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Introduction. Representatives of the Lamiaceae
family are widely used in the food industry as they are
characterized by a high content of aromatic compounds.

Materials and methods. It was evaluated the
chemical composition and antibacterial activity of essential
oils of garden thyme (Thymus vulgaris L.), rosemary
(Rosmarinus officinalis L.), spearmint (Mentha spicata L.),
and sweet basil (Ocimum basilicum L.).

Results and discussion. The percentage ratio of
volatile components obtained by GC-MS analysis of
essential oil from garden thyme contains: thymol (37.90%)
and yp-terpinene (19.44%). It has been determined
eucalyptol (19.89%) and camphor (16.86%) in the essential
oil of rosemary and carvone (50.23%) and limonene
(13.90%) in spearmint oil, respectively. The differences in
the quantitative and qualitative composition of essential
oils and their aromatic components in relation to the
previous researches may be probably due to different
environmental and genetic factors, different chemotypes
and the nutritional status of the plants as well as other
factors that can influence the oil composition. Escherichia
coli was the most susceptible bacterium strain. The
essential oils of spearmint and rosemary possessed the
most pronounced antibacterial activities against
Escherichia coli (with inhibition zone: 32.00 mm and
30.00 mm).

Conclusions. The results obtained provide a basis for
a thorough examination of the chemical composition and
antimicrobial properties of various representatives of
Lamiaceae family with a view to a wide usage in food
technology.

—— Ukrainian Food Journal. 2019. Volume 8. Issue 2

227



Food Technology ——
Introduction

The family of Lamiaceae (also known as Labiatae) has very large distribution, containing
about 236 genera and 6900 to 7200 species. Representatives of the Lamiaceae family are
widely used for various purposes, but their most extensive usage is in the food industry as
they are characterized by a high content of aromatic compounds. Sweeet basil, spearmint,
rosemary, sage, oregano and garden thyme are only some of the species with wide usage in
culinary production all over the world [22].

Garden thyme (Thymus vulgaris L.) is an evergreen herb, native to the southern Europe
and the Mediterranean [20]. The plant has been used since ancient times as a culinary
ingredient, to add flavor to cheeses [4, 2] and liqueurs [29, 26] and to flavor meats such as
rabbit, boar, and lamb [12].

The herb garden thyme is pungent in taste and contains protein, crude fiber, minerals,
vitamins, etc. [3]. The essential oil of garden thyme and the compound thymol have
antimicrobial activity in vitro against Escherichia coli strains [7, 13]. Garden thyme essential
oil is one of the most commonly used aromatic products in the home kitchens as well as in
the food industry as preservatives and antioxidants.

A study including 21 essential oils and five pathogenic bacteria, demonstrated that the
garden thyme had one of the most potent bacteriostatic and bactericidal effects against
Escherichia coli, Salmonella enteritidis, Listeria monocytogenes, and Staphylococcus aureus
[36].

Rosemary (Rosmarinus officinalis L.) is one of the most economically important plants
of the family Lamiaceae. The name "rosemary" derives from the Latin words "ros", meaning
"dew" and "marinus," meaning "sea" — "dew of the sea". Rosemary has been used in the
culinary since decades. Native to the Mediterranean region, the plant is now widely
distributed all over the world mainly due to its culinary, medicinal, and commercial uses
including in the fragrance and food industries [21]. Both fresh and dried leaves of rosemary
have been used for their characteristic aroma in cooking or consumed in small amounts as
herbal tea, while rosemary extracts are routinely employed as natural antioxidant to improve
the shelf life of perishable foods. The culinary, medicinal, and fragrance uses of rosemary
are attributed to the vast arrays of chemical constituents collectively known as plant
secondary metabolites [40]. Moreover, one group aromatic compounds are with small
molecular weight, called essential oils which play vital role in the fragrance and culinary
properties of the plant [15]. The application of rosemary in the culinary practice is related to
the corresponding chemotype of the spice, which has pronounced flavoring properties.

According to Fu et al. [ 18] minimum inhibitory concentrations of rosemary essential oil
ranged from 0.125% to 1.000% (v/v) and possessed significant antimicrobial effects against
Gram-positive bacteria, three Gram-negative bacteria.

Spearmint (Mentha spicata L.) is an aromatic plant that can be used fresh or as dried
leaves or powder, as a seasoning and flavoring herb, or traditionally as herbal tea [25]. In
addition, spearmint essential oil has economic relevance due to its use in perfumery,
confectionary, cosmetics and pharmaceutical preparations. The fresh and dried spearmint
leaves have been used as a flavoring agent in various food products, including cheese and
dough (Iranian yoghurt drink), chocolate, beverages, jellies, syrups, candies, ice creams, and
chewing gum [32].

Spearmint essential oil had strong activity against S. aureus, E. coli, Candida albicans
and C. tropicalis [35]. Besides its flavoring properties, spearmint is also widely used as an
antimicrobial agent and as a preservative in food, mainly because of its oxygenated
compounds [27, 11].
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Sweet basil (Ocimum basilicum L.), is a culinary herb of major importance. Most
culinary and ornamental basils are cultivars of the species O. basilicum, but other species are
also grown and there are many hybrids between species [38]. Sweet basil can be dried or used
fresh, similar to many other pot-herbs. It is best used fresh, as dried it will lose its flavor.
Sweet basil leaves containing essential oil of distinctive aroma can be used both fresh and
dried to spice up various kinds of meals. Apart of culinary use, sweet basil has been
traditionally applied as a medicinal herb [33]. The presence of essential oil and its
composition determine the specific aroma of plants and the flavor of the condiment [33].
Although essential oils in different basil cultivars are variable, prevalent components are
monotherpenes and phenylpropanoids [28]. Fresh sweet basil leaves is used as an ingredient
in various dishes and food preparations, especially in the Mediterranean cuisine. Due to its
antimicrobial [9, 37] and insecticidal [8] activities and very pleasant aroma, sweet basil
essential oil is widely used in the food.

Its usage in culinary practice is based on the possibility of fresh and dried leaves to
emphasize meat and vegetable flavors, giving them a pronounced aromatic flavor. Most often
aromatic components in fresh spices are obtained by low temperature extraction with
vegetable oils used in culinary practice. The resulting aromatic oil substances are successfully
used, such as salad dressings, spices for meat and vegetable soups, poultry and game dishes.

Due to the wide use of the Lamiacea spices in the food technology and the scarce
information in Bulgaria about their aromatic composition and antimicrobial properties
against foodborne pathogens, it have been involved the need for their further examination.

The aim of the present study is to characterize the aromatic components in the essential
oils of four spices of the family Lamiaceae and antimicrobial properties against pathogenic
bacteria, causing foodborne illnesses, with potential possibilities for their application in food
technology.

Materials and methods

Plant Material

Garden thyme (Thymus vulgaris L.), rosemary (Rosmarinus officinalis L.), spearmint
(Mentha spicata L.), sweet basil (Ocimum basilicum L.) were purchased from the merchant
local market in Plovdiv. Samples were identified by an expert in Agricultural University of
Plovdiv, Bulgaria.

The moisture content of raw materials was determined by drying to constant weight at
105°C [34].

Essential oils

The essential oils were obtained with modification of hydrodistillation for 150 min in the
laboratory glass apparatus according to the British Pharmacopoeia [6].

The oils were dried over anhydrous sulfate and stored in tightly closed dark vials at 4 °C
until analysis.

The GC-MS analysis was carried out with an Agilent 5975C MSD system coupled to an
Agilent 7890A gas chromatograph (Agilent Technologies Inc., Santa Clara, CA). Agilent
J&W HP-5MS column (0.25 pm, 30 m x 0.25 mm) was used with helium as a carrier gas
(1.0 mL min™"). The operational conditions were: oven temperature 35 °C/3 min, 5 °C/min to
250 °C for 3 min, total run time 49 min; injector temperature 260 °C; ionization voltage 70
eV; ion source temperature 230 °C; transfer line temperature 280 °C; solvent delay 4.25 min
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and mass range 50 — 550 Da. The MS was operated in scan mode. One pL of the sample was
injected into the GC/MS system at split ratio 30:1. The GC analysis was carried out using an
Agilent 7890A GC system; FID temperature 270 °C. In order to obtain the same elution order
with GC/MS, simultaneous triplicate injections were done by using the same column and the
same operational conditions.

The identification of compounds was made by comparing their mass spectra with those
from mass spectra libraries [1] and by comparing the literature and estimated Kovat’s
(retention) indices that were determined using mixtures of homologous series of normal
alkanes from Csto Cy in hexane, under the conditions described above. The percentage ratio
of volatile components was computed using the normalization method of the GC/FID peak
areas.

Determination of antibacterial activity

As test microorganisms were used strains of pathogenic bacteria, reported as causing
foodborne infections, intoxications and toxicoinfections. Antibacterial activity of essential
oils was tested against Gram-positive bacteria — Listeria monocytogenes NCTC 11994 and
Staphylococcus aureus ATCC 25093, and Gram-negative bacteria — Escherichia coli ATCC
8739 and Salmonella enterica subsp. enterica serovar Abony NCTC 6017. The selective
growth media were: Listeria Oxford Agar Base /Merck/; Baird Parker Agar Base with Egg
Yolk Tellurite emulsion supplement /Merck/, Rapid’ E.coli 2 Agar /BioRad/ and Mac
CONKEY Agar /Merck/, respectively.

The media were inoculated with 24-hour suspension of the bacterial species.

Melted and cooled to 45 °C selective media were inoculated with the tested
microorganisms and next equally dispensed into Petry dishes. After setting of the media,
sterile rings (@ 6 mm) were placed on, and the amount of each sample (0.05 mL) was put
into the rings. Petry dishes were incubated at 37 °C for 24 or 48h according to the bacterial
spices, and then the distinct zone of growth inhibition (mm) around the rings was measured.
The used inoculums have resulted as an actual concentration cells of L. monocytogenes, S.
aureus, E. coli, S. enterica into the responding selective medium about 3 x 10° CFU/mL. The
total plate count was estimated by the conventional plate-counting technique using
appropriate dilution.

Results and discussion

Chemical composition of essential oils

Garden thyme (Thymus vulgaris L.).

The moisture of the plants was determined as 82.75%+0.80. The yield of essential oil
was 0.56%=0.00 (in abs. dry mass was 3.26%+0.03). The oil was light yellow liquid with a
characteristic, spicy-phenolic odor (Table 1). The oil is consisted by 35 components,
representing 98.89% of the total content. Twelve of them were in concentrations over 1%
and the rest 23 constituents were in concentrations under 1%. The major constituents (up 3%)
of the oil were as follows: thymol (37.90%), y-terpinene (19.44%), p-cymene (8.84%), 0-2-
carene (3.92%), carvacrol (3.60%), and S-caryophyllene (3.37%). The results indicated that
Bulgarian essential oil obtained from 7. vulgaris is from thymol chemotype [19], which may
also have a profound influence on its bioactivity, flavor, and aroma profile.
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Table 1

Chemical composition of essential oil of garden thyme, rosemary, spearmint, sweet basil

Content, %

e Compounds Rl Garden Rosemary | Spearmint Sweet
thyme basil

1 | Tricyclene 922 - 0.42+0.00 - -

2 | a-Pinene 939 | 2.394+0.02 | 13.37+0.12 | 1.31+£0.01 | 0.56+0.00

3 | Camphene 954 | 0.33£0.00 | 7.22+0.07 | 0.27+0.00 | 0.10+0.00

4 | Sabinene 969 | 0.26+0.00 | 0.10+£0.00 | 0.86+0.00 | 0.48+0.00

5 | S-Pinene 979 | 0.37+0.00 | 2.37+£0.02 | 1.24+0.01 | 0.79+0.00

6 | Octen-3-ol 982 | 2.81+0.02 - - -

7 | B-Myrcene 991 | 2.2240.02 | 1.81£0.01 | 1.63+0.01 | 0.89+0.00

8 | a-Phellandrene 996 - 4.27+0.04 - -

9 | 0-2-Carene 998 | 3.92+0.03 | 2.13+0.02 - -

10 | a-Terpinene 1018 - - 0.24+0.00 -

11| p-Cymene 1025| 8.84+0.08 - - -

12 | Limonene 1030 | 0.54+0.00 - 13.90+0.12| 0.33+0.00

13 | Eucalyptol 1032 | 0.24+0.00 | 19.894+0.18 | 0.99+0.00 | 8.26+0.08

14 | cis-p-Ocimene 1040 - 0.15+0.00 - 1.48+0.01

15 | 2-Phenylethanal 1047 - 0.10+0.00 - -

16 | trans-f-Ocimene 1050| 0.36+0.00 | 0.13£0.00 | 0.20+0.00 | 0.13+0.00

17 | y-Terpinene 1055 | 19.44+0.18 | 2.26+0.02 | 0.46+0.00 | 0.28+0.00

18 | a-Terpinolene 1088 - 1.81+0.01 | 0.38+0.00 -

19 | p-Linalool 1092 | 2.59+0.02 | 0.96+0.00 | 0.53+0.00 | 30.52+0.29

20 | p-Mentha-3-one 1131 - - 0.87+0.00 -

21 | (+)-Camphor 1126 - 16.86+0.16 - 0.33+0.00

22 | trans-Menthone 1136 - - 1.11+0.01 -

23 | Pinocarvone 1157 - 0.67+0.00 - -

24 | Isomenthol 1158 - - 0.30+0.00 -

25 | Terpinen-4-ol 1163 - - - 0.90+0.00

26 | (-)-Menthol 1164 - - 0.84+0.00 -

27 | Borneol 1169 | 1.65+£0.01 | 5.27+0.05 - -

28 | (+)-Menthol 1168 - - 1.29+0.01

29 | Terpinene-4-ol 1179 0.71+£0.00 | 2.20+0.02 - -

30 | Methylchavicol 1186 - - - 13.16+0.12

31| Piperitol 1196 - 0.38+0.00 - -

32 | Dihydrocarvone 1204 - - 3.37+£0.03 -

33| cis-Carveol 1208 - - 0.34+0.00 -

34 | a-Terpineol 1189| 0.37+0.00 | 4.10+0.04 - 1.07+0.01

35 | Verbenone 1193 - 3.69+0.03 - -
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Table 1 (Continue)
Chemical composition of essential oil of garden thyme, rosemary, spearmint, sweet basil

