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Introduction. Cereal raw materials are an important basis for the
food industry. The research was carried out on the possibility of using
a whole biologically activated grain of cereals to create functional food
products.

Materials and methods. Compoundings of grain mixes of flakes
and ready-made products on their basis is investigated. Protein was
determined by Biuret method, starch content by polarimetric method.
Fat was determined by the method of exhaustive extraction with
chemically pure hexane. Vitamin E and substances with P-vitamin
activity are determined colorimetrically. Vitamin C was carried out
using a titrimetric method. The microbiological indices of the studied
samples were determined by sowing them surface on agarized nutrient
media.

Results and discussion. The influence of temperature regime and
duration of cold conditioning of grain on its biological value is
determined. With change of temperature regime to 1218 °C and the
duration of conditioning of 24-30 h, the content in the grain of all
water-soluble vitamins increases by 2-2,5 times, the amount of
tocopherol grows by 5-7 times, the amount of substances with P-
vitamin activity increases in 2,5 times.

The dependence of basic physical and technological parameters of
grain flakes and organoleptic properties of finished products from their
component composition is investigated. Increase in a mass fraction of
oats to 50% leads to increased viscosity of porridge, due to an increase
in the content of hemicellulose, decreases crumbility. Increasing the
mass fraction of wheat grain to 35% leads to a more rigid structure of
porridge, which is explained by the higher density of shell parts of
wheat grain, compared with other components.

The degree of maintenance of the daily needs of the adult
population in the macronutrients, at the expense of consumption of 100
grams of flakes, is: proteins — 18-22%, fats — 5-7%, carbohydrates —
13-16%, food fibers — 13,5%.

Taking into account the daily requirement of adult population in
vitamins, 100 g of flakes mix allows you to meet the need for vitamin
E by 67-76%; P by 17,4%.

The total number of colony-forming units of mesophilic aerobic and
facultative-anaerobic microorganisms in fresh samples of mixes of
flakes and after their storage does not exceed 2-10° per g product, mold
mushrooms and pathogenic microorganisms are absent.

Conclusions. Biologically activated grain of cereal cultures of
wheat, bare grain oats and triticale is a source of valuable nutrients, for
creation of mixes of flakes of functional purpose.
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Introduction

Cereal products are the main and irreplaceable components of food ration [1], they
contain a number of essential substances necessary for providing of the normal functioning
of man organism [2]. The leading place of food products on a grain basis in the feed puts the
goal of the technologists to achieve a higher level of their functional significance [3].
Scientists investigate the possibility of application new non-traditional types of raw
materials, processing methods for improving the quality of food products [4].

Wide distribution is acquired by flakes and groats of quick-cooking [5]. The interest of
consumers in this type of products is explained by the possibility of reducing their cooking
time and the best food and taste properties, in comparison with traditional groats [1]. The
classic type of cereals for the production of flakes is an oat [6]. Lately for the production of
flakes apply the row of other cereal cultures — rye, wheat, barley, and also corn, millet,
buckwheat as well [5]. This allows you to expand the assortment of products, increase its
food value.

One of the most useful and delicious types of cereal products are mueslis, basis of that
are the flakes of a several cereals, complemented by fruit and vegetable components [7]. So
fairly successful are products that provide a combination of cereal flakes with different
original fillings, which is from 30% to 50% of the product [5].

The literature does not contain data on the possibility of production of flakes based on
biologically activated grain of wheat, bare grain oats and triticale.

Literature review

By a base product that is basis for the production of flattening groats and flakes there
are groats not ground up. Flakes produce from the groats of top grade at their additional
cleaning, steaming-out and flattening [6].

Studies have found that regular consumption of whole grains and products on its basis
contributes to reducing the risk of diseases of the cardiovascular [1] and digestive systems of
the body, the development of diabetes [2].Such influence is caused by the presence in the
whole-grain products of a number of biologically active components: vitamins, mineral
compounds, food fibers [7] that can increase the immunity and adaptive capacity of a person,
improve the activity of the gastrointestinal tract, organs and systems, and reduce the
development of metabolic syndrome [3]. It is proved that valuable difficult complexes
contained in whole grain products are more useful than the separate isolated components [4].
The peripheral parts of the grain, the shell and the aleurone layer, the germ contain much
more valuable micronutrients than the starch endosperm, in particular vitamins and vitamin-
like compounds, phenolic compounds, phytosterols, lignans, and dietary fibers [8] that are
characterized by high biological activity [9]. It is also known that the proteins of the aleuronic
layer and the germ have a higher nutritional value, compared to the grain endosperm proteins
[10].

Foods on the basis of grain cereals are the important dietary sources of antioxidants [2].
The authors have investigated that the content of phenolic compounds, in particular routine,
quercetin, phenolic acids in grain, not cleaned from shells, is significantly higher, antioxidant
activity is also 2-4 times higher than that of grain cleaned from shells [11]. The total content
of antioxidants in whole-wheat products exceeds 3,5-6 times the corresponding value in
fruits and vegetables [12].
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Clinical trials by Swiss physicians have shown that whole grains groats reduce the risk
of oral and pharyngeal cancers, esophagus and larynx, unlike refined grain products that can
contribute to this disease [13].

Scientists confirm the protective role of whole grains products that contain food fiber
and the necessary mineral compounds, in particular magnesium, in relation to development
of diabetes, especially in the elderly [3]. Clinical researches have shown that low
concentration of magnesium in plasma of blood are associated with insulin resistance; it is
proved that wholegrain products significantly reduce glycemia [14].

The Polish scientists have analyzed the assortment of the most popular cereal wheat
breakfasts. It is marked that these products are made from the grain released from shells were
characterized by low protein content (about 6,2%), subzero content squirrel (close 6,2%),
low total fiber content (6,49%) and soluble dietary fibers [5].

Sprouting of grain and seeds is used to soften the core, increasing the nutritional value,
reducing anti-alimentary substances and improving the functional composition of proteins
[6]. The germination process should be short-lived and carried out at low temperatures, as it
results in the degradation of B-glucans that significantly affect blood cholesterol and glucose,
activity of the cardiovascular system, are antibacterial, antitumor, radioprotective properties
[15]. So with the germination of oats grain for 72 h, the content of B-glucans is reduced by
40-45% [15].

Germination assists the increase of bioavailability of food compounds, by their partial
hydrolysis, mineral substances of whole grain of Fe and Zn, mastering of that is complicated
through the presence of natural inhibitors [16], and also to the decline of activity of present
antialimentary substances, such as inhibitors of enzymes, hemagglutinins, etc. [17].

Scientists propose to receive flour of high nutritional value, in particular, with improved
amino acid, mineral and fatty acid composition of grains germinated in solutions of sea salt
[18].

In order to increase the nutritional value of products, biologically activated grain of
wheat is recommended for use in bread technology [19]. Scientists from Belarus developed
a number of methods for processing biologically activated grain, for the production of flour,
groats and other products of high food value [20]. Technology of flakes is worked out from
red rice, that envisages the use of whole grain soaked during a few days, that assists the
increase of food value and comprehensibility of raw material [21].

The objectives of the work is the scientific and practical ground of the expediency of
using a whole biologically activated grain of wheat, bare grain oats and triticale to create a
mixture of flakes of high food value.

Task of researches are the following:

— to propose regimes for the preparation of grain of cereal cultures to increase its
nutritional value;

— to ground expediency of application of the biologically activated grain-growing raw
material for modeling and creating mixtures of flakes of functional purpose;

— to investigate the influence of the composition of the formula of a mixture of flakes on
the basis of biologically activated grain of wheat, triticale, and bare grain oats on the
basic physical and technological parameters of the product;

— to determine the organoleptic parameters and the nutritional value of grain flakes;

— to investigate the basic indexes of quality of flakes on the basis of biologically activated
grain;

— to calculate the provision of day's norm in vitamins and basic substances due to the
consumption of mixture of grain flakes;

— to define the indexes of microbiological stability of the product.

—— Ukrainian Food Journal. 2019. Volume 8. Issue 1
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Materials and methods
Materials

During realization of experimental researches used grain of wheat, triticale and bare
grain oats, respectively, sorts Mironivska 137, Molfar, Solomon [22], to the harvest of 2017;
made standards of mixtures of flakes.

Methods of determination of nutrition value of flakes.

Preparation of investigated samples of flakes envisaged grain cleaning, washing and
disinfection, hydrothermal treatment at 12—16 °C in three cycles, each of which included the
intensive moistening of grain for 4 hours, followed by evaporation for 4 to 6 hours, the total
duration of 26-30 h. [23], rolling of grain, drying at a temperature of 40—45 °C to a humidity
of 12-14%; combination according to the formulation [6]. Humidity of the investigated
samples was determined by drying to a constant mass for temperatures 105 °C [6]. Protein
content was determined by Biuret method [24], which is based on the properties of proteins
in an alkaline environment to form a blue-violet color with a biuret reagent whose intensity
is determined on a spectrophotometer; starch — polarimetric method [25]. Fat was determined
by the method of exhaustive extraction with chemically pure hexane [26]. Vitamins E and P
were determined colorimetrically [27], determination of vitamin C was performed by
titrimetric method. The method is based on extracting vitamin C from the test sample with
an acid solution (chloride acid, metaphosphorus or a mixture of acetic and metaphosphoric)
followed by titration visually or potentiometrically with  sodium  2,6-
dichlorophenolindophenolate solution [28].

Method of determination of microbiological indicators of flakes

The microbiological indexes of mixture of flakes determined in the prepared samples,
humidity of that folded 11-12%. For this purpose, the samples studied were planted
superficially on agarified nutrient media: meat-peptic agar (detection of mesophilic aerobic
and facultative anaerobic microorganisms — MAFAnM), wort-agar (yeast and mushrooms).
Cups with crops were incubated for 2 to 3 days at a temperature of 37 °C to establish a total
amount m/o (MAFAnM). Crops on cups with an environment a wort-agar for the exposure
of mushrooms and yeasts were incubated at 28 °C during a 5-7 days [29].

Results and discussion

Researches of influence of prescription composition of grain flakes on their
indicators of quality

Scientists have shown that the consumption of grain products plays an important role in
maintaining a normal body mass index, providing the body with energy, mineral compounds,
vitamins, and lowering cholesterol levels in the blood [30]. Effective are biological methods
of preparation of grain raw materials, which contribute to the increase of activity of native
enzymes — soaking, sprouting, hydrothermal treatment at low temperatures, fermentation.
Such treatment contributes to the highest natural degradation of anti-nutrients — phytate,
inhibitors of digestive enzymes, increasing the bioavailability of macronutrients. The use of
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biologically activated grain of cereals for the creation of products for health and functional
purposes is a new progressive trend.

Traditional grain preparation includes hydrothermal treatment, in particular, cold
conditioning, involves moisture of the grain and prolonged evaporation at a temperature of
30 to 40 °C. Hydrothermal treatment regimes include steam under pressure and grain
tempering [31]. Such heating does not contribute to the synthesis of vitamins in the grain.

We have scientifically substantiated and proposed the use of significantly lower
temperatures in the cold condition of grain — 12—18°C. The process of treatment it is
recommended to conduct in three cycles, each of which involves intensive humidification of
grain for 4 hours, followed by evaporation for 4 to 6 hours, the total duration of 24-30 h,
which contributes to increasing of humidity of grain to 30-35%. Such preparation causes
activation of the enzyme complex. As a result of the intensification of enzymatic processes,
increasing the bioavailability of carbohydrates and proteins, activating the synthesis of
vitamins and vitamin-like substances [15]. Due to the activation of the enzyme complex,
biological changes occur in the structure of the grain, it begins to sprout, is in the so-called
"awakened state" [20]. By this treatment, the content of valuable micronutrients increases
significantly, which is related to the internal biological processes in the plant organism.

Our previous investigations have shown that for this treatment, the content of all water-
soluble vitamins increases by 2-2,5 times, the amount of tocopherol increases 5-7 times,
depending on the culture and sort of grain; substantially increases the content of vitamin-like
substances, in particular, substances with P-vitamin activity, inositol, in comparison with
grain native [32].

Taking into account principles of health feed, the row of compounding of mixtures of
flakes is worked out with the use of grain of wheat, bare grain oats and, triticale. Including
our experimental data and applying the calculated method of food combinatorics, the
percentage content of the formulation components of the mixture is calculated, which
provides the highest amount of vitamins B, vitamins C and E, inositol in the finished product.

Prepared prototype finished products and studied their basic quality indicators (Table
1).

The influence of the amount of components of the mixture of flakes on the quality
parameters of the finished product is investigated. It has been experimentally found that
flakes obtained from the grain mixture, which include 30—45% oats, 20-30% wheat and 35-
40% triticale are as friable, have a pleasant taste and a smell of cooked flakes. An increase in
the mass fraction of oat to 50% leads to an increase in the viscosity of porridge, due to an
increase in the content of hemicellulose, the scatteriness decreases, which is not expedient.
Increasing the mass fraction of wheat grain up to 35% leads to a more rigid structure of
porridge, which is explained by the higher density of the shell parts of wheat grain compared
to the bare grain of oats and triticale, which is not appropriate.

It was investigated that the ratio of the main constituents of substances in developed
grain flakes, which makes 12,2-12,7% (proteins): 3,8-4,4% (fats): 54,4-57%
(carbohydrates) is more acceptable than in a number of cereals: manna, wheat, rice and the
most popular types of cereal wheat breakfast [5, 33].

There was experimentally determined that the content of food fibers in developed grain
flakes is 2.7 — 2.9%. It is researched that according to the water-holding ability, the data of
the food fibers belong to the group of medium-water-binding, they have a positive influence
on the processes of digestion, occupy a considerable volume in the intestine and increase its
peristalsis [13]. The presence of food fibers, which are natural food sorbents, capable of
adsorbing toxic substances, heavy metal salts, radionuclides, bile acids, and cholesterol, are
an important factor in their functional action on the human body [34].
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Table 1
Recipes of mixes of flakes and a characteristic of their nutritional value and organoleptic
indicators
Recipe Nutritional value Vitamin
Ne | components content,
mg%.
= 2 Organoleptic
'§ < < indicators of
g | =2 z L = i
- = = = the finished
S| e| S 5 2 > | g
= | B | € 5 = = < E P product
Z | 2| E = =~ o 1
2| =] & = 5=
= = =S8
=) Q (S
The porridge is

viscous, not
crumbly enough,
1 | 15|50 | 35 |12,85|4,58 | 46,25 | 277,45 | 11,85 | 8,57 | the smell and
taste is
characteristic of
this product

Porridge is a
measure of
crumbly,
pleasant taste
and a smell of
cooked flakes

2 120 |45 35| 12,68 |4,38|47,26 | 279,2 | 11,65 | 8,64

Porridge is a
measure of
crumbly,
pleasant taste
and a smell of
cooked flakes

3 (25|40 | 35| 12,51 | 4,18 | 48,26 | 280,74 | 11,55 | 8,74

Porridge is a
measure of
crumbly,
pleasant taste
and a smell of
cooked flakes

4 1301|3040 | 12,22 3,79 | 50,17 | 283,67 | 11,36 | 8,84

The porridge is
hardened with
slipping, the
smell and taste
is characteristic
of this product

5135|3530 12,29 | 3,96 | 49,37 | 282,42 | 11,45 | 8,78
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Determination of biological value and physical-technological indicators of quality
of grain flakes

We have determined the content of vitamins in grain flakes. The developed product,
due to the preliminary preparation of grain — biological activation, during which the grain
sprouts, contains a significantly higher amount of antioxidants — vitamins C, E and substances
with P vitamin activity, compared with traditional grain products. These data are consistent
with studies by other scientists who have found a significant increase in the content of
vitamins at grain germination [35, 36]. The flakes also contain vitamins of group B: thiamine
—0.48 to 0.62 mg%, riboflavin 0.25 to 0.32 mg%, pyridoxine 0.86 to 1.2 mg%, inositol 154
to 162 mg% nicotinic acid — 4.5-6.3 mg%.

The basic physical and technological parameters of quality of flakes mixes from
biologically activated grain are determined (Table 2).

Table 2
Physical and technological indicators of grain flakes quality

Ne | Indicator The ratio of the formulation components of the
mixture flakes (wheat: oats: triticale),%.
20:45:35 25:40:35 30:30:40
1. | Humidity,%. 11,5 12,0 11,8
2. | Volumetric mass, g/l 420 426 438
3. The middle particle size | 5,2 6,0 6,4
, mm
4. | The angle of the natural | 64 62 65
inclination, deg
5. | Angle of sliding on 15 16 18
metal, deg
6. | Actual density, g/1 432 440 454
7. | Cohesiveness 1,1 1,2 1,4

It should be noted that the ratio of individual components of the mixture of flakes
influences the physical and technological parameters [6]. All samples have a permissible
value of humidity. The middle particle size of a mixture of flakes depends on the grain size
of the raw material and is in the range acceptable for food products on grain basis [31]. The
values of indexes of by volume mass and actual density indicate the high quality of the grain
product. Optimum values of cohesiveness of grain mixtures characterize their ability to move
freely when unloaded from containers and during transportation [6]. The obtained results
correlate with the data, determined on the physical and technological parameters of corn
flakes [37, 38].

Scientists note that whole grain products are essential for daily diets; they contain a
unique set of nutrients that are prevention of cardiovascular disease and diabetes [37].

Using the norms of human physiological needs in the main nutrients and energy [39],
the calculation of maintenance of the day's norm (DN) in vitamins and basic substances was
made due to the consumption of a mixture of flakes from biologically activated grain.
Quantitative indicators are given in tables 3,4.
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Table 3
Providing daily need for vitamins per 100 g of a mixture of flakes
O C?ntent ina Norm§ of Maintenance DN,%.
Vitamin mixture of consumption, mg
flakes, mg Men Women Men Women
E 11,5 17 15 67,6 76,6
P 8,7 50 17,4 17,4
C 4,2 70 6 6

Consequently, taking into account the day's requirement of adult population in vitamins,
100 g of mixture of flakes allows you to meet the need for vitamin E by 67—76% and vitamin
P by 17,4% and vitamin C by 6%. The obtained results indicate that a mixture of flakes from
biologically activated wheat, oats and triticale is a functional product [40]. These products
are able to provide the body with vitamins antioxidants every day, which is important in
antioxidant protection of the body [41].

Table 4
Nutritional and energy value of a mixture of flakes
Mixture of Daily Ensuring day
. flakes norms
Indicator . norm,%.
consumption
Men Women | Men Women
Proteins, g 12,4 67 55 18,5 22,5
Fats, g 4,03 68 56 5,92 7,19
Carbo- Starch 52,7 392 320 13,4 16,4
hydrates, g Food fibers 2,7 20 13,5 13,5
Energy value, kcal 327 2450 | 2000 13,34 16,35

It is established that the degree of ensuring of the day's needs of the adult population of
the first group of labor intensity in the macronutrients, at the expense of consumption of 100
grams of cereal flakes is: proteins — 18-22%, fats — 5—7%, carbohydrates — 13—16%, food
fibers — 13,5%. The presence of a significant amount of food fibers in the flakes is a positive
factor, since these natural sorbents lower the level of cholesterol in the blood and the risk of
development of tumors of the upper digestive and respiratory tract [13, 42, 43].

The total number of colony-forming units of mesophilic aerobic and facultative-
anaerobic microorganisms (KFU MANFAnM) was determined in the finished mixture of
flakes, as well as during storage of the product for 6 months. The results of microbiological
studies are presented in Table 5.

As a result of the conducted research it was established that the microbiological
seedability of mix flakes on the basis of biologically activated grain of wheat, triticale and
oat does not exceed the values of permissible values of microbiological seedability [29],
storage of mixtures of flakes during 6 months does not significantly impair their quality, these
grain products are safe from the point of view of microbiological purity.
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Table 5
Microbiological indicators of a mixture of flakes based on biologically activated grain

Microbiological indicators
Mold fung, Pathogenic
Sample MAFAnM, KFU /g, not microorganisms,
KFU /g, no more | more including Salmonella
in25g

Cereals, normative 5.10° 50 Not allowed
value
A mixture of flakes 3-10? Not found Not found
after drying
A mixture of flakes
after 6 months 2103 Not found Not found
storage

Conclusions

According to the results of analytical and experimental studies, the prescription
composition of grain flakes on the basis of biologically activated grain of wheat, oats and
triticale has been developed. This product has a functional purpose and is essential for a diet,
since it enables you to satisfy your daily needs not only in the required macronutrients, but
also in important vitamins and food fibers.
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Introduction. Studies have been conducted to determine the effect of
the size of starch granules on the quality of starch obtained from Eastern
and Central European potato varieties.

Materials and methods. The object of study is native potato starch,
produced according on technical regulatory legal acts from 15 potato
varieties Belarusian, of Russian, of Ukrainian and of German selection.
The morphological structure of starch granules was evaluated on a LEO
1420 scanning electron microscope. The contrast of the images was
achieved by the metallization of preparations made with gold in the
EMITECH K 550X vacuum system.

Results and its discussion. Grains of native starch obtained from
Eastern and Central European potato varieties vary significantly in both
shape and size, which, to a large extent, apparently, determine the
technological features of starch production. It is noticed that, depending
on the selection of Belarusian, German, Russian, Ukrainian, the size of
the grains of native potato starch of Eastern and Central European
varieties of potatoes varies within: 5-90,26; 8,38-83,47; 5,3-88,7; 12,36
70 microns, respectively.

The highest starch content in grains obtained from Eastern and Central
European potato varieties was found in the German selection variety
«Kormoran» — 23%. Among the varieties under consideration, it is he
who has the highest starchiness, but at the same time small starch granules
(the average size of the granules is 24,0 microns). Lowest starch content
in grains derived from Eastern and Central European potato varieties was
the lowest in the Russian «Krepysh» variety, 11,1%, with an average
granule size of 30,1 microns. On this basis, it can be assumed that with a
larger average size of starch grains the starch content decreases, and with
a smaller average size, the percentage of starch content increases.

According to our results, as well as well-known data, starch grains
have an oval, spherical or irregular shape, their diameter varies between
0,001-0,2 mm. Starch grains are divided into simple and complex: simple
grains are homogeneous formations; complex — a combination of smaller
particles. The density of starch is on average 1,5 kg/m’.

Based on the analysis of the characteristics of the structure of native
starch, it can be assumed that the main structural characteristic of the
structure of native starch, determining its properties, is starch grain
(granule).

Conclusion. The morphological structure of native starch granules
depends on the type of potato and can vary widely: from 5—7 microns to
80-90 microns, which affects the quality of the starch produced.
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Introduction

The range of products of starch-treacle production is quite large and amounts to several
hundred items [1-32]. The main raw materials for the production of starch and starch
products are potatoes [5], corn [18-19, 22, 27], wheat [11, 15-16], rye [2], barley [12, 20],
oats [4], rice [19, 21], buckwheat [2, 5], tapioca [23, 24], lentils [26], banana [25] etc.

Potato starch is widely used in the food industry, in cooking, in the production of certain
types of sausages, to stabilize confectionery creams, and to produce artificial sago. Starch
obtained from potatoes is also used for technical purposes in the textile, paper, printing
industry, as well as in everyday life [1].

The use of starch is largely determined by its properties associated with the
morphological structure. The peculiarities of starch morphology depend on the biochemical
mechanisms of starch accumulation and are primarily determined by the grade of the raw
material and its quality.

The size of starch granules has a significant effect on the quality of starch. Small
granules swell worse and, accordingly, gelatinize more slowly, in addition, they are worse
stored and inferior in taste to large ones.

In this regard, the purpose of this work was a comparative study of the morphological
structure of native potato starch of Eastern and Central European varietal origin.

Materials and methods
Materials

The object of study is native potato starch, produced according on technical regulatory
legal acts (TNLA) [33] from 15 potato varieties (Solanum tuberosum L.) [34-37], of which
ten («Atlanty («Amnanmy), «Lazurity («/lazypumy), «Lasunoky («Jlacynoky), «Lileyay
(«/lunes»), «Magy («Maey), «Skarby («Ckapb6y), «Suzor'vey («Cyszopwe»), «Yavary
(«Aeapr), «Vesnyanka» («Becnanuxay)) Belarusian, thirteen («Lazar'y («/lasapvy), «Divoy
(«Hdueor), «Vestniky («Becmuuky), «Effecty (O¢gppexm), «Bryanskiy delikatescy» («bpanckuti
Odenuxamecy), «Favority («@asopumy), «Grandy («Ipanoy), «Vasileky («Bacunexy),
«Velikany («Benuxany), «Nakra» («Haxpa»), «Koloboky («Konoboky), «Krepyshy
(«Kpenvuuy), «Meteory («Memeop»)) of Russian, two («Dzviny («Hd3z6un»), «Lelekay
(«/lenexay)) of Ukrainian and four («Albatros», «Kormorany, «Kranich», «Sonatay) of
German selection.

Methods
Scanning Electron Microscopy (SEM)

Sample preparation. Metallization of native starch preparations was carried out with
gold in the EMITECH K 550X vacuum unit.

Analysis. Scanning electron micrographs of native starch granules were obtained using
a LEO 1420 scanning (raster) electron microscope (Germany) [38—41].

The principle of operation of the scanning electron microscope consists in scanning the
sample surface with a focused electron beam and analyzing particles reflected from it and X-
ray radiation resulting from the interaction of electrons with matter. In a scanning electron
microscope, an electron beam (electron probe) is focused by electromagnetic lenses of a
capacitor and a lens [6]. A special device — deflector deflects the electron beam (primary

—— Ukrainian Food Journal. 2019. Volume 8. Issue 1

19



Food Technology ——

electrons), which slides on the surface (raster). The secondary electrons (reflected from the
surface) are perceived by the detector and are focused on the screen of the scanning electron
microscope creating a three-dimensional image. The scanning electron microscope allows
working in a wide range of magnifications from %10 (which is equivalent to an increase in a
strong hand-held lens) to 1000000, which is =~ 500 times the increase limit of the best optical
microscopes. The scanning surface is necessarily sprayed with metal: platinum, gold, silver,
aluminum [6].

Determination of starch content in potato tubers

The starchiness of potatoes is determined on the scales of the Steam [42].

Scales (Figure 1) consist of a long rocker, on which there are two parallel rulers with
movable weights: a small one on the front ruler and a large one with a inside-in mobile ruler
on the rear ruler. The back ruler is graded in divisions expressing the percentage of litter
content (from 0 to 60%). It is used to determine the contamination of potatoes and weigh the
samples for analysis. The front line is graded on the percentage of starch in the range from
10 to 30% with an accuracy of up to 0,1% and is used for weighing in water by moving a
small weight along the rocker arm [42].

The content of starch in the test sample of potatoes is determined by the position of the
small weight on a certain division of the rocker arm on reaching equilibrium. The definition
itself is made when a large weight is shifted all the way to the left, and a mobile ticker on it
is pushed to the right. The ruler ends with directional arrows, above which there are two
mobile small weights used to balance the tare of the scales, as follows. Two baskets (upper
and lower) are suspended for a short rocker. In a tank in which the lower basket is placed,
water is poured at a temperature of 17,5°C. Both weights are pushed back and the mobile
ruler is pushed to the left on the big weight until it stops. After this, the scales open and
achieve the exact coincidence of the index arrows, first roughly: moving a large load on the
short arm of the rocker arm, and then precisely: with small weights [42].

Due to the fact that the balance is calibrated at a temperature of 17,5°C, it is necessary
to measure the temperature of the water in the tank with each determination and to make a
temperature correction (Table 1).

Table 1
Corrections for water temperature in determining starchiness on potato scales

Water temperature when weighing, °C
7189 J1o|lnu|n2]13][14]15]16]17][18]19]20]21
Add to scales From indications of
scales to take away
021(02/021]02|0210,11/(0,110,11000,010,00,0]0,01(0,1]0,1
7 6 5 3 0 7 5 2 9 6 2 2 8 0 2

Statistical Analysis

Statistical processing of the research results obtained using modern computer tools
in accordance with generally accepted methods [3].
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Results and discussion
Results
Potato starch granules

Scanning electron micrographs of grains of native starch obtained from Eastern and
Central European potato varieties are shown in Figures 2 and 3. Figures 4, 5 and 6 show a
grain size analysis of grains of native starch obtained from Eastern and Central European
potato varieties (the distribution of starch granules according to their size).

The granulometric analysis of the grains of native starch was carried out on the basis
of the results given in Table 2. Table 1 shows the average, minimum and maximum grain
sizes of native starches obtained from Eastern and Central European potato varieties with the
characteristics of the statistical processing of the studied sample.

Native starch grains obtained from Eastern and Central European potato varieties
vary significantly in both shape and size, which, to a large extent, apparently, determine the
technological features of starch production [4-6].

It was established that the average grain size of native starch obtained from Eastern
and Central European potato varieties «Atlanty, «Lazurity, «Lasunoky», «Lileya», «Magy,
«Skarby, «Suzor'yvey, «Yavary, «Uladary, «Vesnyankay, «Albatrosy, «Kormorany,
«Kranich», «Sonatay», «Lazar'y, «Divoy, «Vestniky, «Effecty, «Bryanskiy delikatescy,
«Favority, «Grandy, «Vasileky, «Velikan», «Nakray», «Koloboky», «Krepysh», «Meteory,
«Dzviny, «Lelekay respectively, will be: 28,23; 23,89; 21,61; 26,03; 37,12; 25,54; 37,13;
26,02;26,29;32,85; 33,72, 23,96; 33,90; 28,38; 27,68; 30,35; 34,13; 27,52, 21,32; 12,9; 33,1;
32,6; 31,4; 51; 31,9; 30,1; 27,9; 33,47; 33,27 microns (tab. 1) [34]. At the same time, the
minimum and maximum grain size of native starch obtained from Eastern and Central
European potato varieties «Atlanty, «Lazurity, «Lasunoky», «Lileyay, «Magy, «Skarby,
«Suzor'yey, «Yavary, «Uladary, «Vesnyanka», «Albatros», «Kormorany, «Kranichy,
«Sonatay, «Lazar'y, «Divoy, «Vestniky, «Effecty, «Bryanskiy delikatescy, «Favority,
«Grandy, «Vasileky, «Velikan», «Nakra», «Kolobok», «Krepyshy», «Meteory, «Dzviny,
«Lelekay fluctuates within: 7,84-56,22; 7,92-66,81; 5-56,25; 7,91-59,46; 12,92-65,42;
6,62-64,12; 14,58-67,64; 9,12-59,41; 6,43-58,39; 7,9-90,26; 8,46-62,64; 8,38-58,82;
14,31-83,47; 10,97-62,64; 10,14-55,69; 15-56,58; 13,68-60,53; 9,47-58,94; 7-68,7; 5,3—
38,4;27,4-60,2;11,4-88,7;11,6-61,4; 15,1-80,8; 15,1-64,1; 10-61,1; 10,3-52,7; 12,36-70;
15,14-60,28 microns (tab. 2) [34].

It should be noted that the maximum average grain size of native starch obtained
from Eastern and Central European potato varieties was noted for «Nakra» variety and was
51 microns. The minimum average grain size of native potato starch was found in variety
«Favorite» — 12,9 microns. Both varieties of native potato starch belong to the varieties of
Russian selection [34, 41].
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Table 2

Morphological characteristics of native starch isolated from Eastern and Central European
potato varieties

Native starch extracted from Eastern and Central European

potato varieties

Varieties of Belarusian breeding

Options A A 2 A . A )
) = < A )
< = 2 5 =z % S
¥ v e v - v @
The average 28,23 23,89 21,61 26,03 37,12 25,54 37,13
Minimum 7,84 7,92 5,00 7,91 12,92 6,62 14,58
Maximum 56,22 66,81 56,25 59,46 65,42 64,12 67,64
Average Sf)a“h 18,5 14,7 18,5 14,1 19 14,5 19,1
content,%.
The
dlstrlbutlot} of A B
granules in
size
Continuation of Table 2
Native starch extracted from Eastern and Central European
potato varieties
Varieties of ]?elarusmn German selection varieties
breeding
Options R 3 A 2 2 A
2 5 = 5 z 5 3
< < = =) = h=
> s > = = g
S| 21812 5| & | 3
¥ v %’ < Y >, ¥
The average 26,02 26,29 | 32,85 | 33,72 | 23,96 33,90 | 28,38
Minimum 9,12 6,43 7,89 | 8,46 8,38 14,31 10,97
Maximum 59,41 58,39 | 90,26 | 62,64 | 58,82 83,47 | 62,64
Averagestarch |1y 4 | 49 | g3 | 172 | 23 | 167 | 169
content,%.
The dlstrlb}lthn of A B A B A
granules in size
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Continuation of Table 2

Native starch extracted from Eastern and Central European

potato varieties

Russian breeding varieties

. - > A N
Options 2 ~ 2 A g9 2 3
= o o= Q Q — S
S Z | 2| & | 85| 2 g
= <
3 S > ER 5 S
M Yy o ¥
The average 27,68 30,35 | 34,13 | 27,52 | 21,32 12,9 33,1
Minimum 10,14 15,00 | 13,68 | 9,47 7 5,3 27,4
Maximum 55,69 56,58 | 60,53 | 58,94 68,7 38,4 60,2
Average starch 204 | 21 | 185 | 195 | 166 | 145 | 157
content,%.
The dlstrlb}lthn of A C A C D C B
granules in size

Continuation of Table 2

Native starch extracted from Eastern and Central European
potato varieties
Varieties of
Russian breeding varieties Ukrainian
breeding
Options
S Bl al| 2| 4|8 &| 32
z | 2| 2| 5| &g 8| % |3
< © E sy L o1 S [
2 Z v . Y 2 v E
The average 32,6 | 314 | 51,0 | 31,9 | 30,1 | 27,9 | 33,47 | 33,27
Minimum 114 | 11,6 | 15,1 15,1 10,0 | 10,3 | 12,36 | 15,14
Maximum 88,7 | 61,4 | 80,8 | 64,1 | 61,1 | 52,7 | 70,00 | 60,28
Average Sf)a“h 143 | 17,4 | 20,1 | 132 | 11,1 | 13,5 | 18 | 185
content,%.
The dlstrlb}lthn of C D C A
granules in size

A —Monomodal, B — Bimodal, C — Threemodal, D — Fourmodal

It is noticed that, depending on the selection of Belarusian, German, Russian, Ukrainian,
the size of the grains of native potato starch of Eastern and Central European potato varieties
ranges from: 5-90,26; 8,38-83,47; 5,3—88,7; 12,36—70 microns, respectively [34].
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The highest starch content in grains obtained from different varieties of potatoes was
found in the German selection variety «Kormoran» — 23%. This variety is of particular
interest. Among the varieties under consideration, it is he who has the highest starchiness,
but at the same time small starch granules (the average size of the granules is 24,0 microns)
[34, 41].

The starch content in grains obtained from Eastern and Central European potato
varieties was the lowest in the Russian «Krepysh» variety, 11,1%, with an average granule
size of 30,1 microns [34, 41].

On this basis, it can be assumed that with a larger average size of starch grains the starch
content decreases, and with a smaller average size, the percentage of starch content increases.

As can be seen from Figures 1 and 2, fifteen varieties of native starches obtained from
Eastern and Central European potato varieties («Atlant», «Lazurity, «Lasunoky, «Lileyay,
«Skarby, «Suzor'vey, «Yavary, «Uladary, «Vesnyankay, «Kormorany, «Sonatay», «Lazar'y,
«Dzviny, «Lelekay) the distribution of starch grains is monomodal in size (one fraction is
clearly distinguished), four types of native potato starch («Mag», «Albatrosy, «Kranichy,
«Grandy) have a bimodal (two-fractional) size distribution of starch grains, in eight varieties
of native potato starch («Divoy, «Effecty, «Favorite», «Vasilek», «Velikany, «Nakray,
«Koloboky», «Meteory), the distribution of starch grains is threemodal (three-fractional) in
size, and in two varieties of native potato starch («Bryanskiy delikatesc» and «Krepyshy), the
distribution of starch granules is fourmodal (four-fractional) [34].

Amount of starch in potato tubers

It should be noted that the average starch content in grains obtained from Eastern and
Central European potato varieties is as follows: «Atlanty — 18,5%, «Lazuritey — 17,7%,
«Lasunoky — 18,5%, «Lileyay — 14,1%, «Mag» — 19%, «Skarby — 14,5%, «Suzor'ye» —
19,1%, «Yavary — 11,4%, «Uladary — 14,7%, «Vesnyanka» — 18,3%, «Albatros» — 17,2%,
«Kormorany — 23%, «Kranich» — 16,7%, «Sonata» — 16,9%, «Lazar'y — 20,4%, «Divoy —
21,0%, «Vestnik» — 18,5%, «Effecty —19,5%, «Bryanskiy delikatesc» — 16,6%, «Favorite» —
14,5%, «Grandy — 15,7%, «Vasileky — 14,3%, «Velikany — 17,4%, «Nakray — 20,1%,
«Koloboky» — 13,2%, «Krepysh» — 11,1%, «Meteory — 13,5%, «Dzviny — 18%, «Leleka» —
18,5% [34, 41].
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Figure 1. Scanning electron micrographs of native starch grains, isolated from
Eastern and Central European potato varieties
1 — «Atlanty», 2 — «Lazurit», 3 — «Lasunok», 4 — «Lileya», 5 — «Mag», 6 — «Skarb», 7
— «Suzor'ye», 8 — «Yavar», 9 — «Uladar», 10 — «Vesnyanka», 11 — «Albatros», 12 —
«Kormorany, 13 — «Kranich», 14 — «Sonata», 15 — «Lazar'»
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Figure 2. Scanning electron micrographs of native starch grains, isolated from
Eastern and Central European potato varieties
1 — «Dzviny, 2 — «Leleka», 3 — «Bryanskiy delikatesc», 4 — «Favorit», 5 — «Grand»,
6 — «Vasilek», 7 — «Velikan», 8 — «Kolobok», 9 — «Krepysh», 10 — «Meteor»,

11 — «Nakra»
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Figure 3. Granulometric analysis of grains of native starch, isolated from Eastern
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Figure 3 (Continuation). Granulometric analysis of grains of native starch, isolated
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Figure 5. Granulometric analysis of grains of native starch, isolated from Eastern
and Central European potato varieties
1 — «Kolobok», 2 — «Krepysh», 3 — «Meteor»,
4 — «Nakray, 5 — «Dzvin», 6 — «Leleka»

Discussion of the results

Native starch is a natural polymer in which monomers (residues of a-D-glucopyranose)
are bound by o-(1—>4)- and a-(1—>6)-glucoside bonds, forming amylose (linear
polysaccharide) and amylopectin (branched polysaccharide buildings). Starch fractions
(amylose and amylopectin) are compactly packed into starch grains (or granules) [1, 3, 32].

The source of starch-containing raw materials and the peculiarities of the structural
organization of native starch largely determine the technological methods used for the fullest
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and most gentle extraction of the seeds of native starch from the plant cell [2, 35]. To obtain
native starch, it is required to prepare for processing vegetable starch-containing raw
materials, destroy the plant cell, extract the native starch, wash it with clean water from
associated impurities, dehydrate, dry, pack up and pack [2]. Thus, methods are known for
processing potatoes for starch using a variety of technological schemes equipped with various
types of processing equipment used for these purposes [34]. However, regardless of the
hardware design, each of these methods includes the production stages that are common to
all modern technologies for the production of potato starch: preparing potatoes for
processing, grinding, extracting potato (cell) juice and pulp, cleaning starch, dehydrating it

and drying [1, 8 — 10].

According to our results, as well as well-known data [1-2, 7-9], starch grains have an
oval, spherical or irregular shape, their diameter varies between 0,001-0,2 mm. Starch grains
are divided into simple and complex: simple grains are homogeneous formations; complex —
a combination of smaller particles. The density of starch is on average 1,5 kg/m? [8].

Based on the analysis of the characteristics of the structure of native starch, it can be
assumed that the main structural characteristic of the structure of native starch, determining
its properties, is starch grain (granule) [1, 2, 34, 35]. Thus, the peculiarities of the size and
shape of starch grains determine (determine) the manifestation of the following properties
(characteristics) of starch [8]:

1. The amount of bound moisture (the larger the starch granule, the more bound moisture is
in the starch and vice versa).

2. The temperature of gelatinization (the larger the starch granule, the lower the temperature
of its gelatinization and vice versa).

3. The ratio of the starch fractions of the branched fraction of amylopectin and linear
amylose (the formation of starch granules is due to the interaction of the linear sections
of amylopectin with each other or with amylose).

4. Rheological characteristics of starch paste (viscosity of starch paste is due to the ratio of
amylopectin and amylose starch fractions).

The temperature of gelatinization, the amount of bound moisture, the viscosity of starch
paste, the ratio of starch fractions, the color of the iodine sample and other physicochemical
properties determine (determine) the size and shape of the starch grains [37].

Conclusion

The morphological structure of native starch granules depends on the potato variety and
can vary widely. The small granules of potato starch of the «Lasunok» and «Skarb» varieties
are only 5—7 microns in size, while the large starch granules of the varieties «Vasileky,
«Nakray, «Kranichy, «Vesnyankay» reach 80-90 microns. The shape of the granules
themselves is also varied: correct and irregular oval, irregular many-sided, rounded (mainly
characteristic of small granules).

The experimental data presented suggest that the size and morphology of starch
granules is related to the starch content in grains of different varieties of native potato starch.
With a larger average size of starch grains, the starch content decreases, and with a smaller
average size, the percentage of starch content increases.
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Introduction. The aim of research is to characterize the
chemical composition of physalis leaves and the obtaining of
extracts rich in bioactive compounds intended for medical and
cosmetic applications.

Materials and methods. Extraction of dried physalis leaves
was carried out under the following conditions: hydromodule — 1:10
(W/v), solvents — 95, 70, 50 and 30 vol.% ethanol, temperature — 20,
40and 60°C, and duration — 1, 3 and 5 h. The content of polyphenols,
flavonoids and triterpenes in the leaves and in the obtained extracts
was determined by HPLC.

Results and discussion. The analyzed physalis leaves from
variety Plovdiv and from the bio-farm were with 8.32% and 8.79%
moisture, respectively. The plant materials contained 9.62% and
10.58% tannins, respectively. Extract color varied by solvent
concentration: yellow-orange (with 30% ethanol), yellow-brown
(50% ethanol), green-brown (70% ethanol), and brown (95%
ethanol). The experimental data and the derived equations showed
that the two main factors — temperature and duration, had a strong
influence on the content of extracted tannins. The optimal conditions
of the process were: 5-hour extraction at a temperature of 60°C, with
30 and 50% ethanol for the leaves from Plovdiv genotype, and with
50 and 70% ethanol — for the bio-farm genotype. Twelve phenolic
acids were identified in the leaves and extracts from Plovdiv
genotype and 10 — in those from the bio-farm genotype. Rutin was
the dominant flavonoid in the leaves and extracts from both
genotypes. The major triterpene in the leaves and in the extracts was
oleanolic acid, followed by betulin.

The extracts from physalis leaves are rich in bioactive
substances (phenolic acids, flavonoids and triterpenes), and have the
prospective for possible application in medicinal and cosmetic
products.

Conclusions. This study provides for the first time data about
the optimal conditions for the extraction of Physalis peruviana
leaves, as well as information about the content of certain
biologically active components in the leaves and in the obtained
extracts. These are the first results reported about physalis genotypes
grown in Bulgaria.
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Introduction

The genus Physalis (family Solanaceae) comprises nearly 120 wild and cultivated
species common to many countries around the world [1]. Among them, the most widely
distributed and commercially important is Physalis peruviana L. [2], also known as Cape
gooseberry, goldenberry, Inca berry, or simply physalis. The edible part of the plant is the
fruit — ovoid in shape, cherry-sized, yellow-to-orange-fleshed and juicy. It is described as
tomato-like in flavor and appearance, though the taste (sweet and sour) is much richer with
a hint of tropical luxuriance [3]. The fruit is hidden in an inflated calyx or fruit basket,
protecting it from insects, birds, diseases and harsh climate conditions [2, 3].

While physalis fruit, along with many other subtropical berries [4], has been long
acknowledged as a source of valuable bioactive and nutritional substances, there is scarce
data about the chemical composition of physalis leaves or leaf-derived bioactive products.

In a study by Ertiirk et al. [5], the total phenolic and flavonoid content of an ethanol
extract from physalis leaves were estimated to 1.368 mg GA/g and 0.635 mg QE/g,
respectively. Wu et. al. [6] obtained ethanolic, aqueous and supercritical CO; extracts from
physalis leaves. Total flavonoid and phenol contents were 37.39 mg/g and 18.57 mg/g,
respectively, in the aqueous extract, and 94.97 mg/g and 85.81 mg/g — in the ethanolic extract.
The presence of phytochemicals with different biological activities (alkaloids, saponins,
tannins, steroids, terpenoids, and flavonoids) was detected in aqueous extracts from physalis
leaves, although it was not quantified [7]. Cirigliano et al. [8] studied crude physalis extracts
and the data indicated that the extract and its two major withanolides (withanolide E and 4-
B-hydroxy withanolide E) could be used to develop baits to control the fruit fly Ceratitis
capitata. An extract of physalis leaves showed antibiotic activity against Gram-positive
bacteria from genus Staphylococcus [9].

In folk medicine, the juice of physalis leaves has been used in the treatment of worm and
bowel complaints, while heated leaves are applied as a poultice [1, 10, 20].

Although physalis is not a popular crop in Bulgaria, an original local variety of P.
peruviana named Plovdiv has been selected and officially recognized by the national
authorities in 2006 [11].

The above-presented brief review on available data clearly identifies the lack of
sufficient scientific evidence about the chemical composition of physalis leaves and about
the obtaining of extracts rich in bioactive compounds intended for medical and cosmetic
applications, which is set as the objective of current study.

Materials and methods

Plant Material

Leaves of two genotypes of cultivated phyisalis (Physalis peruviana L.) were
investigated. The first genotype was the only local Bulgarian variety of physalis named
Plovdiv and was grown in the region of Plovdiv city, located in Central South Bulgaria [11].
The second genotype was grown and provided by a certified bio-farm (Versol Ltd.), located
in Lik village, North-West Bulgaria. Fresh leaves were picked in the period September-
October, and then were air-dried in the shade. Dried leaves were isolated in plastic bags and
stored at a temperature of 5-8°C until processing.

Chemicals

HPLC grade methanol and acetonitrile, as well as phenolic acid and flavonoid standards
were purchased by Sigma (Sigma-Aldrich Chemie GmbH, Germany).
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Chemical analyses

The moisture content of the leaves was determined by drying (at 105°C) to constant
weight [12], and all data in the study were calculated on a DW basis. The content of tannins
was determined by titration of hot water extract with potassium permanganate solution using
indigo carmine as indicator [12]. The HPLC analysis of polyphenols, flavonoids and
triterpenes in the plant material and in the extracts was according to Marchev et al. [13, 14].

Obtaining of extracts

Extraction was carried out in laboratory conditions, in a batch static mode, at a ratio of
raw material to solvent = 1:10 (w/v). Four solvents were used for the extraction, representing
different ethanol concentrations: 95, 70, 50 and 30 vol.%. The solvent, its concentrations and
the hydromodule were chosen on the basis of authors’ own published data. The influence of
the technological factors — temperature and duration of extraction, was examined by
mathematical modeling of the experiment (Table 1).

Table 1

Mathematical modeling of the experiment

Variant | Duration, (x1), h | Temperature, (x2), °C
1 20 1
2 20 3
3 20 5
4 20 7
5 40 1
6 40 3
7 40 5
8 40 7
9 60 1
10 60 3
11 60 5
12 60 7

Process effectiveness was evaluated in terms of the quantity of extracted tannins [15].

Statistical analysis

Based on experimental data, the equations of tannin extraction were derived, and their
coefficients were verified for significance by Student’s test and for adequacy — by Fisher’s
test. All experiments were for performed at least three times. Statistical significance was
assessed by Student’s-test or ANOVA. Differences between means were considered
statistically significant if p > 0.05. The figures were created with MicroCal™ Origin 9.1
software.

Results and discussion
Obtaining and characteristics of ethanol extracts from physalis leaves

The analyzed physalis leaves from variety Plovdiv and from the bio-farm were with
8.32% and 8.79% moisture level, respectively. The plant materials contained 9.62% and
10.58% tannins, respectively for the two genotypes.

The obtained ethanol extracts from physalis leaves were liquids, and their color varied
by solvent concentration: yellow-orange (with 30% ethanol), yellow-brown (50% ethanol),
green-brown (70% ethanol), and brown (95% ethanol).
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Figures 1— 4 present the results about the tannin content in the extracts from the two
physalis genotypes, according to the scheme of the experiments that have been carried out.
The results show that the elevation of temperature from 20 to 60 °C, and the extension of
process duration from 1 to 5 h, both increase the content of extracted tannins, independent of

ethanol concentration or the origin of the leaves. Extraction for 7 h resulted in an insignificant
increase in the amount of extracted tannins.

nkn
i

Concentration of tannins, %o

Figure 1. Content of tannins (%) in extracts from physalis leaves with 30% ethanol:
a — Plovdiv genotype; b — bio-farm genotype.
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Figure 2. Content of tannins (%) in extracts from physalis leaves with 50% ethanol:
a — Plovdiv genotype; b — bio-farm genotype.
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Figure 3. Content of tannins (%) in extracts from physalis leaves with 70% ethanol:
a — Plovdiv genotype; b — bio-farm genotype.
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Figure 4. Content of tannins (%) in extracts from physalis leaves with 95% ethanol:
a — Plovdiv genotype; b — bio-farm genotype.

Reasonably, the two main factors of the extraction process — duration (x;) and
temperature (x2), had a strong influence on the content of extracted tannins. The relation

between tannin content (y,%. ) and process parameters (x;, h and x», °C) is confirmed by the
obtained equations, which were verified as adequate and with significant coefficients:

38

—— Ukrainian Food Journal. 2019. Volume 8. Issue 1




Food Technology ——

Solvent Equation
Leaves from Plovdiv genotype
30% ethanol y=0.177 + 0.036x; + 0.023x; + 0.002xx + 0.015x> — 0.006x
30% ethanol ¥ =0.190 + 0.027x; + 0.028x>— 0.003x x> + 0.005x > + 0.002x >
70% ethanol Y =0.151 + 0.047x; + 0.026x> + 0.006x,x2 — 0.003x > — 0.001x >
95% ethanol ¥ =0.063 + 0.026x; + 0.019x; + 0.006xx; — 0.001x > — 0.005x>
Leaves from the bio-farm genotype

30% ethanol ¥ =0.167 +0.022x; + 0.014x>— 0.004x x> — 0.006x > — 0.002x
30% ethanol ¥ =0.225 + 0.032x; + 0.013x> + 0.001xx: — 0.003x > — 0.006x >
70% ethanol ¥ =0.204 + 0.042x; + 0.029> — 0.005x x> — 0.012x > — 0.006x >
95% ethanol ¥ =0.088 + 0.038x; + 0.025x> + 0.01 Ix;xs — 0.008x> + 0.007x

The highest concentration of tannins in the extracts was obtained under the following
conditions: 5-hour extraction at a temperature of 60°C, with 30 and 50% ethanol for the leaves
from variety Plovdiv, and with 50 and 70% ethanol — for the leaves from the bio-farm. The
lowest concentration of tannins was obtained with 95% ethanol, regardless of leaves’ origin.
The differences in tannin concentration in the extracts obtained with the four ethanol
concentrations reflect the significant influence of the solvent, and can be explained with the
different selectivity of water-ethanol mixtures used in the extraction of bioactive molecules.
The same pattern of the influence of process temperature, duration and ethanol concentration
on the content of tannins in liquid extracts has been reported in other studies on essential oil-
bearing and medicinal plants, such as tobacco [15], mint [16], thyme [17], and rosemary [18].

