 CTaHAapTy, 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 mepunmHi / T.I1. Tupor, A.Zl. | 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), Bunasuunrso, Micto.
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.

——Ukrainian Food Journal. 2014. Volume 3. Issue 2 — 321



3. IMocuiaaHHs HA eJIEeKTPOHHUIA pecypc.

BukoHyeTbCsl aHaIOTiYHO TTOCHIIAHHIO Ha KHUTY a00 crartio. [Ticis opopmeHHs
JTAaHUX Mo MyOIiKamilo MUIIyThCs cnoBa available at: Ta Bka3yeThcst eleKkTpoHHa ajapeca.

[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 €JIEeKTPOHHOTO BHIAHHS:
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