Content, %

e Compounds RI Garden Rosemary | Spearmint Sweet
thyme basil

36 | p-Citral 1215| 0.13+0.00 - - -

37 | Pulegone 1216 - - 0.87+0.00 -

38 | (-)-Carvone 1218 - - 50.23+0.49 -

39 | Piperitone 1228 - 0.25+0.00 - -

40 | Thymol methyl ether |1229| 0.98+0.00 - - -

41 | p-Menth-1-en-3-one 1231 - - 2.22+0.02 -

42 | Thymoquinone 1260 | 0.2240.00 - - -

43 | Isomenthyl acetate 1282 - - 0.79+0.00 -

44 | Thymol 1290 | 37.90+0.36 - - -

45 | Bornyl acetate 1285 - 3.37+0.03 - 0.51+0.00
46 | Carvacrol 1292 | 3.60+0.03 - - -

47 | Eugenol 1337 | 0.51+£0.05 | 0.41+0.00 - 11.744+0.09
48 | cis-Carvyl acetate 1344 - - 1.11+0.01 -

49 | trans-Carveyl acetate | 1365 - - 0.25+0.00 -

50 | Methyleugenol 1371 0.11£0.00 | 0.53£0.00 - -

51 | p-Bourbonene 1388 - - 1.21+0.01 -

52 | p-Elemene 1391 - - 0.47+0.00 | 2.28+0.02
53 | p-Caryophyllene 1419| 3.37+0.03 | 1.20+£0.01 | 2.77+0.02 | 0.42+0.00
54 | a-Bergamotene 1426 - - - 6.36+0.06
55 | f-Cubebene 1429 | 1.4240.01 0.14+ 2.65+0.02 -

56 | y-Elemene 1433 - - 0.83+0.00 -

57 | 5-Elemene 1435| 0.30+0.00 - - -

58 | f-Elemene 1451 | 0.29+0.00 - - -

59 | a-Humulene 1454 - - 0.38+0.00 | 0.85+0.00
60 | a-Caryophyllene 1454 | 0.60+£0.00 | 0.23+0.00 - -

61 | y-Muurolene 1483 - - - 4.33+0.04
62 | Bicyclogermacrene 1499 - - 1.26+0.01 -

63 | f-Bisabolene 1501 | 0.23+0.00 ) ) )

64 | a-Bulnesene 1507 - 2.00+0.02
65 | y-Cadinene 1513 | 0.33+0.00 - - 1.52+0.01
66 | 0-Cadinene 1523 - - 0.64+0.00 -

67| 0-Cadinene 1524 | 0.27+0.00 - - -

68 | (-)-Spathulenol 1572 - - 0.32+0.00 -

69 | Germacrene D-4-ol 1570 0.51+0.00 - - -

70 | Ledene oxide 1578 - - 0.45+0.00 -
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Table 1 (Continue)
Chemical composition of essential oil of garden thyme, rosemary, spearmint, sweet basil
Content, %
Ne Compounds RI Garden Rosemarv | Spearmint Sweet
thyme osemary | Spea basil
71 | Caryophyllene oxide 1580 | 0.47+0.00 | 0.74+0.00 | 0.56+0.00 -
72 | Germacrene D 1580 - 0.19+0.00 } }
73 | Cubenol<1,10-di-epi-> | 1618 - - 0.29+0.00 -
74 | 9-Cadinol 1619 - 0.66=0.00 | 0.61+0.00 | 1.92+0.01
75 | r-Cadinol 1634 - 0.73+£0.00 | 0.52+0.00 | 1.07+0.01
76 | a-Cadinol 1641 - 0.40+0.00 | 0.39+0.00 | 6.53+0.06
77 | Phytol 2105| 0.29+0.00 B B B
78 | Squalene 2817 | 0.3240.00 - - -

*_ not identified

The moisture of the rosemary sample was 64.00%=+0.60. The yield of essential oil was
1.09%+0.01 (in abs. dry mass was 3.03%+0.03). The oil was light yellow liquid with a
characteristic, refreshing, pleasant odor. The oil is composed by 34 components (Table 1)
representing 99.00% of the total content. Sixteen of them were in concentrations over 1%
and the rest 18 constituents were in concentrations under 1%. It is obvious that the major
constituents (up 3%) of the oil were as follows: 1,8-cineole (19.89%), (+)-camphor (16.86%),
o-pinene (13.37%), camphene (7.22%), borneol (5.27%), o-phellandrene (4.27%), o-
terpineol (4.10%), verbenone (3.69%), and bornyl acetate (3.37%). One of the values of
aromatic components in the composition of the essential oil of rosemary is comparable to
those obtained by De Mastro et al. [14]. The results indicated that Bulgarian essential oil
obtained from R. officinalis is from camphor chemotype [19]. The differences in chemical
composition were explained with the different extraction methodologies used.

The moisture of the spearmint sample was 84.60%=+0.81. The yield of essential oil was
0.83%=0.00 (in abs. dry mass was 5.41%=0.05). The oil was light yellow liquid with a fresh,
caraway-minty odor (Table 1). The results show that 40 components representing 98.95% of
the total content were identified in the oil. Fourteen of them were in concentrations over 1%
and the rest 26 constituents were in concentrations under 1%. It is clear that the major
constituents (up 3%) of the oil were as follows: (-) carvone (50.23%) and limonene (13.90%),
that qualitative and quantitative results are comparable with that identified from Niksic et al.
[31]. Through aromatic compounds isolated from M. spicata in Bulgaria, the
carvone/limonene chemotype of the tested sample was established [19].

The moisture content of the sweet basil sample was 88.71%+0.86. The yield of essential
oil was 0.19%0.00 (in abs. dry mass was 1.70%=0.01). The oil was light yellow liquid with
typical fresh-spicy odor. Results presented on Table 1 show that the tested oil was consisted
of 27 components, representing 98.81% of the total content. Fourteen of them were in
concentrations over 1% and the rest 13 constituents were in concentrations under 1%. As
seen the major constituents (up 3%) of the oil were as follows: f-linalool (30.52%),
methylchavicol (13.16%), eugenol (11.74%), 1,8-cineole (8.26%), a-cadinol (6.53%), o-
bergamotene (6.36%), and y-muurolene (4.33%), comparable to results obtained from other
researchers [10]. The results indicated that Bulgarian essential oil obtained from sweet basil
is a linalool chemo type [19].
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The classification of the identified compounds, based on functional groups, is

summarized in Figure 1. The predominant participation of oxidized monoterpenes in the
essential oil of spearmint, rosemary and sweet basil is established.

°
B

70 1

60

50 1

40 7

30

20 1

N 111D

compounds

mrosmary @Ogardenthyme Bsweetbasil Ospearmint

Figure 1. Group of components in essential oils from Lamiaceae, %,:
1-hydrocarbons,
2-oxygenated hydrocarbons,
3-monoterpene hydrocarbons;
4-oxygenated monoterpenes;
5-sesquiterpene hydrocarbons,
6-oxygenated sesquiterpenes,
7-phenylpropanoids;
8-diterpenes;
9-triterpenes.

Two groups of compounds were dominant in rosemary essential oil (Fig. 1), as
oxygenated monoterpenes (58.21%) and monoterpene hydrocarbons (35.98%), followed by
oxygenated sesquiterpenes (2.56%), sesquiterpene hydrocarbons (1.78%), and
phenylpropanoids (1.05%).

Compounds, identified in garden thyme essential oil (Fig. 1) were phenylpropanoids
(52.75%), ogygenated monoterpenes (25.78%), monoterpene hydrocarbons (10.14%),
sesquiterpene  hydrocarbons (6.89%), oxygenated  hydrocarbons (2.84%),
ogygensesquiterpenes (0.99%), triterpenes (0.32%), and diterpenes (0.29%).
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Duke [16] summarized that the major aromatic components derived from the essential
oil of T. vulgaris were as follows: thymol (23-60%), y-terpinene (18-50%), p-cymene (8-
44%) carvacrol (2-8%), and linalool (3-4%). The reason for the different results may be
caused by the origin of the sample, environmental differences, age of the plant, dissimilarities
in method of isolation and seasonality.

Oxygenated monoterpenes (42.09%), phenylpropanoids (25.20%), and sesquiterpene
hydrocarbons (17.98%) were the dominant group in sweet basil essential oil (Fig. 1),
followed by oxygenated sesquiterpenes (9.63%), and oxygenated hydrocarbons (5.10%).

Oxygenated monoterpenes (65.80%) were the dominant group in spearmint essential oil,
followed by monoterpene hydrocarbons (20.71%), sesquiterpene hydrocarbons (10.32%),
and phenylpropanoids (3.17%).

The differences in the quantitative and qualitative composition of essential oils of garden
thyme, rosemary, spearmint and sweet basil and their aromatic components in relation to the
previous researches may be probably due to different environmental and genetic factors,
different chemotypes and the nutritional status of the plants as well as other factors that can
influence the oil composition.

Antibacterial activity

The results of antibacterial testing are presented in Table 2.

All essential oils showed good antibacterial potential against tested four strains of
foodborne pathogens. E.coli was the most susceptible bacterium strain. The essential oils of
spearmint and rosemary possessed the most pronounced antibacterial activities against E. coli
(with inhibition zone: 32.00 mm and 30.00 mm). Garden thyme was most effective against
E. coli due to the two major constituents as thymol and carvacrol, because of their ability to
break the outer membrane of Gram-negative bacteria and increase the permeability of the
cytoplasmic membrane. On the other hand, the essential oil of sweet basil showed highest
antibacterial property against S. enterica owing to the presence of the major compound
linalool.

The weakest potential was observed by the spearmint oil against S. enterica. All these
spices, widely used in culinary technology contain compounds that have been shown to
possess antibacterial functions. Studies have shown that constituents with a phenolic
structure in essential oils, such as eugenol, carvacrol and thymol have the greatest
antibacterial activities, followed by aldehydes, ketones, alcohols, ethers and hydrocarbons
[39, 24].

Table 2
Diameter of zones of growth inhibition (mm) of tested pathogenic bacteria

Bacteria E. coli S. enterica L. mono- S. aureus

ATCC NCTC 6017 cytogenes ATCC

8739 NCTC 11994 25093

Sample Zones of growth inhibition (mm)

Garden thyme 21.01+£0.20 12.02+0.11 19.01+0.18 20.03+0.19
Rosemary 30.04+0.28 11.01£0.10 13.02+0.12 11.0140.10
Spearmint 32.00+0.30 12.00+0.11 6.00+0.05 11.024+0.10
Sweet basil 17.01£0.16 20.03+£0.19 7.02+0.06 15.024+0.14
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Our results for garden thyme were in agreement with the findings of El Hattabi et al.
[17].

The results of the antibacterial activity of the spearmint essential oil were lower than the
findings of Horvath and Koscova [23] reported the highest antibacterial properties against S.
aureus CCM 4223 with inhibition zone varied at a range of 35.67 mm. The results obtained
in this study are comparable to the findings of Moghaddam et al. [30, 37] reported that sweet
basil essenatial oil showed inhibition zones against S. aureus (29.20-30.56 mm), and E. coli
(17.48-23.58 mm).