Polyphenols in physalis leaves and extracts

The results about the content of phenolic acids and flavonoids in the leaves and extracts
of P. peruviana are shown in Tables 2 and 3.

Data show that in the leaves and extracts from Plovdiv genotype were identified 12
phenolic acids, and the dominant was rosmarinic acid, followed by salicylic, sinapic and
ferulic acids. In the leaves and extracts from the bio-farm genotype were identified 10
phenolic acids, among which dominated protocatechuic acid, followed by chlorogenic,
sinapic and vanillic acids. In the leaves and extracts from both genotypes, rutin was the
dominant flavonoid, which corresponded to the results obtained by Ertiirk et. al. [5].

On a genotype basis, data about flavonoids showed higher levels of the flavon glycoside
hesperetin in the leaves of variety Plovdiv, but lower — in the extracts, compared,
respectively, to the leaves and extracts from the bio-farm genotype. The concentration of the
flavon glycoside myricetin in the leaves and extracts from the bio-farm genotype were
characteristically higher.

The content of salicylic, caffeic, p-coumaric, sinapic, ferulic and rosmarinic acids in the
samples from Plovdiv genotype was significantly higher than the respective content in the
leaves and extracts from the second genotype. Gallic acid, rosmarinic acid, luteolin,
kaempherol, and apigenin were not identified in the leaves and extracts from the bio-farm
genotype. Despite that, the contents of chlorogenic acid and myricetin were higher than those
in the leaves and extracts from variety Plovdiv.
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Table 2
Content of polyphenols in leaves and extracts from Plovdiv genotype (P. peruviana)
Leaves Ethanol extracts, pug/mL
C d b )

OmpOunas |\ g/e DW 30%. 50%. 70%. 95%.
Gallic acid -2 53.9140.51 | 16.75+0.15 - -
Protocatechuic | 142.77+1.39 - 39.39+0.38 7.33£0.07 2.34+0.02
acid

Salicylic acid | 1161.62£10.54 | 26.21+0.25 | 254.77+2.50 | 194.10<1.90 1.20£0.01
Chlorogenic 193.67+1.89 17.40+0.16 19.98+0.18 31.32+0.30 1.61£0.01
acid
Vanillic acid 236.47+2.30 19.92+0.18 62.85+0.60 51.27+0.50 17.08+0.16
Caffeic acid 170.61+1.69 34.49+0.33 45.48+0.44 33.30+0.30 16.82+0.15
Syringic acid 63.05+0.62 16.36+0.15 18.21+0.17 9.74+0.09 1.57+0.01

p-Coumaric 665.00£6.62 | 119.56£1.10 | 136.63+1.34 | 125.92+1.21 | 58.40+0.51
acid
Sinapic acid 776.05+7.74 | 183.59+1.78 | 203.10+£2.00 | 159.07+1.54 | 65.01+0.61

Ferulic acid 722.23+£7.20 | 113.62+1.10 | 120.33+1.19 97.83+0.93 54.59+0.50
Cinnamic acid 24.63+0.20 18.79+0.17 6.79+0.06 1.36+0.01 0.5240.00

Rosmarinic 2316.41£22.11| 322.034£3.18 | 508.56+5.00 | 529.274+5.20 |238.49+2.30
acid

Myricetin 17.94+0.17 5.12+0.04 5.70+0.05 4.99+0.04 -
Hesperetin 40.85+0.39 8.77+0.08 10.01+0.09 12.77+0.11 3.22+0.03
Quercetin 6.87+0.06 2.61+0.02 2.54+0.02 2.44+0.02 2.43+0.02
Luteolin 1.44+0.01 1.04+0.01 0.62+0.00 0.38+0.00 0.37+0.00
Kaempferol 3.62+0.03 1.98+0.18 1.48+0.01 1.57+£1.50 1.40+0.01
Apigenin 31.09+0.30 tr® tr tr tr
Rutin 4996.37+48.50 | 738.54+7.25 | 999.09+9.91 |1040.12+10.00 | 395.68+3.80
Hyperoside 226.96+2.20 - 34.41+£0.31 36.11+0.32 15.02+0.14

) not identified; ® trace amount

These results reveal the presence of various classes of bioactive polyphenols in the leaves
and in the leaf extracts obtained from the two genotypes of physalis grown in Bulgaria. The
observed differences in the profile and content distribution of polyphenols are attributed to
the impact of plant genotype. The results agreed well with previous findings about
polyphenol content in Physalis leaves, for example: total phenolic concentration of 30.9-
129.2 mg/g [19] and 129 mg/g [26]; total flavonoid concentration of 37.39-226.19 mg/g [6]
and 23.036 mg/g [26]. Studies on the determination of flavonoid and phenolic acid content
in different Physalis species has been focused exclusively on the fruits, but current results
reveal that leaves’ potential of accumulating these secondary metabolites is even higher than
that of the fruits [26]. Expectedly, the numerical results for the polyphenol content varied
from data found in the scientific literature for other plant materials [22, 23, 24, 25]. The
established differences in terms of leaf chemical chemical composition between the present
investigation and the reported data may be due to the environmental conditions under which
the plants were grown, as well as to the impact of species, origin and extraction technique.
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Table 3

Content of polyphenols in leaves and extracts from bio-farm genotype (P. peruviana)

Compounds Leaves, Ethanol extracts, pg/mL

ng/g DW 30%. 50%. 70%. 95%.
Gallic acid ) - - - -
Protocatechuic | 933.22+9.28 - - - -
acid
Salicylic acid - 47.94+0.45 49.45+0.45 67.64+0.65 52.26+0.51
Chlorogenic 324.33+3.20 28.65+0.26 21.29+0.20 25.83+0.24 17.64+0.16
acid
Vanillic acid 248.56+2 .41 3.68+0.03 68.62+0.65 67.55+0.36 40.74+0.38
Caffeic acid 44.90+0.40 13.01+0.11 31.60+0.30 37.75+£0.36 25.16+£0.22
Syringic acid 39.25+0.38 1.13£0.01 8.47+0.08 6.01+£0.05 2.60+0.02
p-Coumaric 79.65+0.75 15.13+0.104 | 13.16+0.11 11.01+0.10 6.14+.05
acid
Sinapic acid 282.59+2.79 39.06+0.37 | 181.69+1.78 | 13.18+0.11 5.55+0.04
Ferulic acid 108.89+1.00 21.71+£0.20 27.22+0.25 45.32+0.43 15.26+0.14
Cinnamic acid 8.45+0.08 0.84+0.00 1.77+0.01 3.29+0.03 1.94+0.01
Rosmarinic - - - - -
acid
Myricetin 142.09+1.40 33.67+0.31 32.27+0.30 36.50+0.33 33.31+0.30
Hesperetin 32.58+0.30 49.42+0.47 24.52+0.21 14.31+0.12 15.65+0.14
Quercetin 27.17+£0.25 16.32+0.15 - - B
Luteolin - - - R R
Kaempferol - - - - -
Apigenin - - - - -
Rutin 2953.44+2.90 | 272.04+£2.70 | 431.82+4.30 | 537.00£5.30 | 333.79+3.27
Hyperoside 209.11+0.19 37.284+0.18 28.77+0.09 50.53+0.33 28.48+0.09

) not identified

Triterpenes in physalis leaves and extracts

The results about the content of triterpenes in the leaves and extracts of P. peruviana are
shown in Tables 4 and 5.

Content of triterpenes in leaves and extracts from Plovdiv genotype (P. peruviana) fabled
Compounds JJZVS% 30%. Eﬂ;?)l‘:/?)l. eXtraCtsﬁ‘%fﬂL 95%.
Betulin 105.83+1.00 -2 - 87.24+0.86 | 73.98+0.72
Betulinic acid 42.36+0.40 - - 67.414£0.66 | 35.04+0.34
Oleanolic acid | 264.90+2.60 | 46.98+0.45 | 70.01+0.69 | 86.97+£0.85 | 31.10+0.30
Ursolic acid - 30.774£0.29 | 60.73+0.60 | 58.69+0.57 | 8.18+0.07

3 not identified
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Table 5

Content of triterpenes in leaves and extracts from bio-farm genotype (P. peruviana)
Compound Leaves, Ethanol extracts, pg/mL
S pg/g DW 30%. 50%. 70%. 95%.

. -3 122.21£1.2 | 124.36+1.21 | 201.91£19.9 | 394.44+38.0
Betulin

0 7 0

Betulinic - - - - -
acid
Oleanolic 889.83+8.7 | 8.15+£0.08 | 208.93£19.8 | 200.87£19.5 | 176.52+1.68
acid 1 9 4
Ursolic - - - - -
acid

) not identified

Three triterpenes were identified in the leaves of Plovdiv genotype, and the dominant
were oleanolic acid (264.9 ng/mg) and betulin (105.83 pg/mg). In the second genotype, only
oleanolic acid was identified, but in a significantly (nearly four-time) higher concentration
(889.83 pg/mg). In total, four triterpenes were identified in the extracts obtained from the
leaves of Plovdiv genotype, and there was a clear differentiation between the extracts (30 and
50% ethanol vs. 70 and 95% ethanol). In the extracts obtained with the lower solvent
concentrations only oleanolic and ursolic acids were identified (total content 77.75 and
130.74 pg/mL, respectively). The extracts of the second sub-group were considerably richer
in triterpenoids (with a total of 300.31 and 148.30 pug/mL, respectively), and the dominant
were betulin, betulinic acid and oleanolic acid. In the extracts obtained from the leaves of the
bio-farm genotype only two triterpenes were identified — oleanolic acid and betulin, but in
higher concentrations (three-to-four times higher). Data from the study suggest that, in terms
of triterpenoid content, the more suitable solvents would be 70 and 95% ethanol.

Our results clearly differentiate between the extracts on a triterpene basis, and the
differences reflect the impact of plant genotype and solvent selectivity. With regard to data
from previous research on triterpenoid concentration in physalis leaves and leaf extracts, it is
even harder to make comparisons, than in the case of polyphenols. To the best of our
knowledge the triterpenoid content of physalis leaves, and especially — of genotypes grown
in Bulgaria, has not been determined elsewhere. Similar to the observations above, current
results about the triterpene content in physalis leaves and ethanol leaf extracts characterize
the species as distinctive form other plants, regarding literature data [24, 25]. The differences
in the triterpene composition between the present investigation and the reported data may be
attributed to environmental conditions, plant material origin and other influencing factors.

Conclusion

To the best of our knowledge, data achieved by this study provide for the first time the
optimal conditions for the extraction procedure of Physalis peruviana L. leaves, as well as
information about the content of certain biologically active components in the leaves and in
the obtained extracts. These are the first results reported about physalis genotypes grown in
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Bulgaria. The extracts contained phenolic acids, flavonoids and triterpenes, and have the
prospective for possible application in different medicinal and cosmetic products, but
additional investigations are undoubtedly required.

10.

11.

12.
13.

Acknowledgements. The authors acknowledge the support by the Science
Fund of the University of Food Technologies, Plovdiv, Bulgaria (project
04/18-N). The authors are most thankful to Prof. Nikolay Panayotov
(Agricultural University, Plovdiv) and to Mr. Miroslav Peshovsky (Versol bio-
farm, Lik village) for providing the plant material.

References

Sharma N., Bano A., Dhaliwal H., Sharma V. (2015), Perspectives and possibilities of
Indian species of genus Physalis (L.) — A comprehensive review, Eur. J. Pharm. Med.
Res., 2, pp. 326-353.
Puente L., Pinto-Munoz C., Castro E., Cortes M. (2011), Physalis peruviana Linnaeus,
the multiple properties of a highly functional fruit: A review, Food Res. Int., 44, pp.
1733-1740.
Ramadan M., El-Ghorab A., Ghanem K. (2015), Volatile compounds, antioxidants, and
anticancer activities of cape gooseberry fruits (Physalis peruviana L.): an in vitro study,
J. Arab Soc. Med. Res., 10, pp. 56—64.
Kalugina I., Telegenko L., Kalugina Y., Kyselov S. (2017), The nutritional value of
desserts with the addition of Gooseberry family raw materials from the Northern Black
Sea Region, Ukrainian Food Journal, 6(3), pp. 459— 69.
Ertirk O., Colayvaz M., Can Z., Karaman U., Korkmaz K. (2017), Antioxidant,
antimicrobial activities and phenolic and chemical contents of Physalis peruviana L.
from Trabzon, Turkey, Indian J. Pharm. Educ. Res., 51(3), pp. 213-216.
Wu S., Chang S., Lin D., Wang S., Hou F., Ng L. (2009), Supercritical carbon dioxide
extract of Physalis peruviana induced cell cycle arrest and apoptosis in human lung
cancer H661 cells, Food Chem. Toxicol., 47, pp. 1132—1138.
Maobe M.A.G., Gatebe E., Gitu L., Rotich H. (2013), Preliminary phytochemical
screening of eight selected medicinal herbs used for the treatment of diabetes, malaria
and pneumonia in Kisii region, Southwest Kenya, Eur. J. Appl. Sci., 5(1), pp. 1-6.
Cirigliano A., Colamarino I., Mareggiani G., Bado S. (2008), Biological effects of
Physalis peruviana L. (Solanaceae) crude extracts and its major withanolides on Certitis
capitate Wiedemann (Diptera: Tephritidae), Bol. San. Veg. Plagas, 34, pp. 509-515.
Zhang Y., Deng G., Xu X., Wu S., Li S., Li H. (2013), Chemical components and
bioactivities of cape gooseberry (Physalis peruviana), Int. J. Food Nutr. Saf., 3(1), pp.
15-24.
Chopra R.N., Nayar S.L., Chopra 1.C. (1986), Glossary of Indian Medicinal Plants.
Council of Scientific and Industrial Research, New Delhi, India.
Panayotov N. (2009), Plovdiv — the first Bulgarian variety of physalis (Physalis
peruviana L.), Agr. Sci., 1(1), pp. 9-12 (in Bulgarian).
Russian Pharmacopoeia, 11" edition (1990), Medicina, Moscow (in Russian).
Marchev A., Georgiev V., Badjakov 1., Kondakova V., Nikolova M., Pavlov A. (2011),
Triterpenes production by rhizogenic callus of Salvia scabiosifolia Lam. obtained via

—— Ukrainian Food Journal. 2019. Volume 8. Issue 1

43



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

44

Food Technology ——

Agrobacterium rhizogenes mediated genetic transformation, Biotechnol. Biotechnol.
Equip., 25, pp. 30-33.

Marchev A., Georgiev V., Ivanov 1., Badjakov 1., Pavlov A. (2011), Two—phase
temporary immersion system for Agrobacterium rhizogenes genetic transformation of
sage (Salvia tomentosa Mill.), Biotechnol. Lett., 33, pp. 1873—1878.

Popova V. (2015), Obtaining and analysis of aromatic extraction products for
expanding the usability of tobacco (Nicotiana tabacum L.), DSc Dissertation, University
of Food Technologies, Plovdiv, Bulgaria (in Bulgarian).

Balinova-Cvetkova A., Stojanova A. (1999), Production of plant extracts for cosmetic
applications. Part 2. Peppermint (Mentha piperita L.), Pol. J. Cosmetol., 2(1), pp. 57—
60.

Damianova S., Tasheva S., Stoyanova A., Damianov D. (2008), Investigation of extracts
from thyme (Thymus vulgaris L.) for application in cosmetics, J. Essent. Oil Bear. PL.,
11(5), pp. 443-450.

Damianova S., Tasheva S., Stoyanova A., Damianov D. (2010), Investigation of extracts
from rosemary (Rosmarinus officinalis L.) for application in cosmetics, J. Essent. Oil
Bear. PI., 13(1), pp. 1-11.

Wang S.Y., Lin H.S. (2000), Antioxidant activity in fruits and leaves of blackberry,
raspberry, and strawberry varies with cultivar and developmental stage, J. Agric. Food
Chem., 48, pp. 140-146.

Grgbosz-Krawczyk, M. (2018), The Impact of Nostalgia on the Brand Equity in
Economy with Post-Communist Background.Economics and Sociology, 11(2), pp. 216-
228, DOI:10.14254/2071-789X.2018/11-2/15

Cuvelier M.E., Richard H., Berset C. (1996), Antioxidant and phenolic composition of
pilot-plant and commercial extracts of sage and rosemary, J. Am. Oil Chem. Soc., 73,
pp. 645.

Baydar H., Ozkan G., Erbas S., Altindal D. (2009), Yield, chemical composition and
antioxidant properties of extracts and essential oils of sage and rosemary depending on
seasonal variations, Acta Horticulturae, 826, pp.383—389.

Pop A.-M., Tofana M., Socaci S., Nagy M., Farcas A., Bors M., Salanta L., Feier D.,
Varva L. (2014), Comparative study regarding the chemical composition of essential
oils of some Salvia species, Hop and Medicinal Plants, 42(1-2), pp.79-91.

Razborsek M., Voneina D., Dolecek V., Voncina E. (2007), Determination of major
phenolic acids, phenolic diterpenes and triterpenes in rosemary (Rosmarinus officinalis
L.) by gas chromatography and mass spectrometry, Acta Chimica Slovenica, 54, pp. 60—
67.

Jager S., Trojan H., Kopp T., Laszczyk M., Scheffler A. (2009), Pentacyclic triterpene
distribution in various plants —rich sources for a new group of multipotent plant extracts,
Molecules, 14, pp. 2016-2031.

Medina-Medrano J. R., Almaraz-Abarca N., Gonzalez-Elizondo M. S., Uribe-Soto J. N.,
Gonzalez-Valdez L. S., Herrera-Arrieta Y. (2015), Phenolic constituents and antioxidant
properties of five wild species of Physalis (Solanaceae), Botanical studies, 56(1), pp.
24,

—— Ukrainian Food Journal. 2019. Volume 8. Issue 1



Food Technology ——

Structure activity relationship of tautomers of
curcumin: a review

Sameera A. Rege, Megha Arya, Shamim A. Momin
Institute of Chemical Technology, Mumbai, India.

Keywords:

Curcumin
Methylene
Degradation
Nucleophilic
Radical

Abstract

Article history:

Received
25.08.2018
Received in
revised form
21.12.2018
Accepted
28.03.2019

Corresponding
author:

Sameera A. Rege
E-mail:
sameerarege(@
gmail.com

DOI:
10.24263/2304-
974X-2019-8-1-6

Introduction. The aim of this review is to focus on the unique
chemistry of curcumin to explain its dissimilar behaviour in different
mediums.

Materials and methods. The papers regarding structure-activity
relationship studies of curcumin as antioxidant or pro-oxidant were
examined. This review summarizes the achievements made in this
field since 1980.

Results and discussion. Curcumin is the principal curcuminoid
found in turmeric and is generally considered as the most active
constituent of turmeric compared to other curcuminoids. Enormous
research has been carried out to explain the beneficial activities of
curcumin. It has been the centre of attraction for potential treatment
of an array of diseases such as cancer, Alzheimer, diabetes, allergies,
arthritis and other chronic illnesses. It also possesses antioxidant
activity at lower concentration. In contrast, the pro-oxidant effect has
also been reported.

The behaviour of curcumin to act as antioxidant or pro-oxidant
depends on its structural form. Curcumin exists in two tautomeric
forms, keto and enol. In keto form, curcumin exerts antioxidant
activity. The enol form is prone to degradation. Hence, it is essential
to maintain curcumin in keto form. In polar and acidic medium,
curcumin exists in keto form whereas in non-polar and basic medium,
it undergoes degradation. The mechanisms of degradation of
curcumin under different mediums are discussed. Under basic
conditions, nucleophilic attack of hydroxyl group is involved and
under non-polar conditions, free radical mechanism is involved.
Degradation under basic conditions leads to complete breaking of the
molecule while under non-polar conditions, it proceeds via peroxide
intermediate formation, clarifying the pro-oxidant effect of curcumin.
In either of the cases, vanillin is the degradation product besides other
degradation products.

The discussion is further extended for the other two
curcuminoids, viz. demethoxycurcumin and bisdemethoxycurcumin
as well. The antioxidant activity of curcumin is the highest whereas
bisdemethoxycurcumin exhibits least antioxidant activity amongst
curcuminoids. However, the rate of degradation of curcumin is also
maximum amongst curcuminoids followed by demethoxycurcumin
and bisdemethoxycurcumin. This reveals that the electron donating
methoxy group influences the activity of curcuminoids.

Thus, structure of a constituent is responsible for its activity.

Conclusion. The importance of a particular medium to achieve
the beneficial activities of curcumin is confirmed.
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Introduction

Curcuminoids are the major polyphenolic compounds found in turmeric rhizome. The
curcuminoids include curcumin (the main bioactive component), demethoxycurcumin and
bisdemethoxycurcumin [1, 2, 3]. The unique structure of curcumin, which has the phenolic
hydroxyl groups, heptadiene chain and diketone moiety [4, 5, 6], is responsible for all the
therapeutic activities of curcumin such as anti-inflammatory, antitumor, anticancer, anti-
HIV, antibacterial, antidiabetic [7, 8, 9, 10, 11, 12, 13]. It is used as an antioxidant [9], a
wound healing agent [14, 15, 16] and to prevent Alzheimer disease [17, 18]. Recently, it has
also been reported as an antidepressant agent [19]. However, the pro-oxidant effect of
curcumin is also observed [20]. This review emphasizes the fundamental of the stabilization
and degradation of curcumin with the help of existing theories [21, 22], explaining its
dissimilar behaviour.

Materials and methods

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

Result and discussion
Structure of keto and enol tautomers

The keto enol tautomerism in curcumin is because of the presence of carbonyl groups
on the carbon number 3 and 5 in heptadiene ring [23, 24, 25, 26] (Figure 1). The stabilization
of enol tautomer with respect to the keto tautomer is due to the conjugation of the carbonyl
double bond with the enol double bond and a pi orbital system, i.e., phenyl group in
conjugation with the conjugated C=C double bonds [27]. The enol tautomer is characterized
by the formation of strong intramolecular hydrogen bonding compared to intermolecular
hydrogen bonding which exists in the keto form [28]. The enolisation of curcumin brings
about a fundamental change, i.e., the polar keto tautomer is converted to the non-polar enol
tautomer. The dependency of the structure of curcumin on solvent has already been proved
as it exhibits different Amax in different solvents [29, 30]. Depending upon the polarity of the
medium, curcumin exists in different proportion as a tautomeric mixture of keto and enol
forms in the medium. Both the tautomers get solubilized in the medium through different
forces. Polar-polar solubilization takes place by means of dipole-dipole forces, while non-
polar-non-polar and polar—non-polar solubilization takes place by means of dispersion
forces. Like prefers like. Hence, in the polar medium, the activity of keto form predominates
while in the non-polar medium, the activity of enol form predominates [31].

Role of methylene group in curcumin

In the keto form of curcumin (1-i), the heptadienone linkage between the two
methoxyphenol rings contains an active methylene group. Jovanovic et al. [32] proved that
curcumin acts as an antioxidant only in the keto form by donating H-atom from the methylene
group, i.e., -CH, group which is between two electron withdrawing carbonyl groups. The
resulting carbon radical formed after abstraction of H-atom (3) is stabilized by resonance (4
and 5) (Figure 2). The active methylene group takes up the reaction site only in acidic or
polar medium.
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Keto form Enol form

Figure 1. Tautomerism of curcuminoids
where,
(1) R1 =R2 =-OCHj3; Curcumin (Diferuloylmethane)
(ii) R1 = -OCHs, R2 = -H; Demethoxycurcumin (p-Hydroxycinnamoyl feruloylmethane)
(iii) R1 = R2 = -H; Bisdemethoxycurcumin (p,p -Dihydroxydicinnamoylmethane)

0
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HO OH
1-i
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0o° 0 o°
o= L |= PPN
4 3 5

Figure 2. Donation of H-atom from active methylene group

In basic or non-polar medium, the phenolic moiety of curcumin primarily gets involved
in the reaction and -CH, group involves in enolic form (2-1) [33]. Curcumin is prone to
degradation in alkaline [34] and non-polar medium [31].

Degradation of curcumin
Various studies have been carried out to study the degradation of curcumin. Depending

upon the medium, whether it is alkaline or non-polar, degradation of curcumin takes place
through different pathways.
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In basic medium, the degradation occurs by nucleophilic attack of basic -OH (hydroxyl)
ion. Feruloylmethane (6) and ferulic acid (7) are formed by the alkaline hydrolysis of
curcumin. The feruloylmethane further undergoes hydrolysis to form vanillin (8) and acetone
(9) [35] (Figure 3). Thus, the degradation pathway under basic medium involves breaking of
heptadienone moiety, leading to disappearance of active methylene group that mainly imparts
antioxidant activity to curcumin. Hence, curcumin cannot act as an antioxidant.

OH O
/O NS NN = O\
HO OH
2-i
Alkali, H,0
O O
O O
~ X HO = ™~
+
HO OH
6 7

(i) Formation of primary products

(0] (0]
. 1 | . H 0
~ @N\ A]ka]l, HZO ~ @AH )J\
+
HO HO
8 9

(i1) Formation of secondary products

Figure 3. Degradation of curcumin under alkaline medium

In non-polar medium, Masuda et al. [36] postulated the degradation of curcumin
through radical formation to form vanillin and ferulic acid [37, 38, 39]. The enol form of
curcumin degrades to form oxy radical I (10) initially, which further gets converted to carbon
radical I (11) and carbon radical II (12). Because of conjugation, carbon radical II is more
stable than carbon radical 1. Both the radicals independently react with molecular oxygen to
produce two types of peroxy radicals (13, 16), which get cyclized at adjacent positions. The
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cyclic intermediates (14, 17) get decomposed to form stable products through an abstraction
of the hydrogen atom from hydrogen atom donor compounds. The enol form of trans-6-(4’-
hydroxy-3’-methoxyphenyl)-2,4-dioxo-5-hexenal (15-i) and vanillin are formed by the
carbon radical I [40] whereas ferulic acid is formed by the carbon radical II. The enol form
of trans-6-(4’-hydroxy-3’-methoxyphenyl)-2,4-dioxo-5-hexenal can tautomerize to keto
form (15-ii) (Figure 4). Thus, the degradation pathway under non-polar medium involves
autoxidation of curcumin. Hence, curcumin acts as a pro-oxidant.
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(i) Radicals generated by curcumin
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HO OH

(iii1) Reaction of radical II with O,
Figure 4. Degradation of curcumin under non-polar medium
Degradation of trans-6-(4’-hydroxy-3’-methoxyphenyl)-2,4-dioxo-5-hexenal
It can be envisaged [40] from the studies that similar to curcumin, the enol tautomer
of trans-6-(4’-hydroxy-3’-methoxyphenyl)-2,4-dioxo-5-hexenal (15-i) may undergo
degradation under alkaline medium to form feruloylmethane (Figure 5), which gets converted

to vanillin and acetone on hydrolysis as mentioned previously.

o OH o (0]

0 S Ak © = . HO)%(H

(6] (6]
HO HO
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Figure 5. Degradation of
Trans-6-(4’-hydroxy-3’-methoxyphenyl)-2,4-dioxo-5-hexenal
under alkaline medium

In non-polar medium, the enol tautomer of trans-6-(4’-hydroxy-3’-methoxyphenyl)-
2,4-dioxo-5-hexenal undergoes degradation to form oxy radical II (20), which gets converted
to carbon radical III (21) and carbon radical IV (22). Like carbon radical II, carbon radical
IV is more stable than carbon radical III because of conjugation. The radicals so formed
combine with molecular oxygen forming two types of peroxy radicals (23, 26), which get
cyclized at adjacent positions (24, 27). As discussed previously, the stable products from
these cyclic intermediates are obtained by simultaneous abstraction of the hydrogen atom
from hydrogen atom donor compound and decomposition (Figure 6). Carbon radical III
forms vanillin while carbon radical IV forms ferulic acid.
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Figure 6. Degradation of Trans-6-(4’-hydroxy-3’-methoxyphenyl)-2,4-dioxo-5-hexenal under
non-polar medium

Inference about degradation products

The aforementioned mechanisms indicated that vanillin is the degradation product of
curcumin in alkaline as well as non-polar medium along with other products in the respective
mediums. Consequently, these mechanisms support the formation of more amount of vanillin

during the degradation of curcumin.
The overall discussion is represented in Figure 7.

55

—— Ukrainian Food Journal. 2019. Volume 8. Issue 1



Food Technology ——

Keto | Acidic / Polar " Curcumin Basnc/Non-polar[ Enol :]
tfautomer

¥ ¥

No Degradation :> Antioxidant <:: Degradation

Non-polar

Nucle6philic

|

Vanillin, major product]

hN

Figure 7. The activity of tautomers of curcumin in different mediums

Structure activity relationship of demethoxycurcumin and bisdemethoxy-
curcumin and comparison with curcumin

General introduction about demethoxycurcumin and bisdemethoxycurcumin.
Similar to curcumin, the other two curcuminoids (i.e., demethoxycurcumin and
bisdemethoxycurcumin) contain phenolic hydroxyl groups, heptadiene chain and diketone
moiety (Figure 1), which account for the various therapeutic activities of
demethoxycurcumin and bisdemethoxycurcumin such as antioxidant, anti-inflammatory,
anticancer [41, 42, 43]. Both are useful for the prevention of Alzheimer disease [44]. Since
phenolic groups and heptadienone moiety are responsible for the general chemistry of
curcumin as notified earlier, the theories postulated for curcumin hold good for other two
curcuminoids.

Comparison of antioxidant activity of curcumin with demethoxycurcumin and
bisdemethoxycurcumin. Although all the three curcuminoids exhibit identical activities,
their reactivity differs. Jayaprakasha et al. [41] evaluated that the antioxidant potential of
curcumin is the highest followed by demethoxycurcumin and bisdemethoxycurcumin. This
finding is valid only when curcuminoids do not undergo degradation, by employing acidic or
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polar medium. On the contrary, under basic or non-polar medium, bisdemethoxycurcumin is
less susceptible to degradation than demethoxycurcumin, which is still less susceptible to
degradation than curcumin [45]. Besides pH or nature of the medium, the structure of the
phenolic compounds has an impact on the stability of the phenolic compounds [46]. The
methoxy group plays an important role in determining the activity of curcuminoids.

Nevertheless, in curcuminoids the antioxidant activity is mainly due to the active
methylene group; the presence of electron donating methoxy group at ortho to phenolic
hydroxyl group also contributes to the antioxidant activity of the molecule, by increasing the
electron density on the hydroxyl group by means of an inductive effect [47]. Amongst three
curcuminoids, the existence of two methoxy groups in curcumin ensures the maximum
antioxidant activity. By the virtue of the occurrence of one methoxy group in
demethoxycurcumin, it has better antioxidant activity than bisdemethoxycurcumin, which is
devoid of methoxy group [48].

The electron donating group favours enol tautomer [49]. Hence, owing to two methoxy
groups, the equilibrium shifting towards formation of enol tautomer is maximum in case of
curcumin and minimum in case of bisdemethoxycurcumin among three curcuminoids.
Correspondingly, bisdemethoxycurcumin is less prone to degradation than
demethoxycurcumin, which in turn is less prone to degradation than curcumin.

Accordingly, in acidic or polar solvent, the rate of antioxidant activity of curcuminoids
and in basic or non-polar solvent, the rate of degradation of curcuminoids is same, i.c.,
curcumin > demethoxycurcumin > bisdemethoxycurcumin.

Conclusion

Curcumin is a specially gifted molecule provided by Mother-Nature to protect humans
from chronic health problems. By looking at its chemical structure, we can presume that its
chemistry is also very simple. However, with increasing scientific research, curcumin appears
to be a more complex, unique and difficult structure to comprehend. It is a symmetrical
molecule found abundance in turmeric with relatively high stability in its natural form. In
view of the degradation study of curcumin, this review attempts to justify the formation of
different degradation products under various reaction mediums. The heptadienone moiety in
curcuminoids needs to be protected from degradation to avail its beneficial effects. Since the
mechanisms are elucidated on the basis of reported literature, further studies need to be
carried out regarding degradation of curcuminoids, which will account for the formation of
unknown degradation products.
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Introduction. The aim of this work is studying of the
proteolytic processes features in the production of natural
phosphopeptides of the milk casein complex.

Materials and methods. Casein substrate was isolated by
isoelectric sedimentation from skimmed milk. Proteolysis was
performed using pancreatin. The degree of proteolysis was
determined spectrophotometrically by the absorption of low
molecular weight products of proteolysis at A = 280 nm. The
yield of phosphopeptides was determined gravimetrically after
precipitation with ethanol in the presence of calcium ions.
Electrophoresis of phosphoproteins of the substrate and products
of proteolysis was carried out in an alkaline system of
homogeneous polyacrylamide gel in the presence of urea.

Results and discussion. Natural phosphopeptides were
obtained by proteolysis of the phosphoproteins of the casein
complex with pancreatin (E:S = 1:100) under physiological
conditions (37° C, pH 7.9). At different stages of proteolysis, the
yield of phosphopeptides and peptides soluble in 10%
trichloroacetic acid was determined. Degree of proteolysis has
increased monotonically throughout the studied period. The
yield of phosphopeptides reaches its maximum in the 90th
minute of proteolysis and then decreases continuously. The yield
of phosphopeptides is lower than it was used proteolytic
preparations of microbial origin. The results obtained by gel
filtration and electrophoresis in a polyacrylamide gel indicate
that a decrease in the yield of phosphopheptides after the 90th
minute of proteolysis may be caused by the phosphopeptide’s
molecular weight decrease. Most of phosphopeptides obtained
in the 90th minute of proteolysis have a molecular weight up to
2000 Da, which is characteristic for the already known
biologically active phosphopeptides.

Conclusions. During the proteolysis of casein with
pancreatin in physiological conditions, the total yield of
proteolysis products increases monotonously. The yield of
phosphopeptides has maximum. Gel filtration and
electrophoresis data indicate that this is due to a decrease in the
molecular mass.
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Introduction

The proteins of milk casein complex are precursors of a large number of various
biologically active peptides with difference action on various physiological systems of the
organism [1, 2]. Among them, one of the most common and important is phosphopeptides
[3]. Phosphopeptides are formed in the course of a normal digestion of a casein proteins
complex in the intestine following the action of proteolytic enzymes of the pancreas. It is
believed that their main function is the ability to bind ions of macroelements (calcium,
magnesium, ferrum), as well as trace elements (zinc, nickel, cobalt, selenium) and to promote
their adsorption in the gastrointestinal tract. Herewith casein phosphopeptides are able to
form complexes with metal ions, resistant to the action of proteolytic enzymes [4, 5].

For the first time, the biological effect of phosphopeptides was described in 1950 [6]. It
was an independent of vitamin D calcification of bones in children with rickets. In further
studies, the positive effect of casein phosphopeptides on the absorption of calcium, zinc and
iron ions has been established [2, 3]. The mechanism of action of phosphopeptides in
adsorption of metal ions has not been finally established. This may be the formation with the
participation of phosphopeptides of calcium-selective channels in the cytoplasmic
membrane. Phosphopeptides can bind ions of calcium and transport by endocytosis. Also,
the biological effect of phosphopeptides is associated with the prevention of teeth caries [7].
It has been established that phosphopeptides can participate in the restoration of the mineral
composition of teeth, inhibit the adhesion of cariogenic bacteria to the surface of teeth, and
contribute to the accumulation of bioavailable calcium ions.

Due to the biological effect of casein phosphopeptides, they are of considerable interest
as ingredients for functional products [8]. For the production of phosphopeptides, the
proteolysis of casein substrates is carried out. Proteases of animal, plant and microbiological
origin are used as proteolytic enzyme [3, 9]. As a result, a large number of phosphopeptide
preparations were obtained, which differ in their primary structure, molecular weight and
properties. These differences may be reflected in the biological activity of phosphopeptides
[4]. Obviously, the greatest value can have phosphopeptides, formed in conditions that
reproduce the conditions of caseins proteolysis in the gastrointestinal tract. We have
previously justified the choice of proteolytic enzyme and casein substrate, established their
proportion to obtain natural phosphopeptides [10]. Taking into account the above mentioned
information, the purpose of the work is to characterize proteolytic processes in the production
of natural casein phosphopeptides.

Materials and methods

To obtain total casein, fresh cow's milk was used. Proteolysis of casein substrate was
carried out with pancreatin, produced by PJISC "Tekhnoloh" (Ukraine). All electrophoretic
buffers and gels were prepared using reagents of the company "Reanal" (Hungary).

Obtaining of total preparation of milk casein complex proteins

The preparation of total casein was obtained from skimmed milk by precipitation at pH
4.6. The separation of lipids from casein was carried out by centrifugation (4000 g, 10
minutes) in two steps at two different temperatures: 30 and 4° C, respectively. This allows
more completely separation of milk lipids. The sedimentation of total casein at an isoelectric
point was carried out with an addition of chloride acid solution (1 mol/dm?). The resulting
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precipitate was washed with distilled water and dissolved with sodium hydroxide (1
mol/dm?). In this case, the pH value should not exceed 7.9 [10]. At higher values of pH the
dephosphorylation of caseins may occur. Precipitation and dissolution procedure was
repeated twice. The third precipitation was carried out with acetic acid at a pH of 4.0. The
resulting total casein sediment has been incubated in acetic acid solution (pH 4.0) for 5 hours
at a temperature of 4° C to inactivate the natural proteases of milk [11].

Proteolysis of total casein

Proteolysis of 9% total casein was carried out with pancreatin at physiological values of
temperature and pH (37° C, pH 7.9). The ratio of "enzyme: substrate" was 1:100 [12].

Determination of casein substrate concentration and products of its proteolysis

The concentration of proteins in preparations of total casein and products of its
proteolysis in hydrolysates was determined spectrophotometrically during absorption at the
280 nm by spectrophotometer C®-46. In this case, the commonly accepted absorption

coefficient (D, ) for total casein was 8.2 [13].

lem

Gel filtration

Gel filtration of total casein and products of its proteolysis was carried out on columns
(2 x 35 ¢cm) from the liquid chromatography kit of the company "Reanal" (Hungary) filled
with Sephadex G-25 (fine) of the company "Pharmacia" (Sweden). Preparation of sephadexes
and a chromatographic column for gel filtration was carried out in accordance with the
methodological recommendations of the "Pharmacia" company [14]. The samples were
dissolved in a chromatographic buffer (0.005 Tris HCI, pH 7.9, 6 M urea) and centrifuged to
remove insoluble fragments by T-24 centrifuge (15000 g, 20 minutes). 5 ml of sample was
taken from the obtained supernatant and applicated on sephadex, equilibrated with a
chromatography buffer. Gel filtration was carried out at an elution rate of 25 ml/h, selecting
5 ml of eluate. For obtaining of chromatograms the optical density at 280 nm was measured
by a spectrophotometer Cd-46.

Electrophoresis

The analysis of total casein and hydrolysates was carried out in a device of the Stadier
type on vertical plates of a homogeneous polyacrylamide gel in an alkaline electrophoretic
system (pH 7.9), which included 4.5 M urea [15]. Electrophoretic buffers and plates of
polyacrylamide gel were prepared using reagents of "Reanal" company (Hungary).
Polyacrylamide gel was obtained by mixing solutions according to Table 1.

Also the electrode buffer and the buffer for dissolution of samples were prepared,
according to table 2.

Electrophoregrams were fixed with 7% acetic acid and stained with 0.5% amidoblack
10B [16,17].

Statistical analysis

The statistical analysis of the obtained results and the graphical representation of the
experimental data were carried out using the Microsoft Excel 2007 program. The accuracy
of the obtained results was provided by triple repetition of the experiments. The reliability of
the obtained results was taken at p < 0,05.
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Table 1
Composition of polyacrylamide gel
Ration in
Solutions polyacrylamide Component Amount
gel (volume)
Acrylamide 135¢g
Gel 1 part N,N'- methylenebisacrylamide 0,75 ¢g
Water up to 100 ml
Tri.s(hydroxymethyl) 0,609 g
aminomethane
Ethylenediaminetetraacetic  acid 0.2 mg
Buffer for gel 2 part (disodium salt) ’
(pH 7.9) pa Veronal 1,1 mg
2- mercaptoethanol 1,0 ml
Urea 540¢g
Water up to 100 ml
Ammonium persulfate selected
Catalyst and experimentally
initiator 1 part N,N,N',N'-tetramethyl-
. . 0,05 ml
solution ethylenediamine
Water up to 10 ml
Table 2
Composition of electrode buffer and sample buffer
Buffer Component Amount
Tris(hydroxymethyl) aminomethane 6,09 g
Electrode buffer | Ethylenediaminetetraacetic acid (disodium salt) | 2,0 g
(pH 7.9) Veronal 11,0g
Water up to 1000 ml
Tris(hydroxymethyl) aminomethane 30,5 mg
Buffer for Ethylenediaminetetraacetic acid (disodium salt) | 10,0 mg
dissolution of Veronal 55 Mg
samples (pH 7.9) 2- mercaptoethanol 0,25 ml
Urea 135¢g
Water up to 50 ml

Results and discussion

Determination of the total yield of proteolysis products and phosphopeptides

When conducting proteolysis of total casein with pancreatin every 30 minutes, starting
from the 30th from its beginning and up to the 180th minute inclusive, the samples were
taken to determine the intensity of the process and the release of phosphopeptides. Soluble
proteolysis products obtained after sedimentation uncleaved phosphoproteins with 10%
trichloroacetic acid were diluted fortyfold with 5% acetic acid. For the obtained solutions,

64

—— Ukrainian Food Journal. 2019. Volume 8. Issue 1




Food Technology ——

the optical density was measured by a spectrophotometer CD-46 at 280 nm. The results of
proteolysis are shown in Figure 1 (1). Each point in the graph is the average value of three
definitions. As can be seen from the graph, the degree of proteolysis monotonically increases
throughout the period (up to the 180th minute). The slowdown in the intensity of proteolysis
occurs after the 90th minute. Adamson and Reynolds have got similar results, obtained with
enzyme preparations Novo trypsin and Pancreatin 4 NF [18].

Simultaneously, every o 0,8 1 -~ 160 ®
30 minutes of proteolysis R 7 - 140 S
samples have been taken for w 0’6 i 120 50
the extraction of 0’5 l 100 o E
phosphopeptides from the 04 - 80 23
hydrolyzate. The basis was ' Fs
the methodology described 0.3 1 60 2
earlier [19]. Herewith, the 0.2 4 4 o
pH of the sampled O’:) j (2)0
hydrolyzate was adjusted to ' ' ' ' '
pH 4.6 with chloride acid 0 30 60 90 120 150 180
solution of concentration 0.1 Time, min
mol/dm®. The unsolvated
phosphoprotein and the large Figure 1. Proteolysis products (1) and
polypeptides sediment were phosphopeptides yield (2) in the process of proteolysis

separated by centrifugation of the phosphoprotein substrate with pancreatin

at a centrifuge OITH-8 (5000

rpm, 15 minutes). Then, 1 cm? of 10% CaCl, and 10 cm? of ethanol were added to 9 cm? of
supernatant. The precipitate of phosphopeptides was centrifuged, washed with ethanol, dried
to a constant weight and weighted. The results are shown in Figure 1 (2). The yield of
phosphopeptides, obtained in physiological conditions, is lower than with the application of
microbial proteolytic enzymes [9] and it approaches to the yield with trypsin using [19]. The
analysis of the phosphopeptides extraction shows that after reaching a maximum (in the 90th
minute), the value of the yield decreases. This occurs on the background of a further increase
in a degree of proteolysis and may be due to a change in the phosphopeptides’ molecular
weight in the process of proteolysis [9, 18]. In this regard, to characterize the products
obtained at various stages of proteolysis, we carried out gel filtration and electrophoresis.

Gel filtration and electrophoresis of proteolysis’s products

Gel filtration on Sephadex G-25 allows estimating the molecular and weight distribution
of proteolysis products in the range from 1000 to 5000 Da [14]. For gel filtration samples
have been taken at different stages of proteolysis. The results of gel filtration are shown in
Figure 2 and 3. For comparison, in each case, the chromatogram of the phosphoprotein
substrate is shown in parallel. According to literature data, the molecular masses of the
already known biologically active casein phosphopeptides do not exceed 2000 Da [8]. They
are eluated in the 15th and subsequent chromatographic fractions, sampled during gel
filtration. In the 90th minute (Figure 2), the greater part of proteolysis products, including
phosphopeptides, have molecular weight up to 2000 Da. During further proteolysis (the 90th-
180th minutes), the amount of low molecular weight peptides increases. At the same time, as
can be seen from Figure 1 (2), the total amount of phosphopeptides up to the 90th minute
does not change, and then begins to decrease.
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E280

0 5 10 15 20 25 30
Fractions

Figure 2. Chromatogram of the phosphoprotein substrate (1) and its hydrolyzate (2) obtained in
the 60th minute of proteolysis with pancreatin

0 5 10 15 20 25 .30
Fractions

E280

0 5 10 15 20 25 30
Fractions

Figure 3. Chromatogram of the phosphoprotein substrate (a.1 and b.1) and its hydrolyzate,
obtained in the 90th (a.2) and 120th minutes (b.2) of proteolysis with pancreatin
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The samples for gel filtration were selected according to the scheme (Figure 4):

Phosphoprotein substrate —>  Sample 1
Hydrolyzate
(37°C, pH 7,9, 90 min., ([E]:[S]=1:100) —> Sample 2

Sediment of the uncleaved substrate (pH 4,6)

if Sediment —> Sample 3
Remainder of the hydrolyzate —> Sample 4
Phosphopeptides —> Sample 5

Figure 4. Scheme of sample selection for gel filtration.

The Figure 5 shows the chromatograms of the hydrolyzate obtained in the 90th minute
under physiological conditions (37° C, pH 7.9), as well as the uncleaved substrate, sedimened
at pH 4,6, the residue of the hydrolysate and the isolated phosphopeptides.

o121
& |
w 1,1 1
. !
]
0,9 - '
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0

Fractions

Figure 5. Chromatogram of phosphoprotein substrate (1), and products of its proteolysis,
obtained in the 90th minute of proteolysis: 2 - hydrolyzate; 3 - uncleaved substrate; 4 -
remainder of the hydrolyzate; S-phosphopeptides
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According to the gel filtration data at pH 4.6, polypeptides with a molecular weight
greater than 5000 Da are sedimented from hydrolyzate (Figure 5). Scientific investigations
confirm that under such conditions non-hydrolyzed proteins, as well as polypeptides with a
large molecular weight are isolated [1, 13]. The chromatogram of the hydrolyzate residue
(Figure 5 (4)) has a similar profile to the chromatogram of phosphopeptides (Figure 5 (5)).
Moreover, among the remainder of the hydrolyzate, phosphopeptides present a larger part.
This fact is consistent with published dates [18-20].

In addition to gel filtration, electrophoresis was used to characterize the hydrolyzate
(Figure 6). The obtained results indicate that after the 15th minute, the main substrate
phosphoproteins (0si-CN-8P, as-CN-XP, B-CN-5P) are cleaved to form low molecular
weight and separate macromolecular products that are retained in a polyacrylamide gel. In
the 90th minute, high molecular peptide fractions are absent (Figure 6). Similar results with
a large number of various low molecular weight phosphopeptides are described in other
scientific researchs [21, 22].

k-CN
B-CN-5P | ..
as>-CN-XP |

as-CN-SP | W

e .

Figure 6. Electrophoregram of phosphoprotein substrate (1) and products of its proteolysis
obtained in the 15th (2); 30th (3); 60th (4); 90th (5th); 120th (6) minutes

Conclusions

During the casein substrate proteolysis with pancreatin (E:S ratio 1:100) under
physiological conditions (37° C, pH 7.9), the total yield of peptides that are soluble in 10%
trichloroacetic acid and phosphopeptides does not coincide. The total amount of proteolyctic
products monotonously increases throughout the whole period of proteolysis. The yield of
phosphopeptides reaches a maximum in the 90th minute of proteolysis with a further
decrease. The results of gel filtration and electrophoresis indicate that this fact is associated
with a decrease in the molecular weight of phosphopeptides.
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Introduction. The hydrocolloids of plant and animal
origin are widely used in food technologies, especially in
the meat and dairy products manufacturing. The aim of this
study was to investigate the surface morphology of some
proteins isolates of plant origin and hydrated gels made
from them.

Materials and methods. The protein isolates of
soybean, pea and whey as well as k-carrageenan, and guar
gum were used in this study. We prepared gels of the
isolates with low fats milk at the ratio 1:6 and 1:8.
Structural changes of soybean, pea, and whey protein as
well as their hydrates were observed by use of scanning
electron microscope JSM-6700F.

Results and discussion. The presence of coarse
particles was observed in the samples of soybean and pea
isolates, whereas sample of whey isolates had spherical
shaped particles only. We found that, pea and soybean
isolates did not differ significantly in their sample size,
which was approximately 40 pm. The low hydration level
of the isolates at a ratio of 1:5 lead to smooth surface
formation with the large number of holes. The remains of
the large globules can be identified in the sample of
hydrated pea isolate as the edges of dried spheres, which
sizes are similar to those of initial isolates. Increased
hydration level up to 1:8 resulted in the crosslinking
between the proteins macromolecules and lead to carcass
formation. Polysaccharides incorporation into the mixture
of stabilizers resulted in the surface formation of gels which
morphological features were similar to those of protein
isolates of pea, soybean, and whey. However, this was
further resulted in the gel structure formation with the
minor crosslinking

Conclusions. Increased amount of milk in the gels
resulted in the development of 3D structure formation, as
expected. Pea isolate was characterized by the great ability
to the crosslinking between macromolecules of proteins.
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Introduction

Several dairy products, such as yogurt, curd, and butter are widely present in a human
diet. Modern trends in the substitution of raw materials of animal origin lead to thorough
examination of structural features of the plant materials. Several beans, primarily soybean
and pea are widely used as a source of protein since their chemical composition and
technological properties are similar to the animal proteins [1, 2]. Moreover, consumption of
these proteins is beneficial for human health due to a high amount of essential amino acids
[1].

Introduction of these proteins into the formulations of dairy products has resulted in the
reduction of fats content without any adverse effects in the texture of the final products [3].
Usually protein isolates are used in a preliminary hydrated form, so that it is necessary to
evaluate effective water: protein ratio in each certain case. It should be noted, that insufficient
amount of water may have negative effect on the technological properties, causing increased
viscosity, unpleasant aftertaste, and low yield of final product [4]. It should be noted, that too
much water resulted in the complicated retention of food carcass. Mixture or composition of
several protein isolates are used in order to obtain food products, particularly meat and dairy
with desired properties. This approach was an effective in the sausages production made from
meat emulsion and in the curd manufacturing too [5]. Unfortunately, it is necessary to find
effective ratio of hydrocolloids in the each certain case. Thus, structural changes of protein
isolates during hydration are the subject of careful study, which may reveal the mechanisms
of hydrocolloids transformations, and will help to simplify the search of their ratio in
compositions.

Scanning electron microscopy is an important technique which has been widely used in
the careful screening of the surface of food materials [6-8]. This method has found to be
useful in the investigations of surface morphology of fermented sausages at different level of
starch, fats and egg white in the formulation [9], and analysis of texture of frankfurter
sausages with the modified fats profile [10]. The authors have suggested that sensory
properties of the final products depend on the structural features of the product surface [10].
The more uniformly distributed holes on the surface the better quality of the final product.
Application of SEM in the analysis of dairy products gives an opportunity to quantify
differences of the surface parameters at the different duration of technological process [11].
Also, this method was useful in the analysis of fats distribution in the dairy products, such as
butter, curd, milk, and other. It should be noted, that usually frozen samples of dairy product
have examined by cryo scanning electron microscopy [12]. This technique is an extremely
useful in the investigations of distribution of casein particles, fats, and oils as well as their
form, shape, and transformations during technological treatment or storage [12].
Nevertheless, SEM method has used in the quantitative examination of the texture of dairy
products too [8].

Purpose. The purpose of this study is a surface examination of several hydrated gels of
protein isolates at different milk: protein ratio.

Materials and methods

Materials and samples preparation

The protein isolates of soybean, pea and whey as well as k-carrageenan, and guar gum
were purchased from Roeper (Germany). All the isolates were of high purity (> 95%. ) grade.
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Low fats milk (0.05%. ) was purchased from a local supermarket “Auchan”. We prepared
gels of the isolates with low fats milk at the ratio 1:6 and 1:8. We have previously reported
that the lower isolate: milk ratio was resulted in extremely high viscosity of the gel so that
there were no possibilities of utilization of these gels for the food manufacturing purposes
[3]. Moreover, we prepared the gel sample of the pea isolate, which was swelled during 24
h. The samples were retrained during 22-24 h. prior to heat treatment in order to achieve a
maximal hydration of the samples. Further, the gels of protein isolates hydrated by skimmed
milk at the ratio 1:6 and 1:8 were exposed to thermal treatment at 82 + 2 °C during 5 and 10
minutes, respectively. This was done order to accelerate development of the protein network.
Petri's dish was layered by protein hydrates and dried at room temperature for 24 h followed
by rinsing in chloroform for 40 min in order to remove particles of fats from the samples
surfaces, and, finally, the samples were sustained in ethanol due to necessity of water
elimination from the surfaces.

We have previously reported that the application of hydrocolloids composition based
on the isolate of whey proteins resulted in the increased stabilization of butter paste [13]. The
samples of gel of composition with low fats milk at the ratio 1:6 and 1:8 were prepared. The
following components have used in the composition: isolate of milk proteins, isolate of whey
proteins, guar gum, and k-carrageenan at the ratio 10: 3: 0.3: 0.05.

Scanning electron microscopy set-up

Structural changes of soybean, pea, and whey protein as well as their hydrates were
observed by use of scanning electron microscope JSM-6700F (JEOL, Japan. The
microstructure of protein isolates was observed at ambient temperature. Samples were
covered with platinum layer with the width of 10 nm prior to the experiments. The
microphotographs were obtained at the accelerating voltage which was 10 kV and probe
current 0,65 nA. Dried samples of the protein hydrates (0.2x0.2 sm, and 0.5—1 mm in depth)
were fixed with the steel holder followed by operating under vacuum at the temperature 20
+0.1°C.

Results and discussion

In the first stage, we tried to assess morphological parameters of initial isolates. The
presence of coarse particles was observed in the samples of soybean (figure 1b) and pea
isolates (figure 1 c¢), whereas sample of whey isolates had spherical shaped particles only
(figure 1a). We found that, pea and soybean isolates didn 't differ significantly in their sample
size. The particles with the mean diameter of 18-21 um preferably were presented in these
isolates and minor amount of fraction with the average size 40 um was detected in these
samples. In contrast, the sample of whey isolated consisted mainly large globules with the
average size of about 40 um with inclusion other particles, which cannot be separated into
the certain fractions. It should be noted that, prolonged shooting of the samples resulted in
the wrinkled globules formation which was observed due to the low thermal resistance of
these samples.

Previously k-carrageenan and guar gum were used as a minor components of
mixture of stabilizers [13]. The structural features of k-carrageenan are different to those of
protein isolates. We didn't detect presence of globules on the surface in the sample of this
hydrocolloid (figure 1d). The presence of coarse particles and ellipsoid-like particles with the
diameters 110—-120 um and 60—70 um was observed on the surface of the sample of «-
carrageenan
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Figure 1. Electron microphotographs of whey protein isolate (a), soybean isolate (b), pea isolate
(¢), and k-carrageenan (d)

The low hydration level of the isolates at a ratio of 1:5 lead to smooth surface
formation with the large number of holes (figure 2). These holes were filled with water before
drying. In our opinion, insufficient hydration of proteins resulted in the quternary structure
disruption, while interconnections between protein macromolecules didn’t observed. Insight
into figure 2D revealed that remains of the large globules can be identified in the sample of
hydrated pea isolate as the edges of dried spheres, which sizes are similar to those of initial
isolates. In our opinion the presence of fracturings on the surface of pea gels was most likely
associated with incoplete hydration of the sample.Also, small globules, which were less than
1 um were, still presented on the surface of other isolates. The presence of k-carrageenan on
the surface of dried gels wasn't observed.
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Figure 2. SEM images of dried gels of samples of whey protein isolate (a), spybean isolate (b),
preliminary swelled pea isolate (c), and pea isolate without swelling (d) at protein: milk ratio 1:5

Further hydration of protein isolates was resulted in the surface formation without any
globules. Rise of milk amount in the isolate: milk ratio up to 1:6 increases hydration of
proteins. As it can be seen from the figure 3 all the samples of dried gels are characterized
by smooth texture with large number of small holes. In contrast to the previous set of dried
gels, preliminary hydration of isolates at the 1:6 isolate: milk ratio has negligible effect on
the surface morphology of the gels.

We observed decreased number of pores and their diameter in the sample with 1:8
hydration ratio in compare to sample with 1:8 hydration ratio. By other words, increased
hydration was resulted in the less porous structure formation. Similar findings were observed
by Rovira et al. in the dried samples of goat chees [8]. A greater number of pores was found
in the sample which was preliminary swelled during 24 h. This sample was characterized by
the higher development of the proteins crosslinking than sample without preliminary
swelling.
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Figure 3. Electron microphotographs of dried gels of whey protein isolate (a), spybean isolate
(b), preliminary swelled pea isolate (c), and pea isolate without swelling (d) at protein: milk
ratio 1:6

Further hydration of these isolates at the ratio 1:8 was resulted in the crosslinking
between different residues of protein macromolecules and three-dimenional net structure
formation (fig. 4). This was particularly true in the sample of pea isolate (fig.4c), which
surface consisted numerous holes and free spaces. Liu and coauth. found that the
development of free dimensional structure of soybean proteins in their gels strongly
dependent on the processing type [14]. Microwave heating was resulted in more viscoelsatic
structure of soybean gels than the gels obtained by conventional method [14].
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Figure 4. SEM images of hydrated samples of whey protein isolate (a), soybean isolate (b), and
pea isolate (c), and pea isolate without swelling (d) at protein: milk ratio 1:8

We didn't studied with higher isolate: milk ratio due to both full hydration of proteins
and adverse effect on the texture of the gels caused by high amount of water.

Discussion

Utilization of protein isolates in the formulations of cheese and curd has lead to decrease
of total cost of final products and has a positive efeect on the overall quality of the final
product. Usually these isolates have used in the preliminary hydrated form, which resulted in
the necessity of evaluation of the most effective water: isolate ratio. In this study scanning
electron microsocopy was used for this purpose. Also, we used milk as water substitute in
the gels formation. It has several advantages, especially presence of proteins which structural
features are similar to proteins isolates. We prepared three series of gels of protein isolates
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with a isolate:milk ratio 1:5, 1:6, and 1:8. The samples were dried at ambient temperature for
24 h and treated with chloroform and ethylalcohol in order to eleminate water and fats from
the samples surfaces.

We observed fractures on the surface of gel made from not swelled pea isloate and
globules remains on the surfaces of the other samples of gels prepared from isolate protein
and milk in the ratio of 1:5. In our opinion these findings suggest that the milk amount isn"t
enough for the full hydration of proteins. Probably, the more prolonged drying will cause
similar findings in the other samples with low hydration level. It should be noted, that “air
side” surface was rough whereas the surface which was contacted with the flat glass was
smooth. Similar observations were indicated by Kowalczyk et al. during observation of pea
gels [15]. Whey have suggested that rougness of the surface which has contacted with air
related to the presence of small (5-20 pum) particles of pea isolates [15]. From figure 2, it can
be seen that the presence of globules of the isolates didn't detected on the surface of the
samples. All the images of dehydrated protin fels given in figure 2 obtained from smooth
side.

Increased hydration level up to 1:8 resulted in the crosslinking between the proteins
macromolecules and carcass formation (figure 4). The samples didn't differ by their
structural features. It is known that the development of microstructure starts from
rearrangement of casein micelles of whey proteins. As it has observed by Rovira et al.,
increased production time of goat cheese resulted in the continous network of proteins
formation due to binding of weakly hydrated aggregates of the proteins [8]. Also, formation
of protein carcass has observed by Lin et al, in the samples of tofu made from soybean milk
[16]. SEM images of dehydrated tofu samples has characterized by large number of the small
pores between protein macromolecules, which cuased three dimensional honeycomb-like
structure formation [16].

The gels produced from milk and protein isolates are extremely important in the
production of batter pastes. Several polysaccharides usually added into the composition in
order to improve their technological properties. Utilization of k-carrageenan in these products
make it possible to decrease amount of composition of stabilizers, while guar gum
incorporation may resulted in the improvement of final product during freezing and thawing
processes. We have found that the incorporation of k-carrageenan has resulted in the
formation of highly crosslinked gels which cannot be used in the batter pastes. We prepared
samples of gels made from low fat milk and composition of hydrocolloids based on milk
proteins and whey isolate proteins at the composition and milk ratio 1:6 and 1:8. As it can be
seen from figure Sa, incorporation of polysaccharides into the mixture of stabilizers resulted
in the surface formation of gels which morphological features were similar to those of protein
isolates of pea, soybean, and whey (figure 3). However, the sample of gel, which was
hydrated by low fat milk, had the structure with the minor crosslinking (figure 5). In our
opinion, crosslinking between molecules of proteins is a key factor of gels structure in
determining of possibility of the gel application in the butter pastes. The strong crosslinking,
which was observed in the sample of pea isolate, was pointed that it would not to be used in
these products manufacturing without significant changes of technological processes and
amount of ingredients in the formulations, while the isolates of soybean and whey are the
better choice for this purpose. Therefore utilization of the composition of the stabilizers
allows decreasing the development of crosslinking between and decrease amount of added
hydrocolloids.
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Figure 5. SEM images of hydrated samples of hydrocolloid composition
at protein: milk ratio 1:6 (a) and 1:8 (b)

Conclusions

This study proved that SEM is a promising technique which helps to choose components
in the composition of stabilizer dependently on the product type. It was found that the
increased amount of milk resulted in the development of 3D structure formation, as expected.
Pea isolate was characterized by the great ability to the crosslinking between macromolecules
of proteins. Therefore it cannot be used in the butter pastes, but may be especially useful in
the cheese manufacturing. This study is limited by a low number of studied proteins isolates.
Further study on larger number of proteins isolates is necessary to investigate role of
hydration level on the 3D- structure development.
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Introduction. The aim of the present study was to
evaluate the effect of enzyme mixture on the cell integrity,
oil yield of cold-pressing and dynamics of solvent
extraction of pumpkin seeds oil.

Materials and Methods. Protolad, Alkaline, acid
proteases and Cellulad (ENZIME, Ukraine) were used for
pumpkin seeds pretreatment. The cells integrity was
evaluated by the method of immediate "shaking". The cold
pressing was carried out on the laboratory screw press. The
solvent oil extraction rate was estimated using a Soxhlet
extractor as oil quantity extracted after one extraction cycle.

Results and discussion. It was detected that main
increase of pumpkin seed cells integrity destruction
comparing with a control sample had been happened after
2-hour of enzyme pretreatment. Further incubation of
ground seeds with enzymes did not lead to significant
increase of "open" cells content in the mixture. It was
shown that using of different kind of proteolitic enzymes
for pumpkin seeds pretreatment resulted in increase of
destroyed cells quantity from 3 to 10.4%. Using of
proteases and cellulase mixture for pumpkin seeds
pretreatment had resulted in further increase of level of
pumpkin seed cells "revealing" by 10%. The oil yield of
cold pressed pumpkin oil after enzyme pretreatment with
protease (70%. ) and cellulase (30%) mixture was
increased from 62.3 (control sample) to 70.0%. from total
oil content of seeds. The rate of solvent extraction of oil
from pumpkin seeds had increased after enzyme
pretreatment, that means 25.4 and 17.7% of oil were
extracted after 80 min extraction from mass of enzyme
pretreated and control seeds, respectively. There was no
difference of peroxide content between enzyme pretreated
sample and control.

Conclusions. Using of proteases and cellulases
mixture for pumpkin seeds pretreatment had resulted in
increase of destroyed cells quantity, following by increase
of cold pressed pumpkin oil as well as rate of solvent
extraction of oil from pumpkin seeds.
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Introduction

Pressing and solvent extraction are the two methods for oil obtaining from oil seeds.
The solvent extraction is more effective for oil yield, that gives possibility to recover almost
total oil content. The disadvantages of this method are process safety and environmental
issues associated with solvent extraction process. The pressing is more environment friendly
but does not provide the whole oil extraction. Thus it is important to develop the effective
and environment friendly technology of oil recovering from oil materials.

In this context, different enzymatic technologies were proposed for oil extraction from
raw materials. Firstly, the enzyme assisted aqua extraction was used to obtain oil and protein
from oil seeds. In order to increase the efficiency of water extraction of oils and proteins from
oilseeds, it was proposed to use hydrolytic enzymes to destroy cell walls, as well as protein
frames surrounding oleosomes [1-10]. The oil yield had varied from about 60 to 90%.
depending from proteases and cellulases used and kind of oil material. The weakness of
enzyme assisted aqua extraction is the necessarity to separate of oil-in-water emulsion and
low oil yield. Enzyme assisted technology was proposed to obtain the partly hydrolyzated
protein from sunflower meal [11,12].

In parallel, enzyme assisted technologies were used for oil seeds pretreatment before
their processing. The cellulase, hemicellulase, pectinase and proteases are usually used for
this purpose. It was shown that press oil yield had increased from 72 to 90-93%. after
pretreatment of rape seeds by carbohydrases and proteases [13—16]. The increase of press soy
bean oil yield after enzyme pretreatment was shown in [17-19].

The effect of different enzyme preparations (Viscozyme L, Kemzyme, and Feedzyme)
on the oil yield, physicochemical and antioxidant properties of cold pressed flaxseed oil were
assessed in [20]. The oil yield from enzyme-treated cold pressed flaxseeds, although lower
than Soxhlet extracted oil yield, was considerably higher when compared with the control
Most of the physicochemical parameters such as refractive index, density, iodine number,
free fatty acid contents, saponification value, color and fatty acid profile did not differ
significantly between the control and enzyme pretreated oil. At the same time the peroxide
value, para-anisidine value, conjugated dienes, triens and induction period (Rancimat
method) of oil from enzyme-treated flaxseeds were superior compared with the control. The
effects of enzyme-assisted cold-pressing (EACP) on the oil yield and physicochemical
properties of hemp seed oil were also investigated using five enzyme preparations [21]. The
oil yield from enzyme-treated hempseeds were found to be significantly higher than that
determined for the control. There were no significant variations observed for the values of
iodine number, refractive index, density, unsaponifiable matter and fatty acid composition
between the enzyme-extracted and control hempseed oils. The values of saponification value,
free fatty acids, iodine value and peroxide value were slightly varied between the oils tested.
A relatively higher content of tocopherols (4.8—14.1%) as well as improved Rancimat profiles
were observed in the enzyme extracted oils compared to the control.

To the best of our knowledge, there are no reports about pumpkin seeds oil recovering
using EACP. The aim of the present study was to evaluate the effect of proteases and
cellulases on the cell integrity, oil yield of the EACP and dynamics of solvent extraction of
pumpkin seeds oil.
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Materials

Pumpkin (Cucurbita pepo) seeds were purchased from a local market (Kyiv, Ukraine).
Neutral protease from Bacillus subtilis (Protolad, 70 FIP-U/g, optimum pH 6.5-7.0,
ENZIME, Ukraine), alkaline protease from Bacillus licheniformis (Alkalase, 2.4 AU/g,
optimum pH 8.5-9.0, ENZIM, Ukraine) and acid protease (ENZIM, Ukraine) were used for
hydrolysis of cell proteins. Cellulad (ENZIM, Ukraine) — a complex enzyme preparation of
cellulases for the hydrolysis of non-starch polysaccharides, obtained by directed fermentation
of the breeding strain 77. reeseii. In addition to the main activity of cellulase, the preparation
contains significant amounts of hemicellulase and xylanase. All chemicals used for
experiments were at least analytical grade.

Enzyme treatment and pressing

Clean seeds were ground using a coffee grinder and then subjected to incubation with
0.6%. (by seed weight) of the enzyme preparations over a period of 2 h at (51£3) °C and
50%. moisture level. The hydrolyzed sample was dried at 100 °C in a drying oven to
inactivate the enzymes and to readjust the moisture to the desired level (6—7%) prior to
pressing. Pressing of the hydrolyzed and dried seed sample for oil extraction was done in a
laboratory screw press at (6045) °C. A control sample of pumpkin seeds was also processed
under the same set of conditions, except for the enzyme adding during treatment.

Evaluation of the cells integrity by the method of immediate '"shaking"

10 g of ground pumpkin seeds were placed in a flask, 200 cm? of petroleum ether was
added and the contents of the flask were shaken for 3 seconds (exactly). Then the flask was
left for 10 seconds (exactly), after which the ether solution of oil was quickly and carefully
transferred to another flask. The obtained solution was filtered to a weighed flask. The filter
was washed by several portions of the ether. The ether from the weighed flask was evaporated
and the resulting oil was dried to a constant weight. Simultaneously another 10 g of ground
pumpkin seeds were taken to determine the oil content by the extraction in the Soxhlet
apparatus. The mass fraction of oil extracted from the instantaneous culling and expressed as
a percentage of its total content corresponds to the number of "exposed" cells.

The number of destroyed cells was determined as a percentage of oil extracted by the
immediate "shaking" from the total oil content in the ground pumpkin seeds:

o -100 ’
a
where a; - oil extracted by the immediate "shaking",%; a; - the total oil content of ground
pumpkin seeds, determined by the extraction in the Soxhlet apparatus,%.

Measurement of dynamics of oil solvent extraction

The enzyme pretreatment of pumpkin seeds was carried out as described in 2.2. The
pretreated and control seeds were taken to filtering paper shells, weighted and placed in a
Soxhlet extractor. The extractor was fitted with a condenser and a 0.5 L round bottomed
flask. The extraction of oil was done in a water bath for 80 min, using about 350 mL »n-
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hexane. The duration of extraction cycle was about 10 min. After every extraction cycle the
three filtering paper shells were withdrawn from extractor, hexane was evaporated, dried and
weighted. The level of oil extraction was calculated using the following equation:

(mO B mn)

my

0= 100,

where m, - the initial mass of filtering paper shell, m, - the mass of filtering paper shell after
every extraction cycle, n - the number of extraction cycle.

Determinations of peroxide values

Determinations of peroxide values of the enzyme extracted and control pumpkin seed
oils were made following AOCS official methods [24].

Statistical analysis

All the experiments were conducted in triplicate and statistical analysis of the data was
performed using the statistical software Statistica [25]. A probability value at p< 0.05 was
considered statistically significant. Data are presented as mean valueststandard deviation
calculated from triplicate measurings.

Results and discussion
Influence of enzyme pretreatment of pumpkin seeds on the cell integrity

To establish the appropriate conditions for seeds pretreatment firstly we have study the
influence of treatment duration by proteases on the cell integrity. It was detected, that after
first hour of treatment about 5.5%. increase of destroyed cells were observed comparing with
a control sample (Fig. 1) and next hour of treatment have resulted in next 9.6%. of destroyed
cells content increase. Further incubation of ground seeds with enzymes did not lead to
significant increase of "open" cells content in the mixture. It was decided to use two-hour
enzyme treatment for the next study. At the same time enzyme pretreatment duration of hemp
seeds was up to 6 hours in study of Latif S. and Anwar F. [21].

The data obtained have demonstrated that using of different kind of proteolitic enzymes
for pumpkin seeds pretreatment resulted in increase of destroyed cells quantity from 3 to
10.4%. (Fig. 2). The acid proteases were the most effective enzymes in "revealing" of
pumpkin seeds cells, showing the highest increase of destroyed cells content in oil material.

Obviously, that proteins are important substances for the integrity of pumpkin seeds
cells, which play a significant role in the building of the intracellular membranes, including
that surrounding the oleosomes and in the adhesion of cell membrane to cell walls. Enzyme
pretreatment facilitates the breakdown of the protein network surrounding the lipid bodies
and also supports the conversion of the complex seed lipoprotein molecules into simple lipid
and protein molecules, thereafter enhancing both the oil availability and extractability [22,
23].
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Figure 1. The influence of proteases treatment duration on the quantity of destroyed cells in
control and enzyme pretreated ground pumpkin seeds

The accessibility of cell oil depends from the integrity of cell walls, that are building
from cellulose. It was supposing, that adding of cell-wall-degrading enzymes to the enzyme
cocktail for seeds pretreatment has to enhance the enzymes effect on the cell structure and
improve the accessibility of oil.

70

(o]
o

Em

,_I_,

N
o

w
o

= N
o O

Quantity of destroyed cells,%.

o

52 7,2 9,2
mcontrol Oenzyme pretreated sample

Figure 2. The influence of different proteases on the quantity of destroyed cells in control and
enzyme pretreated ground pumpkin seeds

The data obtained have shown that using of protease and cellulase for pumpkin seeds
pretreatment had resulted in some increase of destroyed cells in ground pumpkin seeds
mixture (Fig 3). The maximum level of "revealing" of pumpkin seeds cells had increased to
about 61%. under influence of mixture of 30% neutral protease and 70% cellulase that is
10%. higher than after treatment by this protease itself. The growing of content of destroyed
cells was about 3%. under using of acid protease and cellulase mixture (Fig 3, b).
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Figure 3. The quantity of destroyed cells in control and enzyme pretreated ground pumpkin
seeds on dependence the proteases kind and protease: cellulase ratio
(a - neutral protease and cellulase mixture, b - acid protease and cellulase mixture)

Influence of enzyme pretreatment of pumpkin seeds on oil recovery

The cold pressing of dried pumpkin seeds (seeds moisture was 7.0+0.1) were carried at
(60£5) °C. The oil yield of cold pressed pumpkin oil after enzyme pretreatment of seeds with
neutral protease (70%.) and cellulase (30%.) mixture was increased from 62.3 (control
sample) to 70.0%. from total oil content, which was 42.4%. Our data are in accordance with
the results obtained for hemp seeds with the enzyme of complex activity (mainly a-amylase,
b-glucanase, cellulase complex, hemicellulase complex, protease and xylanase activities)
[21] as well as with results obtained for flax seeds [20] and rape seeds [13] cold pressing after
enzyme pretreatment.

Commonly, the enzyme pretreatment of oil seeds are using as a technique to increase
the press oil yield, mainly cold pressed oil, as heat pressing and solvent extraction of oil seeds
give a high recovering of oil on their own. But in our study we have researched the dynamics
of oil solvent extraction from oil material under effect of enzyme pretreatment.

The rate of solvent extraction of oil from pumpkin seeds was influenced by enzyme
mixture pretreatment also (Fig. 4). Enhancement of oil extraction as result of enzyme mixture
pretreatment was observed from the beginning of the extraction process. After first 10 min
of extraction about 6.6%. of oil were extracted from control seed samples, whereas 10.3%.
from enzyme pretreated seeds, respectively. The difference between two samples was 7.7%.
after 80 min extraction, that is 25.4 and 17.7%. of oil were extracted from mass of enzyme
pretreated and control seeds, respectively. These were about 60 and 40%. of total oil content
for enzyme pretreated and control seeds, respectively.
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Figure 4. Dynamics of solvent extraction of oil from control and enzyme pretreated pumpkin
seeds

It was possible to suggest that enzyme treatment at 40 °C and 50%. moisture level of
oil seeds for 2 hours could result in increase of oil quality and probably its biological value.
To elucidate this phenomena the main chemical parameters of oil samples had been
evaluated. There were not any differences in acidity of oil, obtained from the pretreated seeds
and from control seeds, the acid value of pumpkin oil was in the range from 2 to 2.4 mg
KOH/g. The similar results were obtained concerning the measuring of oil oxidation level. It
had not been demonstrated significant (p<0.05) difference of oil peroxide values, they were
2.47 and 2.44 mmol 1/2 O/kg for control and enzyme pretreated pumpkin seed oils,
respectively. These results are corresponded to the data obtained for cold presss oils from
enzyme pretreated hemp seeds [21], flax seeds [20] and rape seeds [13].

There were no reliable diversity in the composition of fatty acids between the studied
samples of oils [26]. The ratio between the individual representatives of sterols in the studied
samples of pumpkin oil almost did not differ. The analysis of the tocopherol homologies and
their total content in the oil samples shows that tocopherol content in the oil obtained from
the seeds after processing with hydrolytic enzymes was 68% higher than in the control [26].
Thus, these results mean that enzyme pretreatment of pumpkin seeds did not decrease the oil
quality and improve the biological value of oil.

Conclusions

The results of the present study have showed that the enzymes added during the
pretreatment of pumpkin seeds resulted in considerably higher content of destroyed cells in
the mixture of ground pumpkin seeds. The mixture of 30%. neutral protease and 70%.
cellulase was the most effective, increasing the content of destroyed cells in enzyme
pretreated seeds by 10%. comparing with a control. The increase of cold pressed pumpkin
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seed oils from enzyme pretreated seeds was observed as result of enzyme influence on the
cells integrity. The enzyme pretreatment of pumpkin seeds had accelerated solvent extraction
of oil comparing with untreated seeds. The enzyme pretreatment of pumpkin seeds had not
adversely affect the quality of the oil. This suggests the use of proteases and cellulases
mixture in preparing for the extraction of oil from pumpkin seeds.
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Introduction. The rational regimes of freezing of semi-finished
milk-plant stuffings based on buttermilk concentrate were
substantiated and experimentally confirmed.

Materials and methods. Milk-carrot, milk-pumpkin, milk-
zucchini stuffings, as well as cottage cheese control sample stuffing,
were studied. The research was carried out on a high-resolution
spectrometer Tesla BS 567A with a working frequency of 100 MHz
on protons by the Kuntz method.

Discussion of the results of study. It was established that at the
temperature of 20 °C in the nuclear magnetic resonance spectrum of
the semi-finished milk-plant stuffing an intense water signal is
recorded, which significantly decreases with intensity while sample
cooling to a temperature of -25 °C. The presence of a nuclear
magnetic resonance signal indicates that non-freezing water does not
disappear completely when cooling the sample to a temperature of -
25 ° C, which implies the possibility of biochemical reactions
proceesing in the stuffing. It is determined that developed semi-
finished stuffings require a deeper overcooling than a control sample,
since in designed samples of stuffings water binding with
carbohydrates is processing.

It was investigated that at-25 °C the control sample contains 0,21
g of H,O per gram of dry matter, when the semi-finished milk-carrot
stuffing contains 0,40 g of H,O per gram of dry matter, milk-pumpkin
stuffing — 0,39 g of H,O per g of dry matter, milk-zucchini stuffing —
0,37 g of H>O per gram of dry matter at the same temperature. At -30
°C the control sample contains 0,20 g of H,O per gram of dry matter,
when in the semi-finished milk-carrot stuffing the content of H,O
reaches 0,32 g per gram of dry matter, in the milk-pumpkin stuffing
—0.25 g per gram of dry matter, milk-zucchini stuffing — 0,24 g per
gram of dry matter at the same temperature. It is proved that the
smallest amount of non-freezing water in the stuffings is kept at a
temperature of -25 ... -30 °C and amounts 0,26 ... 0,40 g of H,0 per 1
g of dry matter, which allows to recommend a given range of
temperatures for their rapid freezing.

Conclusions. The temperature of milk-plant stuffings freezing is
substantiated (-25...-30 °C). The possibility of frozen stuffings
storage at a temperature of -18...-19 °C, which is the standard
temperature of industrial freezing chambers, is proved.
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Introduction

A promising direction in creating qualitatively new foods is the combination of dairy and
plant raw materials [1].

The technology of fundamentally new foods in the form of multifunctional semi-finished
products on the basis of protein-carbohydrate dairy and plant raw materials is developed [2].
The new approach to the use of uninvolved natural properties of dairy and plant raw materials
gives the possibility to maximize their functional properties, increasing the economic
efficiency of technologies by reducing the use of nutritional additives, as well as increasing
the nutritional and biological value of finished products [1].

Semi-finished milk-plant stuffings can be used for the production of a wide range of
restaurant foods (sweet dishes, flour dishes, pastry, e.t.c.) [3].

It is advisable to store the developed semi-finished milk-plant dtuffings in frozen form
[2]. The advantages of the use of frozen semi-finished milk-plant stuffings in the foods
production at restaurant establishments are the possibility of using quick-frozen semi-
finished products in the fast food system, reducing of labor and producing costs, the
flexibility of the technological process, the long storage time of semi-finished milk-plant
stuffings, significant expansion of the range of culinary products in restaurants and possibility
to transport frozen semi-finished products at long distances [4, 22].

Literature review

To extend the storage time of foods it is expedient to use a freezing process, in particular
quick freezing [22]. Quick freezing is one of the methods of preservation, which guarantees
long-term storage of raw material properties due to the action of low temperatures on the
development of microflora [5]. The decrease in temperature is accompanied by a slowing
down of reactions related with the activity of enzymes and microorganisms [5, 22].

The effect of low temperatures on food causes changes in their consistency and structure,
affects the quality of products after defrosting [5—7]. The degree of these changes depends
on the speed and temperature of freezing, the duration and conditions of storage, the method
of defrosting and composition of products [6,7].

The study of the influence of the freezing-defrosting process on the structure of milk-
protein foods could be found in the works of domestic and foreign scientists [8—18].

It is known [8] that a large number of small crystals is formed in the process of milk-
protein products quick freezing. In general, the negative influence on the quality of the milk-
protein product is made by the pressure of the formed crystals of ice on the protein
complexes, which leads to their breaks, cuts and loss of the native structure [9]. Besides, an
increase in the concentration of dissolved chemicals occuring during crystallization creates
the conditions for the rearrangement of protein micelles, changes in the structure of the
product, which leads to an intense moisture distribution [8]. At the same time, the difference
in the quality of milk-protein semi-finished foods based on the cottage cheese, frozen in
various ways, almost disappears after several months of storage at -20 °C due to the migratory
recrystallization — the growth of large crystals after melting of small ones [9]. The mover of
this process is considered to be the temperature difference in the middle of the product and
on its surface, as well as the difference in pressure on the surface of large and small crystals
[8].

The technology of cottage cheese, which envisages the enrichment by the
microparticulates of serum proteins, is developed. The storage time of the developed product
exceeds the storage time of cottage cheese by 30% [9].

90 —— Ukrainian Food Journal. 2019. Volume 8. Issue 1



Food Technology ——

A method to increase the storage time of cottage cheese using different fermentation,
protein coagulation and serum removal techniques is known [10]. The method of
improvement of the refrigeration reservation technology of cottage cheese is developed. The
method justifies the choice of optimal parameters of cottage cheese microwave defrosting,
but requires experimental confirmation [11].

In the work [12] the changes of organoleptic parameters of protein bars during storage
were investigated. The bars were stored at the temperature 22 °C, 32 °C or 42 °C for 42 days.
It was established that the bars made using milk-protein concentrate have a higher softness
regardless of the storage temperature. It is determined that the change in the surface color of
the bars based on the milk-protein concentrate is minimal when stored at 22 °C, but increased
at 32 °Cand 42 °C[12].

The rheological properties and solubility of milk-protein concentrate during storage
are investigated [13,14]. It is established that the final complex module and the tension
decrease exponentially with an increase in the storage time of the milk protein concentrate.
The increase in the storage temperatures intensify this effect [13]. The solubility also
decreases exponentially over time, and serum proteins remain soluble, unlike caseins that
become lactosilated [14].

In the work [15] the effect of low temperatures on the structure of the milk-protein
concentrate was investigated and it was determined that the quick freezing of the studied
foods at -20...-30 °C with subsequent storage at that temperature is rational. It is determined
that the rational storage period of milk-protein concentrate, taking into account the change of
color-parametric characteristics in the storage process, is 30 days from the moment of
manufacturing.

It is proved that the making of protein-plant mixtures before freezing contributes to the
losses reducing beyond the regulatory of milk-protein base (cottage cheese) due to changes
in the state of the free-bound moisture and its leakage after defrosting [16, 17]. It is confirmed
that rice and wheat extruders in combination with cottage cheese have the ability to change
the state of the free-bound moisture — to prevent active synergistic phenomena after
defrosting [18].

In the technology of semi-finished milk-plant stuffings the use of carrot, pumpkin, and
zucchini purees is proposed to provide compatibility with the milk protein base (buttermilk
concentrate) at the organoleptic level, economic expediency (use of local raw materials of
the regions) and perform the technological function of wet-binding, due to high content of
pectin substances in vegetable purees [2,3].

In connection with the foregoing, the study of the effect of plant raw materials on the
state of water during freezing-defrosting of semi-finished milk-plant stuffings and the
definition of rational modes of their freezing is an urgent task.

The purpose of the work is to study the influence of plant raw materials on the state of
water during freezing-defrosting of semi-finished milk-plant stuffings and the definition of
rational regimes of their freezing.

To reach the goal, the following tasks were solved:

— to investigate the influence of plant raw materials on the processes of phase transition and
the state of water during freezing-defrosting of semi-finished milk-plant stuffings;

— to substantiate the freezing temperature of milk-plant stuffings;

— to substantiate the temperature of further storage of frozen milk-plant stuffings.
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Materials and methods
Researched materials

As materials were defined: semi-finished milk-plant stuffings (milk-carrot stuffing, milk-
pumpkin stuffing, milk-zucchini stuffing) and a control sample (cottage cheese stuffing).

Cottage cheese stuffing was obtained by adding flour and melange prepared in advance
to the wiped cottage cheese and by mixing them.

To obtain milk-plant stuffings, milk-protein concentrate based on buttermilk is wiped,
mixed with prepared melange, wheat flour, sugar (salt), carrots, pumpkin or zucchini purees,
then the mixture is stirred for 5-60 s, syringed in a cellophane shell and freezed until reaching
the temperature of 3 °C in the center of the loaf.

The prescription components are taken in the following ratios, weight%:

1. For milk-carrot stuffing: milk-protein concentrate based on buttermilk — 68,0%, carrot
puree — 16,0%, melange — 6,0%, wheat flour — 6,0%, sugar — 4,0%;

2. For milk-pumpkin stuffing: milk-protein concentrate based on buttermilk — 68,5%,
pumpkin puree — 15,0%, melange — 6,0%, wheat flour — 6,5%, sugar — 4,0%;

3. For milk-zucchini stuffing: milk-protein concentrate based on buttermilk — 71,0%,
zucchini puree — 15,0%, melange — 6,0%, wheat flour — 7,0%, salt — 1,0%.

Description of methods

The research was carried out on a high-resolution spectrometer Tesla BS 567A with a
working frequency of 100 MHz on protons by the Kuntz method [19].

Results processing

For statistical probability, all experiments under laboratory conditions were performed
in a fivefold repetition. The results of experimental studies were subjected to statistical
processing by the least squares method to determine the error of the obtained data. In the
series of each experiment, the average value of the indicator and the dispersion were

calculated:
X > -y
y = y=1 ’SiZ — =l ,
n n—1

where ; — average value of the indicator; y; — value of the indicator in each experiment

session; n — number of parallel experiment sessions.

In order to calculate the reliability of the obtained results, the Student's criterion was
used. To check the differences between the two meanings, the formula was used:

X=X
=

2 2
Nx, +x,

Z, Z— the average of the A and B sample;

b

where t — the Student's criterion;

X, , X, —the error of the arithmetic mean of A and B sample.
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Results and discussion

Results of study of nuclear magnetic resonance spectrum of semi-finished milk-
carrot stuffing

Typical spectrum of nuclear magnetic resonance of semi-finished milk-carrot stuffing at
temperatures of + 20 °C and -25 °C are shown in Figure 1. The signals of the water and the
standard — tetramethylsilane (TMS) — are recorded in the nuclear magnetic resonance
spectrum.

H:0
1
TMS
83 8 75 7 65 6 335 3 45 4 33 3 25 2 A3 -1 035 0
MD.
TMS
2 H20
N\
15 -7 65 6 55 -5 45 4 35 3 25 2 15 -1 05 0
M.D.

Figure 1. Spectrum of 'H- nuclear magnetic resonance of semi-finished milk-carrot stuffing
based on buttermilk concentrate:
1 - at the temperature of 20 °C, 2 - at the temperature of -25° C

Analysis of data given at Figure 1 shows that at a temperature of 20 °C in the nuclear
magnetic resonance spectrum of semi-finished milk-carrot stuffing (Figure 1) an intensive
water signal is recorded, which decreases significantly with intensity while sample cooling
to a temperature of -25 °C. The presence of a nuclear magnetic resonance signal indicates
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that non-freezing water does not disappear completely when cooling the sample to a
temperature of -25 °C, which implies the possibility of biochemical reactions procceding in
the stuffing.

Taking into account that the intensity of the nuclear magnetic resonance signal, that is
the area under the corresponding resonance line, is the measure of the substance amount, the
effect of freezing temperature on the amount of non-freezing water in semi-finished milk-
carrot stuffing was investigated in the next step.

Study of the freezing temperature effect on the amount of non-freezing water in the
control sample

The Figure 2 shows the results of the study of the freezing temperature effect on the
amount of non-freezing water in the control sample.
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Figure 2. The influence of freezing temperature on the amount of non-freezing water in the
control sample ( —cooling, - - - - - — heating)

In the temperature range from 0 °C to -9 °C while cooling the intensity of the water signal
in the spectrum of nuclear magnetic resonance does not change (Figure 2), that is, all water
in the sample is recorded as non-freezing. Crystallization of ice in the control sample while
its cooling is observed in the temperature range -9 ... -15 °C, which is recorded at a sharp
drop in the intensity of the water nuclear magnetic resonance signal. The amount of non-
freezing water in the control sample decreases from 1,24 g of H>O per gram of dry matter to
0,28 g of H>O per gram of dry matter.

A slight decrease in the amount of non-freezing water (up to 0,20 g of H,O per gram of
dry matter) is observed with a decrease in temperature to -17 ... -18 °C, with further decrease
in temperature the amount of non-freezing water does not change. At -25 °C the amount of
non-freezing water in the control sample amounts 0,20 g of H,O per gram of dry substance.

The amount of non-freezing water in the experimental sample at a temperature below 0
°C does not coincide at the cooling and heating stages (Figure 2), which is explained by the
overcooling of the liquid in the sample at a temperature decrease. Water systems are
characterized by a very high propensity to overcooling [20, 21]. Conversely, while heating a
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frozen water solution, the melting occurs at the «liquid — solid» equilibrium point. Therefore, in the
cooling-heating cycle in water systems the fraction of non-freezing water is sensitive to the
temperature hysteresis, which is proved by the data of Figure 2.

Results of the study of the freezing temperature effect on the amount of non-
freezing water in semi-finished milk-plant stuffings

At the next stage, the effect of freezing temperature on the amount of non-freezing water
in semi-finished milk-carrot (Figure 3), milk-pumpkin (Figure 4), milk-zucchini (Figure 5)
stuffings was investigated.
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Figure 3. The influence of freezing temperature on the amount of non-freezing water in the
semi-finished milk-carrot stuffing ( —cooling, - - - - - — heating)
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Figure 4. The influence of freezing temperature on the amount of non-freezing water in the
semi-finished milk-pumpkin stuffing ( —cooling, - - - - - — heating)
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Figure 5. The influence of freezing temperature on the amount of non-freezing water in the
semi-finished milk-zucchini stuffing ( —cooling, - - - - - — heating)

Analysis of Figures 3—5 shows that the crystallization of ice with a decrease in
temperature begins in the overcooled state of the samples.

Substantiation of the freezing temperature of semi-finished milk-plant stuffings

It is determined that the developed semi-finished milk-plant stuffings require a deeper
overcooling than a control sample. This is related to the presence of vegetable purees in the
stuffing, containing a large amount of carbohydrates, which bind water and stabilize its
condition in the composition of stuffings. Such impact of vegetable purees creates more
favorable conditions for the long-term quality storage of the frozen stuffings.

The comparison of the non-freezing water presence, registered by the method of nuclear
magnetic resonance in protons at the temperature of -25 °C, indicates an increase in this water
fraction amount in all investigated semi-finished milk-plant stuffings comparing with this
amount in the control sample. For example, at -25 °C the control sample contains 0,21 g of
H>O per gram of dry matter, when for the semi-finished milk-carrot stuffing the amount of
H>O per gram of dry matter is 0,40 g, for milk-pumpkin stuffing — 0,39 g, for milk-zucchini
stuffing — 0,37 g at the same temperature. At the temperature of -30 °C the control sample
contains 0,20 g of H>O per gram of dry matter, and the semi-finished milk-carrot stuffing —
0,32 g of H,O per gram of dry matter, milk-pumpkin stuffing — 0,25 g of H,O per gram of
dry matter, milk-zucchini stuffing — 0,24 g of H,O per gram of dry matter. This fact further
confirms the conclusion that in the samples of semi-finished milk-plant stuffings the water is
bound by carbohydrates (sugars).

The conducted studies (Figures 3-5) show that the smallest amount of non-freezing water
in samples of semi-finished milk- plant stuffings is kept at a temperature of -25...-30 °C and
amounts 0,26...0,40 g of H,0 per 1 g dry matter or 8,1...11,1%. of its amount in stuffing
samples at a temperature of 0 °C. It is established that during further freezing, the content of
non-freezing water is almost not reduced, which allows to recommend an indicated
temperature range for the freezing of semi-finished stuffings.
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Substantiation of the further storage temperature of frozen milk-plant stuffings

It is determined that further storage of semi-finished milk-plant stuffings at a temperature
of -18...-19 °C (which is a normative temperature of the majority of industrial freezing
chambers used in the food industry and recommended for storage of frozen foods and semi-
finished products) contributes to a slight increase in the content of non-freezing water in
them. If we take into account that at the temperature of -25...-30 °C the amount of non-
freezing water in semi-finished stuffings is the smallest and makes 8,1...11,1%. of its amount
at 0 °C, then at the temperature of -18...-19 °C, which is recommended as the storage
temperature of semi-finished stuffings, the non-freezing water will amount 22,2...23,8%.
Since the increase in the amount of non-freezing water in semi-finished milk-plant stuffings
is insignificant, the temperature of -18...-19 °C can be recommended for the further storage
of frozen stuffings.

Conclusions

1. Presence of carbohydrates in carrot, pumpkin or zucchini purees increases the content of
bound water in stuffings and creates more favorable conditions for the long-term storage
of frozen semi-finished milk-plant stuffings.

2. The smallest amount of non-freezing water in semi-finished milk-plant stuffings is kept
at a temperature of -25...-30 °C and is equal to 0,26...0,40 g of H20 per 1 g of dry matter,
which allows to recommend this temperature range for quick freezing of stuffings.

3. Frozen semi-finished milk-plant stuffings should be kept at a temperature of -18...-19 °C
during the storage.

4. To determine the rational storage terms of semi-finished milk-plant stuffings, changes in
their microbiological parameters, organoleptic properties and acidity during storage
should be investigated, which is the prospect of further research.

References

1. Lipatov N.N., Sazhinov S.Iu.,, Bashkirov O.I. (2001), Sovokupnoe kachestvo
tekhnologicheskikh protsessov molochnoi promyshlennosti i kolichestvennye kriterii
ego otsenki, Khranenie i pererabotka selkhozsyria, 4, pp. 33-34.

2. Dejnychenko G., Gnitsevych V., Yudina T., Nazarenko I., Vasylieva O. (2016),
Determination of process raw processing options in technology pektynovmisnoyi milk-
vegetable stuffing, Fastern Eurppean Jornal of Enterprise technologies. Technology
and equipment of food production, 5, 11 (83), pp. 25-31. doi: 10.15587/1729-
4061.2016.81209

3. Yudina T.I., Nazarenko [.A.. Nykyforov R.P. (2015), Doslidzhennia yakosti molochno-
roslynnykh farshiv na osnovi kontsentratu zi skolotyn, Skhidno-Evropeiskyi zhurnal
peredovykh tekhnologii, 3, 10 (75), pp. 10-14. doi: 10.15587/1729-4061.2015.43407

4. Marianna Lysenko (2014), The Problem of Ensuring the Economic Security of Dairy
Industry in Ukraine, Economics & Sociology, 7(2), pp. 160—171, DOI:
10.14254/2071-789X.2014/7-2/13

5. Zhou Y.-G., Li D., Wang L.-J,, Li Y., Yang B.-N., Bhandari B., Chen X.D., Mao Z.-H.
(2009), Effect of water content on thermal behaviors of common buckwheat flour and
starch, Journal of Food Engineering, 93 (2), pp. 242-248.

—— Ukrainian Food Journal. 2019. Volume 8. Issue 1

97



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

98

Food Technology ——

Kolmakova N. (2003), Pektin i ego primenennie v razlichnykh pishchevykh
proizvodstvakh, Pishchevaia promyshlennost, 6, pp. 60-62.

Dubinina A.A., Odarchenko A.M., Odarchenko D.M., Zinchenko O.V. (2003), Fazovi
perekhody i skluvannia doslidzheno v ovochevykh i fruktovykh pastakh metodom
dyferentsialnoi skanuiuchoi kalorymetrii, Kharchova i pererobna promyslovist, 2, pp.
16-17.

Pod red. Dzh. A. Evans (2010), Zamorozhennye pishchevye produkty. Nauchnye osnovy
i tekhnologiia, Proffesiia, Sankt-Peterburg.

Korotkov E.G., Melnikova E.I., Kuznetsova I[.V., Stanislavskaia E.B. (2016),
Issledovanie form sviazi vlagi v tvoroge s mikropartikuliatom syvorotochnykh belkov,
Molochnaia promyshlennost, 8, pp. 31-32.

Zobkova Z.S., Zenina D.V., Fursova T.P., Gavrilova A.D., Shelaginova L.R. (2016),
Biotekhnologicheskie 1 mikrobiologicheskie aspekty proizvodstva tvoroga s
uvelichennym srokom godnosti, Molochnaia promyshlennost, 4, pp. 49-50.
Fridenberg G.V., Lukashova T.A. (2014), Sovershenstvovanie tekhnologii
kholodilnogo rezervirovaniia tvoroga, Molochnaia promyshlennost, 6, pp. 59-62.
Banach J. C., Clark S., Lamsal B.P. (2014), Texture and other changes during storage
in model high-protein nutrition bars formulated with modified milk protein
concentrates, LWT — Food Science and Technology, 56 (1), pp. 77-86.

Hunter R.J., Hemar Y., Pinder D.N., Anema S.G. (2011), Effect of storage time and
temperature of milk protein concentrate (MPC85) on the renneting properties of skim
milk fortified with MPCS85, Food Chemistry, 125 (3), pp. 944-952.

Anema S.G., Pinder D.N., Hunter R.J., Hemar Y. (2006), Effects of storage temperature
on the solubility of milk protein concentrate (MPC85), Food Hydrocolloids, 20 (2-3),
pp- 386-393.

Gnitsevych V., Yudina T., Deinychenko L., Nykyforov R., Nazarenko 1.(2018), Survey
of characteristics of dairy-protein concentrates in the low-temperature storage process,
Eastern European Jornal of Enterprise technologies. Technology and equipment of
food production, 1, 11 (91), pp. 16-21, DOIL: 10.15587/1729-4061.2018.120749
Ivanov S.V., Hrek O.V., Krasulia O.0. (2014), Vyznachennia stanu volohy metodom
ICh-spektroskopii v bilkovo-roslynnykh sumishakh, Naukovi pratsi NUKhT, 20 (5), pp.
185-192.

Hrek O.V., Tymchuk A.V. (2011), Krioskopichna temperatura sumishei na osnovi syru
kyslomolochnoho, Prodovolcha industriia APK, 3, pp. 20-23.

Onopriichuk O.0., Petryna A.B., Hrek O.V. (2007), Doslidzhennia form zviazkiv
krokhmalmistkoi syrovyny z volohoiu molochnoi osnovy, Naukovyi visnyk Lvivskoi
natsionalnoi akademii veterynarnoi medytsyny im. S.Z. Gzhytskoho, 2 (33), pp. 172—
175.

Kuntz 1.D., Brassfield T.S., Law W.D., Purcell B.V. (1972), Hydratation of
macromolecules, Science, 163 (3873), pp. 1329-1331.

Wolfe J., Bryant G., Koster K. (2002), What is 'unfreezable water', how unfreezable is it
and how much is there?, Cryoletters, 23, pp. 157-166.

McClatchey K.D. (2002), Clinical Laboratory Medicine, Philadelphia : Lippincott
Williams&Wilkins, pp. 381-424.

Labutina N.V. (2004), Povyshenie effektivnosti tekhnologii khlebobulochnykh izdelii iz
zamorozhennykh polufabrikatov s ispolzovaniem rzhanoi muki, Moscow.