Differences in the geographic environment, the cultivar type, age of the plant, different
methods of isolation, and seasonality of the samples could be the reasons for the obtained
differences in spectrum of antibacterial activity.

Conclusion

In the present study the aromatic composition and antibacterial properties of essential
oils of thyme, rosemary, spearmint, and sweet basil were investigated. The results show the
presence of alcohols and ketones in the aromatic composition of the essential oil. The
identified aromatic compounds exhibit antimicrobial properties against foodborne pathogens.
The essential oil of garden thyme possessed the strongest antimicrobial activity against S.
aureus and L. monocytogenes. Otherwise, essential oil of sweet basil showed most
pronounced antimicrobial properties against S. enterica, while E. coli was most susceptible
to the essential oil of spearmint and rosemary. The results obtained provide a basis for a
thorough examination of the chemical composition and antimicrobial properties of various
representatives of Lamiaceae family with a view to a wide usage in food technology.
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Introduction. The purpose of the research is to study the
influence of starch syrup of various carbohydrate composition
and its compositional mixtures on the formation of physico-
chemical indicators of ice cream on the basis of sugar syrups.

Materials and methods. As a substitute of sugar for ice-
cream was used starch syrup with different functional and
technological properties — syrup caramel low-saccharification
(SC) and glucose-fructose syrup (GFS) with a dry matter
content of at least 78%. The cryoscopic temperature was
determined using Beckmann's thermometer, the content of
frozen water was calculated in accordance with the obtained
values of the cryoscopic temperature, the microstructure was
investigated using a light microscope with a cooling chamber
for increasing x400 and x600.

Results and discussion. For complete replacement of
sugar in the ice cream the starch syrup of different degree of
saccharinization was chosen: glucose-fructose syrup GFS
(dextrose equivalent 98) and syrup caramel SC (dextrose
equivalent 30). GFS, in comparison with control samples with
sugar, due to the high content of mono-sugars, significantly
reduces the cryoscopic temperature of the mixtures. While, the
SC boosts this figure. Therefore, in order to maintain the
recommended balance on the content of frozen water at each
stage of low-temperature processing of ice cream mixtures, it is
expedient to combine the cryoprotective capacity of the syrup
with different dextrose equivalent. The ranges of optimal
correlations between GFS and SC in compositions were
calculated, allowing to receive the content of frozen water,
according to control samples — from 30:70 to 40:60 for aromatic
ice cream and from 50:50 to 90:10 — for fruit-berry ice-cream.
Microstructural analysis of ice cream samples has demonstrated
the expediency of complete replacement of sugar on the syrup
compositions, which provides the formation of a more
homogeneous finished product structure, compared with control
samples with sugar.

Conclusions. The cryoscopic temperature of the mixtures,
the content of the frozen water, and the size of the particles of
the disperse ice cream systems can be adjusted by the use of
starch syrup compositions with different dextrose equivalent.
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Introduction

Cryoscopic temperature (t.r) of mixtures for production of ice-cream is one of the main
physical characteristics that determine the nature of the process of cooling the water during
freezing, hardening and storage of the finished product [1]. The resulting crystals of ice are
unstable in time and can be detected due to disturbances in the temperature regimes of
production and storage [1, 2].

Exactly the content of the chemical and physical-chemical bound water in the mixture
for ice cream production affects on t that causes the crystallization process and the size of
the crystals in the finished product [3]. Low molecularity, truly soluble in water compounds-
sucrose, lactose and salt reveal the best effect on the tcr of ice cream mixtures [4]. The role
of proteins and polysaccharides in this process is mediated and manifested through the
connection of water, which cannot be solvent, which leads to increase of concentration of
solutions of simpleand double sugar, salts in the residual of free water [5, 6, 7].

The cryoscopic temperature of ice-cream mixtures, depends not only from the number
of dissolved molecules, but also from their molecular weight. Substances of lower molecular
weight exhibit greater cryoprotective capacity [8]. Therefore,simple sugars, compared with
double sugars, have a greater influence on tcr of aqueous solutions [9].

Except for less cryoprotective ability of double sugars, they are able to intensively
crystallize during storage with the formation of large crystal sizes (< 10 microns) and their
subsequent accretion [10, 11].

A special place in the market for frozen desserts is ice cream based on sugar syrups,
which do not have milk components [12]. Within certain species of such ice cream there are
certain requirements for the content of sweeteners, in particular, white crystalline sugar [13].
Thus, the content of sugar in aromatic ice-cream and fruit-berry is in the range of 20-22 to
30-32%. It is sugar that traditionally performs the function of an intensive sweetener and a
source of dry matter, the proportion of which is based on their total content in aromatic and
fruit-flavored ice cream of about 80-90%. Due to lower solubility, double sugars can form
large crystals in ice-cream based on sugar syrups during its long-term storage. In order to
prevent the appearance of a hard sugar chop on the surface of portions, sugar in this ice cream
is recommended to replace on starch syrup, invert sugar or monosaccharin [14, 15, 16] by
20-25%. At the same time, starch syrup is the best alternate way thank to its price, safety
indicators and functional-technological characteristics. Particular attention deserves
polyfunctional technological properties of syrup of varying degrees of assessment, which are
capable of amplifying, structuring ice cream and detecting cryoprotective ability [17, 18].

The authors for the first time have proved the expediency of a complete replacement of
sugar in ice cream with milk base on syrup and its compositions. In the case of combination
of high and low-sugar syrup, the degree of sweetness, the resistance to dampness, the aqueous
phase, viscosity and the size of ice crystals and bubbles of the air are regulated [19, 20]. But
especially important is the study of the process of freezing water in ice cream on the basis of
sugar syrups — aromatic and fruit-berry. At the same time, information on the influence of
starch syrup on the physico-chemical characteristics of ice cream in this group is absent.

The purpose of scientific research is to study the influence of starch syrup of various
carbohydrate composition and its compositional mixtures on the formation of physico-
chemical indicators of ice cream on the basis of sugar syrups.

The research objectives are as follows:

— to study the cryoprotective ability of starch syrup with low and high dextrose equivalent
and the possibility of combining the syrup in aromatic and fruit-berry ice cream with
complete replacement of sugar;
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— to optimize the composition of carbohydrate complexes for the complete replacement of
sugar in ice cream on the basis of the analysis of the patterns of freezing of water in
mixtures for the production of ice cream;

— to find out the degree of influence of separate stages of low-temperature processing of
mixtures with different carbohydrate composition on the content of frozen water;

— to confirm the efficiency of replacing sugar in the compositions of syrup by means of
microstructural analysis.

Materials and methods

Materials

As a substitute of sugar for ice-cream was used starch syrup with different functional
and technological properties — syrup caramel low-saccharification (SC) and glucose-fructose
syrup (GFS) with a dry matter content of at least 78% (Table 1).

Table 1

Sensory attributes and physico-chemical properties of glucose syrup with different degree of

starch conversion [12, 13].

Indicator Syrup Caramel (SC) Glucose-fructose syrup
(GFS)

Organoleptic Homogeneous, very viscous, | Homogeneous, liquid with

characteristics colorless liquid. The taste is | yellowish color. The taste is
moderately sweet, without | over sweet, without any
any foreign taste and smell. foreign taste and smell

Dextrose equivalent 30 98

(DE)

Mass fraction of 10 54

glucose,%

Mass fraction of 20 2

maltose,%

Mass fraction of absent 1

maltotriosis,%

Mass fraction of 70 1

higher sugars,%

Mass fraction of absent 42

fructose,%

Profile of sweetness 30 98

The recipe composition of the experimental samples was developed in accordance with
a typical mixtures composition of a wide assortment range [19]:
— aromatic ice cream (mass fraction of dry matter — 20,5-26,5%, including sugar 20-26%,
citric acid — 0,2%, stabilization system Kremodan ® DC — 0,3%);
— fruit-berry ice cream (a mass fraction of dry substances — 25-35%, including sugar 22-
32%, a mass fraction of dry matter of fruits and berries — 2.7%, the content of stabilizing
system Cremodan ® DC — 0.3%).
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For control 1 samples of ice cream with a minimum sugar content (aromatic — 20%,
fruit-berry — 22%) were selected.

For control 2 — samples of ice cream with the maximum content of sugar (aromatic —
sugar 26%, fruit and berry — 32%)

In the experimental samples, the mass fraction of dry matter of GFS and PCs and their
composition mixtures (for the ratio between syrup from 10:90 to 90:10) is selected according
to the most popular formulations within the permitted range of sugar contents, namely:

— 25% — for aromatic ice cream;

— 27% — for fruit-berry ice cream.

Contain a mass fraction of SS solids in the composition of GFS + PS in amounts of 100,
80, 60, 40, 20 and 0% respectively (samples 1-6).

Ice cream mixtures were pasteurized at 85 + 2 °C for 2-3 minutes, cooled to 4 + 2 °C
and maintained at this temperature for 2 hours [20].

Experimental ice-cream production was carried out on the frizer of the periodic action
of the brand "Fibre-400", FPM-3,5 / 380-50. The investigated ice cream samples were
hardened and stored in a freezer "Caravell" A / S at a temperature of minus 18-20 °C [19,
20].

Methods

The research was conducted in the following sequence:

— determined the cryoprotective capacity of caramel syrup and glucose-fructose syrup, as
well as their compositions, by measuring the cryoscopic temperature of mixtures of
aromatic and fruit-berries;

— studied the dynamics of freezing of free water during technologically significant stages
of low-temperature processing of mixtures with different carbohydrate composition
using two-factor regression analysis of experimental data;

— confirmed the expediency of using compositions of syrups by analyzing the
microstructure and the external type of ice cream samples.

Cryoscopic temperature. The cryoscopic temperature of ice cream mixtures was
determined using cryostat and Beckmann thermometer (TL-1) [15, 21].

The amount of frozen moisture. The amount of frozen moisture at different
temperature regimes for non-dissociated molecular solutions was calculated according to the
formula [15, 22]:

o=[1-(t«/ )] - 100

where o — number of frozen water,%;
t — temperature, °C.

Microstructural analysis. The microstructural analysis of the ice cream was carried
out using a light microscope of the brand XS-2610 with a cooling chamber with an increase
of x400 and x600. The sizes of air bubbles and ice crystals of ice cream samples were
determined using a graduated eyepiece grid [15].

The results of the triple repetition study were processed by the method of mathematical
and statistical processing at a given confidence probability P>0.95.
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Results and discussion
Determination of the cryoprotective ability of syrups

At the first stage of the work, the cryoscopic temperature of the samples of aromatic
and fruit-berry ice cream of traditional composition with sugar and ice cream with complete
replacement of sugar to syrup GFS and SC and their compositions (Figure 1).

According to Figure 1, the substitution of sugar to caramel syrup SC with a low dextrose
equivalent does not allow to decrease the cryopreservation temperature to the significance of
the traditional types of ice cream. Consequence of high values of t.. can become excessive
freezing of free water with the creation of a coarse-crystalline structure. In the case of the use
of only GFS, the reduction of t. is very important that can only be taken for the production
of soft ice cream and ice cream-soufflé. Therefore, it is obvious to combine high-sugar syrup
with syrup of low DE at ratios, ranges of values that need to be clarified [19, 20].

Fruit-berry

| 2 [T

Aromatic

‘ control 2|

-6 -5 -4 -3 -2 -1 0
Cryoscopic temperature, °C

Figure 1. Cryoscopic temperature of ice cream samples with sugar and ice cream

with complete replacement of sugar on GFS and PC Legend:

— control 1 —samples of ice cream with a minimum sugar content
(aromatic — 20%, fruit-berry — 22%);

— control 2 — samples of ice cream with the maximum content of
sugar (aromatic — 26%, fruit-berry — 32%)

— samples 1-6: contain a mass fraction of SS solids in the
composition of GFS + PS in amounts of 100, 80, 60, 40, 20 and
0% respectively
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Study of free water freezing process

For this purpose, based on the established values of cryoscopic temperatures (Figure 1),
the content of frozen water in ice cream was calculated at technologically significant stages
of low-temperature processing [22]:

- Nel — freezing (minus 6 °C);

- Ne2 — temporary storage of ice cream (minus 12 °C);

- Ne3 — storage of ice cream for a duration of up to 10 months (minus 18 °C);

- Ne4 — storage of ice cream for a period of up to 12 months (minus 24 °C);

- Ne 5 —hardening of ice cream in a continuous way (minus 30 °C);

- Ne6 — hardening of ice cream in a continuous way (minus 40 °C).

Figure 2 shows graphic 3D models that demonstrate the dynamics of water freezing at
individual stages of the technological process, for the aromatic and fruit-berry ice cream
obtained by the two-dimensional approximation method.

Two-dimensional approximation of the technological process made possible to study
the process as a whole and at each stage separately by replacing the experimentally
determined plane with an approximating one. The calculation error is € = 0.05%.