—— Ukrainian Food Journal. 2019. Volume 8. Issue 1



Biotechnology, Microbiology——

Application of surface-active substances produced by
Nocardia vaccinii IMB B-7405 for the treatment of

vegetables

Tetiana Pirog'?, Kristina Beregova?!, Bogdana Geichenko?,

Viktor Stabnikov?

1 — National University of Food Technologies, Kyiv, Ukraine
2 — Institute of Microbiology and Virology NAS of Ukraine, Kyiv, Ukraine

Keywords:

Vegetables
Biosurfactant

Nocardia vaccinii IMV
B-7405

Shelf life

Abstract

Article history:

Received 24.09.2018
Received in revised form
27.12.2018

Accepted 28.03.2019

Corresponding author:

Viktor Stabnikov
E-mail:
vstabnikov1@gmail.com

DOI: 10.24263/2304-
974X-2019-8-1-11

Introduction.  Application  of  surface-active
substances (SAS) produced by Nocardia vaccinii IMV B-
7405 for shelf live extension of vegetables was studied.

Materials and methods. Organic vegetables such as
tomato, cucumbers, and squashes were washed with the
solution of SAS produced by N. vaccinii IMV B-7405 with
concentrations of 0.25 or 0.5 g/L. Microbiological analysis
was done before the beginning of the vegetables storage.
Evaluation of vegetable quality was conducted by viewing
during time of the storage.

Results and discussion. The results of our research
showed the efficiency of the application of biosurfactant
produced by Nocardia vaccinii IMV B-7405 using
industrial wastes for shelf life extension of vegetables.
Results of visible observations as well as microbiological
analysis showed that the treatment of vegetables with SAS
solutions at the concentrations of 0.25 and 0.5 g/L was more
effective than washing them with tap water. The total
number of heterotrophic bacteria and fungi in the samples
decreased after treatment of vegetables with SAS of N.
vaccinii IMV  B-7405 by 16-34 and 3-14 times,
respectively, meanwhile the washing of vegetables with tap
water decreased total microbial number only by 2-2.5
times. It was shown that vegetables washed with water
spoiled faster than those treated with SAS solution. The
advantages of application of this biosurfactant for
vegetables post-harvest treatment are that (1) it can be used
at the lower by 2—6 times concentration in comparison with
other reported in literature microbial SAS, and (2) it can be
produced using industrial wastes that will reduce the cost of
its production.

Conclusion. Biosurfactant produced by Nocardia
vaccinii IMV B-7405 can be used for the treatment of
vegetables to extent their shelf life.
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Introduction

Shelf life of fresh vegetables is a matter of great importance. According to statistics of
the Food and Agriculture Organization of the United Nations (FAOSTAT), the developed
countries lose only 5% of the harvest due to the more perfect technologies of vegetables
storage, meanwhile in the other countries the losses of harvest can be above 20% [1, 2]. For
example, in China the losses of 30 million tons of annual garden-stuffs economic damages
can be estimated as 30 billion yuan [1-3]. Ukraine is one of the leading world producers of
vegetables. However, the total post-harvest losses were assessed as 800-964 thousand tons
in 2017 [4], which consist about US$30-37 million. To extend shelf life of vegetables they
can be treated using physical methods such as hot-water immersion, low temperature
storage, modified atmosphere packaging technology, the treatment with gamma radiation or
by pulsed electric field and chemical methods such as application of acidifying agents,
chemical reductants, inhibitors of enzymes activities, sequestrants [5-8]. The treatment of the
vegetables using physical methods can cause their mechanical damages such as bruises,
abrasions and cuts which make them more sensitive to desiccation and shriveling, increase
in respiration rate and ethylene emission, speed up the wilting and enzymatic browning. The
high temperatures can cause yellow discoloration of green vegetables, and the use of
modified atmosphere packing stipulates determination of optimal gas composition for every
certain product [8]. Application of the physical methods for vegetables treatment also
requires special equipment.

Application of synthetic chemical substances for surface treatment of vegetables is not
appreciated by consumers because of the health concerns. For example, application of such
widely used as a post-harvest dip of crops synthetic antioxidants as ethoxyquin and
diphenylamine are under regulatory restrictions [7]. So, the global trend is to decrease the
use of the synthetic chemical substance for prolongation of the vegetables shell life. To do it,
the development of alternative safe methods is needed. The antimicrobial and antiadhesion
efficiency of nontoxic biodegradable microbial surface-active substances (SAS), for
example, sophrolipids and rhamnolipids, to treat the agricultural products was shown [9—13].
However, this treatment is costly. To diminish the cost of the post-harvest treatment of
vegetables with microbial polysaccharides the strain producing surface active substances that
are by one order of magnitude more active than known substances was selected and studied.
The strain of hydrocarbon-oxidizing bacteria Nocardia vaccinii IMV B-7405 isolated from
the oil-polluted soil was able to synthesize substances, which had surface activity and
emulsion properties [13]. It was shown that this biosurfactants had also antimicrobial and
antiadhesive properties [14, 15] and was active against phytopathogenic bacteria of the
geniuses Pseudomonas and Xanthomonas [16].

The aim of the present research was testing of the surface active substances produced
by N. vaccinii IMV B-7405 for the vegetables treatment to extent their shelf life.

Materials and methods
Microorganism

The strain Nocardia vaccinii IMV B-7405 was isolated from the oil-polluted soil [13]
and was deposited in the Collection of Microorganisms of Institute of Microbiology and
Virology NAS of Ukraine. The biosurfactant produced by N. vaccinii IMV B-7405 was a set
of neutral, glyco- and aminolipids. Neutral lipids contained mycolic and n-alkanoic acids,
glycolipids contained trehalose diacelates and trehalose mycolates [14].
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Cultivation of N. vaccinii IMV B-7405

Bacterial strain N. vaccinii IMV B-7405 was cultivated in the liquid mineral medium
with the following composition, g/L: NaNOs;, 0.5; MgSO47H,0, 0.1; CaCl-2H,O, 0.1;
KH,POs4, 0.1; FeSO47H,0, 0.001, yeasts extract, 0.5 vol%, distilled water 1 L. Crude
glycerol which is waste from biodiesel production plant, Poltava region, Ukraine, was used
as a source of carbon in the concentration of 2 vol.%. Inoculum was prepared by cultivation
of the strain N. vaccinii IMB B-7405 in the medium described above with 0.5 vol.%. of crude
glycerol. The cultural liquid with the concentration of bacterial cells 10*-10° cells/mL was
taken from the exponential growth phase and was added to the medium for the strain
cultivation, 10 vol.%. Cultivation of N. vaccinii IMV B-7405 was conducted in the flasks
with the volume of 750 mL in 100 mL of medium under shaking at 320 rpm at 30 °C during
120 hours.

Production of surface-active substances

The cultural liquid after cultivation was centrifuged at 5000xg for 45 minutes
(laboratory centrifuge LP—8, Kiev, Ukraine). The Folch solution (chloroform and methanol
in volume ratio 2:1) was used for extraction of surface-active substances. The supernatant
was placed in the funnel, then Folch solution was added (ratio 1:1), and the mixture was
shaken for 5 min and left for phase separation. The lower fraction (organic extract 1) was
removed, and the extraction procedure was repeated twice to obtain organic extracts 2 and 3.
All extracts were combined and evaporated on the rotor evaporator ER-1M2 (Russia) at the
temperature 50 °C and pressure 0.4 atm to the constant weight. The dry SAS was dissolved
in water and solution of biosurfactant with its concentration of 0.25 - 0.5 g/L was used in the
research.

Vegetables

Organic vegetables such as tomato red (Admiral variety) and green (Malachite casket
variety), cucumbers (Conni F1 variety), squashes (Airoil variety) were grown in the open
ground without treatment with pesticides in Gvozdev, Kyiv Oblast, Ukraine, GPS
50°14'53.5"N 30°28'41.3"E). The harvested vegetables were ripe, without visible damages
and infections

Vegetable washing

To study the influence of the vegetable treatment with SAS of N. vaccinii IMV B-7405
on the storage duration, picked up vegetables were divided into three groups with 10 — 30
pieces in each. Vegetables of the first group were not treated at all, vegetables of the second
group were washed with tap water, and vegetables of the third group were washed with the
solutions of SAS with concentrations of 0.25 or 0.5 g/L. Vegetables were placed in the glass
cylinder, 250 mL of tap water or the SAS solution was added, treatment lasted for 5 min, and
after that vegetables were taken off and placed on the plates at the room temperature for
observation [8]. Microbiological analysis was done before the beginning of the vegetables
storage.
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Microbiological analysis

Some vegetables from each group were taken with sterile pincers, then they were placed
into sterile porcelain jar and were pestling. Homogenized mixture, 10 g, were placed into
flask with 90 mL of sterile tap water and shaken. The quantity of microbial cells (colony-
forming units, CFU) was determined by the plate diluting method. The quantity of
heterotrophic bacteria was determined by their growth on the beef-extract agar-agar (BEAA)
at 37 °C for 24 hours, and the quantity of the fungi was determined by their growth on the
Wort Agar for microbiology at 30 °C for 48 hours.

Evaluation of vegetable quality

Evaluation of vegetable quality was conducted by viewing during time of the storage.
The experiment was finished when the signs of deterioration (usually on the seventh day)
such as decay, changes of color and texture, the presence of the cracks and wrinkling were
evident on all vegetables.

Statistical analysis

All experiments were done in triplicates, the number of the parallel determinations
varied from 3 to 5. Statistical analysis was done using computer program Statistix 10.0 for
Windows version 11.5. The average means (M) and standard deviations (SD) were calculated
for the experimental results.

Results and discussion

From the different vegetables, which are cultivated in Ukraine, the cucumbers, the
squashes, and the tomatoes were chosen for our experiments by the following reasons: (1)
according to the data of FAOSTAT Ukraine occupies sixth place in the world on the
cucumbers production going ahead USA and Spain and is within the top twenty exporting
countries [17]; Ukraine is a leader in Europe in the production of tomatoes, and the part of
tomato’s production contributes 20%. of overall fruit-and-vegetable production of the
country [18]. In addition, tomatoes unlike vegetable marrows and cucumbers belong to the
soft garden-stuffs, so at the longtime transportation or storage they are quickly infected by
microorganisms and spoiled.

In the studies of the influence of microbial SAS on the extension of the storage time of
fruit-and-vegetables products high enough concentration of preparations, 1 — 3 g/L, were
used [2, 8, 18-21]. Our previous studies showed that SAS synthesized by N.vaccinii IMV B-
7405 had high antimicrobial activities [16]: the minimum inhibiting concentration (MIC)
against phytopathogenic bacteria Pectobacterium carotovorum UKM B-1095, Pseudomonas
syringae pv. atrofaciens UKM B-1015 and Xanthomonas campestris pv. campestris UKM
B-1049 were 14-52 pg/mL, meanwhile MIC of SAS reported in the literature were higher.
So, MIC of SAS synthetized by Candida bombicola ATCC 22214 against 18
phytopathogenic fungi (Alternaria tomatophilia, Alternaria solani, Alternaria alternata,
Aspergillus niger, Aureobasidium pullulans, Bacillus cinerea, Chaetomium globosum,
Fusarium  asiaticum, Fusarium austroamericana, Fusarium cerealis, Fusarium
graminearum, Fusarium oxysporum, Penicillium chrysogenum, Penicillium digitatum,
Penicillium funiculosum, Phytophtera infestans, Phytopthora capsici, Ustilago maydis) and
7 phytopathogenic bacteria (Acidovorax carotovorum, Erwinia amylovora, Pseudomonas
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cichorii, Pseudomonas syringae, Pectobacterium carotovorum, Ralstonia solanacearum,
Xanthomonas campestris) was in the range 2.5-10 mg/mL [23]. Therefore, in our present
study the lower concentration of SAS produced by N.vaccinii IMV B-7405 (0.25-0.5 g/L)
and used in experiments was comparable with the concentrations reported in the literature (1-
3 g/L).

Visual supervision of the cucumbers and the squashes shown that the samples treated
with SAS did not have the signs of spoilage after 7 days of storage in comparison with ones
washed with water (Figure 1).

Treatment wit

Without Washed with surfactant
treatment water-‘ab solution
mbers
uash
|
A

Figure 1. Effect of the treatment of the cucumbers and squashes with SAS produced by
N. vaccinii IMV B-7405 (0.5 g/L) on their storage.

The spoilage of the non-treated and washed with water tomatoes was observed on the
third day of their storage; meanwhile tomatoes treated with SAS did not show the signs of
spoilage even on the seventh day (Figure 2).
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Figure 2. Effect of the treatment of green tomatoes with SAS produced by
N. vaccinii IMV B-7405 (0.5 g/L) on their storage.
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The results of microbiological analysis of the surface of the green tomatoes without any
treatment, after washing with water and after the treatment with SAS are shown in the Figure
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Figure 3. Total number of heterotrophic bacteria (A) and fungi (B) on the surface of green
tomatoes depending on the method of their treatment:
1 — without treatment; 2 — treatment with water;
3 — treatment with surfactant solutions, 0.5 g/L.

It was shown that after washing the quantity of the bacterial and fungi cells on the
surface of green tomatoes was diminished by 1.6 and 2.4 times, meanwhile after treatment
with the SAS solution it was diminished by 10.8 and 2.8 times, respectively, in comparison
with the non-treated green tomatoes (Figure 3, A,B).

Red tomatoes were treated with the solutions of SAS of 0.5% and 0.25%. It was shown,
that in the case when the treatment of the red tomatoes was done with the solutions of SAS
at the concentrations of 0.25 or 0.5 g/L the quantity of bacterial cells diminished by 6 and
14 times, and the concentrations of fungi diminished by 1.5 and 7 timed, respectively, in
comparison with the tomatoes washed with water (Figure 4, A, B).
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Figure 4. Total number of heterotrophic bacteria (A) and fungi (B) on the surface of red
tomatoes depending on the method of their treatment: 1, without treatment; 2, treatment with
water; 3, treatment with surfactant solutions, 0.25 g/L; 4, treatment with surfactant solutions,

0.5 g/L.
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According to the visual observation, external appearance of tomatoes treated with the
SAS solutions with concentration 0.25 or 0.5% on the seventh day was almost the same
(Figure 5). Taking into account the economic consideration, dosage of SAS 0.25 g/L was
recommended for the treatment of vegetables for extension of their shelf life, notwithstanding
that concentration of SAS 0.5 g /L was more effective.

Treatment with Treatment with

Without  Washedwith gy factant surfactant
treatment water  golution 0.25g/L.  solution 0.5 g/L
v =<
1 day
3 days
7 days

Figure 5. Effect of the treatment of the red tomatoes with different concentrations of SAS
produced by N. vaccinii IMV B-7405 on their storage
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Currently, there are known only some studies of applications of microbial surfactants
for fruit and vegetables treatment, and the industrial production of these surfactants (rhamno-
and sophorolipids) is conducted by only few companies, the most of which work in the USA
[24]. American companies AGAE Technologies LLC, Jeneil Biosurfactant Co. LLC,
Paradigm Biomedical Inc., Rhamnolipid Companies Inc. produce rhamnolipids to be used in
pharmaceuticals industry, agriculture, for bioremediation of polluted environment, and to
increase of oil production. Japanese companies Saraya Co. Ltd. and Allied Carbon Solutions
(ACS) LTD Japan produce sophorolipids, which are used in the manufacturing of cleaning
and hygiene products, as well as in agriculture.

Low yield of biosynthesized SAS and their high production cost are the major
restrictions for their wide use. One of the ways to diminish the cost of biosurfactant
production is the use of the waste materials as substrates for SAS biosynthesis [25], for
example, wastes from fat-and-oil, sugar, and milk industries, agriculture and forestry,
production of biodiesel, and used (overdone) oils. The most suitable substances for the
biosynthesis of the microbial surfactants are oil-containing wastes, which unlike lignin- and
cellulose-containing wastes, milk whey, and technical glycerin, do not need preliminary
treatment and purification.

It was shown in our previous studies that the wastes from the biodiesel production and
used sunflower oil can serve as the substrates for cultivation of N.vaccinii IMB B-7405 and
synthesis of biosurfactant [14, 26]. Additionally, this biosurfactant can be used for the
vegetables treatment in the concentrations much lower than ones that are reported in the
literature. So, sophorolipids produced by Wickerhamiella domercgiae Y2a CGMCC3798
were used to treat citruses, peaches and apricots in the concentrations of 1-3 g/L [2]. It was
shown that the strongest hyphae growth spread of Aspergillus niger, Aspergillus flavus and
Penicillium (agent of fruits putrefaction) was suppressed at concentration of the
sophorolipids fruit preservative of 3 g/L [2]. Inhibiting effect of the treatment of Eugenia
uniflora (Surinam cherry, pitanga) with rhamnolipids solution produced by Pseudomonas
aeruginosa LBI in the concentration of 1 g/L was shown [7]. It is known that biosurfactants
can be used at the lower concentrations but only in combination with other components, for
example, with synthetic SAS or with microorganisms, which are antagonists of
phytopathogens. So, Yan with coauthors showed the synergetic effect of rhamnolipids of
Pseudomonas aeruginosa (0.5 g/L) and suspension of the yeasts Rhodotorula glutinis (1x10%
cells/'mL) in suppressing Alternaria alternata on cherry tomato [19]. A simultaneous
application of R. glutinis and rhamnolipids to treat the tomato surface to control post-harvest
diseases was more effective than application of yeasts and biosurfactants alone. Application
of 0.25% solution of sophorolipids, synthesized by Candida bombicola ATCC 22214, in
combination with synthetic SAS polyethylene glycol was effective against Erwinia
chrysanthemi ATCC 11663 and Xanthomonas campestris ATCC 13951 on the surface of
chikoos, tomatoes, cucumbers, and citruses [22].

Conclusions

The results of our research showed the efficiency of the application of biosurfactant
produced by Nocardia vaccinii IMV B-7405 for shelf life extension of vegetables. The
advantages of application of this biosurfactant for vegetables post-harvest treatment are that
(1) it can be used at the lower by 2-6 times concentration in comparison with other reported
in literature microbial SAS, and (2) it can be produced using industrial wastes that will reduce
the cost of its production.
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So, use of biosurfactant synthesized by N.vaccinii IMB B-7405, which will be produced

using industrial wastes, can resolve such important problems as utilization of the toxic
industrial wastes, decrease of the cost of biodiesel production, and extend the shelf life of
vegetables during their storage and transportation.
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Introduction. Given the fact that nanoparticles (NPs)
have long been used by the nature, the problem of use of
alternative human-designed NPs for achievement of desired
biological or medical effects remains relevant for today. In the
field of biotechnology NPs can appear as catalysts of
biochemical processes, as well as protectors (cryo-, osmo-,
etc.), sorbents of toxic metabolites, conductors and mediators,
signaling molecules, etc.

Materials and methods. The influence of nanoparticles of
metals (iron oxides, cerium, silver, gold and gadolinium) on
the biosynthesis of butanol by the strains of acetone-butyl
bacteria Clostridium beijerinckii IMV B-7806 and C.
acetobutylicum IMV B-7807 was studied.

Results and discussion. Synthesis of main products of
ABE-fermentation (acetone, butanol and ethanol) was affected
in presence of NPs in the culture medium. It was shown that
for the strain Clostridium beijerinckii IMV B-7806, all studied
NPs suppressed the synthesis of butanol compared to control.
In case of presence of silver oxide NPs during butanol
synthesis by strain C. acetobutylicum IMV B-7807 there was
observed a tendency (p<0.16) for increase of butanol yield
from 9.0 + 0.6 g/L in control up to 11.1 + 1.8 g/L and 11.1 £
1.1 g/L in the presence of 0.1 mkM and 10 mkM NPs in
medium respectively. The nature of changes depended on type
of NPs and their concentration. The optimal concentrations of
the studied NPs were estimated. Also assumptions on possible
mechanisms of the NPs' effect on the ABE fermentation
process were formulated. The regulatory potential of the NPs
for the coordination of the ABE-fermentation processes and
synthesis of fatty acids has been studied in order to increase
the yield of the target product.

Conclusion. The effect of the NPs on the synthesis of
organic solvents by acetone-butyl bacteria is strain-specific
and determined by the growth properties of bacteria and by the
functioning of specific enzyme systems as well.
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Introduction

More and more attention has been paid to the biological synthesis of chemicals, which
expands the capabilities of industrial microbiology by reducing production costs, and this
respectively allows to get high profits. Therefore there exist constantly increasing interest in
obtaining bioobutanol, bioethanol, and other biofuels through microbial conversion processes
of sugars and various starch-containing substances [1—4].

The main problem in obtaining biofuels is the toxicity of end products for
microorganisms themselves This significantly limits the potential of microbial synthesis [3].
Today, different approaches are used to solve this problem and to intensify the process of
ABE fermentation by using more stable and overactive strains of bacterial producers,
obtained by methods of genetic engineering, as well as by optimizing production through
using more advanced systems of accumulation and discharge of end products, etc [3, 4]. One
of the most promising areas of modern science is the study of properties of nanoparticles
(NPs) and nanomaterials (NMs). NPs and NMs can not only influence certain individual
biological processes, but simultancously change both the biological properties of the
organism (microorganism) and also properties of the external environment, and thereby
create new conditions of existence [5—8]. As a result of this living organisms acquire new
features - resistance to pressure of stress factors, intensification of physiological and
biochemical functions, and so on. The unique properties of NPs are increasingly used in
various spheres of life - medicine, technology, biology, agro-industrial complex and other
areas [6-11]. Nanoparticles (NPs) are part of the nature itself, since many of them are natural
compounds and perform certain biological functions in cells. This indicates the promise of
the use of alternate human-designed NPs to obtain the desired effect [7]. There are more and
more applications of nanoparticles in biology and medicine: direct use of them in “as is”
form, for example as antimicrobial agents [8]; as selective indicator molecules for some
pathogenic microorganisms [9]; sorbents for immobilization of enzymes [10], as delivering
agents for diagnostic and therapeutic substances [11, 12]. For medical use nowadays there
already exist biodegradable nanoparticles synthesized from albumin [13],
polyalkylcyanoacrylate [14], polylactategluclate [15], and solid lipids [16]. However, in
recent years nanoparticles based on metal oxides are gaining more and more popularity
[13,17,18]. In the field of biotechnology, NPs can act as catalysts of biochemical processes,
as well as various protectors (cryo-, osmo-, etc.), sorbents of toxic metabolites, conductors
and mediators, signaling molecules, etc.

Currently, an attention is only beginning to be focused on the study of the influence of
nanoparticles on microorganisms of various genera and species. Progress in research related
to this problem is complicated by the extremely small number of publications, the lack of a
broad methodological base, the need for developing new control methods, etc [1, 2, 6, 9, 17,
18]. The structure of NPs is largely determined by the method of their production. By the
spatial structure 3 main classes of NPs [5] are known: three-dimensional particles obtained
by explosion of conductors, plasma synthesis, the restoration of thin films, etc .; two-
dimensional objects - films obtained by methods of molecular and ionic stratification, etc .;
one-dimensional objects - nanowiskers, nanotubes, nanofibers, which are obtained by the
method of molecular stratification, the introduction of substances into cylindrical micropores,
etc [8, 12, 13]. Also, there are nanocomposites - materials obtained by introducing NPs to
any matrix. Nanoparticles of metals have different shapes and in most cases are crystallic,
although some of them can be amorphous.

In this paper, we have focused on the study of the effect of NPs of metal oxides on the
synthesis of butanol, which is the final product of acetone-butyl fermentation. This topic was
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almost not studied, despite heightened interest of scientists around the world in the synthesis
of biofuels. There is only small number of publications on this subject [18].

The aim of research was to analyze the potential use of metal nanoparticles for
intensification of ABE fermentation processes of the acetone-butyl bacteria to increase the
synthesis of butanol.

Materials and methods

Bacteria Clostridium beijerinckii strain IMV B-7806 and C. acetobutylicum strain IMV
B-7807 that are deposited in the Depository of the D.K. Zabolotny Institute of Microbiology
and Virology of NAS of Ukraine were used in the study.

Nanoparticles. Magnetic nanoparticles were prepared by the method [10] and were
kindly given for the study by Dr. Pud O. A. from the Institute of Bioorganic Chemistry of
NAS of Ukraine. Other nanoparticles were kindly presented by Dr. Zholobak N.M. from the
D.K. Zabolotny Institute of Microbiology and Virology of NAS of Ukraine.

Electronic microscopy. Determination of the size of nanoparticles and their general
morphology was carried out by electron microscopy. For this purpose, 5 mkl suspensions of
nanoparticles were dropped on a surface of a carbon coated copper grids and dried at room
temperature. After that, the nanoparticles were analyzed using a transmission electron
microscope JEM-1400 (Jeol, Japan) at an accelerating voltage of 80 kV and an instrumental
magnification of x50,000 - x100,000.

Analysis of nanoparticles sizes. The size of nanoparticles was determined from the
digital images obtained by electron microscopy. Images analysis was done with a help of the
image analysis software Image] version 1.50 (National Institutes of Health, USA).

Study of the influence of nanoparticles on the synthesis of butanol. Suspension of
bacterial cells in the active phase of growth was obtained by cultivation on liquid thioglycolic
nutrient media (Himedia) of the following composition (g/L): tryptone -15.0; yeast extract -
5,0; glucose -50.0; sodium chloride -2,5; L-cysteine - 0.5; sodium thioglycolate - 0,5; sodium
rezazurin - 0,5; agar-agar - 0.75. After sterilization (1.1 atm for 15 minutes), the medium was
cooled to 25 ° C and poured into test tubes. After that in order to provide anaerobic conditions
of cultivation 1.5 ml of sterile vaseline oil was added in each tube. For investigation prepared
nutrient media were sowed with 5% of the inoculum using a 1824 h bacterial culture of the
corresponding Clostridium strain.

Disperse nanoparticle systems were added to the sterile medium at a concentrations of
10.0; 1.0; 0.1 nM. Subsequently, the contents of the test tube were thoroughly mixed with
vortex (Mancor) for 30 seconds and inoculum (5%) was added. As a control we used non-
inoculated tubes containing same medium with or without addition of nanoparticles.
Cultivation of cells was carried out under anaerobic conditions at a temperature of 37 ° C.
The content of butanol and other ABE-fermentation products was determined at the end point
after 72 hours of cultivation.

The determination of butanol content was carried out on a gas-liquid
chromatography. The quantitative determination of short-chain fatty acids was studied by
gas chromatography - mass spectrometry (GC-MS) with use of GC-MS instrument Agilent
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6890N / 5973inert (Agilent Technologies, USA), HP-INNOWax capillary column (30m X
0.25mm x 0.25um) (J & W Scientific, USA). The separation was carried out with a
temperature gradient of 20 © C / min from 40 to 250 °C, using helium as gas carrier, a flow
rate through a column of 1 ml/ min and volume of injection - 0.2 pl. As an internal standard,
isovalerylate acid was used. The identification of short-chain fatty fatty acids was performed
using libraries of NIST02 mass spectra and standard short chain fatty acid solutions (Sigma-
Aldrich, USA).

Statistical analysis was performed with the help of Microsoft Excel and STATISTICA
version 10 (StatSoft, Inc. 2011) software packages. The significance of difference between
the mean values was determined with #-test and was considered reliable at p<0.05. A two-
way ANOVA was used to evaluate the influence of different factors on the studied
parameters.

Results and discussion

Much attention is paid to the study of the interaction of microorganisms with metal ions,
due to their key role in various biotechnological and natural processes. Analysis of the
nanoparticles that we used in the study with electron microscopy showed that the smallest
size had gold nanoparticles that ranged from 4 nm to 13 nm (Table 1, Figure 1).

A2:0 GdVO; FesO4

Figure 1. Electron microscopy of the nanoparticles that were used in the study.
Bar is 50 nm. Magnification x80 000
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Table 1
Nanoparticles sizes (in nm)
Nanoparticle Mean + Sd Maximum Minimum
Ce0; 22.6+1.5 24.6 20.4
CeO 13.7+5.6 22.3 7.4
AgO 13.2+5.3 22.1 5.6
Au,O 7.6+3.1 13.9 4.0
GdVO, 26.6+6.2 353 18.5
Fes;04 12.3+£5.2 20.8 5.1

The addition of nanoparticles (NPs) to the nutritional medium affected the synthesis of
butanol which respectively altered the growth rates of bacteria and largely depended from
NPs toxicity level. In particular for the strain Clostridium beijerinckii IMV B-7806 all
investigated NPs inhibited the synthesis of butanol compared to control (tab.2). The effect of
NPs had strain-specific and/or species-specific character. Also for the strain C. beijerinckii
IMV B-7806 there was observed a general decrease in the formation of butanol in the
presence of all the studied NPs. Significant inhibition of the final product synthesis was
detected in the presence of iron and cerium oxides. Other NPs also have shown a tendency
to suppress the butanol synthesis in this strain. The intensity of effect depended on the
concentration of NPs in the culture medium. With the increase in NPs concentration, the
effect of butanol synthesis inhibition was more expressed and approached to statistically
significant. The opposite trend was observed for the butanol yield obtained during cultivation
in presence of different NPs for the other strain - C. acetobutylicum IMV B-7807 (tab. 2).
The presence of iron and cerium nanoparticles in the medium in general produced stimulating
effect on the synthesis of butanol in this strain.

Table 2

Synthesis of butanol in Clostridium strains under the influence of nanoparticles

Nanoparticle Butanol, g/L p
Mean | Sd
C. beijerinckii B-7806
Control 10.4 1.8 -
Fes04 8.3 0.8 0.020
GdVO, 9.3 0.9 0.193
CeO 8.1 0.8 0.011
CeO» 8.9 1.1 0.094
Ag,O 8.7 1.3 0.052
Auw,O 9.2 0.5 0.158
C. acetobutylicum B-7807
Control 9.0 0.6 -
Fes04 9.4 0.8 0.644
GdVO, 8.8 1.2 0.803
CeO 8.5 0.9 0.582
CeO» 9.4 1.2 0.670
Ag,O 10.4 1.6 0.155
Auw,O 9.2 1.4 0.817
C. acetobutylicum B-7807
Control [ 9.0 | 0.6 | -

114

—— Ukrainian Food Journal. 2019. Volume 8. Issue 1




Biotechnology, Microbiology——

However, the effective use of cerium oxide (CeO2) and iron oxide resulted in a slight
stimulative effect compared to control. An increase in butanol synthesis was observed up to
a maximum level 0f 9.4 g /1.

The effect of nanoparticles depended on their concentration, and increase of NPs level
in medium led to both stimulating and depressing effects on the synthesis of organic solvents
by studied acetone-butyl bacterial strains.

The stimulation of the butanol synthesis with iron nanoparticles produced insignificant
influence on increasing of nanoparticles concentration in the culture medium, and presence
of cerium oxide nanoparticles resulted in rapid increase in the butanol yield at NPs
concentrations of 1 nM and 10 nM.Effect of gold nanoparticles in the C. acetobutylicum
strain IMV B-7807 occurred only at a concentration of 0.1 nM in which the yield of the
synthesized butanol was 10.3 g/L, compared with 9 g/L in the control (Table 2). The
maximum yield of butanol (almost 11.1 g/L) was fixed in presence of 0.1 nM and 10.0 nM
of silver oxide NPs in the medium. In case of use of these NPs in concentration of 1.0 nM
the amount of synthesized butanol reduced to 8.9 g/L, indicating an inhibitory effect.

For the strain C. acetobutylicum IMV B-7807 the yield of butanol during cultivation in
presence of various NPs in concentrations 0.1-10 nM remained unchanged. In case of silver
oxide NPs presence there was observed a tendency (p<0.16) for increase of butanol yield in
compare with control level 9.0+ 0.6 g/Lupto 11.1 £1.8 g/L and 11.1 + 1.1 g/L in presence
of NPs in concentrations 0.1 and 10 nM respectively.

Observed effect of iron oxide NPs indicates that synthesis of organic solvents in
acetone-butyl bacteria is determined not only by growth parameters but also by functioning
of enzyme systems themselves independently from bacterial growth process.

The nanoparticles of iron oxide and cerium used in the study were able to increase the
synthesis of butanol by strain C. acetobutylicum IMV B-7807 on average in 1.5 times. And
for strain C. beijerinckii IMV B-7806, the butanol synthesis rates remained unchanged in
presence of nanoparticles and in control experiments. Obtained result indicates the existence
of certain strain characteristics, which are probably related to absence of some special
enzyme systems. Exactly this would allow to metabolize existing organic matter with this
strain and synthesize ABE-fermentation products at the sufficient level. The primary and
probably the most important factor is the presence of a set of certain enzymes or enzyme
systems, that is the basis of specific features of one or another strain. The presence of a
complete set of enzyme systems is a key factor that allows the full use of the metabolic
potential of bacterial cells, while the presence of NPs is a secondary factor that can be either
a mediator, or a catalyst for these processes, or perform other functions whose characteristics
require separate scientific researches.

The fermentation time in strain C. beijerinckii IMV B-7806 decreases almost twice in
the presence of iron oxide, and does not change in the presence of other NPs. In the strain C.
acetobutylicum IMV B-7807 the total fermentation time on the contrary increases almost
twice in the presence of iron, cerium and gold NPs. No significant correlation dependencies
have been detected between formation of the final product andstart time of gas formation or
the fermentation duration time.

Therefore, the effect of NPs was shown to be strain-specific. Efficacy of NPs action is
concentration-dependent. Observed decrease of the butanol yield in the strain C. beijerinckii
B-7806 and its insignificant induction in the presence of silver oxide in strain
C.acetobutylicum IMV B-7807 have no dependence on the basic parameters of fermentation
(start time of gas formation, duration of fermentation), and therefore is probably determined
by other factors.
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Results analysis

The possibility of widespread introduction of nanoparticles in various aspects of human
life points to the high potential of these structures, in particular in the field of biotechnological
production of liquid fuels, mainly through stimulation of fermentation processes. The study
of the influence of these nanoparticles on the biosynthesis of butanol with clostridia was
carried out for the first time. Despite the lack of literature data on the interaction of these
nanoparticles with clostridia, our data suggest the prospective and feasibility of use of some
nanoparticles to enhance the release of target products of ABE-fermentation. However, it is
obvious that for other biotechnological processes, the use of these nanoparticles can also be
effective.

Kim and co-authors used nanoparticles to increase the ethanol yield by Clostridium
ljungdahlii. The fermentation of C. [jungdahlii with nanosized silicon dioxide more
effectively increased the mass transfer. The concentrations of dissolved CO, CO2 and H2
increased by 272.9%, 200.2% and 156.1% respectively. Production of ethanol and acetic acid
increased by 166.1% and 29.1%, correspondingly, as well [1].

Biomass, ethanol and acetic acid yield increased by 227.6%, 213.5% and 59.6%,
respectively, in the presence of CoFe204 SiO2-CH3 nanoparticles [2].

While there are studies on the antimicrobial effects of nanoparticles on bacteria of the
genus Clostridium [6].

The results obtained by us indicate the perspectivity and necessity of use of certain
nanoparticles to increase the yield of the target product in ABE-fermentation, but it is obvious
that use of NPs can be also effective for other biotechnological processes. Taking into
account our previous studies and the results obtained at this stage, we noted that in order to
establish the potential for the influence of the NPs on the synthesis of organic solvents in the
ABE-fermentation, the effect of these NPs on the metabolic or physiological parameters of
bacterial growth can be taken as the basis.In most cases it was established that the most
effective in increasing the synthesis of butanol were NPs that effectively influenced
(stimulated) growth processes and showed a positive influence on the economic and
metabolic coefficients [18]. An example of such NP was the oxides of iron and cerium.
However, the ability of silver oxide (at low concentrations) to stimulate the synthesis of
butanol by cells of acetonobutyl bacteria of the strain Clostridium acetobutylicum IMV B-
7807 indicates that, in addition to physiological and biochemical parameters, the nature of
the stimulating and suppressing effects of the NPs should also be taken into account. Those
NPs which are able to exhibit bacteriostatic effects (inhibiting growth processes) but at the
same time do not inhibit the biochemical pathways for synthesis of target products may be
more suitable for use in the biotechnological production of butanol. Such assumption requires
additional experimental verification [1, 2, 18].

Conclusion

The NPs can directly or indirectly participate in certain enzymatic reactions and act as
catalysts, mediators, etc. Role of NPs which they play in ABE fermentation process requires
further investigations, which would allow to derive a theory explaining the biological effect
of the NPs in ABE fermentation process. At current stage due to the lack of special studies,
we can only confirm the presence of biological effect itself. However, the obtained result,
namely — an increase of biobutanol yield in the presence of NPs of iron oxide and cerium,
as well as its relative repeatability for different strains of acetone-butyl bacteria, allows the
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recommendation of these NPs for further study at pilot plants with purpose of introduction
into the biotechnological process. This would allow not only to receive organic solvents (the
main products of ABE-fermentation - acetone, butanol and ethanol), but also to use the waste
biomass for extraction of lipid fraction with further transformation into biodiesel.
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Introduction. The experimental examination of hypothesis
about linear dependence of concentration polarization resistance
from pressure was carried out and the influence of
hydrodynamic condition on this resistance is determined.

Materials and methods. The research was carried out with
using of commercially available membrane modules TFC-75
type. The measurements of productivity were carried out with
using of deionized water (total dissolved solids 5-15 mg/dm?)
and also NaCl solutions. The volumetric technique was used for
flux measurements. The concentration was measured by
conductometric technique.

Results and discussion. The membrane resistance during
reverse osmosis of deionized water did not change with applied
pressure in experimental conditions and was equal
R,=7,549-10" m,

The concentration polarization layer resistance (R)
increased from 0.65-1.29-10"* m™ to 1.46-1.83-10"* m™! with
applied pressure increasing from 0.2 MPa to 0.6 MPa and from
0.65-1.46 m"! to 1.29-1.83-10'* m™ with increasing of feed
concentration from 100 mg/dm? to 600 mg/dm?. This increasing
of R, value with pressure was linear which is in agreement with
previously reported data for the ultrafiltration process.
Moreover, in considered range of applied pressure, the
exponential dependence of index of concentration polarization
from applied pressure could be approximated by a linear
equation with correlation coefficient 0.93. Therefore,
assumption about linear dependence of concentration
polarization layer resistance from pressure is reasonable and
could be extended to reverse osmosis process for mentioned
above conditions.

The increasing of concentration polarization layer resistance
with increasing of applied pressure is determinated by higher
values of transmembrane fluxes and lower values of mass
transfer coefficient at higher values of applied pressure in the
considered system. These results are in agreement with film
theory of concentration polarization.

Conclusions. The exanimated hypothesis is validated for
reverse osmosis in considered range of applied pressure. The
correlation between concentration polarization layer resistance
and index of concentration polarization was defined.
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Introduction

The concentration polarization phenomenon and the scaling formation on membrane
surface are the main problems in using of pressure-driven membrane processes in the food
industry. In particular, during drinking water production with using of microfiltration and
ultrafiltration the water flux decrease almost twice (from 102 dm3/h until 50 dm*/h) due to
those effects [1], moreover, flux drop is observed also in case of membranes with antifouling
modification [2] and membrane systems with pretreatment [3]. During pomegranate juice
ultrafiltration the resistance of cake layer was 35.6-56.9% of the total resistance of mass
transfer across the membrane which causes the dramatic drop of permeate flux [3], similar
results was obtained for ultrafiltration of bergamot and kiwifruit juices [5]. During
nanofiltration and reverse osmosis of milk whey, the rapid flux drop due to adsorption fouling
and following flux decreasing due to concentration polarization and cake layer formation was
observed [6]. In case of milk whey ultrafiltration flux drop for 67.5% because of those
phenomena was observed over 20 hours of work [7] and during skimmed milk microfiltration
the cake layer resistance was two times higher than membrane resistance [8]. Significant
decreasing of permeate flux was also defined for microfiltration such products as corn
distillery [9], beer [10] and wine [11].

The comprehensive review of mentioned phenomena was carried out by Shirazi and al.
[12]. In particular, in that work, it was pointed out that decreasing in permeate flux is
determinated by series resistances of mass transfer across the membrane which include
membrane resistance, concertation polarization resistance, cake later resistance and pore
blocking resistance. However, pore blocking resistance is not significant for most of the
pressure-driven membrane process therefore in others works, for example, Luo and al [13]
for investigation of nanofiltration processes and Macedo and al. [14] for analysis of
ultrafiltrations, only the first three resistances were taken into account.

The methods for determination of membrane resistance and cake layer resistance are
represented in works [12—14], moreover, Sioutopoulos and Karabelas [15] have determinated
the dependences of fouling layer resistance from working parameters of ultrafiltration
process in particular from applied pressure. But methods for determination of concentration
polarization layer resistance are almost not described in the literature.

In most cases, the researches of concentration polarization have theoretical character and
looked toward for development and assess the adequacy of mathematical models of that
phenomena. For example, Geraldes and Afonso [16] have proposed the model based of
extended Nernst-Planck equation, which allows to predict the parameters of concentration
polarization (index of concentration polarization) for the case of nanofiltration and reverse
osmosis of diluted multicomponent salt solutions. Song and Liu [17] have developed the
model based on general salt balance and shear stress. Cavaco Morao and al. [18] have used
for simulation the method of computational fluid dynamics (CFD). Kim and Hoek [19] have
carried out the comparison of several analytical and numerical models for prediction of
concentration polarization and have defined their satisfied accuracy in the range of operating
parameters change which correspond to the real condition of reverse osmosis process
operation. But in these works, the value of concentration polarization as such are not
considered.

Shirazi and al. [12] have pointed out that for taking into account the concentration
polarization layer resistance it is possible to use of mediate methods as it has been done in
earlier works [20-22], in particular, Song [22] has pointed out, that influence of concentration
polarization could be taken into account by decreasing of driving force. he most
comprehensive study of the problem of concentration polarization layer resistance has been
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carried out by Macedo and al [14]. They declare that under constant solute concentration,
feed flow velocity and temperature, concentration polarization layer resistance depend from
applied pressure, in particular, the assumption about the linear dependence between these
values. But this hypothesis has been verified only for ultrafiltration and for one kind of feed
solution — ovine milk whey. The values of the proportional coefficient in work [14] have been
determinated from experiments and their magnitudes have varied more than three times under
different condition of the ultrafiltration process. Moreover, the physical meaning of the
proportional coefficient has not been disclosed. Therefore, at present time the possibility of
direct taking into account of concentration polarization resistance during calculation of
membrane equipment is overstructured. Simultaneously Macedo and al. [14] have proposed
the technique of data analysis of productivity of pressure-driven membrane processes, which
allows to determinate the fouling layer resistance. In a case of availability of reliable
dependence for concentration polarization layer resistance, this technique would allow to
determinate in working conditions the necessity of regeneration of membranes. For this
reason, the determination of this dependence is a topic of great practical significance.

The purpose of present work is the examination of hypothesis about linear dependence
of concentration polarization layer from applied pressure in case of reverse osmosis of salt
solutions and determination of applied pressure and also hydrodynamic conditions on
concentration polarization resistance value.

Materials and methods

Materials

The experiments were carried out with using of commercially available reverse osmosis
membrane modules Dow Filmtec TW30-1812-50 (made in USA). The deionized water
(reverse osmosis permeate with total dissolved solids (TDS) 5-15 ppm which correspond to
the concentration of Sodium Chloride (NaCl) 5-15 mg/dm?) and also NaCl solutions were
used as feed solutions. The deionized water was used for measurements of membrane
resistance and salt solution for measurements of concentration polarization layer resistance.
The considered type of membrane modules is designed for tap water advanced treatment [23],
for this reason for determination of concentration polarization layer resistance the solution
which simulated TDS of tap water were used. According to [24] the overall mineralization
in waters of Dnipro and Desna is 268-270 mg/dm?, and TDS parameter of tap water in
European countries (Spain, Italy, and France) according to [25-26] is in range 70—-820 ppm,
in most cases this parameter was in range 100600 ppm. Therefore, the NaCl solutions with
concentrations of 100, 200, 400 and 600 mg/dm’® were used in experiments.

Description of experimental set-up

The existing experimental set-up (Figure 1) was used for carrying out experimental
research. The set-up provides the measurements of permeate and retentate flow rate by
volumetric technique through the use of tanks 5 and 6 with accuracy of £2 ml and =10 ml
correspondingly (it was carried out the direct measurements of volume and time), and also it
allows to measure the overall mineralization using portable TDS-meter with accuracy of 1
mg/dm?. The applied pressure was measured by manometer 9, the temperature was controlled
by Chromel-Copel thermocouples and software module IndexTem with the accuracy of 0.2
°C (it did not represented on the scheme).
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Figure 1. Scheme of experimental set-up:
1 — feed solution tank, 2 — pump, 3 — membrane unit, 4 — regulation valve,
5 — measuring tank for permeate, 6 — measuring tank for retentate, 7 — permeate collecting
tank, 8 —retentate collecting tank, 9 —manometer.

Procedure of carrying out the experiments and main measurements

The feed solution was pumped with a predetermined pressure by pump 2 from tank 1 to
plug flow membrane unit 3 in which the studied membrane module Dow Filmtec TW30-812-
50 was inserted. During the membrane separation process, the permeate (desalinated
solution) and retentate (concentrated) solution were generated which flowed to measurement
tanks 5 and 6 and gone on to collecting tanks 7 and 8 correspondingly. The applied pressure
was regulated by the needle valve on the retentate line 4 and was controlled by manometer
9. The measurements of permeate and retentate were carried out by volumetric technique,
according to it the volumes of solutions which simultaneously collected in measuring tanks
5 and 7 during the determined time interval (120 s) were determined.

Processing the results of the research

The feed solution flow rate was determ

inated from well-known material balance equations. The mass balance for streams is
following [27]:

L,=L +L, (1
where Ly is feed solution flow rate, m%/s; L, is permeate flow rate, m?/s; L, is retentate flow
rate m’/s.

The mass balance for the solute is following [27]:
x L +x.L
L( ;= £r T )
X
where x; is solute concentration in feed solution, mg/dm?; x, is solute concentration in
permeate, mg/dm?; x; is solute concentration in retentate, mg/dm?>.
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The mean values of determinated from equation (4) and (5) was used for further
calculations. If the difference between that values was more than 5% the results obtained in
such experiment were discarded as mistaken.

The transmembrane flux was determinated from the relationship [28]:

Lp

where F is membrane surface area, m?; for the membrane module under consideration F=0.46
m? (directly measured value).

The value of Reynolds number was used for analysis of hydrodynamic conditions in
module [27]:

Re=—ete (@)

Since in membrane module the flow rate change with channel length due to penetration
of a part of the feed solution through the membrane in present research the mean value
calculated from the permeate and retentate flow rate was used as a determining velocity, m/s
[27]:

L +L, 5

W= 5)

where S is membrane channel cross section, m’>. For the membrane module under
consideration S= 3.675-10* m? (directly measured value).

The equivalent diameter was used as determining linear dimension. For spiral wound
membrane modules it can be represented in a form [28]:

d, =25 ,06)
where 9 is spacer net width, m.

Determination of concentration polarization layer resistance
The calculations of resistance were carried out based on transmembrane flux value which
according to [12—14] can be described by equation, m*/(m?-s):

B Ap—Ax
/= w(R,+R,+R,)’ @

where Ap is applied pressure (driving force), Pa; An is osmotic pressure of feed solution, Pa;
u is coefficient of dynamic viscosity of feed solution, Pa-s; R,, is membrane resistance, m’';
R., is concentration polarization layer resistance, m™'; Ryis fouling resistance.

In new membrane modules fouling is absent consequently in this case the value of Ry will
be equal to zero. Moreover, when deionized water is used as testing solution due to absence
(or negligible amount) of solute the solution osmotic pressure An would tend to zero and
concentration polarization phenomena would not appear. Therefore, the membrane resistance
can be defined from relationship [12]:

R, = ﬂ )

wJ
For thin-film composite membrane the flux drop due to compaction of membrane
structure according to [29] is observed under applied pressures of 0.5-1.45 MPa. Although
in current study in particular cases the applied pressure was in mentioned above range, the
duration of continuous operation was no longer than 180—300 s, therefore it may assume that
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impact of compaction to membrane resistance was negligible. When this assumption is
correct the R, will be constant under any applied pressure [12].

For the case of salt solution separation thorough new membrane, the total membrane
resistance would be the sum of R,, and R, values. Whereas the R, is known, the concentration
polarization resistance could be obtained from measurements results from dependency, found
from the transformations of equations (7) and (8):

_pmA ©)
wJ
Thus, for the solution with known values of osmotic pressure and dynamic viscosity the
concentration polarization layer resistance could be determinated experimentally. The values
of Am and p depends on sort of substances (chemical composition of solution) and also they
are functions of temperature and pressure. For monocomponent solutions, these values could
be determinated from reference literature [30-31].

Results and discussion

The total resistance to mass transfer through the membrane was determinated on the
results of the current study in the range of applied pressure of Ap=0.2..0.6 for deionized water
and NaCl solutions with concentration 100, 200, 400 and 600 mg/dm? (Figure 2). The step
of applied pressure variation was 0.1 MPa. In the case of deionized water, the deviation of
total resistance values was less than 5% from the mean value which does not exceed of
measurement error limit. Thus, the result shown that membrane resistance is constant and
independent from applied pressure and the proposed assumption is confirmed. The mean
value was R,=7.549-10"* m™! and this magnitude was used in further calculations.
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Figure 2. The dependence of total resistance to mass transfer thorough the membrane from
applied pressure:
1 — Deionized water; 2 —NaCl solution, 100 mg/dm?; 3 — NaCl solution, 200 mr/nm>;
4 —NaCl solution, 400 mg/dm3; 5 —NaCl solution, 600 mg/dm?
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During NaCl solutions separation using the membranes of consideration the total
resistance increased with increasing of feed concentration, and applied pressure. Since the
new membrane modules were used in experiments and NaCl concentration was lower than
saturation limit on two orders of magnitude [30], the fouling resistance could be considered
as absent, therefore total resistance increasing was determinated by concentration
polarization. The concentration polarization layer resistance calculated using equation (9) is
shown on Figure 3.

Thus, the equation (9) allow to determinate concentration polarization during reverse
osmosis of salt solution. In order to validation of obtained results reliability, it is necessary
to analyze them on the agreement with received theoretical foundations.

The increasing of concentration polarization resistance with feed concentration
increasing is excepted and determinated by increasing in a corresponded number of times of
concentration in boundary layer near membrane which reduce diffusion mass transfer toward
membrane and increase driving for on reverse diffusion flow [12].

The increasing on concentration polarization layer resistance with applied pressure
increasing is in agreement with results obtained in work [14]. In the considered range of
applied pressure, this dependence could be approximated by a linear equation. For validation
of such results on the agreement with existing received theoretical foundations about the
influence of applied pressure on parameters of concentration polarization should be
considered.
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Figure 3. Dependence of concentration polarization layer resistance from applied pressure:
1 — NaCl solution, 100 mg/dm?; 2 — NaCl solution, 200 mg/dm?;
3 — NaCl solution, 400 mg/dm?; 4 — NaCl solution, 600 mg/dm?
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According to film theory of concentration polarization [14, 28] for evaluation of
concentration polarization influence the value of the index of concentration polarization is
used:

c J
f=—”’=eXp(—j, (10)
c k
where ¢, is solute concentration in boundary layer near membrane surface; ¢, is solute
concentration in bulk of feed solution; & is mass transfer coefficient.
In a case of nonideal selectivity equation (10) should be rewritten in the form [28]:

exp(JJ

c, k

f—c—— N (11)
b ¢ —(¢ —1)6Xp(kJ

At that the rejection coefficient (selectivity) is determinated as [28]:

¢
p=1-—+, (12)
¢
where ¢, is solute concentration in permeate, kg/m?; ¢ris solute concentration in feed solution,
kg/m?.

As mentioned in [12, 28] the index of concentration polarization value and
correspondingly concentration in the boundary layer, increase with transmembrane flux
increasing and mass transfer coefficient decreasing. Increasing of applied pressure
determinate increasing of transmembrane flux (Figure 4) which govern the increasing of the
index of concentration polarization that correlated with increasing of resistance in this layer
(Figure 5).
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Figure 4. Dependence of transmembrane flux from applied pressure:
1 — Deionized water; 2 —NaCl solution, 100 mg/dm?; 3 — NaCl solution, 200 mr/om>;
4 —NaCl solution, 400 mg/dm3; 5 —NaCl solution, 600 mg/dm?
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Figure 5. Dependence of concentration polarization resistance to mass transfer thorough the
membrane from transmembrane flux:
1 — NaCl solution, 100 mg/dm?; 2 — NaCl solution, 200 mg/dm?;
3 — NaCl solution, 400 mg/dm?; 4 — NaCl solution, 600 mg/dm?

It should be noticed that experiments were carried out under an ambient temperature
which varied from 10°C to 17°C. This fact determinated observed deviation from decreasing
of transmembrane flux with feed concentration increasing due to different values of dynamic
viscosity of the solvent.

The mass transfer coefficient value depends on many factors, in particular, from
hydrodynamic conditions in a membrane module and physical properties of a feed solution.
Generally this parameter is calculated using dimensionless equations according to which
increasing of liquid flow velocity (increasing of Reynolds number value) determinate
increasing of mass transfer coefficient [12, 28]. The dependence of Reynolds number from
applied pressure is shown on Figure 6.

In experimental research processing the applied pressure was regulated by variation of
hydrodynamic resistance of retentate flow and under such conditions, higher values of
applied pressure correspond to higher Reynolds number values. Furthermore, concentration
polarization resistance decreases with Reynolds number increasing (Figure 7).
Correspondingly increasing of applied pressure in the involved system lead to decreasing of
mass transfer coefficient decreasing which determinate increasing of the index of
concentration polarization and in this case concentration polarization resistance also should
increase. Therefore, the obtained experimental results are in generally in qualitative
agreement with film theory of concentration polarization.
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Figure 6. Dependance of Reynolds number from applied pressure:
1 — NaCl solution, 100 mg/dm?; 2 — NaCl solution, 200 mg/dm?;
3 — NaCl solution, 400 mg/dm?; 4 — NaCl solution, 600 mg/dm?
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Figure 7. Dependence of concentration polarization layer resistance to mass transfer thorough the
membrane from Reynolds number:
1 — NaCl solution, 100 mg/dm?; 2 — NaCl solution, 200 mg/dm?;
3 — NaCl solution, 400 mg/dm?; 4 — NaCl solution, 600 mg/dm?
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It should be noticed that the dependence of concentration polarization layer resistance
from Reynolds number could be approximated by a linear equation. The different values of
Reynolds number under the same values of applied pressure are explained by different values
of transmembrane flux for different feed solution concentration which determinated
differences in retentate flux and correspondingly changes in determinated velocity calculated
from equation (5).

In order to more reliable validation of defined results agreements with film theory, it
should compare the variations of concentration polarization layer directly with the index of
concentration polarization value. At that, since the experiments were carried out in range of
Reynolds number [7.9, 13.5] which corresponds to the laminar regime of flow, the mass
transfer coefficient values were estimated using the dimensionless equation for laminar flow
in channel [28]:

0,33
Sh = kge = 1,85~(Re-Sc-%J , (13)

where D is diffusivity, m%s; Sc = v/D is Schmidt number; L is channel length, m; v is
coefficient of kinematic viscosity, m?/s.

The length of considered channel was L = 0.26 m (directly measured value), the value of
coefficient of kinematic viscosity was determinated using reference literature [30-31] and
diffusivity value were calculated using the Wilke—Chang equation [27]:

D=5,0610" - (14)
Vg
where T is solvent absolute temperature, K; 1, is solvent coefficient of dynamic viscosity,
mPa-s; V; is solute molar volume, cm’/mole.

The values of the index of concentration polarization were calculated using
equation (11), all parameters were determinated from the results of measurements. The
dependence of concentration polarization index from applied pressure is shown on Figure 8.

The values of the index of concentration polarization according to equation (11) increase
exponentially but in regarding range of applied pressure change this dependence could be
approximated by a linear equation with sufficient accuracy for engineering calculation. In
particular, for NaCl concentration of 200 mg/dm?, the sample correlation coefficient is 0.97.
Therefore, the assumption about linear dependance of concentration polarization layer
resistance from applied pressure in several ranges of this parameter presented in work [14] is
reasonable and could be used not only for a case of ultrafiltration and also for reverse osmosis.

It should be noticed that concentration polarization layer resistance increase in 1,25-2
times when applied pressure increase from 0.2 to 0.6 MPa (Figure 3). The index of
concentration polarization in this case increase in 1.9-2.15 times (Figure 8). Moreover, the
relationship between concentration polarization layer resistance and index of concentration
polarization could be approximated by a linear equation with correlation coefficients more
than 0.93 (Figure 9).
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Figure 8. Dependence of index of concentration polarization from applied pressure
1 — NaCl solution, 100 mg/dm?; 2 — NaCl solution, 200 mg/dm?;
3 — NaCl solution, 400 mg/dm?; 4 — NaCl solution, 600 mg/dm?
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Figure 9. Dependence of concentration polarization layer resistance to mass transfer thorough the
membrane
1 — NaCl solution, 100 mg/dm?; 2 — NaCl solution, 200 mg/dm?;
3 — NaCl solution, 400 mg/dm?; 4 — NaCl solution, 600 mg/dm?
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Consequently, such good qualitative agreement of concentration polarization layer
resistance calculated from equation (9) with well-known theoretical fundamentals confirms
the possibility of using the before-mentioned technique in serial experiments. The results
obtained from pilot experiments are not enough for the establishment of quantitative
relationships among concentration polarization layer resistance and operating parameters
including applied pressure. Also, this data are not enough for the determination of
proportional coefficient which used in work [14]. Thus, the further investigation is necessary
which would allow obtaining the reliable calculation dependencies in form of functions of
operating parameters of pressure driven membrane separation processes (applied pressure,
feed solution properties, hydrodynamic condition in modules etc.)

Conclusion

1. The hypothesis about linear dependence of concentration polarization layer resistance
from applied pressure which used for analysis of milk whey ultrafiltration process is
confirmed for the case of salt solutions reverse osmosis in the range of applied pressure
0.2-0.6 MPa.

2. In the considered range of applied pressure, the influence of membrane compaction is
negligible and it could be considered that applied pressure does not affect the membrane
resistance value for the considered type of membrane.

3. The obtained qualitative dependences of concentration polarization layer dependences
from applied pressure, transmembrane flux and Reynolds number are in agreement with
film theory. Moreover, the correlation between concentration polarization layer resistance
and index of concentration polarization which allows assuming about the possibility to
obtain of reliable calculation dependence of concentration polarization layer resistance
from operating parameters of pressure driven membrane separation processes.
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Introduction. The analytical researches of methods
and devices of determination of thermophysical properties
of complicated structure and chemical composition of
products of processing industry are carried out in order to
increase the accuracy of measurements.

Materials and methods. The basis of the studied
devices is thermoelectric converters of temperature and
heat flow in the form of "auxiliary wall". To improve the
accuracy of the measurements of the thermophysical
characteristics of materials, the graph-analytical method of
calibration of the devices was used.

Results and discussion. To study the thermophysical
characteristics of thermolabial materials, the most suitable
thermometric means of their complex definition, which
allow to conduct research in the presence or absence of
material phase transformations of its constituents. The
calorimetric measuring instruments are based on the
measurement of the temperature of the heat fluxes that
penetrate the sample under different thermal conditions.

Thermal, electric and other transmission processes in
thermometric materials determine the instability of the
transformation function and form an instrumental error. On
the basis of the calculation and graphic analysis of the
thermal and capacitive resistance of the "device-sampler”
system, a fundamentally new method has been developed,
according to which the thermophysical characteristics of
the material and the metrological characteristics of the
device are determined in a complex and simultaneously
based on the results of the experiment with samples of only
the test material.

Conclusion. Simultaneous obtaining information on
the values of the thermophysical characteristics of the
material and the metrological characteristics of the device
can improve the accuracy of the determination of the
thermophysical characteristics of products.
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Introduction

The intensity of heat exchange processes occurring in substances (materials), is
quantified by changing their thermophysical characteristics (hereinafter TPC), in particular
the thermal conductivity A, mass ¢, and volumetric (cp)x heat capacity, temperature

diffusivity a_ = A, /(cp), and thermal activity B_=./4, -(cp), . These TPC refer to one of

the defining parameters of materials in their manufacturing, storage, application and
operation in various industries. Therefore, when calculating both natural thermal processes
and processes of heat treatment of materials [1, 2], it is necessary to take into account the
TPC of those materials, using their known values given in reference literature, for example
[3-6].

The accuracy of determination of TPC of materials depends on many factors, ranging
from the perfection of methods and devices for determining TPC, primary and secondary
means of measurement, and ending with equipment that provides the creation and
maintenance of the desired thermal mode in the sample of the research material [7]. In many
cases, special methods and devices [7—16] are used to determine the TPC of materials, which
can be divided into three groups: determination of thermal conductivity; mass or volumetric
heat capacity; and complex determination of TPC of materials — this is when A, ¢y or (¢p)x,
as well as a, and Sy of the material sample, and if necessary, the dependence of these
characteristics on temperature are determined simultaneously during one experiment.

We should note that regardless of which of the selected groups includes the selected
method and device for measuring the TPC of material, in the process of research it is
necessary to take measures to determine the metrological characteristics (hereinafter-MC) of
the device, in particular the sensitivity of the primary converters, the resistances of the heat
transfer device to the sample of the research material, as well as the amount of heat required
to change the temperature of the device, and others.

At the same time, one of the main MC of the device that determines the accuracy of the
experimental determination of TPC of materials is ballast thermal Rp, and capacitive Pp
resistances. Their value depends on the corresponding resistances of the electrical insulation
of the temperature converters (hereinafter TC) and the heat flow converters (hereinafter HFC)
of the TPC of device, the resistance of the contact of the sample with the elements of the
device, the degree of uniformity of the temperature distribution and the heat flow density on
the working surfaces of the device and the sample of the research material, etc. In the general
case, to determine these ballast resistances, a series of special experiments with calibration
of the device is carried out.

To determine the thermolabile materials TPC, in particular food products, in the
temperature range, where phase transformations occur in the sample of the research material,
it is advisable to use devices for complex determination of TFC of materials, which allow
implementing a combination of stationary and transient modes. In the temperature range at
which phase transformations do not occur in the sample of the test product, it is convenient
to carry out the determination of TPC of the material in the regular mode of the second kind
(quasi-stationary thermal mode) [7].

Given that the errors in determining MC of device to a large extent generally determine
the reliability of the measurement results of the TPC of material, the aim of the study is to
develop a method for the integrated determination of the MC of device and TPC of
thermolabile materials — raw materials, intermediate and finished industrial products, in
particular, in the processing industry.
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Materials and methods

One of the most common devices for determining the thermal conductivity of flat
samples of materials in Ukraine [11, 13] consists (Figure 1) from a down-flow condenser /
and an electric heater 2 on the working surfaces of which flat primary heat flow converters 3
and temperature converters 4 are located and between which a sample of the research material
5 is placed.

The thermal conductivity of the sample of
the research material is calculated from the
measurement results in the stationary thermal
mode of the temperature difference Az on the
I |  surfaces of a flat sample with thickness /4 and the
,,;::’@{:\%/ S heat flow density g, which passes through the
sample, by the formula:

h

T (1
At/q—R,
where R, is an additional (ballast) thermal
Figure 1. Device for determining the resistance, the value of which is determined
thermal conductivity of materials during the calibration of the device.

Similar in structure devices for determining the thermal conductivity of materials are
widely used in Germany [14], the United States [15] and other countries.

When determining the heat capacity of materials, so-called conductive
microcalorimeters are often used [16]. In these devices, to measure the amount of heat O,
supplied or withdrawn from the device and the sample of the research material with mass m,
(volume V), which causes a change in the average temperature of the sample by the value

ot, the batteries of their thermocouple elements are used. The measuring cell of such
devices, where the sample of the research material is located, have the form of a cylindrical
thermometric shell or a flat thermoelectric HFC. According to the measurement results, the
mass ¢x and volumetric (cp)x heat capacity of the material are calculated according to the
formulas:

— Qm _Qb

= 2

“ m_ -5t ’ @
9,-9,

== — . 3

(cp), v o1 3)

where O - the amount of heat consumed to change the temperature of the device by d¢. Its
value is determined by the calibration of the TPC device.

To date, to determine the heat capacity the methods of heat analysis during linear and
step-by-step scanning of the heat capacity by the temperature of the material sample have
become widespread [17-21].

Methods for determining the TPC of materials are reflected in the standards of Ukraine,
that are fully consistent with the standards of Germany, USA and Japan [22-25].

The devices for complex determination of TPC by the basic structure, in fact, do not
differ from the device shown in Figure 1. At the same time, it should be noted that the heat
block of these devices can form various heat exchangers [7, 12]. Except for the electric heater
and the flow heat exchanger shown in Figure 1, the heat block can be formed from two liquid
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flow heat exchangers; a combination of flow heat exchanger and electric heater; a flow heat
exchanger or an electric heater and a device that has a "developed" surface for convective
heat withdrawal from the sample of the research material, etc. The application of one or
another pair of heat exchangers in a TPC device for complex determination of TPC is mainly
determined by the type of thermal modes and the temperature range of the study of TPC of
materials [7].

Under such conditions, for the
complex determination of TPC, in particular
food products, it is advisable to use a device

— with a combined heat block (Figure 2). Such
a unit consists of two flow heat exchangers
1 and two thin, electric heaters 2 with evenly
distributed density of the heat release over
the surface, which are located between the
———+ heat exchangers and the plate of the

measuring cell of the device with the HFC 3
and TC 4 mounted therein. Both flow heat
exchangers are supplied with a heat-transfer

material of the same temperature that varies
Figure 2. Device for determination of TPC of  linearly over time. In this case, electric
materials with combined heat block heaters are used to create a time-stable
difference in the density of the heat flow on

the surfaces of the test product 5.

The thermal conductivity A« and the volumetric heat capacity (cp)x of the test sample of
the product are calculated from the equations obtained as a result of solving the task of
unsteady thermal conductivity with bilateral heating of the plate in the regular mode of the
second kind [7]. Here, in contrast to the stationary thermal mode, where the temperature of
the sample of the research material does not change, when it is heated (cooled) in the quasi—
stationary thermal mode of the flat sample of the research material, the heat flow density on
the "working" surfaces of the sample although does not change in time (qi(z)=const,
q2(t)=const, q1(t)—q2(tr)=Ag=const), but differ in value, that is g1#g>. At that the temperature
on the "working" surfaces of the sample changes linearly: ¢,(t)—t2(z)=At=const#0.

Taking into account the ballast thermal R, and capacitive P, resistances of TPC device,
the TPC of research material is calculated by the formulas:

h h

e

A = = = , “4)
24, -t,)/ (g +q,)—R, (At/q)-R,
(cp)X:(ql_qz)/(it_/AT)_l)b :(Aq/l’;:)_Pb ’ )
PRI I
(cp), q u,

e [@ae)-R
B =2 ), = | M 7)
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where u, = 5t/ At = 0,5-[(t, +1,),, —(t, +t,).,1/(z; —=7,) —therate of change of the average

temperature 5t of the sample of research material in the time interval At=t,—7p when heating
(cooling) of the sample in the quasi-static thermal mode from the average temperature

;,U =(t,+1,), /2, at the moment of time 1y, to the average temperature ;,,. =(t,+ty), /2.

Results and discussion

From the results of the analysis of formulas (1)—(7) it follows that each of the considered
methods of experimental determination of thermal conductivity, volumetric or mass heat
capacity, as well as the complex determination of TPC of materials, in fact, is reduced to
obtaining an equation or a system of equations of the following form:

R, =R +R, ,(8)

£,=P+F , ()

where R=h/A. and P=h-(cp)x — respectively, the thermal and volumetric resistances of the

sample of the research material; R, and P, — respectively, the ballast thermal and ballast

capacitive resistances of the device R,, and Py — respectively, the thermal and volumetric

resistances of the "device-sample" system, measured during the experiment on the study of
the TPC of the material.

The value of thermal and volumetric resistances of the system "device-sample" (R, Prm)
is calculated by measuring the values obtained in the course of the experiment on the study
of the TPC of the material.

The accuracy of the calculation results of R,, and Py, depends on the perfection of the
system of maintaining the desired thermal mode in the device (material sample), the device
itself, the primary and secondary measuring equipment, as well as the accuracy of
determining the operating coefficients K, and K; (inverse sensitivity) of the primary TC and
HFC of the device. Therefore, it is natural that the accuracy of the results of the calculations
of the value of these resistances directly determines the reliability of the results of
determining the TFC of the material.

As it follows from the results of the analysis of the structure of devices, as well as
equations (1)—(7) for calculation of TPC of materials, thermal and volumetric resistances of
the "device-sample" system are calculated based on the measurement of temperature (¢, £>)
and heat flow density (g1, ¢2) on the "working" surfaces of a flat sample of the research
material. But in practice, this is somewhat different, since the temperature and heat flow
density on the surfaces of the material sample also have to be calculated. Thus, when
thermoelectric TC and HFC are used to determine the temperature and density of the heat
flow in the TPC device, which generate EMF, respectively, es1, ex and eq1, €41, the calculation
equation R,, and R,, when heating (cooling) the sample in the quasi-stationary thermal mode
have the following form:

R = At — tl _t2 — Kt i (etl _ee2) (10)
"2q/2 (q+q)/2 K, (e +e,)/2
P =ﬂ= 49— 49 _ K, (e, —¢;)
" u, [(tl +t2) |T,. _(tl +t2) |To ]/[2(71 —T )] Kt[(en +e¢2) |T,. _(en +e¢2) |T0]/[2'(Ti _To)]
(11)
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The operating coefficients K; and K, respectively, TC and TPC or their inverse values
— sensitivity, which are used to calculate the temperature ¢ and the heat flow density ¢ on the
surfaces of the sample of the research material (differences Ar=ti—t,, Ag=q1—q>, and the
average of the values ¢=(f, +¢,)/2=2t/2, g=(q,+q,)/2=2q/?2) also refer to the MC
of the device.

The accuracy of their determination in a series of special experiments with calibration
of the device, as well as ballast resistances, significantly affects the reliability of the results
of the experimental determination of TPC of materials.

Currently, among the existing methods for determining the MC of TPC devices one of
the most common techniques of which is associated with the use of working calibration
standards [7-12].

In our opinion, this is due to the fact that the method of determining the MC of device
using working calibration standards does not differ from the method of determining the TPC
of materials. For example, according to the results of two experiments (further indicated as,
respectively, 1 and 2) with samples of standard (s) material, which has thermal conductivity
4s and volumetric heat capacity (cp)s, at a thickness of samples /17h,, that is, with samples
that differ in thermal R, i#R,> and volumetric Py #Ps; resistances, we obtain systems
composed of equations of the form (7) and (8), respectively :

At K,
—|=—1-h+K,-R,=K, R, +K, -R,
1

e‘! S
(12)
At K,
=|=-Lh+K, R =K, R,+K R,
€q 2 s
[A_j _p) , B _P B
1 -
u’ 1 K‘J K‘J K‘I K‘I (13)
Aeq =(C'D)S h +i=PS2 +i
u, K, *' K, K K
2 q q q q

As aresult of solution of each of these systems of equations with respect to K, we have:

e ()

! ’ ]"1 - hz Rsl - Rs2

, (14)

hl_h2 Psl_P'

K, =(ep). Ae, Ae, - Ae, Xeq ' (15
ut l_ Tt 2 7 l_ 7 2

In this case, the formulas for calculating of ballast thermal and volumetric resistances
of the TPC device have the following form:
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R, =| 2 K'-R, = Al K;'-R,, (16)
eq ), ey ),
Ae Ae
szKq. . _Pslqu. . _Ps2 . (17)
u u

t /1 t /2

From the results of the analysis of the systems of equations (12) and (13) it follows that
in the case of experiments with samples of the research material, which differ in thickness
hi#hy, that is, the thermal R1#R.» and volumetric Py1#Py resistances, there is no need to
determine the ballast resistances of the device. A similar effect will also appear in the case
of a two-cell TPC device (Figure 3), in which two pairs of HFC 3 and two pairs of TC 4 are
mounted, respectively, to measure the temperature and the heat flow density on the surfaces
of samples 3, 6 of the research material with a thickness of /1#h,.

Figure 3. Two-cell device for complex determination of TPC of materials

Since the flow heat exchangers 2 are supplied with heat-transfer material with the same
temperature #,, which is lower than the temperature # of the electric heater /, and then in the

stationary thermal mode, both samples have the same average temperature; =t +t,)/2,

which includes the results of the calculation of the thermal conductivity of the material
according to the formula:

_ 40, (h—h)
(t1 _tz)'(q1 _qz)
where 51 and 52 - respectively, are the density of the heat flow that passes through the

sample with thickness /; and /.

To determine the volumetric heat capacity of the material, the quantities of heat O; and
(> are measured, which are accumulated (given) by the samples in the transition mode from
one stationary mode to another due to an increase (decrease) in their average temperature by

(18)

the value 8¢ and are calculated by the formula:
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Q1 _Qz
(h hxz)'5t_ .

xl

(cp). = (19)

In this case, the operating coefficients of primary HFC and TC, K, and K; of two-cells
device, as well as TPC devices of all other modifications , can be determined using special
calibration stands of these converters [7—12]. We should note that in the case of the use of
special calibration stands, the determination of the operating coefficients of the primary
converters of the TPC device occur in conditions that are significantly different from those
in which these converters operate during determination of the TPC of materials. Therefore,
in some cases, the use of working calibration standards for this purpose may be more
appropriate than the use of calibration stands.

At the same time, we note that the existing methods for determining the MC of TPC of
device, in particular, using working calibration standards, have certain drawbacks, which
include the following:

1. First and foremost it is necessary to take into account that the TPC of any materials,
including those that are used as working calibration standards, are determined with certain
errors that affect the accuracy of the determination of the TPC of new materials.

2. Contact thermal and volumetric resistances of samples of working calibration standards
and prototypes of materials with the working surfaces of the TPC device may differ in
value. This is especially true, on the one hand, for the contact resistances of such working
calibration standards as, for example, glycerin or quartz glass, and on the other hand -
prototypes of bulk materials. Since these contact resistances are a component of the
ballast resistances of the device, depending on the type of standard material and the
research material, it is likely to obtain different values of the ballast thermal and ballast
volumetric resistances of the device, and, ultimately, false data on the TPC of the research
material.

3. From the results of the analysis of known methods for determining the MC of devices
and, in particular, devices for complex determination of TPC of materials, as well as the
results of their implementation in practice, it follows that the values of the MC of device
are related to each other and in the case of determining one of them with a certain error,
the accuracy of determining of other characteristics can be extremely unsatisfactory. To
this we add that the change in the value of one of the characteristics of the device in the
process of studying the TPC of material can cause a change in the values of its other MC
of device, which ultimately leads to the receipt of inaccurate information in relation to
the TPC of research material. At the same time, despite the existing shortcomings, the
method of determining the MC of devices for complex determination of TPC of materials
with the use of working calibration standards in practice is quite common.

On the basis of the above it follows that in order to improve the accuracy of the complex
determination of TPC of materials, the MC of the device should be determined by the results
of experiments with the research material, and not with the standard material. At the same
time, we note that in the case of using the research material as a working calibration standard,
the data on the values of the MC of TPC device may in fact become unnecessary.

Graphically, the results of the determination of MC of the device for complex
determination of TPC of materials for tests in two samples of standard material of known
thermal conductivity A, and the volumetric heat capacity (cp)s, which differ in the thickness
hi#h,, therefore, thermal Ry 1#R» and volumetric Py 1#Ps; resistances shown in Figure 4 a-f.
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Straight lines (At / ;q) from R,and (At/ ;q) from the thickness of the sample of the
working calibration standard /4 cross the ordinate axis of their graphs (Figure 4 a and b) at
point A at and have angles of inclination to the abscissa axis, respectively, ¢ = arctq(K,)
and w =arctq(K,_/ A,). These lines cross the abscissa axis at | —R, |= R, , that is, at the point
where the thermal resistance of the sample of the working calibration standard is equal to the
ballast thermal resistance of the TPC device and at |-/, = A -R, , where |-h; | is the
thickness of the sample of the working calibration standard at which the thermal resistance
of the sample is equal to the ballast thermal resistance of the device | -4, | /A, = -R |= R, .

Thelines (Ae, /u,) from Psand (Ae, /u,) from A, cross the ordinate axis of their graphs
(Figure 4 d and e) at point B at (Ae, /u,) = P, /K, and have an angle of inclination to the
abscissa axis, respectively, y = arctq(K,) and 0 = arctq(1/ K ) . These lines cross the axis

of abscissa at | —P, |= P, respectively, that is, at the point where the capacitive resistance of

the sample working calibration standard is equal to the ballast capacitive resistance of the

TPC device and at |-h, [= P, /(cp),, where |-h,, | is the thickness of the sample

working calibration standard at which the capacitive resistance of the sample is equal to the
ballast capacitive resistance of the device |4, |(cp), =| -P, |= P,.

Such graphs can be built on the results of experiments with any material. At the same
time, since the value of the operating coefficient of the HFC of the device does not depend

on the TPC of the research material, the ordinates of crossing of the lines (A¢/ ;q) =f(R))
and (Ae, /u,) = f(P,) with the axes of the corresponding graphs remain unchanged. The

coordinates of the intersection of the lines (A¢/ ;q) = f(h) and (Ae,/u,)= f(h) with the

axis of the ordinates of the graphs also remain unchanged when increasing or decreasing the
values A, and (¢p) of the material. At the same time, when the TPC of the material changes,
due to the change in the coordinates of the concurrence of these lines with the abscissa axis,
the angles of the lines to the abscissa axis of the graphs change. Therefore, for this kind of
dependency ¢ = f(4,), ¥ = f(cp), -

We should note that since the ballast resistances of the device are not a function of the
TPC of the material, R;#(1). and Ps#f(cp)x, then with the change of the TPC of the abscissa
material |-/, |and|-h,, |, they change so that the numerical values of the ratio
| =h, | /A, = R,and the product |4, |-(cp), = F, remain unchanged.

It follows from the above that for 4,=1, the angle y of the slope of the straight line
(At/eq)= f(h) tothe axis of the abscissa (Figure 4b) is equal to the angle ¢ of the slope of
the straight line (A¢/ ;q) = f(R,) to R, axis (Figure 4a). In this case, the lines (A¢/ ;q) from
hand (At/e,) from R, cross the abscissa axis of their graphs at |_h/1| =4 R =1'R =R,
and |—h; | /A =|—h, | /(A -1) =R, . Here | —A; | is the corrected thickness of the ballast layer
of thermal resistance at the thermal conductivity of the layer 1,=1.
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At/e, Ae/u,
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Figure 4. Results of determination of MC of the device of complex determination of TPC of
materials during experiments with two samples of standard material
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Similar, at (cp)=1, takes place with dependencies (Ae, /u,)=f(h) and
(Ae, /u,) = f(P,) which are shown in Figure 4 e and d. The angle 6 of inclination of the line
(Ae, /u,)= f(h) to the axis i will be equal to the angle y of inclination of the line
(Ae, /u,)= f(P,) to the axis Py, while the lines cross the abscissa axis of their graphs at

| =B,/ (cp), = B, 11=P, and | =k, |-(cp) =[|~h, | (cp),]/1= P, where |-k, |
is the corrected thickness of the capacitive ballast resistance layer at the volumetric heat
capacity of the layer (cp),=1.

Thus, at A,=(cp),=1 the graph (At / ;q) of & is transformered to the view (At / ;q) from
Ry, and (Ae, /u,) of h, respectively, to a graph (Ae, /u,) of P.. At that the sum of the angles

of inclination of the lines (A¢/ ;q) = f(h) and (Ae, /u,)= f(h) to the abscissa axis of the

corresponding graphs is 7/2, that is, for both lines (A¢/ ;q) =f(R,)) and(Ae, /u,) = f(P,).

Subsequent to the results of determining the MC of device the dependencies R, of Ry
and P, of P, can be built (Figure 4 ¢ and f). Based on the analysis of equations (8) and (9) it
follows that at A =(cp)=1 these lines intersect the ordinate axis (R,=0) and the abscissa

axis (R,=0) of their graphs at points with coordinates, respectively:
R,=At/(e;K,)=(K,-R)/K,=R, and P, =(Ae,-K,)/u, =(P,/K,)-K,=P,,

| =R, |=| k. |/A=|-h, | /(A -1)=R, and
| _Px |:| _h('cp) | (Cp) = [| _h(cp) | (cp)x] /1 = Pb .

At that the angle of inclination of the lines R, = f(R.) and P, = f(P.) to the abscissa

axis of the corresponding graph is w/4.

It follows from the above that the data on thermal conductivity As and the volumetric
heat capacity (cp)s of the working calibration standards are used to determine the MC of the
TPC device. Thus, according to equations (12)—(17) to determine R, of the device s is used,
to determine Py — (cp)s, and to determine the operating coefficient of HFC of device As or
(cp)s of working calibration standard is used.

At that the results of the analysis of expressions (12)-(17) show that:

- the system of equations (12) and equations (14) and (16) correspond to the device for
determining thermal conductivity of materials;

- the system of equations (13) and equations (15) and (17) correspond to the device for
determining the volumetric heat capacity of materials;

- systems of equations (12), (13) and equations (14)—(17) correspond to the device for
complex determination of TPC of materials.

At the same time, we note that the method of determining the ballast resistances of the
device for complex determination of TPC of materials is a combination of unrelated methods
for determining the ballast resistance of the device for determining the thermal conductivity
and the device for determining the volumetric heat capacity of materials.

We consider that the method of determination of MC of the device for complex
determination of TPC of materials except As and (cp)s first of all shall provide the usage of
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thermal conductivity a, =A_/(cp), and thermal activity S =./A -(cp), of working

calibration standards.
Based on the above, for a combination of the six dependencies shown in Figure 4 a-f, it
is necessary to build their combined graphs.

To build a combined graph of dependencies and (At / ;q) and (Ae, /u,) on h (Figure

5), obtained from two experiments with samples of material with thickness A;#h,, from
systems of equations similar to (12), (13) we obtain the coordinates of the intersection of

lines (At/ ;q) = f(h) and (Ae, /u,)= f(h) with the axes of abscissa and ordinates, as well
as the angles of inclination of these lines to the axis of abscissa of their graphs, respectively:

Ate,

Figure 5. To the construction of a combined dependencies graph
(At/eq)=f(h) and (Ae, /u,)= f(h)
hil=AcRs, (At/eg)=K, R, = A, y=arctg(K/i)

and
|=hen|=Pxl(cp)xs (Ae, /u,)=E /K, =B, 0=arcig[(cp)-/Kq].

On the abscissa axis in the selected scale M;, we apply a linear scale 4. To match the
scales and values on the abscissa axis M, and the axes of the ordinates (At /e;) — Mgn and

(Ae, / Au,)— Mpy from the point —/; of the intersection of the line (Az/ ;q) = f(h) with the

abscissa axis, through the third quadrant of the graph, at an angle y=arctg(K,/A:) and from
the point —/ ), the intersection of the line (Ae, /u,) = f(h) with the abscissa axis through

the second quadrant of the graph at an angle f=arctg[(cp)./K,] to the abscissa axis, and draw
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the corresponding lines. In this case, the straight line (A¢/ ;q) = f(h) will cross the ordinate
axis at point A, which is located on the "conditionally" negative part of the ordinate axis at a
distance of Loa from the origin of coordinates at (A¢/ E,,) =K, R,, and the straight line
(Ae, /u,)= f(h) —at point B, which is in the positive part of the ordinate axis at a distance
of Lop from the origin of the combined chart at (Ae, /u,)=F, /K .

By the values of %, R,, P,, the abscissa axis of the graph should be common for two
pairs of lines — a pair of lines (Az/ ;q) from s and (Ae, /u,) from h and a pair of lines
(At /;q) from Ry and (Ae, /u,) from P.. The lines (At/;q) = f(h) and (Ae, /u,)= f(h)

have an angle of inclination to the abscissa axis of the combined graph y and 6 and cross this
axis at points, respectively, |-/;|=A+Rp and |~h,)|=Px/(cp)s-

In contrast to the previous pair, the lines (A¢/ ;q) =f(R,) and (Ae, /u,) = f(P,) must
have an angle of inclination to the abscissa axis of the combined graph ¢ = arctq(K,) and

y =arctq(l/ K ) and cross the abscissa axis at points which coordinates are numerically

equal:
|k | _|=h, |/2, R
A 1
| _h('cp) | '(cp)b = [| _h(cp) | (Cp)x]l = Pb ,
where | -/ | —effective thickness of ballast layer, which at thermal conductivity of material

of this layer 2,=1 is numerically equal to ballast thermal resistance of TFH device; |-/, |
— effective thickness of the ballast layer, which, when the volume heat of the material of this
layer (cp)»=1, is numerically equal to the ballast capacitive resistance of the TFH device.

Therefore, on the abscissa axis of the combined graph, the values are intercepted, which
although have the dimensionality [m], [K-m?/W], [J/m?-K], but numerically are equal to the
thickness of the material sample. Thus, when intercepted to the abscissa axis of the graph of
a uniform scale / (also Ry, also Py), at each point of the scale, the thermal and capacitive
resistances of the sample of the research material should be numerically equal to each other,
R=P,, thatis h/ A, =h-(cp),, where A_-(cp), = B> =1.

Under these circumstances, for A,=(cp)»)=1, the coordinate of point A,
(Ae, /eq), =K, -R,, and the ordinate of point B (A7 -Ae, /Ae,), = P,/ K,, the combined

graph (lengths of segments Loa and Log) can be given as follows:

h _ _
& = KE : Rh = KE ' | h/l | = KL‘ ' | h/l | /A(X = KL‘ ' | _h/’]', | b
e ), 2, 2 1

Ae, K, K K K

e e e e

(AT'AQ] J _ hPh '(cp)b _ | _h(L‘p) | '(C,D)X _ [l _h(yp) | '(C,D)x] -1 _ |_h('¢p) |
B
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As it follows from the results of the dependencies analysis shown in Figure 4 a—f, at
Ax=(cp)x=1 each of the two pairs of lines, (At/ ;q) = f(h) and (At/ ;q) = f(R,), and also
(Ae, /u,)= f(h) and (Ae, /u,) = f(P,) in the combined graph should be represented by the
corresponding line. In turn, these lines will intersect at an angle n/2. Thus, since the lines
(At/es)=f(R,) and (Ae, /u,) = f(P,),as well as (At/e;) = f(h) g (A€, /1) =1 (h)

, passing through the points A and B at ,=(cp)»=1, i.e. at a,=1 and S=1, on the combined
graph should intersect at an angle n/2, we draw a circle through the points A and B with a
diameter:

D=Ly, +Lyy = (At ey)y, +(Ae, /11,)y5 , (20)

the center of O of which is on the ordinate axis and generally does not coincide with
the origin of the graph.

This circle crosses the abscissa axis of the graph at point C, the abscissa of which is the
length of the segment 0-C, can be calculated as geometric mean of lengths of the segments
0-4 and 0-B, which form the diameter of the circle. However, given the consistency of the
scale of values that are intercepted on the axes of the graph, the abscissa of point C can be
calculated as follows:

Lon Loy = (At e0)y (B¢ /1)y = (K, R)-(B/K,) =R, B, . (1)

For the convenience of presentation of the material here and further the index "C" will
highlight the values that refer to the point C on the combined graph.

At Figure 5 the lines (At¢/ ;q) = f(h) and (Ae,/u,)= f(h) intersect the circle in
points, respectively, E and D. With the increase of Ay, the point |-/;|=A+ R} of intersection of
aline (At/ey)= f(h) with the abscissa axis of the graph moves toward point C and further
in the negative section of the scale. At that the point E moves in a circle against the clock.

With decreasing of (cp)x the point |-Ay[=Py/(cp)» of intersection of the line
(Ae, /u,)= f(h) with the abscissa axis of the graph moves towards the point C and further
into the negative section of the scale, and the point D in a circle moves clockwise, that is, to
meet the point E.

The position of the points E and D on the circle coincide with the point C, when

hel=l=heil=Hheen-

At that the sum of the angles wc+6c of the inclination of lines (Az/ ;q) = f(h) and
(Ae, /u,)= f(h) tothe abscissa axis of the graph is equal to n/2 and hence, when Acx=(cp)cx,

ac=1, and —
he h h, h,

22)

Aey \/ Ay 1 (cp), \/Z
where hgsy, hpp and h, = [h,, -h, —respectively, the thickness of the layer, which causes the
b ry " 'p

ballast thermal and capacitive resistances of the device and the corrected thickness of the

e
1
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ballast layer; A5, (cp)» and ap — respectively, thermal conductivity, volumetric heat capacity
and temperature diffusivity of the ballast layer.

In the case where the lines (A¢/ ;q) = f(h) and (Ae, /u,)= f(h) intersect each other
in the area 0-C, the abscissa axis of the combined graph (Figure 6), for example, at the point
F1, where hi=|-hu|=|~hcp|= Ra= Px or at the point F», ne ho=|-h|=|-hp2| = Ro= Py, in
the the result of the conversion of equations R.=AiwRi=Pxi=Pplcp)ix and
Ro=Aox' Ry=Pxo=Pp/cp)x We get:

ﬂlxzﬂzxz\IPb/szl' (23)

Ae/u,

Figure 6. On the analysis of the combined dependencies graph

(At/eq)= f(h) and (Ae,/u,)= f(h)

Moving of the point F' of the mutual intersection of the lines (A¢/ ;q) = f(h) and
(Ae, /u,)= f(h) alongthe haxis of the graph towards the point C (Figure 6), is accompanied
by an increase in A, and a decrease in (cp)y, hence an increase in the a, of the research material.
The value of the thermal activity of the material does not change, . =1=const . As in the

previous case (Figure 5), the change in thermal conductivity, volumetric heat capacity and
temperature diffusivity of the research material is accompanied by the movement in a circle
of points E and D in the direction of the abscissa axis of the graph, that is, the point C.

The nature of the dependence of the coordinates of the cross-section of lines

(At/ ;q) = f(h) and (Ae, /u,)= f(h) with the abscissa axis of the combined graph on the

thermal conductivity and volumetric heat capacity of the research material is shown in Figure
7.
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Unlike intersections of lines (A¢/ ;q) = f(h) and (Ae, /u,) = f(h) on the abscissa axis

at points Fi and F, where B, = B, =+/P, /R, =1, the sum of the angles of inclination of
lines to the abscissa axis is not equal to /2, an#ax#l, A, #(cp),, #1, 4,, #(cp),, #1,in
the case of intersection of lines at point C, the sum of angles of inclination of lines to the
abscissa axisisw/2 and A, =(cp)., =a,, =B =F, /R, =1 and R, =P, =R, -F, .

The procedure of plotting the combined dependencies graph of (Ar/ ;q) = f(h),
(Atle))=f(R)., (At/q)=f(R). R, =R +R,. (Ae,/u)=[(h), (Ae,/u)=[(P,),
(Aq/u,)=f(P) and P, =P _+P,, based on the results of two experiments with samples
of material with thickness /,#h, (Figure 8) will be shown on the following example.

)",r » (Cp)x

el (cp),

2=(cp) =1
A

X

he h=h h

M)

Figure 7. Dependence of thermal conductivity 7 and volumetric heat capacity of 2
experimental material on the coordinate of the intersection of straight lines (Ae, / e,) = f(h)
and (A7-Ae, / Ae,) = f(h) with the axis of the abscissus

of the combined graph

Based on the results of measurement of the signals e, e, difference in signals Ae=e;—
e; and the average signal ;q =(e +e,)/2 of HFC device, temperature ¢;, £ and the
temperature difference Ar=t;—, on the working surfaces of the samples, and the average
temperature t= (t, +t,)/2 of samples and the speed of its change u, = 5t/ At at heating
(cooling) of the samples of research material with a thickness /1#A; in quasi-stationary mode:
1. We get the equation of a line (Ar/ E,,) =(K,/2,)-h+K, -R,, that passes through the

points J; and J;, with coordinates, respectively, [/,;(At/ ;q)l] and [A,;(At/ ;q)z], and
aline (Ae, /u,)=((cp),/K,)-h+ P,/ K_,thatpasses through the points Z, and Z,, with
coordinates, respectively, [4;(Ae, /u,),] and [h,;(Ae, /u,),] that intersect the abscissa

and the ordinate axes of their graphs (Figure 4, b and e) at |-/;/=A«'R» and point A=K, 'R,
and |-h)|=Ps/(cp)x and point B=Py/K,. The angles of the lines / and 2 relative to the
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abscissa axis of the graph are, respectively: w =arctg(K /A) and
0 = arctq[(cp), /K, ].

2. By the method of plotting of the combined chart in Figure 5, we build in Figure 8 a
combined graph of the line [/, which 1is described by the equation

(At/é,,)z(Kq /2)-h+K,-R, and the line 2, which is described by the equation
(Ae, /u,)=[(cp), /K, 1-h+F, /K  and calculate the coordinates of the intersection of

the graph circle with the abscissa axis, that is, the values of the corrected ballast thermal
and capacitive resistances of the TPC device —
3. Through the points C and A, the coordinates of which are [-R ;0] and [0;(K_ - R,)], as

well as the points C and B, the coordinates of which are [P ;0] and [0;(P, /K )] we
draw the line 3, which is described by the equation (Af/ E,,) =K, R +K, R, and the
line 4, which is described by the equation (Ae, /u,)=P /K +P /K, . At that the

tangents of the angles ¢ and y, the slope of the lines 3 and 4 relatively to the abscissa axis
of the combined graph are, respectively: qp=(K -R)/R, =K, and

tqy =(P,/K,)/ P,=1/K,_.
R, =P, = (K, -R)-(P,/K,)) =R, -P, . (24)

4. With the center at the origin of coordinates of the combined graph, we draw the circle
with radius |-, |<| —R |5 —P. |= R, = F, which crosses the abscissa axis of the graph at
point C, and the ordinates axis at points A" and B’,the ordinate of which is, respectively:
(At/e, ‘K,)=R,=R, and (Ae,-K /u)=P,=F. In this case, the line 5, that goes
through the points C and A’ is described by the equation R,=Ry +R;, and the line 6, which
goes through the points C and B' — by the equation P,=P; +P5. On the combined chart

(Figure 9), as well as in Figure 4, ¢ and f, the angle of inclination of the lines 5 — R,=f(Rx)
and 6 — P,~=f(Px) to the abscissa axis of the graph is /4.

We should also note that when heating (cooling) material samples in a quasi-stationary
thermal mode in a two-cell device (Figure 3), the equation of lines /-6 can be obtained, and
a combined graph similar to the one shown in Figure 8, can be built, for any average
temperature of sample of the research material. This allows us to study the dependence of
TPC of materials on temperature, taking into account the possible changes in the values of
the MC of device on temperature.

Numerical values of the coefficients of the equations describing the lines /-6, obtained
from the results of values measuring of HFC and TC of TPC device in the course of
experiments from the study of TPC of material, as well as the results of calculations of TPC
of this material and MC of device obtained from the equations describing the lines shown in
Figure 8, are essentially corrected to a,=fx=1 and, consequently to x=(cp)x=1 of the research
material. In principle, the MC of the device and the TPC of the research material can be
calculated from any of the pairs of equations composed of those describing the line /, 3, or §
and the line 2, 4 or 6.
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Ae/u,,

Figure 8. Combined
dependencies graph:

1-(At/e))=f(h),
2-(Ae,/u)=f(h),
3-(At/e,)=f(R,),
4-(At/q)=f(R.),
0 h;R,qu S_Rmsz+Rb’
6-P =P +P,.

/ﬁm

Let’s show the calculation procedure of the MC of device and TPC of the research
material using the equations that describe the pair of lines: 1 — (At/ ;q): f(h) and
(Ae,/u)=f(h), 2 — (At/e,)=f(R) and (At/q)=f(R), 3 — R, =R +R, and
P, =P +P,.

1. From equations (At/ E,,) =(K,/2,)-h+K, R, and
(Ae, /u,)=[(cp), /K, 1-h+F, /K, & we obtain the absissas of lines intersection with the axis

of the combined graph |-/;|=Ax'R» and |h(»)|=Ps/(cp)x, then by equation (24) we calculate the
value of the corrected thermal and capacitive resistances of the device. Also we determine
the value of the operating coefficient of HFC of device, according to the equation —

K, R,
K=\e &, =
b q

The easiest way to determine the TPC of research material using lines / and 2 of the
combined graph can be calculated as follows:
AR, |-h,|

: = (26)
Rb | _hc |
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P —h
(cp),=—tb - Nhe] @7)
B /(cp), | _h(z'p) |
= lx — | _h}” | ) | _h(l'P) | (28)
T (ep), |=h. |’

B. =4 (cp), = ||__hh‘ | 29)

(cp) |

It was noted above that the values of the coefficients of the equations describing the
lines shown in Figure 8, including line / — (At/e,)=(K,/A,)-h+K, -R, and line 2 —
(Ae, /u,)=[(cp),/K,]-h+ B, /K, ,are corrected to a.=f,=1. To substantiate this statement,

we assume that the line (A¢/ ;q) = f(h) and line (Ae,/u,)= f(h), built on a combined

graph (Figure 5) according to the results of experiments with samples of two materials that
have temperature diffusivity ax=a(=1.

Under such conditions, we will show the procedure for determining the thermal
conductivity A of the material, which in Figure 5 corresponds to the line crossing the ordinate
axis of the combined graph at point A, the abscissa axis at |-/;/= AR5 and the circle of the
graph at point E, and the procedure of determining the volumetric heat capacity (cp)x of the
second material, which corresponds to the line crossing the ordinate axis of the combined
graph at point B, the abscissa axis at |- /,)|=Ps/(cp). and the circle at point D, graphically.

To do this, we draw a line (Ae, /u,)"= f(h) through the points B and E, which is shown

on the combined graph as a dashed line, until crossing the abscissa axis of the graph. Given
that ay=1 abscissa of intersection of this line with the axis of the graph can be written as
follows:

BB Al (30)
(cp), A A

x x

| _h('cp) |=

Through the points A and D we draw a line (A¢/ e ) = f(h), which is shown on the

combined graph as a dashed line, until the intersection with the abscissa axis of the graph.
Since ap=1, the abscissa of the intersection of this line with the axis of the graph will be:

|=h} |= Aepy Ry = (cp), - Ry = (cp),- | =h; | K(cp), - @31

Taking into account the equations (30) and (31) and in accordance with (24), the
equation for calculating the ballast thermal and capacitive resistances of the device, using
which we carry out the determination of /x and (cp)x of materials, we write:

R,=\/R,-P/=h.and F,=/P,-R, =h,..
As a result of the transformation of these equations:
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R, _NR _ [ Ihl Ikl o,

R, -E \/Fb' |_h<'cp)|"1x2 |=he|

Pb B \/Fb B |—h(cp) | (Cp)i _ | _h(cp) |

JBR JR N I-ml

we obtain equations for calculation of A« and (cp)x similar to (26) and (27).

(ep),=1,

2. The procedure for determining the MC of device using the equation
(At/e)=K,-R +K, -R,, that describes the line 3 and the equation
(Ae, /u,)=P, /K +F /K, , that describes the line 4, is fundamentally the same as in the

case of using the equations of lines (At / ;q) = f(h) and (Ae, /u,) = f(h) . At the same time,
to obtain reliable results of the study of the temperature dependencies of the TPC of material,
it is necessary to have information on the temperature dependencies of the MC of device. In

this regard, the value of the operating coefficient of HFC K . as well as ballast resistances

®°

R - and P . of the device should be calculated according to the equations (24) and (25) at

b(1) b(1)
the average temperature t= (¢, +1,)/2 of the test sample, which includes the results of the
calculation of the TPC of material.

Further, with the use of complexes (Af/ ;q ) o and (Ae, /u,) . , the values of which are

®°
determined by the results of measurement of primary HFC and TC of device at the average

temperature of the sample ¢, we calculate the TPC of the material by the formulas:

K - -h
ix(;) — _ q(1) , (32)
(At/eg); —(K, -R,);
u, |- K .
L/ t
€)= (33)

-1
A - A
a  =—0 (K _h). A —(K,-R). | - “%| | L& , (34)
x(1) q(t) a b K
(cp).;, € )i U )y

U o Kq 0)

By =\ ) (€P)iy = AL
Sk, Ry,
@

(35)

€q
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3. The procedure for calculating the TPC of material using the equations R,=R,+Rs,
and P,,=P\+P», and lines 5 and 6, differs from the two described above, in no need to calculate
the MC of TPC of device before calculating the TPC of the material by formulas:

h

A« e — Y (36)
O (At q) o~ R
(Aq/u,)- —P, -
(p),; = T e e (37)
h

A A A a
a = () =h'[7t_RbJ .[_q_pbj , (38)

(eP). q @ \H @

(Aq/u,)(;) _Pbd)
ﬁx(i) = ix(;) '(C'D)x(E) = : (39)

(At/q), —R

b(r)

Conclusion

Simultaneous obtaining information on the values of the thermophysical characteristics
of the material and the metrological characteristics of the device can improve the accuracy
of the study thanks:

— The exclusion of the use of the results of experiments with samples of reference
materials for the determination of the metrological characteristics of the device, and,
consequently, TFR of the research materials;

— The possibility to take into account the change of the metrological characteristics of
the device from the temperature, as well as the resistance of the system "device-
sample" during the expriment with the test material.
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Introduction. The influence of differential heat treatment on
products from apples with different sugar content in semi-finished
products is considered.