Figure 2 shows graphical 3D models that demonstrate the dynamics of water freezing
at individual stages of the process for aromatic and fruit-berry ice cream.

On the plane XZ (Figure 2), are shown recommended ranges of dry matter content of
low-sugar syrup in GFS + PC compositions, which satisfy the requirements for the content
of frozen water for control samples of traditional composition with white crystalline sugar,
are singled out. According to Figure 1, ranges of values of tcr for control samples of aromatic
ice cream for a minimum (20%) and a maximum (25%) content of sugar are in the range
from minus 2.45 °C to minus 2.80 °C. For control samples of fruit and berry ice cream for
the minimum (22%) and maximum (32%) sugar content, the fluctuations of values are higher
and range from minus 2.6 to minus 4.2 °C.

Taking into account this, the ranges of allowable values of frozen water in the studied
samples of ice cream at the individual stages of the technological process are calculated. This
made it possible to identify the rational content of low-sugar syrup PC in the GFS + PC
complex for aromatic ice cream (PC = 60-70%) and for fruit-berry ice cream (PC = 10-50%)
and to isolate these ranges of values in Figure 2
From Figure 2 shows the different character of freezing of water for aromatic and fruit-berry
ice cream . Increased content of sugars in the fruit-berry ice cream makes it more effective
to freeze water. At stage 1 (freezing) in aromatic ice cream during to recommended
composition of the syrups, from 23 to 30% of water are frozen, and in fruit-berry —up to 25—
43%. Further hardening on 2nd stage increases the content of frozen water in these types of
ice cream to 68—70% and 69—76%, and at stages 5 and 6 — up to 91 and 93%, respectively.
Therefore, it should be noted that the most important role of the stages of freezing and
tempering ice cream in the technological cycle of its production. Therefore, observance of
the recommended low-temperature processing techniques in ice cream technology with high
content of sugars is an extremely important condition for the guaranteed quality of the
product.
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Content of frozen water, %
Content of frozen water, %

a b

Figure 2. Graphic 3D models of water freezing dynamics at individual stages of the
technological process for aromatic (a) and fruit-berry (b) ice cream

Research of microstructural analysis of ice cream

To further confirm the appropriateness of the complete replacement of sugar in ice
cream, a comparative analysis of the microstructure of control samples with sugar and
samples with complete replacement of sugars was carried out on compositions of syrups [20].

For ice cream, the aromatic ratio between the GFS and the PS was chosen within the
optimal range of 40:60 (25% by weight of sugars), and for fruit and berry ice cream — 60:40
(mass fraction of sugars — 27%). Ice cream samples were subjected to low-temperature
processing —hardening at a temperature of minus 30 °C and storage at a temperature of minus
18 °C for 1 month.

To illustrate the effect of higher structuring sugars and cryoprotectants-monosugars in
the composition of the PS on the size of air bubbles and ice crystals, microphotographs of ice
cream samples of classical and improved composition are presented (Figure 3). From the
given microphotographs, it is evident that the syrup have a significant influence on the size
of the disperse particles, especially in the case of a complete replacement of sugar in the
aromatic ice cream composition of the GFS composition: PS = 40:60. The maximum size of
air bubbles in ice cream dropped from 95 microns to 67 microns, and crystals of ice — from
60 microns to 39 microns.

A slightly less influence on the degree of dispersion of the air phase was observed for
fruit-berry ice cream, the maximum size of air bubbles which decreased from 72 microns to
59 microns, and crystals of ice — from 45 microns to 40 microns. The higher content of dry
matter, in particular, the presence of plant origin polysaccharides, contributed to a better
distribution of air in ice cream and in addition to counteract the growth of ice crystals [2, 3,
10].

245

—— Ukrainian Food Journal. 2019. Volume 8. Issue 2



—— Food Technology ——

Figure 3. Air bubbles and ice crystals of aromatic ice cream with sugar (a, b) and syrup (g) and
fruit-berry ice cream with sugar (e, f) and syrup (g, h)
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In composition of such samples, the syrup with a high dextrose equivalence actively
binds water and detects cryoprotective effect. Also low-sugar syrup structures water phase,
stabilizing the air bubbles and mechanically counteract the excessive growth of water
crystals. The obtained results correlate with the well-known scientifically proven
recommendations regarding the expediency of a partial replacement of sugar to corn syrup
[10, 11, 23]. At the same time, for the first time, the authors established the polyfunctional
action of syrup in the formation of a wide range of physico-chemical characteristics, and
scientifically achieved combinations of this sweetener with a different dextrose equivalent
during to complete replacement of sugar in the composition of the finished product.

The prospect of further research is to carry out a research analysis of the technological
role of starch in composition of ice cream on milk base and without milk components.

Conclusions

1. The cryoscopic temperature of mixtures for the production of ice cream can be adjusted
by the use of starch syrup with different dextrose equivalent. Depending on the content
of monosaccharides, the syrup exhibits a different cryoprotective capacity.

2. For complete replacement of sugar in the composition of ice cream on a composition of
glucose-fructose syrup (dextrose equivalent 98) and caramel syrup (dextrose equivalent
of 30) for ratios of 30:70 to 40:60 for aromatic ice cream and from 50:50 to 90: 10 for
fruit-berry ice cream, in the ice cream at all stages of the technological process the nature
of freezing of free water is similar to the samples of the classical chemical composition.

3. Composite mixtures of syrup have a comprehensive effect on the formation of disperse
ice cream systems.
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Introduction. The current study was conducted in order to
evaluate in vitro the phytochemical profile and antibacterial
activity of Algerian palm dates Phoenix dactylifera L.

Materials and methods. Qualitative and quantitative (total
polyphenols, flavonoids and antioxidant
activity)phytochemical analysis were performed on aqueous
and methanolic extracts of seven varieties of dates as the
evaluation of antibacterial activity against Staphylococcus
aureus ATCC 25923 and Escherichia coli ATCC 25922
strains.

Results and discussion. Phytochemical screening of
aqueous and methanolic extracts showed the presence of
several families of chemical compounds such as catechin
tannins, saponins and terpenoids in the seven varieties of dates.
The screening of these extracts reveals slight qualitative
differences with a greater presence of saponins in the aqueous
extract while terpenoids are present in large quantity in the
methanolic extract. A quantitative characterization of extracts
showed significantly high levels (P<0.05) in the methanolic
extract from: 85.8+0.8 to 275 £ 0.07 GAE/100g, 36.9 = 0.3 to
70.1+0.9 QE/100g and 18.5+0.9 to 58.5 +0.5% vs. 66.1+0.2
to 189+0.09 GAE/100g, 29.1+0.5 to 50.8+0.6 QE/100g and
14.7+0.4 to 41+0.1% in aqueous extracts for total polyphenols,
flavonoids and reducing power respectively. The susceptibility
of bacterial species to various extracts of Phoenix dactylifera
L. fruits by agar well diffusion assay showed a maximum
inhibition zone diameter (IZD) of 43.0 + 1.0 and 26.3 = 1.5
mm for the methanolic extract of the variety Tamesrit against
S. aureus and E. coli strains respectively. The minimum
inhibitory concentrations (MIC) ranged from 0.08 g / mL for
the methanolic extract of the variety H'mira against E. coli to
less than 0.04 g/mL for the methanolic extracts of the varieties
Tamesrit, Akerbouch and Bent Kbala against S. aureus.

Conclusion. Given the interesting contents of polyphenols,
flavonoids and antioxidant activity in addition to the inhibitory
power of date extracts, we can conclude that this product could
be an excellent source of antioxidants and bioconservatives in
food preparation.
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Introduction

The use of antibiotics is currently contested due in part to their high costs and potential
toxicological risks and on the other hand, their frequent consumption could lead to resistance
of strains and be responsible for therapeutic failures [1, 2]. Secondary metabolites are natural
plant compounds, available at low cost. Due to their natural antioxidant and antibacterial
effects, they can constitute pharmacological alternatives for the prevention and the treatment
of several pathologies [3, 4]. For thousands of years, dates, fruits of Phoenix dactylifera L.,
are known to have many medicinal properties and in countries ranging from the Near East to
the Middle East are used in traditional medicine as protectors and curatives [5-7]. Moreover,
this fruit having many favorable biological properties as antioxidant, antimicrobial.... [8, 9].
In Algeria, the date occupies a very important place with an average annual production
estimated at 1029596 tons; this allowed him to occupy the world's third largest producer of
date [10]. But its valuation and exploitation as sources of natural bioactive substances
endowed with antibacterial activity which presents an interest in the field of
biopharmaceuticals are very limited. The objective of this study is to evaluate in vitro
bioactivity of seven varieties of Algerian dates on phytochemical profile and antibacterial
activity against two bacterial strains (Staphylococcus aureus, Escherichia coli) frequent in
human pathology and often responsible for food poisoning.

Materials and methods
Plant material

Seven (07) date palm cultivars at the "Tmar" stage (maturity stage) locally known as:
H’mira, Adhem Fgig, BouzrourAkerbouch, Bentkbala, Ghars and Tamesrit from the region
of Ghardaia (southern Algeria) were used for the experimentation. 10 kg of each variety
harvested (season 2017) in the same locality were provided by farmers. After cleaning,
samples were placed in hermetic bags and stored at 4 °C until analysis.

Extract preparation

The pulps of each variety previously cleaned and ground, constitute the raw material
for extracts. For aqueous extract, 10g of each variety are mixed with 100 mL of distilled
water and continuous stirred for 2 h at room temperature then filtered. The methanolic extract
is prepared by mixing 10g of pulps to 50 mL of methanol/water (80:20, V/V), placed under
slow stirring for 24 h at room temperature then reduced under pressure in a rota-vapor to
remove methanol.

Phytochemical analysis

Phytochemical analysis on aqueous and methanol/water extracts of dates was
determined. Some phytochemical groups have been characterized, according to the methods
described by Ciulei [11], tannins by the FeCls test; alkaloids per Dragendorff reagent, the
saponins per froth test, terpenoids by Salkowski reaction (to 0.5 g of the extract were added
to 2 ml of chloroform and 3 ml of concentrated sulfuric acid H,SO4 where a reddish-brown
color indicates the presence of terpenoids) [12] and anthocyanins using HC1 and NH,OH test
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[13]. The total phenolics contents were determined using Folin-Ciocalteau reagent according
to Singleton and Rossi method [14] using gallic acid as standard. The results are expressed
in mg of Gallic Acid Equivalent (GAE)/100g of fresh weight. The flavonoids amount is
determined according to Lamaison and Carnat [15] method using quercitin as standard; the
results are displayed in mg of Quercitin Equivalent /100g of fresh weight. The antioxidant
activity is performed according to the FRAP method [16], the results obtained are expressed
in mg of vitamin C per 100 g of the fresh fruit.

Antibacterial susceptibility assay

Bacterial strains. Two ATCC reference bacterial strains were used for the antibacterial
susceptibility assay of different date extracts: Staphylococcus aureus ATCC 25923 and
Escherichia coli ATCC 25922 stored at -20 °C in glycerol.

Agar well diffusion assay and determination of MIC. The potential antibacterial
activity of the aqueous and methanolic extracts of the pulp of the different cultivars was
evaluated in vitro by the standard agar well diffusion assay [17]. From a culture of the
bacterial suspension of 18 hours at 37°C, an inoculum adjusted to 0.5 Mac Farland density
(a dilution of 1/10th and 1/100th of the bacterial suspension respectively of S. aureus and E.
coli was performed in sterile distilled water before inoculation [18]) was seeded uniformly
by tight streaks with a sterile cotton swab on the surface of the Petri dish (90 mm) containing
20 mL of Muller Hinton agar. Four wells/dish of 6 mm diameter each were perforated in the
agar with the tip of a sterile Pasteur pipette and filled with 100 pL of aqueous or methanolic
palm dates extracts (0.20 g/mL). All plates were incubated for 24 h at 37°C. The antibacterial
activity is evaluated by measuring the diameter of the inhibition zone (IZD) formed around
the well. The percentage of growth inhibition is calculated by the formula: 1% =
1ZD/PDD*100 (IZD: Inhibition Zone Diameter, DD: Petri Dish Diameter=90mm) [19]. For
assessment of minimum inhibitory concentration (MIC), the incorporation technique in agar
is used [20] with some modifications. A concentration range of the aqueous and methanolic
crude extracts was prepared respectively in water and methanol/water to have final
concentrations of 0.04, 0.08, 0.12, 0.16 and 0.20 g/mL. 2 mL of each extract were
incorporated in 18 mL of Muller Hinton agar maintained liquid and all is well stirred. After
the agar plates completely solidified, 100 puL of the bacterial suspension already adjusted
under the same conditions described above are inoculated by swabbing at the surface of the
dish and all is incubated for 24 h at 37°C. The CMI is defined as the lowest concentration at
which there is no visible growth [21]. The solvents used for the preparation of extracts
(distilled water and methanol/water) are used as negative controls. While some antibiotics
are used as positive controls to check their effects on the growth of each germ and are
compared to the critical values of the diameters of

the zones of inhibition data by CA-SFM/EUCAST [22].These are: Tetracycline
(30pg/disc), Ceftazidime (30pg/disc), Chloramphenicol (30ug/disc), Ampicillin (10ug/disc),
Fosfomycin (200ug/disc), Cefazolin (30pg/disc) and Colistin sulfate (10pug/disc).