Materials and methods. Material for drying elect apples
varieties «Golden Deliciousy». Samples of dried apples, snack and
candied fruits were analyzed by organoleptic, physico-chemical and
differential-thermal effects. The prepared semi-finished products
were dried by the convective-thermoradiational method at a coolant
temperature of 60 °C, a coolant movement speed of 5.5 m/s, a specific
load of 8.8 kg/m% an exposure value of thermal radiation heating
elements of 8 kW/m?, and an external heating element power of 2.5
kW/m?.

The results and discussions. Based on the drying curves, the rate
of moisture removal occurred in direct proportion to the increase in
the concentration of sugar in the products. Drying time of products
depends on the content of dry substances (DM) in semi-finished
products: which were 12% for dried apples, 18.2% for snack and 72%
for candied fruits. Energy costs for dried apples, snack and candied
fruits are respectively 5.9; 7.55; 19.8 kW in kg of raw materials and
1.93; 1.99; 26.0 MJ/kg of evaporated moisture. The dependence is
observed, the greater the concentration of sugar in the semi-finished
product, the longer it takes to remove moisture from the material.

In the presented derivatograms, when apples were heated in the
T, =108 °C region, a mass loss of Am = 13.0% was observed, which
was accompanied by an endothermic peak on the DTA dependence.
This mass loss is due to evaporation of moisture. When the
temperature increased to T, = 140 °C, destruction began to occur in
the sample. When the snack was heated at T, = 108 °C, the mass was
lost by Am = 14.5%, which was accompanied by an endothermic peak
on the DTA dependence. As the temperature rises to T> = 131 °C,
destruction begins to occur in the sample. Heating the candied fruit at
T = 109 °C resulted in a weight loss of Am = 14.8% with an
endothermic peak on the DTA dependence. As the temperature rises
to T, = 125 °C, destruction begins to occur in the sample.

Conclusions. Based on the derivatogram (T, TG, DTG, and DTA
time dependencies), the prediction factor (ko) was calculated for dried
apples, snack and candied fruits to be 55; 61; 70 and also activation
energy (E) for dried apples, snacks and candied fruits, respectively,
186; 203 and 236 kJ/mol.
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Introduction

Based on the literature analysis, it becomes clear that a certain part of scientists is
focused on finding a way to dry apple snack, a selection of technological parameters and
process decisions that will have a significant impact on the quality of the finished product,
and another part on the pretreatment of apple raw materials, which to some extent affects on
the structural, organoleptic and physico-chemical properties of the finished product.

Preparation of apple raw materials is crucial for obtaining high-quality apple snack,
because it depends on the chemical composition and nutritional value of the product.

Since 2004, studies have been conducted on the processing of raw apple material by
blanching in a sugar, maltose syrup [1, 2]; immersion in a solution of CaCl, and citric acid
[3]; blanching with citric acid solution [4]; treatment with a solution of ascorbic acid [5] and
enrichment of apple particles with probiotics [6]. However, there are a number of problems
that need to be addressed. Blanching in sugar or maltose syrup affects only the taste of the
finished product; osmotic processing of raw materials in CaCl, solution with citric acid has
several disadvantages, since CaCl, is a synthetic compound, affects the product's
organoleptics by providing a bitter-salty flavor that is not always perceived by the consumer
and has limitations for the use of various populations, including children, pregnant women,
people with heart disease and high calcium in the blood. Enriching the particles of apples
with probiotics can reduce the pH of the product, which is not always advisable, probiotics
should not cause adverse reactions with prolonged use of the product, but special conditions
are required for the storage of such a product.

Research problems remain the development of an optimal method of drying, and the
creation of a fundamentally new product from apples that will be as close as possible in terms
of the chemical composition of the finished product to the chemical composition of the raw
material with maximum preservation of vitamin C.

The purpose of this work is the need to create apple snack that will satisfy the
consumer's food preferences with pre-processing of raw materials, which focuses on the taste
and physico-chemical characteristics of the product without the use of artificial flavors, dyes
and preservatives.

The task of the work is to study the effect of pretreatment of apple raw materials on the
process of convective-thermoradiational drying and differential thermal analysis of apple
snack and their comparison with such foods as dried apples and candied fruits using the
example of convective- thermoradiational drying.

Materials and methods
Investigated materials

Raw materials that were used in research are autumn and winter sorts of apples
«Semerenko», «Lihold», «Champion», «Golden Delicious» and «Reinette» with the high
sugar-acid index (more than 8), the high content of the original dry substances (more than
12%), large fruit size (more than 200 g) and activity of oxidative processes. In order to
minimize waste, the ratio of the pulp to the inedible part was taken into account. According
to these indicators apples varieties like «Champion» and «Golden Delicious» were chosen,
but «Champion» has bigger peroxidase activity, that’s why the variety «Golden Delicious»
was chosen as the best one.
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Prior preparation for drying apples consisted of washing apples, inspecting, cleaning
from inedible parts (skin and seed chamber), cutting into 3-6 mm parts and blanching in hot
water with a temperature of 96-100 , then cooling and sending to drying. The production of
dried apples was carried out according to the patent of Ukraine Ne 105128 «Method for the
production of apple snack».

Preparation for apple candied fruit consisted of cooking jam in 3 stages with the same
modes: boiling for 30 minutes, then cooling to room temperature, to let the sugar be absorbed
into the fruit and in order to avoid overcooking the fruits of apples. The boiling ended when
the dry matter in the syrup reached 78%, in the fruit 70-72%. After that, the fruit was
separated from the sugar syrup, washed, cut into pieces of 15 x 15 mm. After that, they were
sent for drying. Production of candied fruits was carried out according to the patent of
Ukraine for the invention Ne. 113569 «Method of production of candied fruits».

Preparation of raw materials in the apple snack production did not differ from the
preparation for apple drying apples, but blanching occurred in 30% sugar syrup, with a ratio
of apples and syrup as 1:2 with the addition of citric acid 1% and ascorbic acid in the amount
of 0.01%. Then it was cooled in the same syrup at a temperature of 18-20 °C. Such an
operation is necessary in order that the apple pieces do not lose their shape and absorb a
portion of sugar with citric acid. Sugar with ascorbic acid forms a protective shell that reduces
the access of oxygen during drying, and as a result, the finished product retains the light
yellow color common to the used raw material and the vitamin complex [7].The production
of apple snack was carried out according to the patent of Ukraine for the invention Ne 113587
«Method for the production of apple snack».

Procedure of conducting researches

Prepared semi-finished products were sent for convective-thermoradiational drying.
The drying parameters were established experimentally: the coolant temperature in the drying
chamber was 60, the velocity of air in the chamber was 5.5 m/s; surface allowance — 8.8
kg/m?; the amount of radiation irradiated by thermoradiation heating elements was 8 kW/m?,
the wavelength of tubular «dark» thermoradiation generators was 2.0—4.0 microns; the air
was heated from an external heating element of 2.5 kW/m?; the distance between
thermoradiational heaters and the product was 14 cm.

After drying, three samples of apples were obtained: dried apples, snack and candied
fruits. In order to objectively evaluate these products, a qualitative and differential thermal
analysis was performed.

Methods and research facilities

Methods of analysis

The organoleptic analysis was carried out by tasting and comparing dried products using
a convective-thermoradiational method with dried convection products.

During physico-chemical analysis of the mass fraction of dry substances was
determined by the refractometric method [8]; moisture content — by the accelerated method
of Chizhova [22]; the content of organic acids was determined by alkali titration (in terms of
malic acid) [10]; sugar content — using the permanganate method [11]; the content of mineral
impurities (ash) — the irrigation of a batch weight [12]; the content of pectin substances —
using calcium pectate [13]; vitamin C content is potentiated by titration of 2,6-
dichlorophenolindophenol [14].
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Differential-thermal analysis of products was performed using a «Paulik-Paulik-Erdey
Q-1500 D derivatograph». The method of differential thermal analysis (DTA) is based on a
comparison of the properties of a test substance sample and a thermally inert substance
accepted as a standard. The recording parameter was the temperature difference measured
when the sample was heated or cooled at a constant rate, which can be represented as a change
in the sample temperature or standard. A change in the temperature of a sample is caused by
physical transitions or chemical reactions associated with changes in enthalpy. These include:
phase transitions, melting, boiling. These transformations are accompanied by absorption or
release of heat. In the genera, phase transitions are accompanied by endothermic effects, and
oxidation and individual decomposition processes — by exothermic effects.

Research equipment

Convective-thermoradiational drying plant. The research of the drying process of
products was carried out on a laboratory convective-thermoradiational drying unit (Figure 1),
which was made in accordance with the Ukrainian patent for invention Ne 112348
«Radiation-convective drying unity.

The drying chamber /, is made of polished aluminum, which has a high coefficient of
thermal radiation reflection and is 0.86, which ensures homogeneous irradiation of raw
materials during drying. Air is supplied to the chamber by means of the fan blades 2, passing
gradually through the external heater 3 and the drying chamber, in which it contacts with the
material, supplying heat to it and at the same time removing moisture from the product. The
semi-finished product is formed into a layer on a special grid-stand in a box-shaped mesh
basket 5, which is mounted on an analytical balance 7 through the hole in the bottom wall of
the drying unit. Thermoradiational irradiation is performed by emitters 4.
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Figure 1. Schematic diagram of a convection-thermal modi-sion drying unit
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With the help of vertical guides /7, it is possible to change and fix the the nodes position
of thermoradiational generators, thus changing the irradiation amount of the samples and the
volume of the working chamber. The design of the sample unit of infrared radiators allows
the use of «light» and «dark» thermo-radiation generators for drying raw materials. The air
heated by the heater is supplied to the drying chamber at a certain speed, the value of which
is controlled by the automatic control unit of the heat carrier speed 9 of the electric fan 2. The
registration unit for reducing the mass of drying material, it is a modified design of analytical
weights 7, which are connected by a bar 6 to the mesh basket 5. Setting the temperature of
the coolant is carried out by the automatic temperature control unit // with a minimum
inaccuracy of 1 . The range of turning on and off heaters characterizes the irradiation time
for semi-finished products. Energy consumption per kilogram of finished products or
evaporated moisture is carried out using a counter /(. Air recirculation in the dryer was
carried out using a gate 8. The change of air relative humidity on entrance and exit of the
drying chamber was recorded using the automatic control unit of relative humidity /3. De-
energize the heater generators can be done with a help of automatic switches /2. The
temperature change in the cross section of the semi-finished product was recorded with a
thermometer with thermocouples /5. Drying was performed in a pulsed heating-cooling
mode. Thermoradiational beams and external convective heating elements provided the
heating. After reaching the maximum set temperature for drying, thermoradiational emitters
and the external heater were switched to the pulse switching mode. The duration of the
impulse and pause correlated as 1: 1, 1: 2, 1: 3, etc. The temperature was recorded by a contact
temperature sensor 16, the signal of which was supplied to turn the generators on or off to
the relay /8.

Derivatograph «Paulik-Paulik-Erdey Q-1500 D». Differential thermal analysis was
performed on a «Paulik-Paulik-Erdey Q-1500 Dy system derivatograph.

The derivatograph (Figure 2) consists of crucible / with a sample, crucible 2 with a
standard, ceramic tube 3, thermowaight 4, differential transformer 5, magnet 6, coil 7.

The device can operate in two modes: simple thermometry mode and differential
thermometry mode. In the first case, one simple thermocouple is used in the work, on which
a crucible with a sample is placed. In the second case, a differential thermocouple is used,
consisting of two simple thermocouples connected by the same poles to each other. On one
of them was a crucible with a sample, on the other — with a reference substance. One of the
shooting modes was chosen using the switch located on the front panel of the device.

On the second balance beam weights placed two devices with which they measured the
loss and rate of weight loss of the sample. The principle of operation of these devices is based
on the phenomenon of magnetic induction.

A differential transformer consisting of three coils arranged vertically on the same axis
was used to measure the mass loss. The transformer is fixed at the instrument case. Inside the
transformer is placed a metal core suspended on the balance arm. This core displaces when
the mass of the test sample changes. When alternating current is supplied to the middle coil
(primary winding of the transformer), an induction current arises in adjacent coils (secondary
winding of the transformer) connected to each other (differentially). With a symmetrical
arrangement of the core along the coils of the secondary winding of the transformer, the total
voltage on them is almost zero (the initial position of the scale). When the core is displaced,
the total voltage changes in proportion to the displacement. Thus, the differential transformer
converts the movement of the weights arm into an electrical signal, which is recorded by a
recording device. The differential transformer is characterized by high sensitivity and
measurement accuracy.
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[ 7

Figure 2. Schematic diagram of the derivatograph

The THG curve is obtained using a device consisting of a permanent magnet and an
induction coil. The induction coil is suspended from the scale and placed in a permanent
magnet field. When the sample mass changes, the coil begins to move in a homogenous
magnetic field. During this movement in the coils occurs induction current, the value of
which is proportional to the rate of mass change.

Signals from thermocouples, a differential transformer and an induction coil were fed
through an amplifier to a computer monitor and we simultaneously received simple (T) and
differential thermal (DTA) analysis curves, a mass loss curve (TG) and a mass loss rate curve
(THG).

Methods for calculating the kinetic parameters of the dehydration process, such as the
activation energy (E) and the preconference factor (ko), are described in [15].

The kinetic equation of the desorption process in differential thermal analysis can be
written as:

d®/dt = -k@®"; k = (-d®/dt)/@" (1)

The degree of coating of biopolymer molecules with water (®) varies from 1 — filling
for the starting material to 0 — all water is dehydrated. The order of reaction (n) — is an integer
from 1 to 3, it is assumed that it is known from the experiment. Constant rate of reaction

k = koexp(-E/RT), )
where R — is the universal gas constant. The value of E approaches a constant, which means
the equivalence of all biopolymer molecule surface hydration centers. Substituting equation
(1) into equation (2) and logarithmically we get

Ink = In[(-d®/dt)/@"] = Inko — E/RT 3)
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Bearing in mind the initial conditions @ = 1, = = 0 and conducting the experiment
at a constant heating rate (p), that is, the linear dependence of the temperature on time

T(t) = To + Bt, @)

the following expressions can be written:
O(t) = S1/So; -d®/dt = Bf>/S, (5)

where Sp and St —are respectively the area on the graph f, under the whole peak and the peak

part from T to oo
(0] (0]
Si= [ fadTiSo=f] fadt ©6)

If all the assumptions inherent in this method are correct and the reaction order n is
chosen correctly, then the dependence of In[(-d®/dt)/@"] on the inverse temperature (equation
3) is linear over the entire temperature range. Having experimental values of f; and f3, using
expressions (5) and (6), we obtain ® and d® / dt parameters of non-isothermal kinetics ko and
E are calculated from equation (3). The advantage of the above procedure is the use of the
entire array of experimental data, including the high-temperature part of the thermogram,
which is especially important in determining order n, determining the reaction mechanism
and the adequacy of the model.

Result and discussion

Investigation of the kinetics of convective-thermoradiation drying products from
apples

On the basis of the data obtained, drying curves were constructed (Figure 3),
characterizing the change in moisture content of W¢ depending of time 1. The Figure shows
that the warm-up period for all samples is minimal, and the rate of moisture removal was
directly proportional to the increase in the concentration of sugar in the products.

Analyzing Figure 3, it can be said that the heating period for all samples of semi-finished
products is minimal (about 2-3 minutes), and then there is a rapid period of moisture removal
(3 a). From Figure 3 b it can be seen that the process of removing moisture in the second
period is long, since the sugar concentration is high and moisture in the intermediate contains
osmotic bonds, which significantly complicates the drying process [19].

Approximating the data of the first and second drying periods, we derived the equation
of the moisture content of W¢ from the drying time t (Table 1).

After drying, samples of finished products for which a physico-chemical analysis was
performed (Table 2) were obtained.
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Figure 3. Drying curves of apples:
a — apples and snack; b — candied fruits

Table 1
Equation of moisture content W¢ (%) from the drying time t (min)
Product 1 period 2 period
Dried apples We=—-22,06t+ 527,45 | W°*=4941,8 ¢-11%7
at R?=0,99 at R°=0,95
Snack We =—17,544t + 452,56 | W*=34182 ¢ 17
at R?=0,99 at R=0,99
Candied fruits | W =-0.213t+ 32,04 We = 55,57 ¢ 026
at R°=1 at R=0,99
Table 2
Physico-chemical analysis for apple products
Indicator Product
Dried apples | Snack | Candied fruits
Dry matter of fresh apples,% 12,0
Dry substances of apples,%. 87 84,5 85,2
Mono- and bi-sugars,%. 61,5 63 76,1
Organic acids,%. 2,4 2,3 1,5
Pectin substances,%. 4.9 4.4 0,8
Dietary fiber,%. 43 43 4,2
Mineral substances,%. 2,7 2,6 0,7
Vitamin C, mg%. 4,6 8,3 6,8
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When processing the drying process data, the energy consumption for all product
samples in kWh in kg of raw materials (Figure 4 a) and in MJ/kg of evaporated moisture
(Figure 4 b) was obtained.
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Figure 4. Electricity consumption per 1 kg of raw materials (4 a) and
1 kg of evaporated moisture (4 b) for apple products:
1 — dried apples; 2 — snack; 3 — candied fruits

In Figure 4, the dependence is observed, the greater the concentration of sugar in the
semi-finished product, the longer it takes to remove moisture from the material.

Study of differential thermal analysis of products from apples

Figure 5, Figure 6 and Figure 7 show tree patterns (time dependences of T, TG, DTG,
and DTA) for the product samples.

When the apples were heated at T; = 108 °C, the mass was lost by Am = 13.0%, which
was accompanied by an endothermic peak on the DTA dependence. This mass loss is due to
evaporation of water. When the temperature increased to T> = 140 °C, destruction began to
occur in the sample (Figure 5).

During heating, in the region T = 108 °C, the mass was lost at Am = 14.5%, which was
accompanied by an endothermic peak at the DTA. With a temperature rise up to T> = 131 °C,
a degradation occurs in the sample (Figure 6).

When the candied fruit was heated in the T; = 109 °C area, there was a loss of mass by
Am = 14.8%. with an endothermic peak on the DTA dependence. As the temperature rises
to To = 125 °C, destruction began to occur in the sample (Figure 7).

The table below shows the samples and the moisture content of the finished samples.
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Figure 5. Derivatogram dried apples «Golden Delicious»:
T — time dependencies of temperature; TG — inward masi apple;
DTA - differential-term analysis; DTG — derivative of the mass loss
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Figure 6. Derivatogram for snack «Golden Delicious»:
T — time dependencies of temperature; TG — inward masi apple;
DTA - differential-term analysis; DTG — derivative of the mass loss
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Figure 7. Derivatogram for candied fruits «Golden Delicious»:
T — time dependencies of temperature; TG — inward masi apple;
DTA - differential-term analysis; DTG — derivative of the mass loss
Table 3

Moisture content of the studied samples

The moisture content Product
of the products Dried apples | Snack | Candied fruits
% 13.0 14.5 14.8

As it was already noted, mass loss by samples is accompanied by the appearance of
endothermic peaks on the temperature dependences of the DTA (Figure 5, 6, 7). The
endothermic peak is associated with the phase transition of the first stem — evaporation. That
is, in the samples during heating there was evaporation of moisture in the region of 110 °C.
An increase in the temperature of evaporation (in comparison with the boiling point of water)
can be explained by the fact that the water in the samples was in the bound state (in the
hydrate shell).

Using the described method, the activation energy (E) and the pre-exponential factor
(ko) were calculated, which are given in Table 4.

Table 4
Activation energy (E) and the preexposure factor (ko) for the samples
Product Dried apples Snack Candied fruits
ko 55 61 70
E kJ/mol 186 203 236

Table 4 shows, that the higher the moisture content in the product, the higher the
activation energy.
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Explanation of the results

Scientists of the world [1] elected a winter variety of apples «Idared» as an experimental
sample, which is distinguished by a large fruit size, a light flesh and an acceptable sweet-sour
taste with a sugar-acid indicator of more than 4.

Based on the results of our own research, «Golden Delicious» apples were selected as
raw materials for the production of apple snack due to excellent performance and low
peroxidase activity.

Pre-processing of «Idared» apples [1] was to clean, cut and immerse the raw material
in 40% glucose syrup at a temperature of 18-22 , but a long osmotic treatment leads to an
increase in the manufacturing cycle of this product, a short-term — less than 15-20 minutes
gives the desired result, that is, does not provide the sweet taste of the product. The
concentration of sugar in these snack is not uniform — in the peripheral zones, its
concentration is higher than in the middle. The process of internal diffusion does not reach
the state of equilibrium or its complete absence in the inner layers. This can significantly
affect the quality of the finished product, because during convective drying at a temperature
of 105-110 , as the authors claim, Mayer reactions can form, which negatively affect both
organoleptics (aroma, taste) and physical-chemistry product (reducing the content of organic
acids and vitamin C). The final moisture content of snake is 6-8%. The low moisture content
in the product gives a specific sound of a crunch when breaking, therefore the authors call
this product chips.

Analyzing the results of research by world scientists, technology was developed taking
into account certain shortcomings. Preparation of apple raw materials is focused on blanching
in 30% sugar syrup with the addition of citric acid in the amount of 0.5-1% and ascorbic acid
0.05-0.1%. To avoid cooking the fruit after blanching, the apple particles are cooled in a
similar syrup with a temperature of 18-20 °C to room temperature. Drying is carried out under
softened conditions at a coolant temperature of 40—60 °C to a product moisture content of
not more than 15%.

The world presents a large part of the scientific work on drying food products by the
convective method [16, 17]; thermoraditional; microwave and temperature effects on the
quality of the finished product; by the sublimation method [2], but together with the
advantages of the methods there is a significant drawback — energy consumption, therefore,
the creation of an energy-efficient method of drying or cheapening of already existing dryers
remains urgent. There are convection units with a heat pump [18], which allow you to save
energy without negative consequences for the dried products. However, it is necessary to
look for new solutions and create progressive dryers.

The developed convectiv-thermoradiation method of drying is energy efficient
compared to convective by 25-30%. At the same time, the final inactivation of enzymes is
provided, it is positively noted on the quality of the finished product, in particular on the
visual appearance, which is one of the main criteria for consumer choice of food products.

The results of research have a scientific novelty and may be of interest for the
industrialization of technology in production. One of the urgent tasks of technologists will
always be improving the quality of the finished product. The obtained samples of dried apples
and candied fruits, made by usage of the combined method of drying, have high organoleptic
and physico-chemical indicators and can be realized in commercial networks: dried apples —
for the production of compotes; candied fruit — for the industrial production of cakes, muffins,
cakes as fillers. Apple snacks are a quick snack without the use of artificial additives, but
enriched with vitamins using ascorbic acid.
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The advantages of the presented studies include the ease of operation of the pilot plant
and the possibility of changing the drying parameters in a wide range: temperature, air
velocity in the chamber, voltage of heating elements, distances from thermal radiation
generators to the product, air recirculation, unit load on the installation, the possibility of
fixing power consumption any moment of research. If necessary, the dryer can be transferred
to one of the drying methods, for example, when candied fruits are blown off, only convection
is used to remove excess moisture after washing the fruit.

The disadvantage of the installation is that it is periodic in action and requires additional
time to load and unload a portion of the product that goes into drying.

The presented studies have a scientific novelty, and pretreatment of apple raw materials
in the manufacture of apple snacks provides high organoleptic characteristics (attractive light
color typical of the raw materials used; rich apple flavor; pleasant sweet-sour taste), physical
and chemical indicators (high content of vitamin C). In the future, these studies will be
continued and focused on the packaging of these products and physical and chemical changes
during storage.

Conclusions

1. Blanching for the production of dried apples was carried out according to the actual
technical instructions, and blanching of raw materials for snack production was in the
recommended sugar syrup, based on previous studies, with concentration of 30%. The
semi-finished product was also cooled in 30% sugar syrup with the addition of citric
and ascorbic acid. Preparation in the production of candied fruit was the manufacture
of jam in three stages with its periodic cooling to ambient temperature, followed by
boiling

2. The process of combined convection-thermoraditional drying is investigated and drying
curves and drying speed curves of dried apples, snack and candied fruits are presented.
Approximation equations are derived for the first and second drying periods for all
products from apple.

3.  Experimentally determined the amount of electricity consumed spent on drying
products from apple — in the production of dried apple costs amounted to 5.9 kW/kg of
raw materials (1.93 MJ/kg of evaporated moisture) in the production of snack — 7.55
kW/kg of raw materials ( 1.99 MJ/kg of evaporated moisture) in the production of
candied fruits — 19.8 kW/kg of raw materials (26.0 MJ/kg of evaporated moisture).

4. A differential thermal analysis of dry product samples has been performed and it has
been established that the energy of water activation in candied fruits is higher by 50—
236 kJ/mol, and in apple snack it is higher by 33—203 kJ/mol, in comparison with dried
apples (186 kJ/mol). It is proved that higher energy of activation of moisture removal
has samples with high moisture content of macro- and microcapsules; the forms of
moisture bonding in the material in each product were identified.
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Introduction. Ukraine industrial enterprises, engaged in deep
processing of walnuts, have a significant export potential. The lack
of methodological bases for the development of innovations by
domestic enterprises reduces this potential.

Materials and methods. An approach of the analysis of value
chain was used, marketing functional and process approaches were
used to. The research uses also: fundamental interviews with
experts, laboratory experimental studies, production and
implementation of the developed innovative products. Developing
of innovative products was conducted on the basis of Quality
Function Deployment methodology.

Results and discussion. The results of our research
demonstrate that Ukraine is involved in the process of
diversification of the world edible oil market and innovations
development. The industry of deep walnut processing provides a
kernel walnut for the confectionery and animal feeding, edible
walnut oil, industrial oil and oilcake, which can be processed into
food products or used to feed livestock on the domestic and foreign
markets. Remains (wastes) from production can be effectively
recycled or used in other industries. In addition, walnut kernels are
also considered to be a product of the edible oil industry. Other by-
products of walnut are being studied. In the development of the
industry of deep walnut processing, as well as in the short term
prospect, the focus is on the confectionery kernel and walnut oil. In
the course of the industry development, innovative by-products will
be developed through exploration and support of the development
of alternative ways of using remains as they arise.

The value of obtained results is the possibility of using the
obtained  theoretical ~and  methodological  conclusions,
recommendations and regulations for agrarian and food processing
enterprises to solve the problem of competitiveness of the enterprise
and its products when exporting in the conditions of high dynamics
of business environment based on the system relations of the
manufacturing enterprise in the industry of deep walnut processing.

Conclusion. The model of the value chain for the processing of
walnuts and the technology of production of new products is
offered.
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Introduction

In a market economy, domestic producers have a goal both to increase their profits and
to achieve an appropriate level of competitiveness in the market [2]. To solve these problems,
the most pressing issues are the scientific definition and development of system approaches
to the marketing of innovative activities of business entities [2, 14]. Such a task is
complicated by the variety and difficulty of fixing the forms and manifestations of behavioral
strategy and tactics in the conditions of the dynamism of the environment [3].

In our previous studies, it has been established that the competitiveness of industrial
enterprises depends, in large part, on the extent to which the target markets are thoroughly
investigated and specific measures to adapt products to the requirements of these markets
have been developed. The methodology of enterprise competitiveness management is
developed based on three key elements, namely, dynamic capabilities, innovation, quality
(“DIQ”), and the dependencies between the characteristics that arise during the process of
deployment of the quality function when designing innovative products are determined. Our
research shows that Ukraine industrial enterprises, engaged in deep processing of walnuts
have a significant export potential in the industry for deep processing of walnuts [5, 8, 11,
16, 20, 22, 24, 26, 28, 30, 32, 34, ]. This is confirmed by the growing demand for products
provided by walnut processing enterprises and the development of raw materials based on
the unique natural conditions in Ukraine [8, 10, 15].

Establishment of constraints in the added value chains for food products based on their
limited availability [1] can significantly improve the competitiveness of enterprises in the
foreign markets [2], especially for transition economies such as Ukraine’s [3]. Restrictions
that are created by the markets can be mitigated or eliminated to a large extent based on the
transformation of elements of the marketing complex of a small manufacturing enterprise
into the parameters of the quality of the desired product and the process parameters [4]. The
methodology [4] also allows setting requirements for equipment and for manufacturing
operations that are included in the operating instructions for each step of the production
process. A promising way to increase the competitiveness of the subjects of the value chain
in the oil and fat industry [5, 6] for deep walnut processing is the certification according to
the European quality standards [7, 8] and ensuring the recycling of waste products for
biofuels [9, 36]. However, domestic agrarian and processing enterprises face a number of
institutional constraints on organic certification [7]. A possible way for overcoming these
constraints is to develop comprehensive and systematic measures to ensure the development
of innovative products and their generalization in the form of typical provisions for domestic
enterprises of the oil and fat industry.

The idea of the development is based on the investigation of the value chain for
innovative functional food products from walnut kernels and to develop system measures in
the activities of enterprises of industry for deep processing of walnuts aimed to increase the
added value of these products and ensure its competitiveness in the foreign markets. The
working hypothesis is that the lack of methodological bases for elaboration of a plan for
innovative management in the conditions of the Ukrainian economy reduces the export
potential of agrarian and processing enterprises of the industry for deep processing of
walnuts. It is expected that the development of methodological base will increase the
efficiency of enterprises in industry for deep processing of walnuts.
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Materials and methods
Applied methods and theoretical approaches

The research uses such principal methodologies as fundamental interviews with experts,
problem-oriented group discussions, critical literature review, results of laboratory
experimental studies, results of production and implementation of research and small batches
of the developed innovative products. The development of innovations in the industry for
deep processing of walnuts was carried out on the basis of marketing [2, 12, 14], functional
[1,3,17,21,23,27,31, 33] and process approaches [6, 35, 37, 19, 25, 29]. To get a complete
view of the stages of product flow from the raw material base to production and to the final
consumer, an approach to the analysis of the value chain was used [16, 24, 26, 32, 34].
Economic and mathematical methods [3, 18, 28] and the theory of constraints [1] have been
used for the development of provisions of new products. Also, developing of innovative
products was conducted on the basis of Quality Function Deployment methodology [4]. For
the formulation of certain theoretical positions in the process of fulfilling the set scientific
tasks, there were used general scientific methods such as scientific abstraction;
morphological analysis, generalization, analysis of hierarchies.

Structure of research

This paper considers the following problem issues:

1. Research of the current state and trends of the vegetable oil market in Ukraine and in the
world in the following directions: research of the global production of vegetable oils;
study of the global consumption of vegetable oils; study of the features of the international
vegetable oil market; research of market of high-oleic oils and oilseed crops; study of the
features of the investment activity and activities of producers of vegetable oils;

2. Investigation of the value chain in the production of innovative products of the industry
for deep processing of walnuts in the following areas: the study of the value chain in the
oil and fat industry; determination of the value chain in the industry for deep walnut
processing; support of commercialization of new types of edible oils; competitiveness of
the value chain in the international business; penetration into the global agribusiness value
chain;

3. Investigation of the competitiveness of the enterprise of deep processing of walnuts in the
following areas: the concept of the enterprise competitiveness; methodology of enterprise
competitiveness management; methodological approach to innovation development in the
industry for deep processing of walnuts; development of the marketing strategy for
managing enterprise’s innovative activity in the industry for deep processing of walnuts;
design of functional food products made from walnuts;

4. Development of innovative functional food products made of walnut based on the
marketing design.

Results and discussion

Research of the current state and trends of the development of vegetable oil market

The global vegetable oil market is expected to exceed 200 million tons by 2020 due to
the growing popularity of healthy, organic and unrefined vegetable oils, which is supported
by high demand for vegetable oil worldwide (Figure 1) [10, 11].

From the point of view of consuming as a food product, vegetable oils are considered to
be a healthier alternative than animal fats [8, 17], since they contain more unsaturated fatty
acids [23, 29, 31, 33]. In particular, walnut oil is widely used in cooking, medicine, cosmetics
and other industries [5, 15, 17, 21, 27, 31].
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Figure 1. Dynamics of the global consumption of palm, soybean, rapeseed and sunflower oils, min
tons

Vegetable oils are oils or fats obtained from the plant. Their texture can be characterized
as liquid and greasy. Most vegetable oils can be used in two ways: they can be used as cooking
oil or for the production of fuels and diesel [7]. The most common types of oils include palm
oil, soybean oil, rapeseed oil and sunflower oil. Palm oil is obtained from pulp of palm fruits,
which are mainly found in the tropical belt of Africa, South America and Southeast Asia. It is
estimated that about 90% of palm oil is used for food intake, while industrial consumption,
such as cosmetic or fuel and diesel, covers the last 10% [10]. Palm oil is an industrial product
with a total annual sale of approximately $50 billion. Industrial raw materials used in the
production of food and confectionery products, in the cosmetics industry, for production of
detergents and biofuels are also an important food product in most developing countries [11].

However, the strong growth of palm oil production creates some serious problems in the
strategic perspective [13, 15, 17].

In the early 2000s, trends in the destruction of rainforests of the planet reached a critical
point with the accompanying increase in greenhouse gas emissions and loss of biodiversity. It
became a burden for many markets, and large multinational companies that use palm oil faced
various forms of protest, including consumer boycotts [10].

Significant consumption of palm oil leads to the problems with human health [6, 17]. Palm
oil has a relatively high content of saturated fats. In the research of 2003, the World Health
Organization provided compelling evidence that high levels of palmatic acid increase the risk
of developing cardiovascular diseases. In the countries where fat reserves in the body are low
and the amount of saturated fat from animal sources is limited, this risk is more moderate.
However, with the development of the economy, the habits are changing and the dietary
benefits of consumers, regarding the consumption of products rich in palm oil, may disappear
[7]. According to the US Academy of Sciences, the content of trans-fats in palm oil based food
products is not significant and does not have any known effects on human health, but it is still
highly correlated with the risk of coronary heart disease [17].
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Development of the walnut raw material base and its processing into innovative
functional food products with increased added value that will be able to compete in the world
market is one of the main ways of solving the above-mentioned problems [16, 20, 22].

The statistics from various sources show that Ukraine holds a strong position among the
world's 10 largest exporters of walnuts (Figure 2) [10, 11].

China Others
4% 9%

USA
43%

Mexico
11% Ukraine
13%

Figure 2. World walnut exports in 2014, shelled/metric tons

The world market for vegetable oil from walnut fruits is growing due to its wide range of
applications [10]. Despite the fact that the world walnut market is rather specific, since
production continues to be extensive and the area of land that is potentially suitable for walnut
growing is very limited: walnuts usually occupy the area from 6 to 14% of the entire planet.
Ukraine is lucky to be in this statistic. At the same time, walnuts do not require complicate
care; the tree begins to bear fruits within 4-7 years after planting and can preserve this ability
for centuries [11]. Therefore, the production of walnuts and walnut oil is very beneficial and
does not cost much. According to experts, cultivation of one ton of walnuts is much cheaper
than obtaining the same amount of wheat or grapes.

Data on the import and export shows that Ukraine is a net exporter of oilseeds and oils,
refined edible oils, various wastes and other products (Table 1) [10, 11].

Table 1
Structure of the global oil exports by major exporting countries as of April 2017-2018 MY
Type of oil in the Ukraine's rating in the Share of Ukraine's oil exports
structure of the global structure of the global in the structure of global
exports exports exports,%
Export of soybean oil 7 1.5
Export of rapeseed oil 8 1.3
Export of sunflower oil 1 54.4
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Therefore, these data justify that Ukraine will be involved in the process of diversification of
the world oil and fat market and innovations development.

The supply of raw materials is only the beginning for any innovation [12]. Sale of raw
materials in the world market cannot be a long-term effective solution under the lack of proper
attention and investments as well as the appropriate environment [13, 14, 28].

Industry analysis

An industry can be defined either by raw materials processed by its enterprises or the end
product/service intended for a particular market [5, 34]. In a broad sense, the industry includes all
enterprises that are contractually bound to supply a particular set of products or services to the end
users [6, 26]. The industry includes producers, processors, suppliers of raw materials and
materials, exporters, retailers, etc. These entities form separate specific value chains [7, 24, 26, ].
For this study and achievement of the program objectives, the value chain is defined as “a value
chain of the industry of deep processing of walnuts for specific market”, which primarily refers
the EU market [13].

According to the definition, the industry produces a walnut kernel for the confectionery and
animal feeding, edible walnut oil, industrial oil and oilcake, which can be processed into food
products or used for feeding livestock in the domestic and foreign markets [3]. In addition, walnut
fruits are also considered to be a product of the industry [5]. Other by-products of walnuts are
being explored. In the development of the industry as well as in the short term prospect, the focus
is made on the confectionery kernel and walnut oil. In the course of the industry development,
innovative by-products will be created by studying and supporting the development of alternative
ways of using by-products as they arise [15, 35, 37].

The system for value chain management of the production in the oil and fat industry for deep
walnut processing shown in Fig. 1 contains key elements that are represented by the main entities:
producers of raw materials, i.e. farmers, gardeners (1); trading enterprises engaged in the purchase
and sale of raw materials. i.e. a wholesaler / wholesale buyer (2); the main processors that perform
primary processing of raw materials (peeling, sorting), i.e. processors (3); processors raw materials
that produce crude oil (16) and walnut oilcake (17) from walnut fruits (secondary processing), i.e.
oil producer (4); after the primary and secondary processing of the walnut fruits, the waste/residues
(5) and a walnut shell (6), which are the input raw materials for biofuel producers, paint and varnish
industry, cosmetics industry are created (7); crude walnut oil (16) serves as an input raw material
for the production of finished products in the form of oil in bottles / ingredients (11) both by
producers of crude oils (4) and processors that conduct refining, blending, flavoring (8) of walnut
products; walnut oil cake (17) is a feedstock for walnut flour producers (9) and producers of
livestock feeds (10); walnut flour is input raw material for confectionery industry (12) producing
bakery products (13) and candies, and other products (14); all products of the industry for deep
walnut processing are the input product for distribution (15).

Analysis of the subjects of the value chain in the industry for deep walnut processing and the
functions performed by them should consider primary and secondary subjects and their respective
roles. The main subjects are those who are engaged in the principal production activities in the value
chain (supply, production, processing and sale of products) [26]. Secondary subjects are involved
in the main activities of the value chain not directly — indirectly, but their actions affect the activities
of the main subjects of the value chain [34]. Secondary entities offer support and provide services
in the value chain. Some of the secondary subjects are policy and regulatory support agencies,
financial support institutions and providers of business support services [13]. Further research
should be specified in accordance with these two categories of subjects of the value chain.
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Figure 3. Cartographic model of the value chain for production in the oil and fat industry for
deep walnut processing

Competitiveness of enterprises of the oil and fat industry

The current state of development of competition theories is characterized by a variety of
subjects of analysis, which are the principles of activity in a competitive environment [12].
The actual difference between them is reduced to the difference in the number of variables
that they cover and their predictive capacity for individual situations [13]. In addition,
sectoral features are important factors of the competitiveness of enterprises [14].

Generalization of approaches to the definition of competitiveness [2, 12, 14, 22] has
allowed to propose an author's approach to the defining the competitiveness of a
manufacturing enterprise as a set of its capabilities and ability to produce products that are
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can satisfy current social needs and abilities that lead the enterprise to a state in which its
market and financial stability is provided by means of specific competitive advantages.

Figure 4 shows a non-waste competitive technology for production of innovative
functional food products from walnuts, which provides comprehensive use of raw materials,
processing of nut into oil and oilcake, processing of remains [15] into biofuels [9, 11],
selection of the obtained products and their distribution depending on the values of qualitative
indicators between such application areas as confectionery industry, livestock and poultry
feeding, baking industry, spice production, biofuel production, paint and varnish industry,
cosmetic industry [5, 22].

7 16
1 Raw material WA?:EE ot 12 Sifting — Shell, other remains
(quality)
l |
2 Drying A
Feed production Oilcake grinding
8 into flour
\ 13
Pressing with , | |
filtration 9 Y =
; 14
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Figure 4. Non-waste competitive technology for production of innovative functional food
products from walnuts

The proposed technology is implemented in the following way: raw materials and
information on its qualitative characteristics serve as input resources (1); raw materials are
connected with the elements of the system from its preparation to the technological process
of processing — equipment for drying, operator, change in quality indicators (2); (3) — a
complex of equipment and procedures for the processing of raw materials into oil (4) and
oilcake (7); oil (4) serves as an input for the operation of the complex for settling (5), filtering
and freezing (6); the output of these elements of the system is pure oil, information on its
quality indices (10) and remains (11); walnut oil cake (7) is an input resource for the operation
of the feed production complex (8) and sifting (12), grinding (13), separation of fractions
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(14); the input resources for the complex operation on fraction separation (14) are the shell
and other remains (16,17) and the confectionery walnut flour (15); the final elements of the
system are complexes for the production of confectionery, spices and other food products (9)
and production of biofuels, paint and varnish industry, cosmetic products (18).

Thus, the proposed technology involves a non-waste production cycle and it can become
the basis for diversification of production, differentiation of markets and ensuring a number
of unique competitive advantages for manufacturing enterprises, as well as the involvement
of agricultural enterprises of the oil and fat industry in agro-industrial and agro-food chains
of various levels.

Application of measures of innovative products creation

The scientific and technical levels of the developments correspond new developments in
Ukraine in terms of equipment and the best world analogues in terms of products [15, 17, 19,
23,27, 33, 35, 37]. The developed equipment and products have undergone the examination
by the State Sanitary and Epidemiological Service of the Ministry of Health of Ukraine.

When designing innovative functional food products, the methodology of deployment of
the quality function [4] supplemented by the authors’ methodological developments has been
used. There were two groups of experts that conducted evaluation of different characteristics
of products and production process. The results of experts examining were statistically
approved by using Kendall's coefficient of concordance and Pearson's coefficient of
correlation. The results of designing are as follows:

— list of characteristics of the elements of the process of production of projected products
in connection to consumers wants and complex of marketing of enterprise. This
characteristics meet the requirements of a gradual process of Quality Function
Deployment in next pair-order: customers’ needs and wants — complex of enterprise
marketing, customers’ needs and wants — product characteristics, product characteristics
— components characteristics, components characteristics — process characteristics,
process characteristics — production characteristics;

— weighting coefficient for implementing Quality Function Deployment (QFD) of the
product range of TM “Food of Heroes”, Private Joint-Stock Company “Vinnytsia Pasta
Factory”, Private Joint-Stock Company “Vinnytsia Food Factory”. Given coefficients
were used to compare competitiveness of developed products with existed analogues
(Walnut oil M. Graham & Co. Oil Color. United States of America; La Tourangelle
artisan oil. United States of America. Virgin organic walnut oil. France, ets.) [21, 23]. In
addition, the current product specification is adopted as an analogue. CAS 8024-09-7 of
the Chemical Abstracts Service (American Chemical Society) for the Juglans regia | food
product. seed oil Class: Oils: Vegetable Oil and Fish Oil (Marine);

— houses of quality built in the process of designing consumer innovative functional food
products from walnuts. On the basis of given results there are changes made to adopt the
assortment of products to customers wants and to develop corresponding marketing
complex.

Conclusion

1. Theresults of the research meet the goals of Ukraine's sustainable development presented
on September 15,2017 by the Government of Ukraine in the National Report “Objectives
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of Sustainable Development: Ukraine”, which defines the basic indicators for
achievement (OSD).

. The practical value of the results of the research and developments is the possibility of
using the obtained theoretical and methodological conclusions, recommendations and
regulations on the creation of innovative functional food products from walnut fruits for
agrarian and food processing enterprises to solve the problem of competitiveness of the
enterprise and its products when exporting on the basis of the compliance of production
with the modern standards and norms on the global market in conditions of high dynamics
of the business environment taking into account system links of the manufacturing
enterprise.

. The developed model of the value chain for production in the oil and fat industry for deep
walnut processing can be used for creation of innovative products with their own partial
value management systems by studying and supporting the development of alternative
ways to use by-products as they arise.

. The developed non-waste competitive technology for production of innovative functional
food products from walnuts can be used for the creation of innovative products in the
industry of deep processing of walnuts. It has a non-waste cycle of combination of
elements and is the basis for diversification of production, differentiation of markets and
creation of a number of unique competitive advantages for production enterprises of the
agro-food chain, as well as the involvement of domestic agricultural enterprises of the
industry of deep processing of walnuts in global agro-industrial and agro-food chains.

. The obtained results of marketing products modeling can be used for connecting different
properties of new products and marketing complex of enterprise with characteristics of
production plant.
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Introduction. The paper aims to analyse the situation in
Lithuanian carrot market and focus on the changes of
agricultural production, structure of foreign trade, and vertical
price transmission along the supply chain over the period of
2011-2017.

Materials and methods. Methods of comparative and
graphical analysis of the main indicators of carrot production
and foreign trade development rely on the secondary data of
Statistics Lithuania. The research on the vertical price
transmission along the supply chain of domestic carrots relies
on price series collected by SE ‘Agricultural Information and
Rural Business Centre’ and employs unit root tests,
cointegration, causality and asymmetry tests.

Results and discussion. The conducted research
evidences that over the analysed seven years carrot production
in Lithuania has shrank. Harvested area dropped from 2,400 to
1,800 ha, while the harvest reduced by more than 1/3. The key
driving forces behind the negative development trends were
prolonged unfavourable weather conditions and the Russian
import ban of 2014. The transformation of the export structure
took place during the unsuccessful harvesting years and
contributed to the worsening of farmers’ welfare.

The analysis of the farm-retail prices shows that the
examined series are integrated of I(1). Thus, we found a
significant structural break in April 2015, which has been
included as a dummy variable in the cointegration approaches.
The Engle-Granger cointegration test confirms the presence of
the long-run relationship between the analysed price series.
The Granger causality test shows that the causality is running
from retail to farm prices. Finally, there is a strong evidence of
symmetric price behaviour, i.e. positive and negative shocks
are transmitted from retailers to farmers with the same
intensity.

Conclusions. The study shows that the prolonged
unfavourable weather conditions and the Russian import ban
were among the main contributors determining price
fluctuations on the Lithuanian carrot market in 2011-2017.
The analysis of vertical price transmission of domestic carrots
indicates that retailers may experience some market power.
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Introduction

In Lithuanian agriculture carrots remain an important vegetable, which has demand on
domestic and foreign markets. Although over the last seven years carrots have represented
almost the same share in the total harvested area of Lithuanian vegetables (in 2011 accounted
for 16.44%, in 2017-15.65% [30]), the changes in carrot production were more dramatic than
the alteration of average indicators of the EU agriculture and witnessed the shrinking of the
domestic production.

This research investigates carrot price as one of the factors which could contribute to
market inefficiencies and encourage farmers to leave carrot production if they believe that
their welfare is violated. Such behaviour is explained by cobweb theory arguing that
production depends on the price during the previous period [28]. The paper also contributes
to the academic literature which states that a traditional markup concept often does not
explain price behaviour in the market, because we often observe the lagged or incomplete
price transmission among the supply chain [16]. Conclusions on asymmetric price behaviour
in the supply chains of agricultural commodities are common. The divergence from the
markup concept to some extent could be explained by the theoretical model [11] investigating
the changes in state-of-the-art of consumers’ demand, marketing services or farm supply.
However, it is argued that empirical research enrich our knowledge about price asymmetry
[2], while most of the current theoretical models face limitations and cannot explain price
behaviour properly.

According to previous academic studies, the dissonance with the markup concept could
be explained by different factors affecting vertical or spatial price transmission and market
efficiency. Some of these factors are commodity- or country-specific, while another could be
used as an explanatory variable for a wider phenomenon. The main factors which influence
price behaviour on the market of agricultural commodities are level of perishability [2, 4, 21,
22, 25, 27], market power and concentration related indicators [2, 4, 20, 21, 24, 25, 29],
selected risk-management and pricing strategies [19, 20], imperfect information [20, 21, 24,
27] and search costs [4], adjustment or menu costs [4, 21, 24, 25], the shortage of stored
commodities or speculation by the shortage [14, 18, 20, 24], the expectation of price change
[2, 12], outbreaks of diseases related to agricultural production [22], trade restrictions [22,
25], interventions of policy makers [2, 24], annual and long-term climate changes [14, 22,
29], seasonality [4, 29], the shortage of water resources [14], structural and economic crises
[22], the presence of competitive proposals, including the substitution by imported products
[20], and etc. The complexity of the phenomenon confirms the statement that each case of
the price transmission in the supply chain is unique as the country of origin, industry, and the
selected for the analysis time period make difference [2].

This statement is supported by many studies with contradicting results for different
countries and supply chains. It should be noted that carrots as an object of price transmission
research were selected only in a few studies [4, 6, 12, 15, 17, 24, 27], while the problems of
vertical price transmission in the vegetable sector generated an impressively high number of
publications (reviews on such studies are provided in [1, 3, 23, 24, 26]). The aforementioned
studies on carrot price transmission investigate cases of the USA [6, 15, 27], Italy [24], the
United Kingdom [17], Austria [17], Germany [12, 17], Ireland [17], and Hungary [4]. Most
of the mentioned papers analyse the short- and long-term relationships between prices along
the supply chain of carrots. These studies differ by number of stakeholders in the supply
chain and employ various data frequency. Findings confirm both the asymmetric and
symmetric price transmission along the supply chain of carrots, but the cases of the
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symmetric transmission are more often. The price leading supply chain stakeholders also
differ.

However, three of the aforementioned studies select less common research directions.
Two papers investigate the differences in behaviour of organic and conventional carrot prices
in the USA and find the evidence of symmetric [15] and asymmetric behaviour [6]. These
studies also show the different adjustment to the long-run equilibrium. Another paper
estimates the impact of Euro introduction on vertical price transmission of carrots and
concludes that there is no evidence of significant impact on changes of retail prices [12].

The paper aims to analyse the situation in the Lithuanian carrot market and focuses on
the changes of agricultural production, structure of foreign trade, and vertical price
transmission along the supply chain over the period of 2011-2017. The research contributes
to the scientific discourse on vertical price transmission adding the case of Lithuanian
domestic carrot supply chain, which has not attracted an in-depth analysis until now.

Materials and methods

In order to achieve the aim, the paper combines two subtasks and applies different
research methods. The first subtask analyses the changes of domestic carrot production and
the structure of foreign trade. The comparative and graphical analysis of the secondary data
collected by Statistics Lithuania is conducted. The analysis identifies the most important
aftermaths of these changes for the period from 2011 to 2017 and discusses the development
of carrot price.

The second subtask investigates the vertical price transmission along the supply chain of
carrots of Lithuanian origin on domestic market during the period from 2011 to 2017. This
subtask relies on the prices derived from the secondary data collected by the SE ‘Agricultural
Information and Rural Business Centre’. The farm price is calculated as the average of
minimum and maximum price of carrots on farms. The retail price shows the average price
of seven Lithuanian counties for not prepacked carrots in the main network supermarkets.
The weekly data is aggregated into monthly frequency using average values.

Monthly prices in Figure 1 demonstrate that both farm and retail prices experience
twofold impact of seasonal changes. First, the early start of the harvesting season is
characterized by the sharp increase in price level, while the nearing to the end of the season
shows the decrease of prices. Second, the introduced price series advise of a remarkable
success solving the problem of domestic carrot availability for the consumer throughout the
year. An uninterrupted supply of domestic carrots at the retail level became available only
after 2013. However, during the analysed period farm price series have repetitive gaps as the
selling of the last year harvest on farm is done earlier than the early season carrots appear on
the shelves of supermarkets.

The review of the literature on vertical price transmission in vegetable sector allowed to
select econometric tests for the analysis of relationships between farm and retail prices. Thus,
the judgement about the efficiency of the domestic supply chain and the functioning of carrot
market could be done. First, the analysed price series are tested for the stationarity in order
to select the appropriate research methods. The augmented Dickey-Fuller (ADF) test [7] is
run to classify the price series as stationary or non-stationary.
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Figure 1. Average carrot prices: retail and farm levels
Source: own calculations on the basis of the data collected by SE ‘Agricultural Information and Rural
Business Centre’

The long-run relationship between two tested variables can be affected by the presence
of structural breaks in the data. These possible breaks can be a result of economic regime or
a change in the factors (support system or taxation, population, etc.) that determine and affect
the tested series. Hence, if structural breaks are not taken into account when investigating the
existence of a long-run relationship, there is a possibility that linear methods may fail to
confirm the relationship when in fact it does exist.

Second, the short-run and long-run relationships between farm and retail price series are
investigated. The nature of the long-run relationship is investigated applying two-step Engle-
Granger cointegration technique [8], because time series are integrated of order one. This
approach is based on the idea that if there is a cointegration between the variables, the
residuals obtained from ordinary least squares equations have to be stationary. So, in order
to test for the long-run relationship between retail and farm prices, we are testing the
stationarity of residuals with the help of ADF.

The Granger causality test [13] reports about the short-run relations and characterizes the
direction of the farm and retail price causality along the vertical supply chain of carrots and
the nature of this feedback. The Granger causality tests if one price series of carrots can be
predicted by historical data of another supply chain level’s price series better than by carrot
prices data in the past. The Granger causality test investigates two null hypotheses (Hp): 1)
‘Carrot retail price does not Granger cause carrot farm price’; 2) ‘Carrot farm price does not
Granger cause carrot retail price’. The estimation of these two Hj will assist in setting the
direction of causality and identifying the price leading stakeholder along the carrot supply
chain.

The aforementioned tests have assumed that there is linearity and symmetry within the
long-run relationship. However, the previous research on price transmission in carrot sector
confirms that asymmetric price behaviour is often. Therefore, a momentum Threshold
Autoregressive model [9, 10] is applied in order to ensure that asymmetries within the
transmission of prices have been accounted for. The first step tests the price series for the
cointegration. If cointegration is found, the next step tests for asymmetry within the
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relationship. This will identify if the price series reacts differently to an increase or decrease
from the long run equilibrium or if the price behaviour is symmetric.

Results and discussion
Production

In 2016, carrots were on the top three list of the most important vegetables in the
European Union (EU) [31]. Over the past seven years the EU carrot production has not
demonstrated significant changes in cultivated area and harvested production. According to
Eurostat [31], the main carrot producing countries were Poland (14.71%), the United
Kingdom (12.96%), and Germany (11.48%), while the highest shares of cultivated area were
in Poland (19.17%), France (10.87%), and Italy (9.88%). In 2016, Lithuania produced 0.77%
of the EU carrots and the cultivated area accounted for 1.56% of the land related to the EU
carrot production.

The carrot is one of the most popular vegetables grown in open fields of Lithuania. The
largest share of carrots is harvested on farmer and family farms (Table 1). In 2017, the harvest
of carrots on farmer and family farms accounted for 95.23% of the total harvest on all farms
compared to 93.33% in 2011 [30]. Although the structure of stakeholders involved in carrot
production remains stable, the changes of the main indicators of carrot production are visible.

In 2017, the harvested area was 1,800 ha and this indicator demonstrated a decrease by
25.00% compared to 2011 [30]. According to Statistics Lithuania, the average yield on farmer
and family farms is lower than at agricultural companies and enterprises. During the analysed
period, the minimum and maximum average yields fluctuated from 22.69 to 33.17 tonnes per
ha [30]. However, starting from the year 2015 the average yields were extremely low and
reached the bottom in 2017.

Table 1
Main indicators of the Lithuanian carrot production
Harvest, Average yield, Harvested area,
thou tonnes tonnes per ha thou ha
Farmer and Farmer and Farmer and
family | All farms art All farms . All farms
farms family farms family farms
2011 65.80 70.50 28.26 29.32 2.30 2.40
2012 65.30 67.80 32.14 32.31 2.00 2.10
2013 54.40 57.50 25.87 25.99 2.10 2.20
2014 64.90 68.10 32.74 33.17 2.00 2.10
2015 39.30 43.80 22.27 23.57 1.80 1.90
2016 46.20 49.30 22.64 23.10 2.00 2.10
2017 39.90 41.90 22.15 22.69 1.80 1.80
2017
compz“orfjl With 60 64 59.43 78.38 77.39 78.26 75.00
(2011=100%)

Source: Statistics Lithuania [30], own calculations.
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Table 1 demonstrates that Lithuanian farmers have faced significant difficulties over the
analysed period and the number of low harvest years dominates over the successful years.
The first challenging year was 2013. After the cold, rainy spring and dry summer the average
yield accounted for 80.44% of the level of 2012. The late start of the harvesting season in
many EU countries and the early shortage of the previous year harvest at Lithuanian storage
houses contributed to the sharp growth of both retail and farm prices (Figure 1). However,
the most challenging for farmers was the unfavourable weather period starting from 2015.
The decreased carrot supply on domestic market and the growth of prices for the imported
carrots determined a spike of carrot price in 2015. Although policy targeted to control the
most important prices after the introduction of Euro in January 2015, the change of currency
resulted in the growth of input prices and had an impact on farmers’ welfare during the low
harvest period. In 2016 and 2017, farm prices were not beneficial for the long-standing low
harvest situation in carrot production.

It should be noted that the shrinking production of vegetables in Lithuanian agriculture
was a talking-point during the national planning of the direct payment model for the period
of 2014-2020. As a result, Lithuania identified this niche as experiencing difficulties and
included the voluntary support, coupled to production, into the model of direct payments
starting from the year 2015. The payment for field vegetables amounted to 324.2 EUR/ha? in
2015, 310.9 EUR/ha? in 2016, and 381.8 EUR/ha” in 2017.

During the analysed period, additional policy interventions were made to support
communication and sales at vegetable market, promote consumption of vegetables at pre-
school institutions and primary classes. The stabilization of supply and price on the carrot
market after the Russian ban was ensured introducing support for market withdrawals and
harvesting measures. This type of support remained relevant for carrot producers even in
2017. However, the changes of the harvested area for the period 2015-2017 show that
unfavourable weather conditions and reduced margins were more important arguments than
policy interventions.

Foreign trade

Another important driving force encouraging or discouraging to develop carrot
production could be the situation on the market, i. e. both export/import situation and market
efficiency problems in the domestic supply chain. The comparisons of import, re-export, and
export indicators during the period of 2011-2017 evidence the important changes of the
foreign trade situation (Figure 2). The analysis of the foreign trade situation is conducted
using the aggregated indicator of carrots and turnips (CN code: 07061000). It is important to
note that the production of turnips is not significant and the aggregated indicator could be
used to monitor changes on the carrot market.

The impressive decrease of import from 2016 is explained by a significant decline of re-
export to Russia and Belarus. To be more specific, the drastic changes in the structure of
export and import were aftermaths of the response to the EU sanctions over the Ukraine crisis.
In August 2014, Russia imposed an import ban on a list of agricultural commodities of the
EU origin, and trade restrictions included the vegetable sector. As a result, during the
analysed period, export and re-export of carrots and turnips reduced twice, and Lithuanian
producers of carrots switched the trade from third countries to the EU market (Table 2).
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Figure 2. Developments of export, re-export, and import of carrots and turnips in 2011-2017
Source: Statistics Lithuania [32], own calculations.

During the analysed period, the share of third countries in the structure of export dropped
from 92.10 to 7.77%. The structure of Lithuanian carrot export became more diversified, and
the Baltic countries occupied the position of main trading partners. Although the decrease of
the total amount of exported carrots and turnips was dramatic, the amount of the exported
domestic carrots and turnips had increased and was slightly higher than the level of 2011.

However, the comparison of the annual indicator of value per tonne over the period of
20112017 shows that access to the market of third countries allowed to ensure higher and
more stable indicator for domestic carrots and turnips until the period of import ban (Figure
2). The changes in the structure of foreign trade reduced the annual indicator of value per
tonne and had an impact on farmers’ welfare.

Domestic supply chain

Resuming the results for the period of 2011-2017, the development of carrot production
in Lithuania was heavily dependent on weather conditions and trade restrictions. However,
market inefficiency issues related to price changes along the supply chain of carrots could be
an important contributor to the shrinking of domestic carrot production too. In order to
identify market development problems the nature of the long-run and short-run relations
between farm and retail prices of carrots is investigated.

First, the unit root test is conducted. The results of ADF test at level show that for both
farm and retail prices absolute values of #-statistic is lower than critical values at 5.00%
significance level (Table 3). Thus, the H, that data series contain a unit root cannot be
rejected. However, ADF tests at first differences show that the H, could be rejected.
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Table 2
Structure of carrot and turnip export in 2011-2017
Total amount
o of exported
Year Export structure by country (%) carrots and
turnips, tonnes

RU*(51.18), LV*(4.95), BY*(0.82), EE*(0.15), PL*(0.09),

2011 | DK*(0.00). 13,002.80
RU(39.15), LV(2.70), BY(0.95), GB(0.01), DK(0.00)
RU*(30.11), LV*(4.83), EE*(0.54), BY*(0.35), BG%*(0.19),

2012 | NL*(0.14), PL*(0.03), GB*(0.00). 15,430.13
RU(59.59), LV(4.07), BY(0.13), GB(0.02), IE(0.00).
RU*(40.20), LV*(6.28), BY*(2.38), EE*(0.44), NL*(0.29),

2013 | GB*(0.13), PL*(0.11). 19,269.66
RU(43.54), LV(6.36), BY(0.25), GB(0.02), IE(0.00), FR(0.00).
RU*(28.50), BY*(21.04), LV*(1.81), EE*(0.95), KZ*(0.07),

2014 | NL*(0.05), MN*(0.01), AF*(0.01), GB*(0.00). 12,973.89
RU(33.94), LV(11.41), BY(2.07), KZ(0.10), GB(0.04), IE(0.00).
BY*(59.13), RU*(5.59), LV*(3.34), PL*(0.20), EE*(0.64),
NL*(0.45), KZ*(0.01), GB*(0.00), IT*(0.00).

2015 | 1 v(17.14), BY(5.98), PT(2.77). CZ(2.49), EE(1.12), NL(1.11), 14,144.94
GB(0.03).
GB*(4.22), BY*(2.83), LV*(2.56), RU*(0.55), EE*(0.24),

s016 | KZ*(0.02), IT*(0.02), PL¥(0.01), ES*(0.00). 6.250.17
LV(66.87), EE(14.54), BY(5.55), NL(2.27), GB(0.14), PL(0.09), o7
KZ(0.04), DK(0.01), AF(0.04), BG(0.00).
BY*(6.38), LV*(3.55), EE*(0.38), PL*(0.13), IT*(0.06), RU*(0.03),

2017 | GB7(0-00). 6,290.05
LV(62.58), EE(24.35), BY(1.34), NL(0.67), GB(0.49), KZ(0.02), it
DK(0.02), PL(0.00), FI(0.00)

The asterisk refers to re-export of carrots and turnips. Bold font signifies export of
carrots and turnips to third countries. ISO standard is applied to code countries.
Source: own calculations on the basis of the data collected by Statistics Lithuania [32].

Table 3
ADF unit root test results for the retail and farm carrot prices
Test critical value .
Variables ADF £- at 5.00% MacKinnon (1996)
statistic s e one-sided p-values
significance level
Farm price (0) 0.09 -1.95 0.71
Retail price (2) -1.05 -1.95 0.26
D (Retail price (1))* -5.13 -1.95 0.00
D (Farm price (1))* -3.97 -3.47 0.01
Unit root with single break
ADF Test critical value | Vogelsang (1993)
Variables Break date . at 1.00% asymptotic one-sided
t-statistic .
significance level p-values
D (Farm price (0))* 2012MO05 -6.60 -4.95 <0.01
D (Retail price (1))* | 2015M04 -5.96 -4.95 <0.01

The lag length (based on Schwarz Information Criterion, maxlag = 11) for the price series is
provided in parentheses. * means that Hy can be rejected. [Source: own calculations].
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The similar results of price stationarity at first difference were found for carrots on
markets in the USA [6, 15], while in the United Kingdom [17], Germany [17], and Hungary
[3] price series were stationary. The study of Austrian market showed that producer prices
were stationary, but retail prices were stationary only at first difference.

The ADF test with single break shows that in case of both farm and retail prices at first
difference the break dates, significant at 1.00% level, could be identified. Farm price series
show break date in May 2012, while the break in retail prices is dated by April 2015. The
latter break could be related to the aftermaths of the Russian ban and changes in export
structure as this market closed alternative routings gradually. The situation also could be
explained by the introduction of Euro as the German study of structural breaks in retail price
series of carrots and cucumbers witnesses the similar behaviour [12].

Engle-Granger two-steps technique for price series including breaks in 2012 and 2015 is
conducted in order to identify the nature of the long-run relations between prices. However,
the coefficient for 2012 break is not significant. The results of Engle-Granger test with the
single break in 2015 are provided in Table 4. The first step shows that derived coefficients
are significant at 1.00% level.

Table 4
Results of the Engle-Granger technique (1st step)

Coefficient t-statistic Std. Error Prob.
Retail price 0.71 12.20 0.06 0.00
D2015 0.19 4.43 0.04 0.00
Constant -1.17 -20.99 0.06 0.00
R-squared 0.67 | Durbin-Watson 0.65
Adjusted R-squared 0.66 | F-statistic 75.76

Source: own calculations.

The testing of the residuals for the presence of a unit root is the second step of the Engle-
Granger unit root test. The results report that we can reject the Hy that there is a unit root for
the tested period, because the computed absolute #-statistic value for the first period (-7.65)
is higher than the critical value (-4.11). We conclude that the residuals are stationary as the
Hj could be rejected at 1.00% significance level. As a result, the derived equation is a
cointegrated and non-spurious regression. The results of Engle-Granger test prove the
evidence of the long-run relationship between carrot prices on farm and retail levels.

The next step is to analyse the causality and feedback. The Granger causality test refers
to the short-run relations between the analysed price series. The test empowers answering the
question ‘Do changes in retail price series of carrots cause changes in farm price series of
carrots, and vice versa?’ and setting the direction of these causalities (Table 5). If lagged farm
prices explain the retail prices, and vice versa, the conclusions on the leading role of farmers
or retailers could be made. However, this test does not help to predict future movements of
variables [5].

The first H, ‘Carrot retail price does not Granger cause carrot farm price’ can be rejected
at 5.00% significance level, and retail prices do lead farm prices of carrots in the short run.
The second H ‘Carrot farm price does not Granger cause carrot retail price’ cannot be
rejected, and farm prices do not lead retail prices in the short run.
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Table 5
Results of Granger causality test for carrot prices
Hy F-Statistic Prob.
Carrot retail price does not Granger cause carrot farm price 4.15% 0.02
Carrot farm price does not Granger cause carrot retail price 1.47 0.24

Lags: 2 // * indicate rejection of the Hj at the 5.00% level of significance.
Source: own calculations.

According to the findings of the previous research [3, 17, 27], the situation in the
Lithuanian carrot market is not typical and this commodity could demonstrate both one-
direction and bi-directional causality, while the leading stakeholder could differ from country
to country. It should be noted that important causality links could be found even outside the
supply chain of the commodity. For example, the study of the relationship between prices of
organic and conventional carrots in the USA argues that organic market Granger cause price
level of conventional carrots [15].

Finally, we test the selected price series for asymmetry applying Threshold
Autoregressive Model. The residuals obtained from the Engle-Granger procedure were
decomposed and tested for cointegration and asymmetry. The results of the estimation are
provided in Table 6.

Table 6
Threshold Autoregressive Model for carrot prices

Coefficient Std. Error
Above threshold -0.47 0.12
Below threshold -0.15 0.15
Threshold Value 0.00
F-equal 2.98 (3.52)*
T-max value -1.00 (-1.65)*
F-joint (phi) 7.55 (4.70)*

* Simulated critical values for 5.00% significance level.
Source: own calculations.

The comparision of F-joint with critical value suggests that there is a cointegration
between farm and retail prices. However, F-joint is higher than critical value and the Hy of
asymmetry is rejected. Thus, positive and negative shocks from retailer prices affected farmer
prices in the same magnitude, and the results do not confirm related market inefficiency
problems.

Although the results of the conducted study witness in favour of the symmetry, the nature
of the asymmetric price behaviour in vegetable markets is widely discussed [23, 24, 27].
Even research with a specific focus on carrot market [17, 23, 24, 27] provides an evidence of
both symmetric and asymmetric price transmission in the long run. Thus, it is important to
mention that the introduction of the more detailed stakeholders’ analysis could have an
impact on findings in the Lithuanian carrot market.
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Conclusion

The analysis of the main indicators of carrot production for the period from 2011 to 2017
shows that the harvested area declined by 1/4, while the reduction of harvest was even higher
than by 1/3. During the analysed period, the important factors determining farmers’ welfare
and contributing to the shrinking of carrot production were weather conditions and the import
ban for vegetables imposed by Russia.

The introduction of trade ban in 2014 negatively affected farmers’ welfare and
dramatically changed the structure of foreign trade by carrots in Lithuania. The study allows
to state that national policy should encourage the diversification of export structure in the
individual sectors of agriculture in order to avoid dependence on trading partners with the
dominant share of the market. The absence of this strategy leads to the imminent losses of
welfare for farmers and could be an expensive burden for taxpayers in case if the dominant
partner impose trade restrictions.

The analysis of the Granger causality in domestic carrot supply chain shows that in the
short-run retailers lead carrot price and have an impact on farmers’ welfare situation, while
causality runs from the retail prices to the farm prices. This result shows that retailers may
exercise some market power and could influence the level of farm prices. The research results
confirm the presence of the long-run relationship between farm and retail prices. Finally,
there is a strong evidence of symmetric price behaviour along the carrot chain, i. e. positive
and negative shocks are transmitted from retailers to farmers, and vice versa, with the same
intensity.
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AHoTauii
XapuoBi TexHosnorii

SxicHi NOKa3HMKH 3ePHOBUX IVIACTIBIIB (PYHKIiOHATBHOTO NPU3HAYEHHSA

Ceitiana baxaii-Kexepyn, ['anuna Cimaxina,
Jrongmuna Bepesa-Kinnzepcbka, Hatanka Haymenko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. OOrpyHTOBaHO BHKOPHCTAaHHS LIBHOTO O10JIOTIYHO aKTHBOBAHOTO 3€pHa
3JIAKOBUX KYJIBTYp 3 METOIO CTBOPEHHS (DYHKIIIOHAIBHUX XapYOBHUX ITPOIYKTIB.

Martepianu i MmeToam. JlociikeHo pelenTypy 3epHOBUX CyMillIei IUIaCTiBIiB, TOTOBI
MPOAYKTH Ha 1X OCHOBi. BMicT Oiika Bu3Hayaiu OiypeToOBUM METOJOM, BMICT KPOXMAITIO —
MOJISIPUMETPUIHUM METO/IOM. BMIcCT JKMpY BU3HAYAIIM METOIOM BHYEPITHOT'O EKCTPAryBaHHs
XIMIYHO YHCTUM TekcaHoM. Bwict Bitaminy E, pedoBuHHM 3 P-BiTaMiHHOIO akTHBHICTIO
BH3HAYaTH KOJIOPUMETpUYHO. Bmict Bitaminy C BU3Ha4Yalnd TUTPUMETPUYHHM METOIOM.
MikpoOionoriyHi  NMOKa3HUKKA ~JOCTIKYBAaHMX 3pa3KiB BH3HA4YaJlM BUCIBAaHHAM iX
TIOBEPXHEBO Ha arapu30BaHi IIOKUBHI CEpeIOBUIIA.

Pesyabratn i o0roBopenHnsi. Bu3HaueHO BIUIMB TEMIIEpaTYpHOTO PEXUMY Ta
TPHUBAJIOCTI XOJIOIHOTO KOHIUIIIOHYBaHHS 3epHa Ha HOro Ol0JOTiYHY IIHHICTB. 31 3MiHOIO
TeMIepaTypHoro pexumy 10 12—18 °C i TpuBaticTio KoHAMIIIIOBaHHS 24—30 TOI BMICT Y
3€pHI yCiX BOJOPO3YMHHHX BIiTaMiHiB 30UIbIIyEThCS Y 2—2,5 pasu, KUTBKICTH TOKO(hEpoy
3poctae y 5—7 pasiB, KUIBKICTh peuoBUH 3 P-BITaMiHHOIO aKTHUBHICTIO 301IbIIyeEThCA Y 2,5
pasiu.

JlocmimKeHo 3aJeXHICTh OCHOBHHMX (Di3MKO-TEXHOJOTIYHHMX ITOKa3HHUKIB 3EpHOBHX
TUIACTIBLIB Ta OPTaHOJENTHYHHUX BJIACTUBOCTEH JOCIIIHUX 3pa3KiB FOTOBHX MPOAYKTIB Bij
iX KOMIIOHEHTHOTrO CcKiany. 30inblIeHHS MacoBoi 4acTkH BiBca 10 50%  3ymMoBIiIOE
IiJIBUIICHHSA B’S3KOCTI Kallli, BHACTIIOK 30UIBIICHHS BMICTY T'eMIIICTIONIO3U 3HIDKYETHCS
poscumyacTicts. [TiIBUIIEHHs] MacOBOi YacTKH 3epHa IMIIeHHII 10 35% 3yMOBIIOE OiibII
YKOPCTKY CTPYKTYPY Kallli, 1[0 HOSICHIOETHCSI BUIOO IIIJIBHICTIO 000JIOHKOBHX YaCTHH 3epHa
TIIEHUIT], TOPIBHSHO 3 IHITMMHU CKJIAJIOBHUMHU.

CrymiHb 3a0e3medeHHs 1000BO1 MOTPEOH TOPOCIIOro HACEICHHS B MAKPOHYTPIEHTAX 3a
paxyHok cokuBanHs 100 r miacTiBIiB ckiagae: 0inku — 18—-22%, sxupu — 5—7%, ByrieBoau
— 13-16%, xapuoBi BosiokHa — 13,5%. BpaxoByiounu 1000BYy MOTpedy AOPOCIOro HaceIeHHs
y Bitaminax, 100 r miacTiBIiB iae 3MOTy 3aJ0BOJILHUTH NoTpeOy y Bitamini E Ha 67-76%
Ta y Bitamini P na 17,4%.

3arayibHa KUIBKICTh KOJIOHIEYTBOPIOBAJIBHUX OAWHHIL Me30(iIbHUX aepoOHMX i
(aKynbTaTHBHO-aHAEPOOHUX MIKPOOPTaHi3MIB y CBIXXKHX 3pa3Kax CyMillled IUIacTIiBIIB Ta
micas ix 30epiranns He mepepumiye 2-10° Ha T IPOAYKTY, IUTiCHABI rpuOM Ta NATOTEHHI
MIKpPOOpPTraHi3MH BiJICYTH.

BucnoBku. BionoriuHo akTHBOBaHE 3€PHO 3JIAKOBUX KYJIBTYpP MILIEHHUIIl, TOI03EPHOT0
BiBCa Ta TPUTHKAJE € JDKEPEIOM LIHHWX HYTPI€HTIB JUIi CTBOPEHHS CyMIIeH ILIACTiBIIB
(YHKI[IOHAJIBHOTO IPU3HAYECHHSL.

Kunro4doBi ciioBa: axmugysanis, nuenuys, mpumukane, ogec, Riacmisyi.
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Mopdonoriyna xapakTepucTUKa KPOXMAJbLHUX IPAHYJI CXiIHO- Ta
HEeHTPAJILHOEBPONEHcbKUX cOpTiB kapTomti (Solanum tuberosum)

Amnacracis 3a6onoren’, Baagimip Jlitesk’,
Aasikceit Epmakos?, I'yanasum OcnankyJiosa’
1 — Pecnybaixancoke yHimaphe nionpuemcmeo «Haykogo-npaxmuunuil yenmp
Hayionanvnoi akademii nayx binopyci 3 npooosonscmeay, Mincok, Pecnybnika binopyce
2 — Binopycokuil hayionanvruti mexuiunuil ynigepcumem, Mincok, Pecnybnika binopyce
3 — Kasaxcoxuti azpomexunivnuii ynieepcumem im. C. Ceughynnina, Hyp-Cynman,
Kazaxcman

Beryn. Metoro nociiykeHHsI BUSIBIICHHS! BIUIMBY PO3MIpY KPOXMaJIBHUX TpaHys Ha
SIKICTh KPOXMAJTI0, OTPUMAHOTO 13 CX1JIHO- Ta IIEHTPAJIbHOEBPOIICHCHKUX COPTIB KapPTOILTI.

Marepianu i meTomu. O0’€KT NOCTIIKEHHS — HATUBHUI KapTOIUITHUHA KPOXMaJIb,
orpuMmanuii 3 15 copTiB KapToIIi: OLIOPYCHKOI, POCIHCHKOI, YKPaiHChKOI Ta HIMEIBKOi
cenekuii. Mopdoioriyna CTpyKTypa TpaHyl KpPOXMAaJI0 JOCTI[KEHA Ha CKaHYyIOUOMY
enekTpoHHoMy Mikpockomi LEO 1420. KonTpacTHicTh 3HIMKIB Jocsrajacs 3a paxyHOK
MeTaJizanii npenaparis, 3A1HCHEHOT 3010TOM y BakyyMHi#l ycranoBui EMITECH K 550X.

Pe3yabraTu i 06roBopeHHs. 3epHa HATUBHOT'O KPOXMAJTIO, OTPUMAHOTO 13 CX1THO-
Ta IIEHTPAJIHHOEBPOIEHCHKUX COPTIB KapTOIUTi, 3HAYHO BiJIPI3HSAIOTHCS SIK 32 (POPMOIO, TaK i
3a po3MipaMH, NpPO IO CBiTYaTh TEXHOJOTIUHI OCOOJMBOCTI OTPUMAHHSI KPOXMAJIIO.
JocmimkeHo, 10 3aJIeKHO BiJl CeNeKINii 01I0pychKoi, HIMEIBKOI, pOCIHCHKOI, YKPaTHCHKOI,
PO3MIpH 3epeH HATUBHOI'O KAPTOIUITHOI'O KPOXMAIIO CXiJJHO- Ta IIEHTPAJIHLHOEBPONEHCHKUX
COPTIiB KapTOIUTI KOJHUBAIOThCSI B Mexax: 5-90,26; 8,38-83,47; 5,3-88,7; 12,36-70 mMxm
BiJITIOB1THO.

HaiiBumuii  BMiCT KpOXMall0o B 3€pHaX, OTPUMAHOro 31 CXigHO- Ta
LEHTPAILHOEBPOIIEHCPKUX COPTIB KapTOIUTi, BHUSBIEHO B COPTI HIMEIBKOI CeleKIii
«Kormorany» — 23%. Cepen po3riIIHyTHX COpPTIB caMe BiH Ma€ HaiBHUIY KPaxMaJHCTiCTh,
ajie IpH bOMY JPiOHI KpOXMaJIbHI TpaHyIu (CepeaHii po3mip rpaHya nopiBHioe 24,0 MKM).
Haiinmk4auii BMICT KpOXMalllo B 3epHax OyJI0 BCTAHOBJIEHO B COPTI POCIHCHKOI ceneKiii
«Kpenvuuy» — 11,1%, npu 11boMy cepeHiil po3Mip rpanyi gopisaioe 30,1 MkM. 3 orsaay Ha
OTpUMaHi JaHi MOXXHa 3pOOHTH TPHITYLIEHHs, IO MPU OUIBIIOMY CepeAHbOMY PO3MIpi
KPOXMAJIBHUX 3€PEH BMICT KPOXMAIIO 3HIDKYETBCS, a MPH MEHIIOMY — BIJICOTOK BMICTY
KPOXMAJIIO 3pOCTaE.

3riHO 3 OTPUMaHMMHU pe3yJIbTaTaMH, a TAKOX BIJIOMUMH JaHHUMH KPOXMAaJbHI
3epHa MalOTh OBAJIbHY, cepuuHy abo HempaBWIbHY (OpMY, IXHIH JiaMeTp KOIUBAETHCS B
Mexax 0,001-0,2 mm. KpoxmaibHi 3epHa MOUIAIOTHCS Ha MPOCTI Ta CKJIAIHI: MPOCTI 3epHa
— IIe OMHOPIJHI YTBOPCHHS; CKJIAIHI — MOETHAHHSA OLIbII MpiOHMX YacTUHOK. IIIiTBHICT
KPOXMAJIIO JIOPiBHIOE B cepeaHboMy 1,5 Kr/m>.

BucnoBku. Mopdornoriusa cTpyKTypa rpaHyi HATUBHOTO KPOXMAJIIO 3aJIEKUTh BiJl
COPTY KapTOILIi Ta MOYKE 3MIHIOBATHCS B JAiana3oHi Bif 5-7 MkM 10 80-90 MKM, 1110 BILIMBAE
Ha SIKICTh OTPUMAHOTO KPOXMAJIIO.

KirouoBi cioBa: kpoxmans, Hamueruil, MOp@oozis, 3epHo, KapmonJisi.
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ExcTpaxkTu Ha ocHOBi aucTs ¢izanicy (Physalis peruviana L.) Ta ix 3acTocyBaHHs B
MeIuYHii i KocMeTHYHiN rampy3sax

Terbana IBanoBa', Benenina ITonosa', Hagexna Mazosa!,
An6ena CrosHosa!, Cranka JlamsHoBa?
1 — Vuisepcumem xapuosux mexnonoeitl, [lnosdus, bonreapis
2 — Pycencokuil ynisepcumem «Aneen Kanueey, inis Paszepao, boneapis

Beryn. Meroro OCTIKEHHS € BH3HAYCHHS XIMIYHOTO CKIamy JMcTa (izamicy Ta
OTpUMaHHSI Ha HOr0 OCHOBI €KCTPAKTiB, IO MICTSATH OIlOJIOTIYHO aKTUBHI PEYOBUHH 3
MOAAJIBIIOK MOXKIIMBICTIO 3aCTOCYBaHHS B METUYHIH 1 KOCMETHYHIN TaTy3sIX.

Marepianu i meronu. ExcTparyBaHHS BHCYIIEHHMX JIMCTIB (hi3aslicy NpPOBOIWIU 3a
TaKUX YMOB: riipomonyib — 1:10 (w/v), ekctparent — 95, 70, 50 ta 30-BigcOTKOBHH €TaHOI,
temnepatypa — 20, 40 Ta 60 °C, TpuBajicTh ekcrparyBanHi — 1, 3 ta 5 rom Bwicr
nonieHoniB, (IaBOHOIIB 1 TPUTEPIIEHIB Y JIUCTI Ta OTPUMAHHUX EKCTPAaKTaX BU3HAYAIH 3a
nonomororo HPLC.

PesynbraT odroeopenHs. Jlucts dizanicy 000X TEHOTHITIB Ma€ BOJIOTICTh 8,32% mis
renorumny [TnoBnuB ta 8,79% — mus GiodapmaneBTHYHOrO. BMicT TyOMIBHUX pEeuoBHH B
000X BHIax cTaHOBUTH 9,62% Tta 10,58% BimnoBigHo. Koiip eKCTpakTiB 3MiHIOETHCS
3aJIeKHO BiJ| KOHIICHTpAIlll EKCTpareHTa: )oBTO-1oMapaHueBuii (30-BiICOTKOBHI €TaHOIN),
JKOBTyBaTO-KOopuuHeBuil  (50-BiICOTKOBUI  eraHON), 3eleHyBaTo-KopuuHeBuii  (70-
BiJICOTKOBHI €TAHON) Ta KOpUUHEBUH (95-BincoTKOBUI eTanoi). ExcriepuMeHnTanbHi aaHi i
OTpUMaHi PiBHSHHS IOKa3yIOTh, IO B OCHOBHUX (PakTOpH eKCTpakuii — Temmeparypa i
TPHUBANICTh, MalOTh CYTTEBUH BIUIMB Ha BMICT AyOWIBHUX pedoBHH. ONTHMallbHUMHU
YMOBaMH IIPOILIECY €: €KCTPakKIisi TpHBalicTIO 5 rox 3a temreparypu 60 °C, 30- ta 50-
B1JICOTKOBHMM €TAHOJIOM JJIs1 JTUCTS reHoTrmy [1oBauB Ta 3 eranonoM 50- i 70-BiICOTKOBUM
BIMOBITHO IS JIMCTS Oio(apMarieBTUIHOr0. Y JIUCTI Ta eKCTpakTax reHoruny [1noBauB
inenTugikoBano 12 (eHOIbHUX CIIONYK, a B UCTi OiodapmaneBTHaHoMy — 10. OcHOBHHMIA
(I1aBOHOIN y JIMCTI Ta €KCTPAKTax 3 JIBOX T'€HOTHIIIB PYTHH, EPEBAKAIOTH TPUTEPIICHH —
0JIEOHOBA KHCJIOTa Ta OETyIiH.

Excrpaktu nucrts ¢izaicy Oarati OioNOriYHO aKTHBHUMHU pedoBHHAMH ((EHOIBHUMHU
crionykamu, (JIaBOHOIIAaMH, TPHUTEPIEHAMH) Ta MalOTh IOTEHIIad sl MOXKJIHBOI'O
3aCTOCYBAaHHS B MEIMYHHUX 1 KOCMETUYHUX IPOAYKTaX.

BucnoBku. Briepie npezcrasieHi AaHi Mpo onTHMaibHi YMOBH OTPUMAaHHS €KCTPaKTy
nmuctsa Physalis peruviana, a Takox 1H(POPMAIIIIO PO BMICT AEAKHAX 0i0JOTIYHO AKTUBHHX
PEUYOBMH y JIUCTI Ta OTpUMaHUX eKcTpakrtax. Lle mepuni pesymbratu reHotunis ¢izanicy,
BupomieHoro B bonrapii.

KarwouoBi caoBa: Physalis peruviana L., excmpaxm, nonighenonu, ¢hraeonoio,
mpumepnen.

BnuiuB cTpyKTYypH TayToMepiB KypKYMiHY HA HOr0 aKTHBHICTB: OIS/

Cameepa A. Pere, Merxa Ap’s, lllamim A. Momin
Tnuemumym ximiunoi mexnonoeii, Mymoau, Inois

Betyn. MeToro nboro oriisiay € po3riisil yHIKalmbHOT XiMii KypKyMiHY sl HOSICHEHHS
HOro pi3HOMaHITHOI MMOBEAIHKH Y PI3HUX CEPEIOBHIIAX.
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Marepianu i ™eromm. IIpoaHami3oBaHO CTaTTi, $Ki TNPHCBSYCHI BUBUCHHIO
CTPYKTYpHOI ~ aKTUBHOCTI  B3a€MOBIJIHOCHMH KYpPKyMiHy SK aHTHOKCHAAHTy a0o
npookcuaanty. Orysin 00’ eqHYE MOCATHEHHS, 3po0iieHi y boMy Hampsmi 3 1980 poky.

PesyabraTu i odrosopennsi. KypkyMiH — 116 OCHOBHHI KypKYMHHOI[, 3HAHICHUH Y
KYPKyMi, SIKHH BBa)Ka€ThCsS HAMOUIBII aKTMBHHUM KOMIIOHEHTOM KYPKYMHU MOpIBHSHO 3
IHIIUMH ~KypKYMHHOiTamMH. Beimka KiJIbKICTh JIOCHII)KEHb TIPUCBSYEHA JOBEICHHIO
KOPHCHOCTI HOTr'0 aKTUBHOCTI. OMUCYETHCSI BUKOPUCTaHHS KYPKYMIHY JUIsl JIIKYBaHHSI TAaKHX
XBOpOO, SIK pak, ajburedmep, miaber, ameprii, aprputi Tomio. KypKyMmMiH Takox Mae
QHTUOKCUJIAHTHI BJIACTUBOCTI TNPU HU3bKUI KOHIEHTpawii. OTKe, 3aJIe)KHO B CBOET
CTpYKTYpHOI (OpMH KYpKYMIiH MOXE JisITH SIK aHTHOKCHUAAHT ab0 SK MpPOOKCHAAHT.
KypkyMmiH icHye y TBOX TayToMeTpHYHHX (popMax — KeTo Ta eHol. B kerodopmi KypKyMiH
MIPOSIBJISIE AaHTUOKCHJIAHTHI BJIaCTUBOCTI. EHOJBHA (opMma cxuiibHa 10 nerpazgaiii. Tomy
0a)xaHO TPUMATH KYpKyMiH y KerodopMi. B moisipu3oBaHOMY Ta KHCIOMY CEpeIOBHII
KYPKyMiH icHye B KeTodopMi, TO/I SIK B HENOJIIPU30BAHOMY a00 JIY)KHOMY CEPEIOBHIIII BiH
mipsirae  gerpanaunii. OOroBOpIOETbCS MEXaHi3M Jerpajamii KypKyMiHy B pi3HHX
cepenoBuIax. B myXHHUX yMoBax BiJOyBaeThcsl HyKieo(iibHa araka Ha TiAPOKCHIBHY
IpyIy, a B YMOBaxX HEMOJAPU3AIii i€ MEXaHi3M BUIBHUX pagukailiB. Jlerpamaiis B IyKHAX
YMOBax NPHU3BOAUTH IO MOBHOTI'O PO3KIIAAy MOJEKYIIH, B TOH 4Yac SK B HENOJISIPU30BAHUX
YMOBax Jierpajaliisi BiOyBaeTbcsl 4epe3 YTBOPEHHS IPOMIKHOT'O MIEPOKCUY i 00YMOBIIIOE
MIPOOKCHIaHTHUH edeKT KypkyMiHy. B 000X BHIamkax BaHUIIH € MPOAYKTOM Jerpajariii,
KpIiM 1HIIUX MPOMYKTIB JerpaIariii.

VY npoananizoBaHUX Mpalsix IPUIUIIETCS yBara JBOM IHIIUM BUAaM KYpKyMiHOIIIB —
JTUMETOKCHUKYPKYMiHY 1  OiC-AMMETOKCUKYPKYyMiHY. AHTHOKCHJAHTHa aKTHBHICTb
KYpKyMiHy BHINI@, TOAI SK OICAMMETOKCHKYPKYMIH Ma€ HaWMEHIIy aHTHOKCHIAHTHY
aKTHBHICTb cepell KypkyHoOimiB. OJHaK IIBHIKICTh Jerpajanii KypKyMiHYy TaKOX
MakcHUMajlbHa  Cepel  KypKYMHHOIQiB, 3a HHM i€ JUMETOKCHUKYPKYMIiH 1
0iCTUMETOKCUKYPKYMiH. Ile CBiAYUTh, IO JOHOP EJICKTPOHIB — METOKCWJIBHA TpyIa,
BIUIMBAE HAa aKTHBHICTb KypKyMHUHOINiB. OTXe, CTpyKTypa pEuoBHMHH BiImoOBimae 3a ii
aKTHBHICTB.

BucnoBok. ITinTBepkeHO BaXKIIMBICTh KOHKPETHOTO CEPEAOBHIIA /I 3a0e3eyeHHs!
0a)kaHOi aKTHBHOCTI KYpKyMiHY.

KirouoBi ciioBa: xypxymin, memuieH, po3kiaoents, HyKieoQinbHull, paouKka.

XapakTepucTHKA MPOTEOTiTHYHUX NMPoOLeCciB NP BUIiTeHHI NPUPOJIHUX Ka3eIHOBUX
dochonentuain

Bononumup HOxano, Onera Kpyna, JIronmuna Ctopox
Tepnoninbcokuil HayionanvHull mexHiunui yHieepcumem imeni leana Ilymos, Tepnonine,
Yxpaina

Betyn. Metoro nociipkeHHs! € BUBYEHHSI OCOOIMBOCTEH MPOTEONITHYHHUX MPOLIECIB MMijT
Yac OTpUMAaHHs NPUPOIHUX (ochONenTHIIB OIJIKIB Ka3€THOBOIO KOMILIEKCY MOJIOKA.

Martepianu i meTonu. KazeiHoBHii cyOCTpaT BUAIISITH 130€IEKTPUYHIM OCaPKEHHSIM 13
3HE)KUPEHOro MoJioka. IIpoTeori3 mpoBOMMIM 3 BUKOPUCTAHHAM MaHKpeaTHHY. CTyIiHB
MPOTEOJTi3y BU3HAYAIU CIECKTPO(POTOMETPUYHO 3a aOCOpOIi€r0 HU3BKOMOJICKYIIIPHUX
MPOAYKTIB mpoTeonizy npu A=280 uM. Buxia ¢ocdonentuais BU3HAYaIH IPaBIMETPUIHO
TTiCIIst OCa/KEHHS IX €TaHOJIOM 3a HasIBHOCTI 10HIB Kaubliito. Enextpodopes dpochonporeinin
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cyOcTpaTy 1 NPOAYKTIB MPOTEONi3y TPOBOAWIM B JIYXKHIH CHCTEMi OIHOPIAHOTO
MOJTiaKPHUIAMITHOTO TET0 32 HAIBHOCTI CEYOBUHH.

PesyabraTt i obrosopennsi. Ilpupoani docdonentuam oTpuMyBalld MPOTEOTI30M
¢docdonporeiniB kazeiHoBoro komruiekcy nankpeatiuoMm (E:S=1:100) mpu ¢izionoriyaux
ymoBax (37 °C, pH 7,9). Ha pisHux eTamax mnpoTeonizy OyI0 BH3HAYCHO BHXIJ
¢docdonenTuaiB 1 MENTUAIB, PO3UMHHUX B JECSATH- 1 TPUXJIOPOUTOBIH KucnoTi. CTymiHb
MIPOTEOi3y MOHOTOHHO 3pPOCTa€ IPOTATOM YChOTO JIOCHIPKYBAaHOTO Tepioay. Buxin
¢dochonenTuniB mocsirae Makcumymy Ha 90-i XBWIMHI HpPOTEONI3y 1 Jami IMOCTIHHO
3MEeHIyeThesl. Buxin ¢ocdonentuaip MeHIHH, HiXK NMPH BUKOPUCTaHHI MPOTEOTITUIHUX
npenapariB MiKpoOHOTO IOXO/KeHHS. Pe3ybpraTh, OTpuMaHi 3 J0IOMOTOk0 Telb-(inbTparii
i enekTpodope3y B TOMIaKpUIAMIAHOMY Te€Ji, CBigUaTh, IO 3MCHIICHHS BUXOMY
¢dochonenTuni mcnsg 90-1 XBWIMHU MPOTEOJIi3y MOXE OyTH IOB’s3aHE i3 3MEHIICHHIM
MoOJIeKYJIsIpHOT Macu ¢oconentuais. bimpmricts docdonentuaie, orpuManux Ha 90-i
XBUJIMHI MPOTEOJIi3y MalOTh MOIEKYIsApHY Macy 1o 2000 [la, sika XxapakTepHa IS BiJOMHX
010JI0TTYHO aKTUBHUX (HOCGOTIENTHIIB.

BucnoBku. Ilig yac nporeonizy ka3eiHy naHkpeaTHHOM Yy (i3ionoriuHux ymoBax
3araJIbHUM BUXiJ MPOAYKTIB MPOTEOIIi3y MOHOTOHHO 3pocTae. Buxin dochonentunis mae
MakcumyM. JlaHi renb-¢inbTpamnii 1 enekrpodope3y CBimIUaTh, IO I IOB’S3aHO 13
3MEHILEHHSIM MOJIEKY/SIPHOT MacH.

KurouoBi ciioBa: xasein, pocghonenmuo, npomeonnis.

Mopdonoris noBepxHi 0iJIkoBHUX i30J15TiB COi, KBACOJIi i MOJIOYHOI CUPOBATKH Ta iX
BUCYIIIEHUX JparjiB

Makcum ITonym6pux', Onena Ilectens?, Onbra Sienko’,
Harauis FOmenko', Ynbsana Kyzpmux!
1 — Hayionanvnuii ynieepcumem xapuosux mexvonociu, Kuis, Yxpaina
2 — Yepracvkuti OeparcasHuti mexnono2iukull ynieepcumem, Yepracu, Yrpaina

Beryn. Tigpokosnoiau pOCIMHHOTO TOXOMKEHHS HIMPOKO BHKOPUCTOBYIOTBCS B
Xap4OBHX TEXHOJIOTISIX, OCOOJIMBO Yy BUPOOHMITBI M'SICHHX 1 MOJIOYHUX MPOIYKTiB. Meta
miei crarti — A0CHiguTH MOP(OJIOTiI0 MOBEpXHI psay OLIKOBHX i30JSTIB POCIMHHOIO i
TBapPUHHOT'O TIOX OJPKEHHSI.

Marepiann i meromm. Bukopucrani OIIKOBI 130JTH COi, KBacOJi, MOJIOYHOL
CHpOBaTKH, a TaKOXX K-KapariHaH Ta ryapoBa KaMiJb. BHTroTOBIIEHO Ipariii 3a3HadyeHHX
OIJIKOBUX 130JIATIB 13 3HE3)KUPEHUM MOJIOKOM Yy cmiBBigHomeHHI 1:6 ta 1:8. CtpykrypHi
3MiHHM OLJIKIB COI, KBACOJIi Ta MOJIOYHOI CHPOBATKH Ta X BUCYIIICHHX TiAPaTIB JOCIIHKEHO 32
JIOTTOMOT'OF0 CKaHYIOUOr0 €JICKTPOHHOr0 Mikpockona JSM-6700F.

Pe3yabraTtu i 06roBopenHsi. HasBHiCTh rpy0oqHCIEpPCHUX YaCTOUOK CIIOCTEPITanach
y 3pa3Kax i30JISTiB COi 1 KBacOi, B TOW Yac SIK Y 3pa3Ky MOJIOYHOI CHPOBATKH HasBHI JIMIIIE
yacTtouku chepuunoi OymoBu. BcraHOBiEHO, MmO 130JTH COi  Ta KBacoji iCTOTHO He
BiJIPI3HSUTUCH 32 PO3MipaMH YaCTOYOK, sIKi CTaHOBIIATH pHOIn3HO 40 um. Huzbkuii cTyninp
rigpaTanii JOCTiKSHUX 130JIATIB Y CHIBBITHOIICHHI 1:5 MPU3BOAMTE 10 YTBOPEHHS PiBHOI
TOBEPXHI 13 3HAYHOIO KIJIBKICTIO ITyCTOT. 3aJIMIIKK BEIUKUX TIJIOOYNI MOXYTh OyTH
inenTH(ikoBaHi B 3pa3Kax i30JITY KBACONi 32 CBOEIO C(EepUUHOI0 POPMOIO, PO3MIpPH SKOT
MOMIOHI 0 BUXIAHUX 130yATiB. [ligBuimeHHs piBHA TrigpaTamii mo0 1:8 mpu3BOAUTH 1O
3IIMBaHHs OLIKIB MaKpOMOJIEKYNl W yTBOpEHHs Kapkacy. BkitoueHHs moiicaxapuiiB a0
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cymil cTabinizaTopiB IMPUBOJAMTH JIO YTBOPEHHS MOBEpPXHI JpariiB, Mopdomoriyni
BJIACTUBOCTI SKHX € TOMIOHMMH BJIACTUBOCTSM 130JIATIB COI, KBAacoJi Ta MOJOYHOI
cupoBaTku. OJTHAK 1€ IPU3BOIUTH 10 YTBOPEHHS CTPYKTYP 3 HE3HAYHHUM 3IIUBAHHSIM
BucnoBku. IligBuineHuii BMICT MOJIOKAa Y JparisX CHPUYUHSE YTBOPEHHS
TPUBUMIPHOI CTPYKTYPH, SIK 1 O4iKyBasioch. [30J8T KBacoIi XapakTepr3yBaBcsl i IBUILIEHOO
3IATHICTIO JI0 3IIMBAHHS MOJIEKYJI OLIIKiB.
Kunro4doBi ciioBa: mopgonoeia, 6inku, Mo1ouHa cuposamxa, cosl, K8acous.

Brniue nonepeannoi 00po0KkH riipoaiTHYHUMH pepMEHTAMHU HA BUWJIYYEHHS OJIiI 3
HaciHHs rap0y3is

Tamapa Hocenxo, ['anna BoBk, Tamapa Kopostok
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. EH3uMHI TexXHOMOTT BUKOPUCTOBYIOTH JUISL IEPEPOOKH ojiiiHoro Hacinus. [Ipo
BIUTYYEHHS OJIii 3 HaciHHS rapOy3iB i3 BUKOPHCTaHHSIM MOMEPEIHbOI EH3UMHOI 00pOOKH y
HAYKOBIH JIITEpaTypi pe3yIbTaTH HE HaBeleHi. MeTa MOCTIIKCHHSA — OLIHUTH 0 CYMIIIi
mporeas 1 Ieroia3 Ha LiTICHICTh KIITHH, BUXIJ ONii XOJOMHOTO MPECyBaHHS Ta JUHAMIKY
eKCTparyBaHHs OJIii PO3UNHHUKOM 13 HaCiHHS rapOy3iB.

Marepianu i merogn. Protolad, myxna ta kucnma nporeasu, Cellulad (ENZIME,
VYkpaiHa) BUKOPHUCTOBYBAJIHMCh VIS IMOTEPEIHBOI 0OpOOKM HaciHHsA rapOys3iB. IlimicHicTh
KJIITAH OIIHIOBAIA METOAOM "MOMEHTaJbHOro 300BTyBaHHs". XOJOIHE MpPECyBaHHs
3nilicHIOBaIM Ha JlabopaTopHOMY IHEKOBOMY mpeci. IIIBUIKICT eKkcTparyBaHHS OJii
PO3YMHHHUKOM BH3HAYa M B anapati COKclieTa K KUTbKICTh BUITYYEHOI OJIiT 3 HACIHHS ITiCIIs
KOXKHOT'O LTUKITY EKCTparyBaHHsI.