Statistical analysis
Each assay was carried out in triplicate. All experiments are expressed as mean +

standard deviation (SD). The data were treated using the STATISTICA software (Version 8)
by the ANOVA test followed by the Duncan test for multiple comparisons.
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Results and discussion
Phytochemical characterization of date extracts

Table 1
Phytochemical screening of aqueous and methanolic date extracts

Saponins | Catechic tannins | Terpenoids | Anthocyans | Alkaloids
Varieties
Aqueous extract
Ghars +++ ++ + - -
Tamesrit +++ ++ ++ - -
AdemFgig | +++ + ++ - -
Akerbouch | +++ +++ ++ - -
BentKbala | +++ +++ ++ - -
Bouzror ++ +++ ++ - -
H’mira ++ +++ ++ - -
Methanolic extract
Ghars ++ ++ ++ - -
Tamesrit ++ ++ +++ - -
AdemFgig | ++ + ++ + - -
Akerbouch | ++ +++ +++ - -
BentKbala | ++ +++ +++ - -
Bouzror + +++ +++ - -
H’mira + +++ +++ - -

+++ Very intense, ++ intense, + weak, — absent

Qualitative phytochemical analysis (Table 1) detected the presence of saponins, tannins
and terpenoids in (methanolic/aqueous) date extracts.

The results depended on the reactions, going from clearly to weakly positive. These
observations are similar to those reported by others authors indicating that Phoenix
dactylifera fruit is a potential source of secondary metabolites [23-24]. A comparison of date
extracts composition found that methanolic extracts presented greats levels of terpenoids than
aqueous ones witch possessed more saponins, while both extracts had the same tannins
contents. These results indicated the influence of the extraction solvent on the total content
of secondary metabolites. Similar findings were obtained by others studies [25-27]. In
contrast, anthocyans and alkaloids were absents in all date extracts.

Quantitative analysis of the composition on secondary metabolites showed a significant
difference between the seven date cultivars extracts contents (Table 2). Tamesrit variety gave
the highest levels of flavonoids and total polyphenols, followed by Akerbouch and BentKbala
varieties thus reflecting interesting antioxidants activities with 58.5, 50.2 and 40.8%
respectively. The aqueous extract revealed a low content of antioxidant compounds compared
to the metanolic extract. Moreover, the antioxidant activity is inversely proportional to the
richness in antioxidant compounds on the aqueous extract however, it seems to be more
proportional to the flavonoids levels on the methanolic extracts; theses phytochemicals are a
group of polyphenolic compounds, which have multiples pharmacological properties, they
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presents strong antioxidant power [7] and could participate also in antibacterial activity [28-

31].
Table 2
Polyphenols, flavonoids contents and antioxidant activity of aqueous and
methanolic date extracts
ounds Polyphenols Flavonoids Antioxidant
Varieties (mg GAE/100g) (mg QE/100g) activity (%)
Aqueous extract
Ghars 76.5+0.7¢ 30.9+0.9¢ 36.9+0.1°
Tamesrit 189+0.09% 46.7+0.3° 14.7+0.4°
Adhem Fgig 66.1+0.2° 29.1+0.5 41+0.1°
Akerbouch 123+1.1° 50.8+0.6* 16.4+0.84
Bent Kbala 12140.9° 36+0.74 17.8+0.74
Bouzrour 88.5+0.8°¢ 41+0.2¢ 28.9+0.9¢
H’mira 89.2+0.6°¢ 31.2+0.1°¢ 29.7+1.2¢
Methanolic extract

Ghars 103+1.1°¢ 41+0.3¢ 21.3+1.3¢
Tamesrit 275+0.07% 67.2+1.2% 58.540.5%
Adhem Fgig 85.8+0.8" 36.9+ 0.3 18.5+0.9°
Akerbouch 173+0.6*" 70.1+£0.9* 50.2+0.4°
Bent Kbala 172+0.2° 5040.9°¢ 40.8+2.5¢
Bouzrour 117.5+0.5¢ 55+1.0° 36.2+0.9¢
H’mira 123 +1.1° 44.3£0.9¢ 23.7£0.3¢

The means followed by the letters a, b, ¢, d, e and fin the same column are
significantly different (p<0.05).

3.2. Antibacterial activity of date extracts

The antibacterial activity of the aqueous and methanolic extracts of the seven date
varieties against two pathogenic bacterial (Escherichia coli ATCC 25922 and
Staphylococcus aureus ATCC 25923) revealed that the aqueous extracts have not expressed
inhibition zones around the wells, whereas methanolic extracts showed a strong antibacterial
activity against the two bacterial strains. Our results are in a good concordance with some
studies like [32-33]. The difference between the antibacterial activities could be explained by
the nature and the concentration of the metabolites content in each type of extract. Indeed,
the ability to extracting and solubilizing phytomolecules is very different and depends
strongly on the solvent type [34-35]. According to Cowan [36], it could be deduced that the
antibacterial substances contained in dates are more soluble in methanol.

Moreover, the active extracts were significantly more effective (P<0.05) on S. aureus
(IZD: 15 to 43 mm) than on E. coli (IZD: 11 to 27 mm) (Table 3).The resistance of Gram-
negative bacteria may be due to the presence of lipopolysaccharides in their cell wall, thus
preventing the possible active components of date extracts to crossing and lysing their
cytoplasmic membranes [25, 37].
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Table 3
Antibacterial activity of methanolic dates extracts compared to antibiotics
IZD* (mm) IZD* (mm)
Varieties Antibiotics

E. coli S. aureus E. coli S. aureus
Ghars 18.7£0.6% | 26.3x1.5° | Cefazolin 24.6x1.1° | 32.640.7*
Tamesrit 26.3+1.5" | 43.0+1.0° | Colistin sulfate 13.0£1.7° | 16.0+2.1¢
AdemFgig | 24.71.2" | 24.3+2.1¢ Tetracycline 10.0£1.4" | 26.0+1.2¢
Akerbouch | 27.0£1.0* | 35.3+3.1° Ampicillin 21.0+£0.6° | 25.0+1.0°
BentKbala | 25.3+0.6™ | 29.3£0.15° | Fosfomycin 35.0+1.5* | 29.0+£2.5"
Bouzror 22.0+1.0° | 27.0£1.0°° | Ceftazidime 6.0+0.18 6.00.0"
H’mira 11.0+£1.0° | 15.0+0.1° Chloramphenicol | 20.3+0.4* | 7.6+0.0°

* Mean values + SD, n=3 (p<0.05), IZD: Inhibition Zone Diameter. The Means followed by the
letters a, b, c, d, e, f and g in the same column are significantly different (p<0.05)

The methanolic extract of Tamesrit variety which was significantly (p<0.05) the most
effective, showed the maximum IZD against S. aureus (43 mm: nearly 50% of the population
were inhibited) and E. coli (26.3 mm: nearly 30% of the population were inhibited) (Table

4).

Table 4

Minimum inhibitory concentration (MIC) and percentages of growth inhibition of methanolic
dates extracts

E. coli

Varieties Concentration of extract (g/mL MIC 1%

0.20 0.16 0.12 0.08 0.04 (g/mL) ?
Ghars - - - - + 0.08 20.8
Tamesrit - - - - + 0.08 29.2
AdemFgig - - - - + 0.08 27.4
Akerbouch - - - - + 0.08 30.0
BentKbala - - - - + 0.08 28.1
Bouzror - - - - + 0.08 244
H’mira - - - + + 0.12 12.2

S. aureus

Varieties Concentration of extract (g/mL MIC 1%

0.20 0.16 0.12 0.08 0.04 (g/mL) ?
Ghars - - - - + 0.08 29.2
Tamesrit - - - - - <0.04 | 47.8
AdemFgig - - - - + 0.08 27.0
Akerbouch - - - - - <0.04 | 39.2
BentKbala - - - - - <0.04 | 32.6
Bouzror - - - - + 0.08 30.0
H’mira - - - - + 0.08 16.7

+: presence of growth, -: no growth, 1%: The percentage of growth inhibition
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Figure 1. Antibacterial activities of methanolic extracts of some date’s varieties compared
with negative (a4, b4) and positive (a5, b5) controls against E. coli (a)
and S. aureus (b) strains
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Designation in Figure 1
Antibiotics for positive control: 1: Fosfomycin, 2: Cefazolin, 3: Colistin sulfate,
4: Tetracyclin, 5: Chloramphenicol
al, a2 and a3: effect of Tamesrit, Akerbouch and Bent Kbala respectively against E. coli
b1, b2 and b3: effect of Tamesrit, Akerbouch and Bent Kbala respectively against S. aureus

Minimum inhibitory concentration (MIC) values below 0.04 g/mL are noted for
Tamesrit, Akerbouch and Bent Kbala extracts againstS. aureus (Table 4). Whereas for both
strains, a MIC of 0.08g/mL is recorded for the methanolic extracts of majority of dates
cultivars excepting H'mira extract which showed a MIC of 0.12g/mL (1% = 12.2%) to inhibit
the growth of E. coli.

Extracts of Akerbouch and Bent Kbala varieties gave an interesting 1ZD for Gram
positive bacteria of 35.3 to 29.3 respectively mm and for Gram negative bacteria of 27 to
25.3 mm respectively (Table 3, Figure 1). A study conducted on the bacterial activity of three
Algerian varieties Ghars, Deglet Nour and Mech Degla on some bacterial species gave [ZDs
of 7.5 to 9.5 mm against E. coli which are clearly lowers to the diameters we obtained with
all methanolic extracts on the same germ [38].However a study of the antibacterial activity
of methanolic extracts of Saudi dates gave IZDs of 16 + 0.20 mm on S. aureus and 11 + 0.00
mm on E. coli[35];these values correspond to the minimum IZDs found for our varieties. In
another study, the antibacterial activity of methanolic Nigerian dates extracts gave 1ZDs of
12 to 18 mm against E. coli [39]; values comparable to those obtained with H'mira and Ghars
cultivars extracts in the present study which exhibit the lowest antibacterial activity.

On the other hand, for the control antibiotics used, Fosfomycin and Cefazolin gave a
maximum inhibition diameter of 32.6 mm and 35 mm against S. aureus and E. coli
respectively. The interest of the results we obtained is that all the antibiotics showed an
antibacterial activity comparable to that of dates extracts or even less than some (Table 3).
Effectively, the methanolic extract of Tamesrit variety (IZD=43 mm) was more active
(P<0.05) than all antibiotics against S. aureus (IZD maximum of 32.6 mm for cefazolin). The
results of this study showed that S. aureus were highly resistant to Chloramphenicol and
ceftazidime while E. coli resisted to ceftazidime and tetracycline versus the active methanolic
extracts of the different date cultivars. The presence of flavonoids, saponins, terpenoids and
tannins, may be involved in the bioactivity of plant extracts, these chemical groups have been
demonstrated in other studies conducted on the evaluation of antibacterial activity [29].The
studied dates extracts (Table 1) contain heterogeneity of chemical compounds that could
explain the antibacterial activity observed.

Conclusion

The sensitivity of the studied bacteria (S. aureus and E. coli) was more apparent for the
extracts of Tamesrit variety followed by those of Akerbouch and Bent Kbala, this result is
very important because it provides an answer element for the choice of some dates varieties
for a possible therapeutic use. The date could be used as a bioconservative in the food industry
which gives added value to this fruit playing both a role of preservative and stabilizer during
food storage by their antibacterial effects but also able to improve their organoleptic and
nutritional qualities by its contribution in interesting elements such as the polyphenolic
compounds and the antioxidant power, so it would be a very interesting functional food
ingredient. The difference between the antibacterial activity of the two date extracts (aqueous
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and methanolic) is difficult to explain because both extracts contained all sought metabolites,
but not in the same proportions. So, identification and quantification of active components is
necessary and could shed more light on the difference in the biological activities of dates
extracts.
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Introduction. This study had investigated the effects of the
addition of functional components (Jerusalem artichoke, cocoa
husks and einkorn) on the color, antioxidants, and functional
properties of sponge cakes.

Materials and methods. The antioxidant activities of
sponge cakes were evaluated by methods: ABTS, CUPRAC,
FRAP and DPPH assay. Sample analysis also included
measurement of color properties in CIEL*a*b* color system
using colorimeter.

Results and discussion. The smallest antioxidant activity
was observed in 100% wheat flour cake (control) evaluated by
four methods, as DPPH no detected. The antioxidant activity
on cocoa husks powder and cake prepare with cocoa husks has
been reported on the four methods for different mechanisms of
antioxidant action. The antioxidant activity of functional
components - cocoa husks powder and einkorn wholemeal
flour, is the highest determined by CUPRAC-assay (203,75 +
0,55 mM TE/g DM; 117,94 + 0,24 mM TE/g DM) and ABTS-
assay (107,55 £ 0,68 mM TE/g DM, 520,85 + 5,71 mM TE/g
DM), respectively. The sponge cake with 50% einkorn
wholemeal flour could be developed as a functional food with
more effective antioxidant properties. The lightness
(58.50+7.43), a* (9.90+1.93) and b* (26.31£0.85) values for
crust control were not significantly different from those of the
cake with einkorn wholemeal flour (L* = 60.48+6.27; a* =
9.4241.69; b* = 25.68+1.44), so carotenoids and lutein was
considered to give a good approximation to the color that
einkorn wholemeal flour communicates to cakes. The crumb
color on the control sample was similar to that of the cake with
einkorn wholemeal flour. According to these results, cakes
with Jerusalem artichoke (AE = 6.62) and cocoa husks where
(AE = 23.53) the total color difference was appreciable by the
human eye.

Conclusions. The sponge cake with einkorn wholemeal
flour is with more effective antioxidant properties. The color
on the control was similar to that of the cake with einkorn
wholemeal flour.
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Introduction

The quality of cake depends on the quantity and quality of ingredients especially the
flour used in preparation. It was found that mixing two or more of different materials will
help to solve the deficiency problem of cereal as low nutritional value. Special attention has
given to the use of natural antioxidant because of the world wide trend to avoid or minimize
synthetic food additives [1]. Flour contributes a major portion of cake and replacement of
refined flour with nutrient-rich flour enhances nutritional profile but makes product
development tricky. The production of cake from wheat, soybeans, cassava flour, maize flour
and lupin flour has been reported [2, 3] .

Research studies and consumer demands show that natural products can be used to
improve the textural and functional properties of cakes. Studies [4] reported that the use of
barley flour in cakes affects nutritional and functional properties. Apple pomace incorporated
into wheat flour led to higher acceptable quality of the cakes with 14.2% fibre content when
25% flour was replaced with apple pomace [5]. Green tea powder substituting some flour in
sponge cakes pro duced a green tea cake with more effective antioxidant properties, as well
as higher content of dietary fibre [6]. In other studies [7] banana powder was replaced with
flour. According to the results, sponge and layer cakes with the inclusion of ripe banana
generally led to a decline in the specific volume and hardness compared to the control.
Changes found in the colour of the crumb and crust are similar for sponge and layer cakes,
with darker crumbs and crusts as ripe banana flour is incorporated. These changes should be
explained by the darker colour of banana flour resulted from the browning, suffered during
the drying process of these flours. By the replacement of wheat flour with gamma
aminobutyric acid, the bioactive characteristics of cakes were increased and this was found
to be beneficial to human health [8]. Some studies have disclosed the potential sources of
natural antioxidants on the bakery products. For example, the rye bread showed better
antioxidant properties and higher antioxidant contents when compared to wheat roll [6, 9].

The addition of different flours to bakery products creates an opportunity to combine
beneficial technological properties with beneficial biological health promoting properties.

Literature review

Sponge cake is a type of sweet bakery product characterized by its aerated and soft crumb
and by its thin coloured crust. This product is produced all over the world and is decorated
with different fillings, colours and flavours to create different kinds of cakes. In general, it is
associated with celebrations and meetings, and it must fit to high-quality standards required
by the consumers [10].

As health promoting substances, phytochemical and nonnutritive substances can be
considered functional in foods [11, 12].

The cacao husks are considered as a valued source of dietary fibers, mineral elements on
the basis of potassium, magnesium, calcium, proteins with balanced amino acidic
composition, and polyphenolic compounds which manifest a strong antioxidant activity [13-
15]. Consumption of dietary fibers offers health benefits including protection against
cardiovascular diseases, cancer, reduction blood serum cholesterol and regulation of blood
glucose levels [16]. Cocoa pod husk are used traditionally as medicine to treat the pains of
pregnancy, fever and coughs [17]. It is proved [13] that in cacao beans husks the quantity of
dietary fibre varies from 38 % to 44 %, as the mean insoluble fibre concentration is 64.5%
of'total fibre quantity. A study [18] was made of the texture, composition, appearance, colour
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and descriptive sensory analysis of low-fat chocolate muffins in which part of the oil
ingredient (25%, 50% and 75%) had been replaced by soluble cocoa fibre and full-fat (no fat
replacement) control sample to which cocoa powder had been added for comparison
purposes. The results indicate that soluble cocoa fibre is an encouraging option for replacing
oil in a chocolate muffin formulation. The main advantages were that adding soluble cocoa
fibre gave muffins higher moisture and a more tender and crumbly texture, as they were more
fragile than the control, and reduced the signs of hardening during storage.

Jerusalem artichoke powder made from Jerusalem artichoke (Helianthus tuberosus L.) roots
is a valuable product, rich in inulin, as well as vitamins and minerals. According patent by
Zhelenkov [1999] has developed and published new technologies for the preparation of
confectionary, baker’s and pastry products with which the biologically active substances in
topinambur flour defining its curative, preventive and dietetic properties are kept. He has
recommended the inserting of topinambur flour in confectionaries and pastry food products
to be in optimum quantity from 1 to 10 % of the total mass of the components according the
recipe. Products of fructans-containing plants such as Jerusalem artichoke become
increasingly interesting for application in food as they do not contain bitter taste compounds
and therefore constitute a palatable functional ingredient, which may be applied as substitute
of cereal flour in bakery products. Koryachkina et al. [19] have regarded the possibilities for
the use of topinambur flour in the production of pastry food goods intended to ill people with
sugar diabetes type 2. In the same aspect Sinyakovskaya et al. [20] suggest compositions and
technologies of sugar-free and sweetened biscuits containing flour of topinambur tubers. The
have found that the inserting of topinambur flour in sweetened and sucrose-free biscuits (with
sorbitol or fructose) in amount up to 7 and up to 5 % of white wheat flour mass, respectively,
has not worsened the structural and mechanical properties of the sponge cakes and biscuits.
The topinambur flours brings to both kinds of biscuits a sweet taste, specific odor, brown
color with gray nuance, and on the other hand decreases their energetic value and increases
their biological activity.

Fibers, and more particularly the soluble ones, like inulin and fructooligosaccharides (FOS),
are known to provide health benefits like stimulation of beneficial colonic bacteria (prebiotic
capacity), reduction in bowel transit time, increase mineral absorption, improve immune
response, and prevent diseases like intestinal infections, colorectal cancers, obesity,
cardiovascular diseases and type II diabetes[21, 22].

Einkorn (Triticum monococcum L.) is a diploid hulled wheat appreciated for its excellent
nutritional properties, including high protein, carotenoids, B-glucans and antioxidants
contents [23-25], and as such it is a promising candidate for the development of functional
bakery products. Einkorn-enriched cookies had higher ash, polyphenols, carotenoids,
antioxidants and beta-glucans content than pure wheat flour cookies, and might possibly be
classified as functional foods [25]. Einkorn wheat flour is suitable for the development of
lutein-rich functional foods because lutein amounts to 8.41ug.g—1 d.m. on average [24]. Such
food products are extremely healthful in old age because ageing patients suffer from macular
degeneration which may result in blindness [23].

Current studies into free radicals have confirmed that foods rich in antioxidants play an
essential role in the prevention of cardiovascular diseases and cancers and neurodegenerative
diseases, as well as inflammation and problems caused by cell and cutaneous aging [26, 27].

Since some of synthetic antioxidants had toxigenic, mutagenic, and carcinogenic effects
and some natural antioxidants were effective in enhancing the shelf life of bakery products
but less effective than synthetic antioxidants, there is a great demand for the use of new
natural antioxidants in food, especially in bakery products [6, 28, 29].
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Color is one of the major attributes which affects the consumer perception of quality,
holds a preeminent position in food acceptance [30]. At the point of purchase the consumer
uses appearance factors to provide an indication of freshness and flavor quality. Consumers
have a preferred color for a specific item [31].

The application of colorimetry offers an objective way of color assessment because it is
based on the whole visible spectrum and makes it possible to obtain the real chromatic profile
of food products. The objective measurement of color is of great importance for food
producers due to the relationship existing between color and the acceptability [32].

Change of biscuits color during baking was a dynamic process in which transitory colors
occurred as result of baking. The biscuits from 100% barley flour, a very visible change of
color has been noticed even after 5 min. of baking (AE > 6). From stored biscuits, the biggest
change of color has been noticed with biscuits from 100% wheat flour after 6 (AE = 16.49)
and 12 months (AE = 14.29) of storage. Browning development in biscuits begins when
sufficient amount of drying has occurred. Moreover it was associated with the recipe
(reducing sugars, leavening agents, salt, amino acids, etc.) and baking conditions
(temperature and time). Browning was the final step of both the Maillard reaction and
caramelization, one of the end-points of the baking process and the final result of sugar
degradation during baking [33].

The above-presented brief review on available data clearly identifies the lack of
sufficient scientific evidence about the effects of these functional components on cakes
antioxidant properties and color characteristics.

The aim of this work was to evaluate color and antioxidant properties of sponge cakes
enriched with functional components (Jerusalem artichoke powder, cocoa husk powder and
einkorn wholemeal flour) and its utilization partially, substituted of wheat flour at levels of
20%, 35%, 50% as a natural source of antioxidants in cake making.

Materials and methods
Materials and sponge cakes preparation

Raw materials such as wheat flour of type 500 — ash content 0.5% (GoodMills, Bulgaria
EAD), granulated sugar (Zaharni zavodi AD), eggs (local market) used in the current study.
A control cake was prepared, following a traditional technology and formulation [34]. The
batter formulation of the control cake was as follows (based on flour weight): egg yolk
43.23%, egg white 96.77%, refined granulated sugar 83.87%, and wheat flour 100%. In
particular, a double mixing procedure was applied by partitioning whipping of whites and
egg yolks. Jerusalem artichoke powder (JAP), cocoa husk powder (CHP) and einkorn
wholemeal flour (EWF) were added into sponge cake flour at different levels 20, 35 and 50%,
by replacing wheat flour, respectively. Each sponge cakes batter of 95 g was poured out in
metallic forms and baked in an electric oven at 180°C for 30 min.

Evaluation of antioxidant activities of flours and sponge cakes

DPPH radical scavenging activity. The ability of the extracts to donate an electron and
scavenge DPPH radical was determined by the slightly modified method of Brand-Williams
et al. [35]. Freshly prepared 4 x 10* mol methanol solution of DPPH was mixed with the
samples in a ratio of 2:0.5 (v/v). The light absorption was measured at 517 nm. The DPPH
radical scavenging activity was presented as a function of the concentration of Trolox® -
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Trolox® equivalent antioxidant capacity (TEAC) and it was defined as the concentration of
Trolox® having equivalent AOA expressed as umol TE/g dw.

ABTS radical scavenging assay. The radicals scavenging activity of the investigated
extracts against radical cation (ABTSe+) was estimated according to the previously reported
procedure with slight modifications [36]. The results were expressed as TEAC value (umol
TE/g dw).

Ferric-reducing antioxidant power assay (FRAP). The FRAP assay was carried out
according to the procedure of Benzie and Strain (1996) [37]. FRAP assay measures the
change in absorbance at 593 nm owing to the formation of a blue colored Fe (II)-
tripyridyltriazine compound from colorless oxidized Fe (III) form by the action of electron
donating antioxidants. The results were expressed as umol TE/g dw.

Cupric ion reducing antioxidant capacity assay (CUPRAC). To a test tube, the
solutions were added as follow: 1 mL of CuCI2 solution (1.0 x 102 M), 1 mL of neocuproine
methanol solution (7.5 x 1073 mol), and 1 mL NH4Ac buffer solution (pH 7.0), and mixed;
0.1 mL of sample followed by 1 mL of water was added (total volume = 4.1 mL), and mixed
well. Absorbance against a reagent blank was measured at 450 nm after 30 min [38]. Trolox
was used as standard and total antioxidant capacity of herbal extracts was measured as pmol
TE/g dw.

Measurement of color of sponge cakes

The instrumental measurement of the cakes color was carried out with a colorimeter
Color-guide 45/0 Colorimeter, BYK-Gardner Inc, USA, and the results were expressed in
accordance with the CIELAB system. Color was measured at four predetermined places of
the sponge cakes crust and crumb. The parameters determined were L* (L* = 0 [black] and
L* = 100 [white]), a* (—a* = greenness and +a* = redness), b* (-b* = blueness and +b* =
yellowness). The dominant wavelength (DW) of a color = a*/ b* (color tone).