Pesyabratu i o0roBopenHsi. BusiBieHo, 110 OCHOBHE 30IJbIICHHS PYHHYBaHHS
LUTICHOCTI KJIITUH HAaciHHA Trap0y3iB TOPIBHSHO 3 KOHTPOJIEM BilOyBaJOCh MPOTSATOM 2
roguH o0poOku. Ilomanmbine iHKyOyBaHHS TOApiOHEHOro HaciHHSA 3 (epMeHTaMu He
BUKJIMKAJIO CYTTEBOro 30inblieHHs "po3kputux" KimiTHH y cymimi. [lokaszano, 1o
BUKOPHCTAHHS PI3HHUX MPOTEONITHYHUX (PEepMEHTIB AJIs NonepegHboi 00poOKH rapOoy30Boro
HACIHHS TPU3BOAMIO JO 30UIBIICHHS KiJIBKOCTI 3pyWHOBaHMX KIITHH — Bix 3 1o 10,4%
TIOPIiBHSHO 13 KOHTpoOJieM. BuKopucTaHHs cymimni mporea3 i Ieiroia3 sl ToNepeIHboi
00p0oOKH TapOy30BOr0 HACIHHS BHKJIMKAJIO MOMANBIIC 301IBIICHHS KUTBKOCTI 3pYHHOBAHUX
kiaitnH Ha 10%. Buxig omii "xomomHoro" mpecyBaHHs IIiCNsi TONEpeIHbOI 0OpoOKH
cymimmno (epMeHTHHX TmpenapaTiB i3 mporeazHoro (70%) Ta uemronasHoro (30%)
aKTUBHICTIO 30imbmmBes Bim 62,3 mo 70,0% Bim 3aragbHOrO BMICTY ONii B HACiHHI.
HIBuaKicTh eKkcTparyBaHHS OJii PO3YMHHUKOM 13 rapOy30BOro HacCiHHS — ITiCIs
(depMeHTaTUBHOI 00pOOKH 3poctana — 254 1 17,7% omnii Oyno ekcrparoBano micist 80
XBWJIMH €KCTparyBaHHs BiJi MacH ()epMEHTATUBHO OOpOOJIEHOTO HACIHHS Ta KOHTPOIIO
BIJIMOBITHO. 3a BMICTOM IEPOKCHIIB AOCTIKYBaHI 3pa3ku OJIil HE BiJPI3HAIKCE.

BucnoBku. BHaciiok BUKOpUCTaHHS CyMillli ()epMEHTHHX MpenapaTiB i3 MPOTea3HO0
Ta IENIONA3HOI0 aKTHUBHICTIO JUIsl ITIONEpeHboi 0OpOOKH rapOy30BOr0 HACIHHS KUIBKICTh
3pYHHOBAHUX KIIITHH 3pOCTAE, IO MPU3BOMUTH JO i IBUIICHHS BUXOAY IPECOBOI rapOy30BOi
OJIi1 Ta MIBUIKOCTI EKCTParyBaHHs ONii PO3YHMHHUKOM.

KuarouoBi ciioBa: nacinns, 2apoys, onisa, npomeasa, yeaonasda, npecys8anis.
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OOrpyHTYBaHHS palliOHAJBHUX Pe:KMMIB 3aMOpPOKYBaHHS HaniBgadpukaTis
MOJIOYHO-POCIMHHHUX (apuiiB

Terana IOaina', Bikropis I'ninepnu’', Ipuna Hazapenko?
1 — Kuiscoxuti nayionanbHuLi mopeosenbHo-eKOHOMIYHULL YHigepcumen,
Kuis, Yxpaina,
2 — Jloneyvruii HayionanvHull yHieepcumem exonomixu i mopeieni imeni Muxatina Tyean-
bapanoscvrozo, Kpusuii Pie, Yxpaina

Beryn. OOrpyHTOBaHO Ta €KCIIEPUMEHTAIBHO MiATBEP/HKCHO PAIliOHANIBHI PEKUMU
3aMOpOXKyBaHHS HarniB()haOpPHKaTiB MOJIOYHO-POCIMHHUX (apIliB Ha OCHOBI KOHIIEHTPATY 31
CKOJIOTHH.

Martepianu i MeToau. J{ocmipKyBaIuch MOJIOYHO-MOPKBSIHAH, MOJIOYHO-TapOy30BHi
1 MOJIOUHO-Ka0auKOBHH (haplmi Ta KOHTPOJBHUM 3pa3ok — ¢apmr i3 KHUCIOro CHUpY.
JlocmimKeHHsT TIPOBOAMIIM Ha CIIEKTPOMETpi BHCOKoro posp's3anHs Tesla BS 567A 3
po6oyoro yacroror 100 mI'1 Ha mpoToHax 3a MeToaoM KronTia

PesyabraTtu i odroBopennsi. Bcranosneno, mo 3a Temneparypu 20°C y cnekrtpi
SIEPHOTO  MArHITHOTO pe30HaHCY HamiBpaOpukaTy MOJOYHO-POCIMHHOTO  (hapury
PEECTPYETHCS IHTEHCUBHUI CHUTHAII BOAM, IO MPU OXOJIODKEHHI 3pa3Ka J0 TeMIepaTypH -
25°C 3Ha4YHO 3MEHIIYETHCS 32 IHTEHCHBHICTIO. HasiBHICTH CHUTHay sSI€PHOTO MAarHiTHOTO
PE30HAHCY CBIMYMTSH, IO TPU OXOJIOKEHHI 3pa3ka 10 TemmepaTypu -25°C He3aMep3aroua
BOoJla B HBbOMY IOBHICTIO HE 3HHMKAa€, L0 Iepeadadae MOXKIHMBICTH Iepeliry y dapuii
010XiIMIUHHX peakilii. BusHaueHo, MmO IS PO3poOJicHUX HamiBhaOpPHKATIB MOJOYHO-
pocinuHHUX (apiriB MOTPIOHO OLIBII TITHOOKE MEPEOXOIOKCHHS, HIXK JJIs1 KOHTPOJIBHOI'O
3pa3ska, OCKIJIBKH y 3pa3kax po3poOieHux ¢apiiB BiIOYBAEThCA 3B’SA3YBaHHSA BOIU
BYTJICBOJJAMH.

Jocmimkeno, mo 3a -25°C y koHTposibHOMY 3pa3ky yrpumyethbes 0,21 r HO Ha T cyxoi
peuyoBuHH, a y HamiBhaOpukaTi MonoyHo-MopkBsiHoro dapmry — 0,40 r H,O Ha T cyxoi
pedoBuHH, MoouHo-rapoy3oBoro — 0,39 r H,O Ha r cyxoi peUOBHHHU, MOJIOUHO-
kabaukoBoro — 0,37 r H,O Ha r cyxoi peuoBuHH 3a Ti€l x Temmepatypu. 3a -30 °C y
KOHTPOJIbHOMY 3pa3ky yrpumyerhes 0,20 T H>O Ha T cyxoi pedoBHHH, a y HamiB(haOpuKaTi
MOJI04HO-MOpKBsiHOTO (apiry — 0,32 r HoO Ha r cyxoi pe4oBUHH, MOJIOYHO-TapOy30BOTO —
0,25 r H,O Ha r cyxoi pedoBrHHU, MOJIO4HO-KabaukoBoro — 0,24 r H,O Ha r cyxoi pe4oBUHM
3a Ti€l x Temneparypu. JloBeneHo, 1o HaiMeHIIa KiJIbKiCTh He3aMep3ato4ol Bou B (apiiax
yTpuMyeThesa 3a Temnepatypu -25...-30 °C Tta ckmamae 0,26...0,40 r H,0 va 1 r cyxoi
PEUYOBUHH, IO J03BOJISIE PEKOMEHIYBAaTH TaKWil Jiara3oH TEMIIEpaTyp Ui MIBHIKOTO ix
3aMOpPOXKYBaHHSI.

BucnoBkn. OOIpyHTOBaHO TeMIIEpaTypy 3aMOpPOXKYBaHHS MOJOYHO-POCINHHUX
¢apmii (-25...-30°C). JloBeneHO MOXIIMBICTH 30€piraHHs 3aMOpPOXKEHUX (apuiiB IMpu
TemrepaTypi -18...-19°C, 110 € HOpMATUBHOIO TEMIIEPATYPOIO POMHCIOBHX MOPO3HIbHUX
Kamep.

KarouoBi cnoBa: gpapus, nanieghabpuram, 3amopoicyeans, 30epieanHsi.
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IlepcnekTHBY BUKOPUCTAHHS NOBEPXHEBO-aKTUBHUX pe4oBUH Nocardia vaccinii IMB
B-7405 nast 00podxu oBOUIB

Terana IMupor'-?, Xpuctuna Beperosa', Bornana Ieituenxo!, Bikrop CTaGHikos!
1 — Hayionanvnuii ynieepcumem xapuosux mexwonociu, Kuis, Yxpaina
2 — Incmumym mikpobionocii i sipyconocii HAH Yxpainu, Kuis, Vkpaina

Beryn. BuBuanu BHKOpucTaHHS MoBepxHeBo-akTHBHUX pedoBuH (ITAP) Nocardia
vaccinii IMV B-7405 nist npoJoBXeHHsI TEpMiHY 30€piraHHs OBOYiB.

Marepianu i Meromm. OpraHiuHi OBOYi, Taki SK TOMAaTH, OTIPKM Ta Kabaukw,
00pobssun pozurHamu [TAP, 1o yrBoprototses N. vaccinii IMV B-7405, 3 KOHIIEHTpAITi€0
0,25 a6o 0,5 r/n. MikpoOioJOriYHMi aHasi3 MPOBOAWIIM JIO TIOYATKy 30epiraHHs OBOYIB.
O1iHKY SIKOCTi OBOYiB IPOBO/IMIIY Bi3yaJIbHO IPOTSITOM TEPMiHY 30€piraHHsl.

Pe3yabraTu i 06roBopenHs. Pe3ynbTaTi HaIIMX JOCIIIPKEHD TIOKa3ai e()eKTUBHICTD
3aCTOCYBaHHs OiocypdakTaHTy, skl cuHTe3yeThess Nocardia vaccinii IMV B-7405 npu
pOCTI Ha TPOMHCIIOBUX BIIXOHaX, IS TPOAOBKEHHS TepMiHy 30epiraHHs OBOYIB.
Pe3yipraTi Bi3yallbHHX CIIOCTEPEXEHb, a TAKOXK MIKPOOIOJIOTIYHI JOCHIHKEHHS TI0Ka3alH,
o 00poOka oBouiB po3umHamu [TAP y konnenrpamnii 0,25-0,5 r/n Oyna edexkTUBHIIIO0
TIOPiBHSHO 3 MUTTSIM iX BOZIOK0. 3arajibHa KiJbKiCTh reTepoTpoHUX OakTepii i rpuoiB micys
00poOku oBouiB po3unHamu [1AP N. vaccinii IMB B-7405 3uu3uinace y 16-34 Ta 3—14 pazis
BIJIMOBIHO, y TOW 4Yac SIK MICIS MUTTS BOJOIO 3arajibHa KUIBKICTH MIKpOOPTaHi3MiB
3HM3WIAch jume y 2—2,5 pasu. byno mokazaHo, IO OBOYI, SIKi MHJIM TUTBKH BOJOO,
NICyBaJIMCS LIBHJIIE, HDK Ti, mo Oymu oOpoOseHi po3umnamu IIAP. IlepeBaramu
BUKOpHCTaHHsS OlocypdakraHty mnst oOpoOku oBouiB € Te, mo (1) BiH Moxe Oyru
3aCTOCOBaHUI B HIKYiM B 2-6 pa3iB KOHLEHTpalil MOpPIBHSHO 3 IHIIUMH BiJOMHMH 3
miteparypu MikpoOoHumu ITAP, ta (2) BiH Moxe OyTH BUpOOJEHHI NpU 3acTOCYBaHHI
MIPOMUCIIOBUX BiJIXOIB, 1110 3HIKYE BapPTICTh HOro BUPOOHUIITBA.

BucnoBku. biocypdakranr N. vaccinii IMB B-7405 mMoxe OyTn BUKOpUCTaHHMN ISt
JUIsi OOPOOKH OBOUIB 3 METOIO TTOJIOBXKEHHS TEPMIHY iX 30epiraHHsI.

Karwuosi ciioBa: Giocypdakrant, Nocardia vaccinii IMV B-7405, tepmin 30epiranns,
OBOUI.

BrniuB HaHOYACTHHOK Ha cobBeHTOreHe3 OakTtepiit Clostridium beijerinckii IMB B-
7806, Clostridium acetobutylicum IMB B-7807

Cepriii Ckporpkuii, Cepriii Boiuyk, JIrommuia XoMeHKO,
Onbra Bacunrok, Banentun ITiaropcbkuii
Tnemumym mixkpo6ionoeii i sipyconocii HAH Yxpainu, Kuis, Ykpaina

Beryn. 3Baxkaroun Ha Te, 1m0 HaHodacTuHKH (HY) BHUKOPHUCTOBYIOTBCS CaMOIO
MPUPOAOI0, AaKTYaJIbHUM  3QJIUIIAE€THCS TMUTAHHSA  3aCTOCYBaHHS  albTCPHATUBHUX,
CIpOeKTOBaHMX JroauHor0 HY, s oTpuMaHHsA Oa)kaHOrO OIONOTIYHOrO Y MEAMYHOIO
edekry. B ramysi 6iorexnonorii HY MOXyTh BHSABHTHCS SIK KaTadi3aTOpaMHu 010XiMIYHHX
MpOIIeCiB, TaK 1 MpoTeKTOopaMu (Kpio-, OCMO-), COpOEHTaMH TOKCHYHUX METaOOJIITiB,
MIPOBIHUKAMH 1 MEIaTOPaMH, CUTHAJIBHUMH MOJICKYJIaMH TOIIIO.
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Marepianu i MmeTonqu. BuByanu BIUTMB HAHOYACTOK METaliB (OKCHIM 3alli3a, Iepilo,
cpibya, 3010Ta Ta TaJONiHIIO) Ha OioCMHTE3 OYTaHOJY ILITaMaMu AaleTOHO-OYTHIOBUX
6axrepiit Clostridium beijerinckii IMB B-7806 1 C. acetobutylicum IMB B-7807.

Pesyabratn i oGroBopenHsi. CuHre3 ocHOBHHX mponykriB ABE-depmenranii
(ammetony, OyraHONMy 1 eraHOIy) 3MiHIOBaBCS mpu HasBHocti HY B cepemoBuimi
KyJIbTUBYBaHH:. BertaHoBieHo, mo s mramy Clostridium beijerinckii IMB B-7806 sci HU
MIPUTHIYYBaJIM CHHTE3 OyTaHONy TOPIBHSIHO 3 KOHTposeM. A npu Bukopucrandi HU okcuny
cpibma miast cuntesy Oyranonmy mramoMm C. acetobutylicum IMB B-7807 cmoctepiramu
Tenaenilito (p<0,16) o 30inbmIeHHS BUX0Ay OyTaHony 3 9,0+0,6 r/n y konTpom no 11,1+£1,8
r/nmi 11,1£1,1 r/x1 npu konuentpanisx HY 0,1 i 10 nM BianosiaHo.

Xapaktep 3MiH 3ajiexkaB Big tanmy HY Ta ix konmentpanii. ITiziOpaHo onTuMaibHi
KOHIeHTpaIril BuBYeHHX HY, a TakoX BHUCIOBJCHI MNPHUIYIICHHS IIOAO0 MOMIIHBUX
Mmexani3miB aii HY Ha nponiec ABE-¢pepmenTanii. Busueno perynrorounii morenmian HY s
koopauHyBaHHs mporeciB ABE-depMeHrarii i CHHTE3y J>XMPHHX KHCIOT 3 METOIO
301IbIIEHHST BUXOAY LIBOBOTO MPOIYKTY.

BucnoBku. Edexr nii HY Bkasye Ha Te, 10 CHHTE3 OpraHiYHUX PO3YMHHHKIB alleTOHO-
OYTWJIOBUMH OaKTepiIMH Ma€ IITAMOBY CICIM(IUHICT Ta BH3HAYAETHCS HE TLIBKH
POCTOBHMH XapaKTEPUCTHKAMHU, alie i poOOTOr0 caMuX (DepMEHTHHX CHCTEM HE3aJIeHKHO Bif
pocTy OaKTepii.

Kurouosi cnoBa: daxmepii, Clostridium, 6i00ymanon, HaHOYACTUHKA.

Mpouecu i o6napHaHHA

Brnuius pododoro Tucky Ha onip mapy KOHIeHTpauiiiHol monsipusauii npu
3BOPOTHOMY OCMOCi

Cepriti I'ymienko, Okcana JlemeHko
Hayionanvnuuii mexuiunuil ynigepcumem Yxpainu « Kuigcoxuil nonimexniunuil
incmumym imeni leops Cikopcvkoeoy, Kuie, Ykpaina

Beryn. [IpoBeneHo ekcriepuMeHTaNbHY MEPEBipKY TiIOTe3! MO0 JTiHIHHOT 3aJIe)KHOCTI
oropy Imapy KOHIIEHTpaliiHOI mojsipu3amii Big THCKY Ta BH3HA4YE€HO BILIHMB
TiIPOIMHAMIYHUX YMOB Ha BEJIMYHY L[LOT'O OIIOPY.

Marepianu i Metogu. J{ocmiKeHHS MPOBOAMIKMCA 3 BHUKOPHUCTAHHSIM KOMEPIIHHO
JNOCTYMHUX MeMOpaHHuX wmoayniB tumy TFC-75. BumipioBaHHS NpPOXYKTUBHOCTI
HpOBOAUINCS JUIsl 3HECONEHOi BOAM (3aralnbHuii comeBMmicT 5-15 mr/mv®), a Takox mis
pozunHiB  NaCl. Jlns BuMIpIOBaHHS BHTpaT BUKOPUCTOBYBAaBCS OO0 €MHHUH METO,
KOHLIEHTpALli1 BUMiPIOBAIHCS KOHIYKTOMETPUYHUM METOJIOM.

PesynbraTi i 06ropopennsi. Omip MeMOpaHH ITiJT 9aC 3BOPOTHOTO OCMOCY 3HECOJICHOT
BOJIM HE 3MIiHIOBABCS 3 THCKOM B yMOBAX €KCIIEPUMEHTY i NOpiBHIOE R,=7,549-10"3 M7,

Onip mapy KoHueHTpauiiiHoi noispusanii (R.) 3pocras Big 0,65-1,29-108 m™! o 1,46
1,83-10"3 m! 3i 36inpImenHaM poboyoro tHcKy Bia 0,2 MIla go 0,6 ta Big 0,65-1,46-1013 m°
! 10 1,2-—1,83-10"3 m! 31 3pocTaHHAM KOHIIEHTpALlii PO3ALIIOBAHOrO po3unHy Bij 100 mr/am>
10 600 Mr/mv>. 3pocTaHHs BEIUYMHU Ry 3 THCKOM BiZIOYBAETHCS 32 JTIHIHHAM 3aKOHOM, IO
Y3TODKYETHCSL 3 paHillle OImyOJIiKOBAaHUMH pe3yNbTaTaMH JUlsl Mpolecy yiabTpadiabTparii.
Kpim TOro, B po3risiayBaHOMY Jiama3oHi THCKIB EKCIIOHEHIIHA 3aJIeKHICTh 1HIEKCY
KOHLIEHTPALIHOI Monsgpu3alii BiJf THCKY MOXKe OyTH arnpoOKCHMOBAaHa JIIHIHHUM PIBHSAHHIM
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3 koedinienrom kopemnsmii monax 0,93. Tomy npuIyleHHsS IOAO JIIHIHHOI 3aJI€KHOCTI
oIopy 1Iapy KOHIEHTpaliiiHOi moysipu3alii BiJ THCKY € OOIDYHTOBaHMM 1 MOXe OyTH
PO3IIOBCIOKEHE Ha TPOIIEC 3BOPOTHOTO OCMOCY JUISI BKa3aHUX YMOB.

3pocTaHHA OMOpY INapy KOHICHTPAMIWHOI MONsApH3alii 31 30UTBIICHHAM THCKY
00yMOBJIeHE OUTBIIUMH 3HAYEHHSIMH IIOTOKY PEYOBHHHM uepe3 MeMOpaHy Ta MEHIIUMHU
3HAYEHHSAMHU KoedillieHTa MacoBiJadi INpH BHUIIMX 3HAYEHHSIX pOOOYOro0 THUCKY B
posrnsimyBaHiii  cuctemi. Taki pe3yabTaTH Y3TODKYIOTBCS 3  IUTIBKOBOIO  TEOPIEIO
KOHLIEHTpALIHOI NoJsIpHU3alii.

BucHoBkn. JlocmimkyBaHa TimoTe3a IiATBEPIPKYETHCS Ui 3BOPOTHOIO OCMOCY B
PO3IIIsAYBaHOMY Jialia30Hi 3MiHM POOOYOro THUCKY. ICHye Kopemsiiss MiX OIOpoM Iiapy
KOHLIEHTpALiIHOI MOJsIpH3alii 1 iHAEKCOM KOHIIEHTpauiiHOI mossipr3arii

KutiouoBi cnoBa: ocmoc, onip, nonsipuzayis, nomix, muck.

Croci0 TepMOMETPUYHOr0 BU3HAYEHHS TeMJIO(MI3HIHUX XapaKTePUCTHK
TepMoJIadlJILHUX MaTepiaaiB

Osnpra Masypesnko, Jlinis Xapuenko, Jimurpo Konomiens, Onexcanap MasypeHko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. IlpoBemeHo aHamiTHuUHI JOCTIKEHHS CHOCOOIB 1 NpHIafgiB BH3HAYCHHS
TEIUTO(I3UYHNUX BIACTUBOCTCH CKIIAJHHUX 38 CTPYKTYPOIO Ta XIMIYHHM CKJIAJIOM IPOIYKTIB
MepepOoOHOT ray3i 3 METOO IMiBUINCHHS TOYHOCTI BUMipPIOBaHb.

Marepiann i meromm. OcHOBa IOCTIKYBaHUX MPHWIANIB — TEPMOCICKTPHYHI
MEPETBOPIOBAYI TEMIIEpATyPH Ta TEIUIOBOrO MOTOKY y BUIIIAAI "momoMixkHOT cTiHku. st
MiJIBUIICHHS TOYHOCTI BHMIPIOBAHHA TEIUIO(I3UYHUX  XapaKTEPUCTUK  MaTepialiiB
BHKOPHUCTAHO I'pad0-aHATI THYHUI METO IPa yIOBaHHS MPHIIAIIB.

PesynbraTn i oOroopennsi. /i BHBUCHHA TEIUIODIZMYHUX XapaKTEPUCTUK
TEPMOJIA01TEHUX MaTepiaiiB HAWOUIBII MPUAATHI TEIUIOMETPHYHI 3aCO0H X KOMIUIEKCHOT'O
BHU3HAYEHHS, SIKi JaI0Th 3MOT'Y IIPOBOIUTH JOCIIKEHHS IPU HAsIBHOCTI a00 BiJACYTHOCTI B
Matepian (pa3oBHUX MEPETBOPEHb HOT0O CKIaMOBHX. TeIUIOMETpHYHI 3aCO0M BUMIpIOBaHHS
3aCHOBaHI Ha BHMIpPIOBaHHI TEMIIEPATypH TEIIOBMX IOTOKIB, SKi MPOHU3YIOTH 3Pa30K 3a
PI3HUX TEIUIOBUX YMOB. TEIUIOBI, €IEKTPUYHI Ta iHIII TPOIECH MTepeaadi B TEePMOMETPHUUHUX
MaTrepiaax BHU3HAYAIOTh HECTAOUIBHICTH  (DYHKINI TEpeTBOPeHHAI 1  (OPMYIOTh
IHCTpYMEHTaNbHY MMOXHOKY. ToMy OINBIIICTP METOMIB BH3HAYEHHS TEIUTO(MI3HUHUX
XapaKTEPUCTHK MaTepiajiB mepeadavyaroTh MomepeaHi JOCTi AN 3 €TaJOHHUMH MaTepianaMu,
3a BIJOMHMH XapaKTEPUCTUKAMU SKHX OOYHCIIIOIOTH METPOJIOTIYHI XapaKTCPUCTHKH
npuctporo. CaMe BHKOPHCTAHHS CTAJOHHMX MATEpialliB € OCHOBHHM HEIOIIKOM IIHX
MeToiB. Ha oCHOBI po3paXyHKOBO-Tpa(hivHOr0 aHali3y TEIUIOBOIO Ta €MHICHOTO OIOpPY
CUCTEMH "TIPUCTPIK-3pa3ok" po3po0IeHO MPUHIIUIIOBO HOBHUIA CITOCi0, 3a SKMM TEIUTO(Ii3HYHI
XapaKTEePUCTHKU MaTepialy Ta METPOJIOTIUHI XapaKTePUCTHKH MPUCTPOIO BU3HAYAIOTHCS B
KOMIUIEKCI 1 OJHOYACHO 3a pE3yJbTaTaMH CKCICPUMEHTY 31 3pa3kaMu  TUIBKU
JIOCIIIKYBAHOIO MaTepliaiy.

BucHoBok. OpHoyacHe OTpuUMaHHSA iH(MOpPMAII PO 3HAYCHHSA TEIUIO(I3UIHUX
XapaKTepUCTHK  MaTepiadly 1  METPOJIOTIYHHUX  XapaKTePUCTUK  MNPUCTPOIO  JIA€
3MOT'YITi IBUIIUTH TOYHICTh BU3HAYCHHS TEIUIO(I3UIHUX XapaKTEPUCTHK MaTEPiaiiB.

KirouoBi ciioBa: npodyxmu, menioobmin, Xapakmepucmuku, Mempoio2is, mouHiCmb.
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Brnuius nudepenniiiHo-TepMiuHOI 00po0KH HA Xap4yoBi MPOAYKTH 3 A0JYK, OTPUMAHUX
KOHBEKTHBHO-TepMOpafianiiiHUM CyIIiHHAM

Jroamuina Ctpenbyenko, Irop Jlyoxoserpkuii, [Ban Manexuk
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis

Beryn. Posrisimaerhcss BILMB Au(epeHIiHO-TEpMiyHOI 0OpOOKHM Ha TPOAYKTH 3
SIOJTYK 3 PI3HUM BMICTOM IIyKpiB y HamiBpaOpukarax.

Marepianu i merogu. Matepiajgom i cymiiHHS oOpaHo siOnyka copty «l orinmeH
Jemimecy. 3pa3ku cyleHuX sS0IyK, CHEKIB 1 IIyKaTiB aHaJi3yBaJld OPraHOJENTHYHO, (i3UKO-
xiMiyHo Ta  1udepeHniiHO-TepMmiyHo.  [liaroroBneHi  HamiBdaOpukaTH — CyMIMIH
KOHBEKTHBHO-TEPMOpAIiallifHAM CIOCOOOM TMpH  TeMIepatypi TemioHocis 60 °C,
IIBUJKOCTI pyXy TEIUIOHOCIA 5,5 M/C, MMTOMOMY HaBaHTaXKeHHi 8,8 KI/M?, BeJIMYHHI
onpoMineHHs Tepmopamianiiinux TEHie 8 kBt/M?, notyxHocti 30BHimHsoro TEHy 2,5
kB1/M2.

Pe3ynbraT i 00roBopeHHsi. Ha OCHOBI KPHMBHX CYIIIHHS IIBHIKICTh BHIAJICHHS
BOJIOTH BiIOYBAJIOCH MPSIMO MPOIOPINHHO 301TBIICHHIO KOHIICHTPAIIT I[yKPY B IPOIYKTaX.
Yac cymriHHS MPOJIYKTIiB 3aJIEKUTh Bl BMicTy cyxux pedoBuH (CP) y namiBdadpukarax: siki
JUIsL CyIeHuX s10ayK cknananu 12%, nns caekis 18,2% i st mykariB 72%. Burpatu eneprii
JUTSL CYIIIEHUX SI0JTYK, CHEKIiB 1 IyKaTiB CTAaHOBJIATh, BIAMOBIAHO, 5,9; 7,55; 19,8 kBt ron Ha
KT BUX11HOI cupoBunHu Ta 1,93; 1,99; 26,0 M]Ix/kr BunapeHoi Bosoru. CriocTepiraeTbcs Taka
3aJIeKHICTh: YUM OiNbIa KOHIEHTpallisl IIKpy B HamiBpaOpukari, TUM OlibIIe MoTpiOHO il
JUTSl BUZTAJICHHS] BOJIOTH 3 MaTepiaiy.

Ha npencraBnenux jaepuBaTorpaMax npu HarpiBaHHi si0myk B obsacti T;=108 °C
crniocrepiranack BTpata Macu Am=13,0%, sika CynpoBO)KyBajach €HIOTEPMIYHIM MIKOM Ha
3anexxHocti DTA. Lis BTpara Macu NoB’si3aHa 3 BUIIAPOBYBaHHAM Bosiord. IIpu 3pocraHHi
temrepatypu 10 T»=140 °C B 3pa3ky mounHana BilOyBaTHCh JecTpykuis. [Ipu HarpiBaHHi
cHeky B obmacti T;=108 °C maca Brpauanmace Ha Am=14,5%, sika CynpoBO/KyBajach
eHJ0TepMiuHuM ITikoM Ha 3anexkHocTi DTA. Ilpu 3pocranni temnepatypu no To=131 °C B
3pa3Ky mouana BijOyBatucs nectpykuis. HarpiBanus mykariB B obxacti Ti=109 °C
MIPU3BOIMJIO 10 BTpaTh Macu Ha Am= 14,8% 3 eHjoTepMi4HUM IiKOM Ha 3anexHocti DTA.
IIpu 3pocranHi Temmeparypu 1o T>=125 °C B 3pa3ky nodaina Big0yBaTUCS JCCTPYKILIS.

BucnoBku. Ha ocHoBi aepuBatorpam (uacoux 3anexxHocredt T, TI, JITT" ta ITA)
po3paxoBaHo nepenexcroneHmiiaui Gaxrop (ko) s cyneHux si0I1yK, CHEKIB 1 I[yKaTiB, 10
cTaHOBUTH 55; 61; 70, a Takox eHepriro aktuBauii (E) ast cyrmeHux s01yK, CHEKIB 1 I[yKaTiB
— 186; 203 Ta 236 k/[>x/MOITb BiIOBIAHO.

Kunro4doBi ciioBa: s6nyxo, cuex, yykam, OXAHULYBAHHA, CYULIHHA.

ExoHOMiKa i ynpaBiHHA

Opranizaniiigi 3acaau cTBOpeHHs iHHOBALiiTHOT (P YHKIIOHATBHOI Xap40BOi MPOAYyKILii
mianpueMcTBaMu IIN00KOI nepepodKHu ropixa BoJIOCHKOro
I'puropiii Kanernix!, Bitaniit Jlyusx!, Onsra MensHuayk!,
IOpiii [JoBrans!, Mapian Maiki’
1 — Binnuyvxuii Hayionanenuti acpaprutl ynisepcumem, Binnuys, Yxpaina
2 — Vuisepcumem Sxoba Iapaousvkozo, Toocye-Benvkononvcvkui, Honvwa
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Beryn. YkpaiHChbki TPOMUCIIOBI HiIIPUEMCTBA, IO 3/IHCHIOIOTH TIIMOOKY HepepoOKy
ropixa BOJIOCBKOTO, MAalOTh 3HAa4YHWI eKcrnopTHHH moTeHuian. OJHAK BiJICYTHICThH
METOAMYHHX HAIPAIFOBAHb JJIs pO3POOIICHHS IHHOBAIH y I1iHi cepi 3HIKYE TTOTCHITIA.

Marepianu i wmeromm. BukopucraHo miAXix [0 aHaNi3y MiJKOMIUIEKCY,
MapKeTHHTOBHH, (YHKIIOHANBGHUA 1 mTporecHud miaxomu. Takok 3acTocOBaHO
(yHIaMeHTanbHI 1HTEPB'I0 3 EKCIepTaMH, IpPOAHaTI30BaHO PE3YNIbTaTH JabOpaTOPHUX
JOCTIDKeHb, BUIIYCKY Ta peami3alii IHHOBaIiiHOI mpoaykuii. Po3pobka mpomykirii
MIPOBOTMIIACS HA OCHOBI METOJOJIOTIT pO3TOPTaHHS QPYHKITIH SIKOCTI.

Pe3yabraTu i 06roBopenHs. Pe3ynbraTti J0CHiKEHHS AEMOHCTPYIOTh T€, IO Y KpaiHa
3aJTy4a€eThCs 10 Tporiecy AuBepcudikailii CBiTOBOTo 0JiHO-XKHPOBOTO PHHKY Ta CTBOPEHHS
inHoBaii. [ligKoMIUIEKC 3 TIIHOOKOI MepepOoOKH ropixa BOJIOCKKOTO CTBOPIOE AIAPO TOPIXY
BOJIOCBKOTO Ul KOHIUTEPCHKOI MPOMHUCIOBOCTI Ta TOAYBAaHHS TBapWH, OJII0 TOPIXOBY
XapyoBy, ONII0 TEXHIYHY Ta MakKyX, II0 MOXE MepepoOISATHUCH Yy XapuoBi MPOAYKTH abo
BUKOPHCTOBYBATHCh ISl TONYBaHHS XyHOOW. 3aJIMIIKK BiJi BUPOOHHLITBA MOXYTh OyTH
e(eKTHBHO TmepepolsIeHi Ha OiomanuBo. KpiM TOro, mioam ropixa BOJOCBKOI'O TEX
BBXKAIOTHCS HPOAYKTOM ITIAKOMIUIEKCY. [HINI MOXiJHI MPOAYKTH 3 TOpiXxa BOJOCHKOTO
JIOCHI/DKYIOTBCS. Y PO3BHUTKY MiJIKOMILUIEKCY, & TAKOX Y KOPOTKOCTPOKOBIHM HEpCHEKTHBI
aKIEHT pOOMTHCS Ha KOHIUTEPCHhKE SIIPO Ta TOPIXOBY ONiF0. 3 PO3BUTKOM IiJIKOMILIEKCY
OyIyTh CTBOPIOBATHCH IHHOBAIIHHI ITOX1/IHI MPOIYKTH IIUISIXOM JIOCHI/PKEHHS Ta MiATPUMKHN
PO3BUTKY aJIbTEPHATUBHHUX CHOCOOIB BUKOPHCTAHHS 3aJIUIIKIB Y Mipy TX BHHHUKHEHHSI.

L{iHHiCTh pe3yNnbTaTiB JOCHIIHKEHHS! Ta BUKOHAHHS PO3POOOK IOJISrae y MOKIMBOCTI
BUKOPHCTaHHS OTPUMAaHUX TEOPETHKO-METOAOJNOrIYHIX BHUCHOBKIB, pEKOMEHJamid i
TIOJIO’KEHb arpapHUMHU Ta Xap4yOBHUMHU MiANPUEMCTBAMH Uil BUPIIICHHS 3aBAAHHS MIONO
3a0e3rneueHHsT KOHKYPEHTOCIIPOMOXKHOCTI MiJIPUEMCTBA Ta HOro IMPOAYKII B yMOBax
BHCOKOI IMHAMIKH JIIOBOT'O CEPE/IOBHIIA 3 YPaxXyBaHHSIM CUCTEMHHUX 3B’ SI3KiB BUPOOHUIOTO
MAIIPUEMCTBA B OJIHHO-)KUPOBOMY ITiAKOMILIEKCI.

BucHoBkH. 3anporoHOBaHO MOJENb JIAHIIOra CTBOPEHHs BapTOCTI MPH Hepepool
ropixa BOJIOCHKOT'O Ta TEXHOJIOTISl BAPOOHHIITBA HOBUX MPOIYKTIB.

KuouoBi cinoBa: innosayii, npomuciogicms, Mapkemune, 20pix 0J10CHKULL.

JINTOBCHKHUIl PMHOK MOPKBH: BUPOOHMITBO, 30BHIIIHS TOPTiBJIsl TA 3MiHM LiH

Heni IOpkenaiite!, TimiTpioc INanapac?
1 — Jlumoscovkuii incmumym azpaphoi ekonomixu, Binovuioc, Jlumea
2 — Vuieepcumem Xapnepa Aoamca, [lIponwup, Berukobpumanis

Beryn. [lpoananizoBaHO cuTyallil0o Ha PUHKY MOPKBH JIUTBM 3 Oy Ha 3MiHH
arpapHoOro BUpOOHHIITBA, CTPYKTYPH 30BHILIHBOI TOPTIBIII Ta BEPTUKAIBHOI Niepeaayi IiH y
JIAHITIOKKY mocTaBok 3a 2011-2017 poku.

Marepianu i MeTomu. Y JOCHIPKEHHSX BHUKOPHCTaHI METOAM TOPIBHSUIBHOTO Ta
rpagiuHOro aHallizy OCHOBHHMX IOKa3HHKIB BHPOOHMIITBA MOPKBH 1 PO3BHTKY 30BHIIIHBOT
TOpPTiBNi, $IKI CHHPAaIOThCS HAa BTOPWHHI JaHi JlemapraMmeHTy craTUCTUKH JIUTBU.
JlocmimKeHHsT BepTHKAJIbHOI Tepefadi LiH y JIAHIIOKKY MOCTaBOK BUpouieHoi B JIMTBi
MOpKBH IpyHTYyeThCsl Ha naHuX JI1 «LlenTp cimbcbkorocnoaapchkoi iHopMaliii i ClIbCBKOTo
0i3Hecy». HamaHo pe3ynbTaTH TeCTy Ha CTalllOHApHICTh, KOiHTerpauito, ['penmxepa Ha
MIPUYUHHICTD 1 TECTY Ha aCUMETPIIO.

Pe3ynbraTi i 06roBOpeHHs. Pe3ynbTaT TOCTIIKSHHS CBII4YaTh, IO 3a CEMHUPIYHUIN
niepion y JIuTBi ckoporuimucs o0csrn BUPOOHUITBA MOPKBH. I1OCIBHI IIONII MOPKBSTHHUX
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OJIiB CKOpoTIIUCS 3 2,4 1o 1,8 THc. ra, a Bpoxkaii 3SMeHIIMBCs OiIbI HiXK Ha 1/3. HeratupHi
3MiHM OOYMOBJIEHI TPUBAJIIMMH HECHPHUSTIMBUMH ITOTOJHUMH YMOBaMH Ta 3a00pOHOI0 Ha
iMnopt g0 Pocii, mo, y CBOIO 4Yepry, CHPHYMHWIO 3MIHH B CTPYKTYpi €KCIIOPTY Ta
MOTIPIIEHHS J0OPOOYTY CEIsH.

Awnaniz wiH QepmepiB i po3apiOHOI TOpriBii mMokazaB mopsinok iHrterpamii I (1).
BusiBneno ctpykrypHuii po3puB y kBiTHI 2015 poky, sikuii OyB BKJIFOUEHHH B aHAI3 SIK
¢ixTuBHa 3MiHHA. Tect Enrn-I'peHmkep Ha KOIHTErpalilo MiATBEPANB HASBHICTH 3B’S3KY
MDX I[iHAMH B JOBIOCTPOKOBii mepcrektuBi. Tect I'peH/pkep Ha NMPUYMHHICTH BUSIBUB
HasIBHICTh NPUYMHHOTO 3B’S3Ky BiJ| po3IpiOHUMX 10 (epMepcbkux miH. [lo3uTuBHI Ta
HETaTHBHI IIIOKM IIiH MEPearoThcs Bill po3ApiOHOI TOpriBmi 10 (epmepiB 3 OTHAKOBOIO
IHTEHCHBHICTIO, 110 CBITYUTH PO CUMETPUYHY ITOBEIIHKY IIiH.

BucnoBku. JlociikeHHs NOKa3ayo, IO TPUBAJl HECTIPUSTIUBI MMOrOAHI YMOBH Ta
3a00poHa Ha IMOOPT Oy BaXJIMBUMHU (PAKTOpaMH, IO BH3HAYWIM 3MiHM IIH Ha
JIUTOBCBKOMY pHHKY MOpkBU B 2011-2017 pokax. AHaii3 BepTHKaJbHOI Hepeiayl LiH
CBIIYHTB, O PO3PiOHI I[IHK MOXKYTh MaTH BIUTUB Ha (pOpMyBaHHS LiH.

KirouoBi cioBa: cintbcoke 2ocnodapcmeo, MOpKea, MpaHcMicis yiHu, JAHYIONCOK
NOCMAYaHHs, MOP2IGIAL.
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—  Conclusion

—  References

If you need you can add another parts and/or divide them into subparts.

7. The information about the author (Name, surname, scientific degree, place of work, email
and contact phone number).

g L

All figures should be made in graphic editor, the font size 14.

The background of the graphs and charts should be only in white color. The color of the
figure elements (lines, grid, text) — in black color.

Figures and EXCEL format files with graphs additionally should be submitted in
separate files.

Photos are not recommended to be used as graphical materials.
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Email for all submissions and other inquiries: ufj nuft@meta.ua
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IIIanoBHi KoJeru!

Penakuiiina xojeris HaykoBoro nepioguunoro Buaanusa « Ukrainian Food Journaly
3anporrye Bac 1o nmyOmikaiiii pe3yapTaTiB HAyKOBUX JOCIIIKEHb.

Bumorn 1o opopmiieHHs cTaTei

MosBa crareii — aHTJTIHiChKa.

MinimManeHuil 00csar cratti — 8 cropinok ¢opmaty A4 (0e3 BpaxyBaHHs aHOTAIlH i
CIHMCKY JIITEpaTypH).

CraTTsl BUKOHYEThCS B TEKCTOBOMY peaakTopi Microsoft Word 2003, B ¢popmari *.doc.

Jls Bcix enementiB cratti mpudt — Times New Roman, xerns — 14, intepain — 1.

Bci monst cropinku — 1o 2 cM.

CtpykTypa cTaTTi:

1. VK.
2. Ha3Ba crarri.
3. ABrtopu cratti (iM’s Ta mpi3BHIIE NOBHICTIO, pukna;: Jlenuc O3epsiHKO).
4. Yemanosa, 6 saxiil sukonana poboma.
5. Anorarist. O00B’AI3KOBa CTPYKTypa aHOTAIIIT:

- Beryn (2-3 psaaxn).

- Marepianu Ta MeToau (10 5 psAKiB)

- PesynbraTi Ta 00roBOpeHHs (ITiB CTOPIHKH).

- BucnoBku (2-3 psaaxn).
6. Kirtouosi ciioBa (3—5 ciiB, ajie He CIIOBOCIIONYYEHbD).

IIyHkTH 2—6 BUKOHATH aHIVIiHCHKOIO | YKPaiHCHKOI0 MOBAMM.

7. OcHOBHHII TEKCT cTaTTi. Mae BKIIIOYATH Taki 000B’SI3KOBI PO3ILIH:
« Beryn
«  Marepianu Ta METOIH
«  PesynbraTi Ta 00roBOpeHHs
. BuchoBku
. Jlireparypa.
3a HeoOXiqHOCTI MOXKHA JIOAABaTH IHIII PO3/ILIK Ta PO30MBATH IX HA MiJIPO3ALIH.

8. ABtopchka nosinka (IIpi3Buie, iM’st Ta 0 OaTHKOBI, BUSHUH CTYIiHb Ta 3BaHHS, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi JaHi aBTOpa, 10 AKOTO 32 HEOOXITHOCTI Oy/e 3BEepTATUCH PENAKIIis KYpHATY.

PucyHkn BHUKOHYIOTbCS siKicHO. CKaHOBaHI PUCYHKHM He IpuiiMaroThbes. Po3mip Tekcry Ha
PHUCYHKax MOBHHEH Oyt cniBpo3mipHuM (!) Tekcry crarti. @oTorpadii MojkHa BUKOPHCTOBYBATH
JIMIIIE 32 iX 3HAYHOI HAYKOBOI HiHHOCTI.

®oH rpadikis, miarpam — nuie 6inuit. Komip enemenTiB pucyHky (iHii, ciTka, TEKCT) — YOpHHI
(ue cipuii).

Pucynxu ta rpadiku EXCEL 3 rpadikamMu 101aTKOBO HOJAIOTHCS B OKpeMHX (aiiax.

CkopoueHi Ha3Bu (DI3MYHUX BEJUYMH B TEKCTI Ta Ha rpadikax INO3HAYAIOTHCA JATHHCHKUMU
niTepamu BianoBinHo 1o cuctemu CL

B crnmcky niteparypy NOBHHHI epeBaXKaTH aHITIOMOBHI CTaTTi Ta MOHOrpadii, siKi omyoOsiKkoBaHi
mticyst 2000 poky.
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IIpaBuna odgopmiieHHS CHUCKY JiTepaTypH

B Ukrainian Food JournalB3sito 3a OCHOBY 3araJlbHONPHIHSTE B CBITI CIIpOIIEHE
oopMIIEHHST CITUCKY JiTepaTypu 3rimHo cranmapty Garvard. Bci enmeMeHTH MmocHiIaHHS
PO3ILIAIOTHCS JIMIIE KOMAMM.

1. [TocunaHHs HA CTATTIO:
ABTopu A.A. (pik Buaanus), Ha3za crarrti, HazBa xypnaay (kypcuBom), Tom
(HOMep), CTOPiHKH.
I[HiIiany MUITYThCS TICIS HPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.
1. Tlpuxnan:
Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of
Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108.

2. ITocujIaHHA HA KHUTY:
ABTopHu (pik), HazBa kuuru (kypcusom), BugaBuunrso, Micto.
[HiIiany mUITYThCS TICIS MPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.
[puxnan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IMocuianHs Ha eJIeKTPOHHUI pecypc:

BHKOHY€ETBCS aHATOT YHO TIOCHIAHHIO Ha KHUTY 260 cTaTTIo. [Ticns odhopMiIeHHs JaHuX
PO MyOJIiKaIliio MUIIYThCs cloBa Available at: Ta BKa3yeThCs eIEKTPOHHA aJipeca.
[puxnaau:
1. (2013), Svitovi naukovometrychni bazy, available at:
http://www]1.nas.gov.ua/publications/q_a /Pages/scopus.aspx
2. Cheung T. (2011), World's 50 most delicious drinks [Text], Available at:
http://travel.cnn.com/explorations/drink/worlds—50-most-delicious-drinks—883542

Crucok sitepaTypH 0 OpPMITIOETHCS JIUIIE JIATHHHULEKO. EjeMenTH criucky yKpaiHChKO0
Ta POCIHCHKOI0 MOBOI TOTPIOHO TpaHcHiTepyBaTH. [Jis TpaHcmiTepalii 3 yKpaiHCHKOIO
MOBU BUKOPUCTOBYETHCS MACIIOPTHUH CTaHIApT, a 3 pociiicbkoi — cranaapt MBJI (B mux
CTaHIapTaX BHKOPUCTOBYIOTBHCS CHMBOJIH JIMIIE aHTIIHChKOro angapiTy, 0€3 XBOCTHKIB,
anoctpodis Ta iH).

3pyu4Hi caiiTi 115 TpaHcaiTepanmii:

3 ykpaincekoi MoBH — http://translit.kh.ua/#lat/passport

3 pociticbkoi MoBH — http://ru.translit.net/?account=mvd

JonaTkoBa indopmanisi Ta npukiiag opopmJaeHHs CTATTI — HA cCalTI

http://ufj.ho.ua

CTaTTs HAJICUJIAETHCS 32 eJIEKTPOHHOI0 anpecoro: ufj nuft@meta.ua
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YK 663/664
Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi cTaTTi, KOPOTKi
ITOB1IOMJICHHS, OTJIAZOBI CTaTTi, HOBUHHU Ta OTJISIH JIITEPATYPH.

Tematuka nmyouaikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis Iporiecu Ta 00OaTHAHHS

XapuoBa XiMis HanorexHosorii

Mikpobiosnoris ExoHomika Ta yrnpaBiiHHs

®di3uvHI BIACTHBOCTI Xap4YOBUX ABTOMATH3AIIIs TPOIIECIB
MIPOAYKTIB YmakoBKa I XapuOBUX IPOIYKTIB

SIkicTh Ta Oe3reka XapuoBUX HMPOAYKTIB

[MepiognyHnicTh BUXOAY KypHAJY 4 HOMEpPH HA PIK.

Pe3yibraTi MOCIiIKeHb, IPEICTABIIEH] B )KypHAaIi, TIOBUHHI OyTH HOBUMH, MaTH YiTKUI
3BSI30K 3 Xap4yOBOIO HAYKOI 1 TPEICTaBISATH IHTEpeC I MiKHAPOAHOTO HAaYKOBOT'O
CITIBTOBAPHCTRA.

Ukrainian Food Journal iHmekcyeTbcs HAYKOMETPHYHHUMH Oa3aMH:
Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichsWeb (2013)
Global Impact Factor (2014)
Online Library of University of Southern Denmark (2014)
CABI full text (2014)
Directory of Research Journals Indexing (DRIJI) (2014)
Universal Impact Factor (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH PLUS) (2014)
Directory of Open Access Journals (DOAJ) (2015)
InfoBase Index (2015)
Chemical Abstracts Service Source Index (CASSI) (2016)
Emerging Sourses Citaton Index (2018)

Peuensis pykonucy crarri. Marepianu, npencrasiesi i myoinikyBaHHs B «Ukrainian
Food Journal», npoxomste «IloasiiiHe citilie peleH3yBaHHM) JBOMAa BYCHHMH, NIPU3HAYCHUMHU
PEeNaKLiHOO KOJIETIEr0: O/IMH € YICHOM PEJIKOJIETil 1 OIMH He3aJe)KHUH yICHUH.

ABTOpCBKe NPaBo. ABTOPU CTaTel rapaHTYIOTh, IO poOOTa HE € MOPYLIEHHAM OyIb-sIKUX
aBTOPCHKHMX IpaB, Ta BiJUIKOAOBYIOTh BHIABLIO NMOPYLIEHHS JaHOi rapaTii. OmyOnikoBaHi
Matepianu € npaBoBoro BiacHicTio BuaaBus «UKrainian Food Journaly, skiio He y3romkeHo
IHIIE.

IoaiTnka axamemiunoi ermkm. Penakuis «Ukrainian Food Journal» xopucryerscs
[IpaBUJIaMM aKaJeMiuHOI €THKH, BUKIaneHuX B podori Miguel Roig (2003, 2006) "Avoiding
plagiarism, self-plagiarism, and other questionable writing practices. A guide to ethical writing”.
Penaxiiis mporoHye aBTopaM crarteil i pelieH3eHTaM psAMo CIIilyBaTH LIbOMY KEpiBHUITBY, 11100
YHUKHYTH IIOMWIOK Y HAYKOBIH JIiTepaTypi.

IHCTPYKUIT ANA aBTOPIB Ta iHIIAa KOpHCHA iH(pOpMAIis pO3MillleH] Ha CalTi

http://ufj.ho.ua
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