DW= a*/ b*
Colorimeters give measurements that can be correlated with human eye-brain perception, and
give tristimulus (L*, a* and b*) values directly. Determined is correlation between color
parameters and visual sensory evaluation of color (TC) [39, 40].

Chroma, C*, is the aspect of color in by which a sample appears to difference from a
gray of the same lightness or brightness, as defined by the following equations:

C*=\a*2+ b*?

The total color difference (AE*) between the control cake and the sponge cakes with
functional ingredients was calculated as follows:

AB*=\(AL*)? + (Aa*)* +(Ab*),

as: AL*= L1 - L(); Aa*= aj - o, Ab*= b1 - b().

The values used to determine if the total color difference was visually obvious were the
following.

AE* <1 color differences are not obvious for the human eye;

1 < AE* <3 color differences are not appreciative by the human eye;

AE* >3 color differences are obvious for the human eye [39, 41].
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Results and discussion

Evaluation of antioxidant activities of flours and sponge cakes

The results from antioxidant activities of sponge cakes were presented (Figure 1)
evaluated by four methods, based on different mechanism (DPPH, ABTS, FRAP and

CuPRAC). The antioxidant activity in the einkorn wholemeal flour saved when the batters
were baked.

L
400 - ‘
3
o 300 @DPPH
E BABTS
E OFRAP
OCUPRAC

Type of sponge cake

Figure 1. Antioxidant activity (mMTE/g DM) in flours and sponge cakes:
WF — wheat flour;

SCC — sponge cake control;

CHP - cocoa husks powder;

SCCHP - sponge cake with 35% cocoa husks powder;

EWF — einkorn wholemeal flour; SCEWF — sponge cake with 50% einkorn wholemeal flour.

** mM Trolox Equivalents/g dry matter

The smallest antioxidant activity was observed in 100% wheat flour cake (control)
evaluated by four methods, as DPPH no detected.

The total antioxidant capacity determined by the free radical scavenging activity (DPPH-
assay) of cocoa husks powder and sponge cake with 35% cocoa husks powder is 45.03 and
15.89 mM TE/g DM. The antioxidant properties for cakes with functional components
determined by ferric reducing antioxidant power (FRAP-assay) for cake with 35% cocoa
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husks powder — 30.88 mM TE/g DM and the cake with 50% einkorn wholemeal flour is
237.53 £ 7.08 mM TE/g DM. The antioxidant activity of functional components - cocoa
husks powder and einkorn wholemeal flour, is the highest determined by CUPRAC-assay
(203.75 mM TE/g DM) and ABTS-assay (520.85 mM TE/g DM), respectively.

The cakes with 35% cocoa husks powder and control have highest the antioxidant
activity on CUPRAC, as sponge cake with 50 % einkorn wholemeal flour the highest scores
are evaluated in relation to the free radical ABTS. Of the two methods of electron transfer
(FRAP u CUPRAC), CUPRAC shows a higher antioxidant capacity compared to the samples
tested. The antioxidant activity on cocoa husks powder and cake prepare with cocoa husks
has been reported on the four methods for different mechanisms of antioxidant action.

A significantly higher content in conjugated phenols and total carotenoids was reported
in water cookies with 7. monococcum [42, 43], and was attributed to the superior
concentration in einkorn kernels and flour of these compounds.

The sponge cake with 50% einkorn wholemeal flour could be developed as a functional
food with more effective antioxidant properties.

Color of sponge cakes

Measurements of color properties for the tested compositions of sponge cakes with
different functional components were conducted on crust and crumb of fresh cakes.

Crust color of cakes. The lightest samples (highest L* values) were those in which 50%
of the flour had been replaced by einkorn wholemeal flour; the lightness values fell
significantly as add 20 % Jerusalem artichoke powder (49.60+6.73). The sponge cake with
35 % cocoa husks powder had lowest values of a* and b* indicating a significantly brighter
and more saturated brown-orange colour (Table 1).

Table 1
Crust color values of sponge cakes
Color Type of sponge cake
characteristics' Control With JAP With CHP With EWF
L* 58.50+7.43 49.60+6.73 54.16+2.48 60.48+6.27
a* 9.90+1.93 10.45+1.10 7.63+0.87 9.42+1.69
b* 26.31+0.85 23.99+1.47 20.13+1.37 25.68+1.44
DW 0.38 0.44 0.38 0.37
C* 28.11 26.17 21.53 27.35
AE - 9.21 7.88 2.14
TC 0.86 1.23 1.22 0.83

! The values are average = SD (p < 0.05).

The samples with 50% einkorn wholemeal flour and control have the highest values of
b* (yellow component) indicating a significantly brighter and more saturated yellow color.
The lightness, a* and b* values for control were not significantly different from those of the
cake with einkorn wholemeal flour, so carotenoids and lutein was considered to give a good
approximation to the color that einkorn wholemeal flour communicates to cakes. The same
products had the highest value of chroma of crust. The lowest values for chroma were
detected at the crust for the cake containing cocoa husks as fiber source. The dominant
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wavelength (DW) of a color at crust have the highest values on cake containing Jerusalem
artichoke powder. According to these results, cakes with Jerusalem artichoke and cocoa
husks where the AE* was appreciable by the human eye (AE*> 3). According Martinez-
Cervera et al. [18] adding soluble cocoa fibre gave a fair change of color in muffins..
However, there are points that require improvement, such as the loss of height, perception of
bitter taste and a certain surface stickiness.

The correlation between color parameters on crust and visual sensory evaluation of color
(TC) on the control sample was similar to that of the cake with einkorn wholemeal flour.

Crumb color of cakes. The variations in the crumb color of the cakes with functional
components as flour replacer were similar to the variations in crust color (Table 2). The cake
with einkorn wholemeal flour was the lightest and the b* values showed that this sample had
a brighter color. The crumb color on the control sample was similar to that of the cake with
einkorn wholemeal flour. The color tone of crumb have the highest values on cake containing
cocoa husks. The lowest values for chroma were detected at the crumb for the cake containing
Jerusalem artichoke powder as fructooligosaccharide source. This would be in agreement
with the AE* values, where only the einkorn wholemeal replacement formulation showed a
color difference that was not appreciable by the human eye (AE*< 3). Gedrovica & Karklina
[44] studied characteristics of cakes enriched with Jerusalem artichoke powder /flour of
topinambur tubers/ at a concentration of 10, 20, 30, 40, 50%. The cakes enriched with
Jerusalem artichoke powder (at a concentration of 30 and 40%) stayed soft longer during the
storage time (two days) than control samples without this powder. The highest content of
moisture was observed in cakes enriched with Jerusalem artichoke powder at a concentration
of 20 and 30%. The concentration of Jerusalem artichoke powder and moisture with a
probability of 95% substantially influenced the color components L*a*b*. The highest
changes in color were reflected by the values L* (darkness) a* (redness). The best quality of
cakes was determined in samples with a 30% addition of Jerusalem artichoke powder.
Determined is correlation between color parameters and visual sensory evaluation of color
(TC), as the highest values for crumb cake have product with cocoa husks.

Table 2
Crumb color values of sponge cakes
Color Type of sponge cake
characteristics' Control With JAP With CHP With EWF
L* 59.41+5.34 52.84+1.07 36.27+4.11 60.88+2.69
a* 0.96+0.86 1.35+0.32 5.16+0.56 1.47+0.47
b* 13.11+1.64 12.36+1.39 13.7942.74 15.17+1.24
DW 0.07 0.11 0.37 0.10
C* 13.15 12.43 14.72 15.24
AE - 6.62 23.53 2.58
TC 2.46 4.11 19.32 3.17

! The values are average = SD (p < 0.05).
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Conclusion

Sponge cakes with functional components had higher levels of antioxidants and
antioxidant activity when compared with their respective controls. The antioxidant activity
in the einkorn wholemeal flour saved when the batters were baked. Results of instrumental
measurements of color of crust and crumbe of sponge cakes, obtained with the colorimetry
(in CIE and CIE L*a*b* systems) are in good agreement with sensory evaluations of color
and brightness of cake samples. The lightness, a* and b* values for crust control were not
significantly different from those of the cake with einkorn wholemeal flour, so carotenoids
and lutein was considered to give a good approximation to the color that einkorn wholemeal
flour communicates to cakes. The crumb color on the control sample was similar to that of
the cake with einkorn wholemeal flour. According to these results, cakes with Jerusalem
artichoke and cocoa husks where the AE* was appreciable by the human eye. As a result of
the good functionality of used functional components in cake formulation, were very good
ingredient in composite flours.
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Introduction. Minimization of ascorbic acid losses during
freezing and frozen storage of berries can be achieved by various
methods of cryoprotection. The objectives of this research are to
confirm the impact of different cryoprotectors on minimization of
ascorbic acid losses during freezing and frozen storage of berries.

Materials and methods. Bilberries, blackberries, and
chokeberries in fresh, frozen and defrosted states were researched in
this article. The 10-percent solutions of mono and disaccharides, the 1-
percent solutions of organic acids and the 15-percent solution of
inorganic salt (magnesium chloride) were chosen as cryoprotectors.
The amount of ascorbic acid in defrosted berries, which was defined by
the well-known method (with sodium 2.6-dichlorphenolindofenolate),
was the criterion to confirm the effectiveness of cryoprotectors.

Results and discussion. The traditional methods to freeze the
berries had proved the well-known fact of the significant losses of
ascorbic acid. The latter made up 16.8 to 26.3 percents in frozen
products and 55.6 to 71.0 percents in those defrosted. This was the
result of cryogenous damages of berries’ cells by ice crystals, and
thereinafter the cause of ascorbic acid oxidation by oxidoreductases and
its leakage together with cellular juice during berries’ defrosting.

The berries processed with cryprotective solutions before freezing
were believed to keep the holity of their structure during freezing, long-
term (for 12 months) frozen storage, and defrosting. Therefore, the
effect of ascorbic acid retention in most cases exceeded 80 percents,
relatively to its amount in fresh raw materials. Thanks to protective
action of cryoprotectors at the stage of berries freezing, the ascorbic
acid losses did not overcome 16.8 to 26.3 percents; after frozen storage
for 12 months and defrosting, the residual amount of ascorbic acid made
up 62.8 to 83.5 percents. Meanwhile, the control samples (berries
frozen without protectors) had got ascorbic acid left on the level of 22.4
to 33.6 percents.

The authors of this article proposed to classify the cryoprotectors
by four categories according to their cryoprotective effect (relatively to
ascorbic acid); the cryoprotectors which showed the effect of ascorbic
acid retention less than 40 percents were not recommended to further
usage. The compound cryoprotectors turned to be more effective than
those simplex. Only the berries frozen by the improved method (with
cryoprotectors) had received the highest grade (5 out of 5) by all of the
indices.

Conclusions. Realization of theoretical knowledge in studying the
cryoprotectors by cryobiology scientists had shown the positive effect
of cryoprotection in berries freezing.
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Introduction

According to the prognoses by analytics, the demand for frozen fruit-and-berry and
vegetable products is growing constantly in the entire world, and the amount of their
consumption is increasing on almost 4 percents [1, 2]. It is the regulation proved.

The usage of artificial cold causes minimal changes in nutritional and biological value
of the raw materials and foodstuffs obtained from them, in their quality and sensory indices
[3]. Along with that, the method to preserve the food materials by freezing, regarding its
economy and specific energy supply, has got some significant advantages in comparison with
methods of thermal preservation (pasteurization, sterilization, drying etc.) [4].

This is no wonder that the specialists in food science give priority to the method of cold
preservation of raw materials and final foodstuffs, in all of its modifications and variants of
the usage [5, 6, 7].

Meanwhile, in Central and East Europe the domestic frozen plant products are not yet
issued in reasonable amounts [8], especially fruit and berries; those sold at the markets are
mostly of low quality due to disadvantages in the traditional methods of freezing and frozen
storage of half products [9]. Biological objects are often exposed to significant cryogenous
damages during freezing [8, 9]; consequently, cellular juice and all the biologically active
substances that it contains (vitamins, mineral elements, minor components as the valuable
constituents of fruit-and-berry raw material) get lost in defrosting [10].

Henceforth, the improvement of the existent low-temperature technologies of fruit,
berry, and vegetable raw procession (particularly, due to the combination of the impact of
cold with other physical and technological factors) is relevant for the producers of frozen half
products [11, 12, 13].

The analysis of up-to-date scientific works on the topic of our research evidences that
the mechanisms of cryogenous damages of plant cells and the methods to protect the latter
are studied profoundly in cryobiology [14, 15] which is comparatively young branch of
general biology. Our studies of fundamental and applied researches accomplished in the
1950s-1970s at the cryobiological centers of USA, Great Britain, France, Japan etc. allowed
generalizing the results of the first endeavors in cryobiology. They were further developed in
the works by R.A. Carrow [16] who studied the behavior of different parts of the live cell in
freezing; A. Bilous and V. Gryshhenko [9] who researched the problems of cryogenous
preservation of reproductive cells; Ye. Gordiyenko [17] who dedicated his works to the low-
temperature preservation of cellular suspensions.

The general conclusion is the following: the development of destructive crystal making
(both inside and outside the plant cells) can be crucially slowed down if the freezing of cells
and tissues goes on with a help of various cryoprotectors which benefit the modification of
liquid phase structure and the character of crystal making.

Because the natural biological objects in medical and agricultural raw materials are
similar by chemical composition and cell structure, it is expedient to use the experience
gained by aforesaid theorists in food technologies. The number of the works published is
small enough [11, 18]; therefore, each new research in this trend will contribute to the
development and usage of the novel effective methods of freezing whose main destination is
the retention of the maximal amounts of biologically active substances (ascorbic acid, first
of all, as the most liable component) from raw materials in the final product.

The objectives of this research is to study the cryoprotective abilities of various
compounds of both organic and mineral origin from the viewpoint of minimization of
ascorbic acid losses during freezing, frozen storage, and defrosting of berries.
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Materials and methods
Plant raw materials

We conducted the researches with bilberries, blackberries and chokeberries. After
selection, washing, and contaminant removal, all of the researched specimens were processed
with cryoprotective solutions of both organic and mineral origin, which were thoroughly
described in the works on cryobiology [9, 14, 17] and thenceforth proved in our studies.

Cryoprotective solutions

Among over 20 different cryoprotective compounds, we chose mono and disaccharides
(glucose, fructose, and sucrose), organic acids (citric, sorbic, and benzoic), and magnesium
chloride for our research. The preliminary studies had shown the expedience to use of
cryoprotective solutions with 10 and 15-percent concentration, and also the higher
effectiveness of compound protectors [19]. Therefore, we grounded the compositions of
cryoprotectors with the following proportions: sucrose (10 percents) and citric acid
(1 percent); glucose (10 percents) and citric acid (1 percent); fructose (10 percents) and citric
acid (1 percent); sorbic acid (1 percent) and benzoic acid (1 percent), and also simplex
cryoprotectors — magnesium chloride (15 percents), sucrose (10 percents), glucose
(10 percents), and fructose (10 percents).

Obtaining the frozen berries

After acceptation, washing, and contaminant removal, the berries were processed by
cryoprotective solutions during 40—60 min at the room temperature. Then, they were frozen
scattered in rapid freezer at the temperature of —35—37 °C, which corresponded to the
parameters of rapid freezing [20]. The process lasted until the temperature —18 + 1 °C in the
middle of the berries scattered.

Frozen berries were packed into the packages of 500 grams, observing the requirements
of package holity and hermetic sealing; stored during 12 months (the maximal term) at the
temperature of —18 °C and relative humidity of no more than 95 percents. In preparing to
freezing, the berries were defrosted at the temperature of 34-40 °C in the water bath. The
berries frozen by the traditional technology, i.e. without cryoprotectors, served the control
specimens.

Definition of vitamin C content

The content of vitamin C is the main biologically active component of the berries to
determine their nutritional and biological value. That is why the level of its retention is the
probable indicator to expose the perfection of the freezing technology. This index was
defined in berries fresh, frozen and defrosted by the traditional technology (control), and
frozen with a help of cryoprotectors. The method of vitamin C definition is well-known and
based on the usage of sodium 2.6-dichlorphenolindofenolate [21].

Evaluation of sensory indices of fresh and frozen berries

Having based on the literary data and the results of our own researches, we widened the
interpretations of the characteristics for sensory properties of fresh fruit, berries, and frozen
half products made of them in order to give them the proper objectivity. That resulted in
elaboration of five-point scale to evaluate every index, which would increase the
requirements to the raw materials and guarantee the high quality of frozen products during
the entire storage term and further defrosting [22]. The frozen products are supposed to
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slightly differ from fresh raw by their sensory indices and qualitative composition (this
should be the main criterion of perfection of the novel freezing technology). Thenceforth, we
firstly presented the characteristics of both raw materials and the frozen half products
obtained from them (Figurel).

Figure 1
Methods to evaluate the main sensory indices of fresh and frozen berries
Index Research Characteristics
subjects
Appearance | fresh clean, fresh, with stems (blackberries), without stems

(bilberries and chokeberries), homogenous in maturity, with
wax plaque, and with proper shape

frozen clean, frozen, with bluish plaque, turgid, not squashed, and
with proper shape
Taste fresh immanent to the certain species, with the taste sour, sweet,
astringent, slightly bitter, or spicy (or their combinations)
frozen immanent to the certain species, with the taste sour, sweet,

astringent, slightly bitter, or spicy; the taste may slightly
vary due to the chill stress

Color fresh immanent to the certain species, correspondent to harvest
maturity; the color intensity is defined as the maturity
marker

frozen immanent to the certain species; with no declinations from

the natural color; the color intensity may increase due to
anthocyanine synthesis as the reaction to the chill stress
Surface fresh dry, clean, without illnesses, damages, and signs of

state withering; dependently on the pomological sort, may be
moistened; with harvest maturity and the proper color; the
peel is dense

frozen clean, slightly moistened, naturally turgid, without damages
of the peel and cellular juice losses
Odor fresh proper to the certain species (light, strong, subtle, tender)
frozen proper to the certain species (light, strong, subtle, tender);

may be gained as the result of the chill stress

Afterwards, the mentioned sensory characteristics of the berries were evaluated by the
five-point scale elaborated by the authors of this article. The ‘5’ grade was given to the berries
clean and fresh; of the intensive color; with clean surface, without defects and damages; with
the intensive odor immanent to the certain species. The ‘4’ grade was given to the berries
clean and fresh, without defects and damages (up to 5 percents of immature berries); with
slightly perceptible strange smack and odor; of the color immanent to the certain species;
with clean low-mat surface. The ‘3’ grade was given to the berries clean, fresh, without
defects and damages (up to 7 percents of immature berries); with stable strange smack and
odor; of low-intensive color.

The berries that have got the ‘1’and ‘2’ grades are not recommended for freezing. These
are faded berries, not homogenous in shape, with defects (up to 10 percents of non-standard
items); with unpleasant strange smack and odor, significant damages of the surface, the
symptoms of negative biochemical processes (even rotting), and the natural color lost.
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Results and discussion

Ascorbic acid in the berries fresh and frozen traditionally

The research got started from the evaluation of shifts of the ascorbic acid amount during
freezing the berries by the traditional method, their frozen storage and defrosting. The results

are presented in Figure 2.

Figure 2
Dynamics of shifts of the ascorbic acid amount in the berries frozen traditionally

Ascorbic acid amount in the berries, mg | HIPos
per100 g
Specimens to research Blackberries | Chokeberries | Bilberries
Fresh berries 130.4 243.6 193.3 0.8
Frozen berries (control) 104.9 202.0 142.5 0.7
Frozen and defrosted berries 48.5 108.1 56.1 0.9
(control)

The analysis of the figure data showed that the berries rapidly frozen by the traditional
technology had already lost the certain amount of ascorbic acid. If to take its content in fresh
berries for 100 percents, it got lowered on 19.6 percents in frozen blackberries, on 16.8
percents in chokeberries, and on 26.3 percents in bilberries. This was the result of destructive
impact of extra and intracellular ice crystals on cellular membranes and subcellular
structures. Consequently, the number of cells got destroyed, the cytoplasm membrane (or
cellular carcass) got torn [23], and this all lead to the direct contacts between biologically
active substances inside the cells and oxidoreductases. The latter enhanced the biochemical
reactions of oxidation, leading to ascorbic acid decomposition.

Ascorbic acid losses got significantly increased during the berries’ defrosting, due to the
leakage of cellular juice from cryogenously damages cells, together with biologically active
components dissolved in it. For example, this index has grown up to 62.8 percents in
blackberries; 55.6 percents in chokeberries; 71.0 percents in bilberries. As a result, the
nutritional and biological value of half products has sharply fallen, and thus the final products
are believed to be hardly obtained from even the most qualitative raw materials.

The data from Figure 2 allowed concluding that the amount of vitamin C is different in
various berries with similar conditions of freezing and defrosting. Undoubtedly, it is
connected with qualitative and quantitative biocomponents’ content, besides the factors
mentioned above, and is the evidence of the direct correlation between the level of vitamin
retention and the amount of sugars in the berries. This all can correspond with well-known
theoretical data from cryobiology [9]: glucose, fructose, and sucrose are the natural
cryoprotectors. For example, bilberries have the less content of sugars than blackberries and
chokeberries, and therefore the level of ascorbic acid retention is lower. The berries’ holity
also depends on the structure and density of peel which makes them able to resist the
cryogenous damages [24, 25].
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Ascorbic acid in defrosted berries beforehand frozen with cryoprotectors

The comparison of the residual amount of ascorbic acid in the berries frozen with
cryoprotectors and defrosted after the 12-month storage allowed us to answer several
questions simultaneously. First of all, the question was how to evaluate the positive impact
of cryoprotection on retention of the most precious and liable component (which is vitamin
C) in defrosted half products. The second problem was the effectiveness of using either the
complex or combined cryoprotector to freeze various biological objects. Finally, the third
point was to prove the real possibility to choose the proper cryoprotector for different sort of
raw fruit and berries to provide its maximal cryoprotection and thereto the minimal ascorbic
acid losses.

Figure 3 represents the calculation of the amount of ascorbic acid (in percentage to the
mentioned index in fresh berries): blackberries contain 130.4 mg / 100 g; chokeberries
contain 243.6 mg / 100 g; bilberries 193.3 mg / 100 g. These indices are obtained in the
berries frozen by the improved technology (with cryoprotectors) and defrosted after the 12-
month storage.

Figure 3
Residual amount of ascorbic acid in defrosted berries
Cryoprotector The residual amount of ascorbic acid,
percents to its content in fresh berries
Blackberries | Chokeberries Bilberries

MgCls (15%) 76.8 70.7 62.4
Sucrose (10%) 78.7 76.5 64.0
Fructose (10%) 64.9 63.8 58.8
Glucose (10%) 75.8 64.2 57.7
Sucrose (10%) + citric acid (1%) 83.5 81.8 75.5
Fructose (10%) + citric acid (1%) 74.2 70.4 64.7
Glucose (10%) + citric acid (1%) 81.6 69.8 76.5
Sorbic acid (1%) + benzoic acid (1%) 62.8 60.5 58.4
Control (without cryoprotectors) 31.0 33.6 22.4

According to the data of the Figure 3, the positive influence of cryoprotectors was
displayed in all of the objects: the level of ascorbic acid retention in the berries frozen by the
improved technology and defrosted after 12-month storage exceeds the identical index for
the berries frozen without cryoprotectors at all the stages of the experiment. Although the
mechanisms of cryoprotective action are complicated and have not been yet discovered fully,
it is possible to affirm that they would help minimize the results of minus temperatures’
destructive impact during freezing and further defrosting of the berries. The data about the
residual amount of ascorbic acid are good evidence of this fact.

In spite of the variety of cryoprotectors and their combinations chosen for the research,
their influence on the objects studied has got its regulations. Having based on the theoretical
data existing by now [See 26], we may say that the main point in activity of the cryoprotectors
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is their ability to reduce the amount of water which can crystallize during freezing (and
thereby to reduce the number of large ice crystals), to benefit the creation of small-crystal
ice, and, subsequently, to protect the cell from the pernicious impact of minus temperatures.

The authors [7] supplemented this theory by the deductions about the cryoprotectors’
ability to lower the freezing point of water (cryoscopic temperature); to gain the viscosity of
solutions and therefore to retard the growth of ice crystals; to influence positively the
processes of hydration of plant cells in defrosting.

Thenceforth, the authors of this article discovered that the positive impact of
cryoprotectors usage in the technologies to freeze the raw berries (particularly, from the
viewpoint of maximal retention of ascorbic acid) was the result of the combination of several
aforesaid effects shown by researched cryoprotectors.

As for A. Belous and V. Gryshhenko, the leading specialists in cryobiology and
cryomedicine [6], the cryoprotectors are to be chosen empirically, individually for each of
the biological objects, because the universal principles to select the cryoprotector with the
properties programmed for the certain object are not elaborated yet. According to Figure 4,
the combined cryoprotectors are more effective than those simplex. The highest
cryoprotective effect gets achieved in combination of sucrose (10-percent solution) and citric
acid (1-percent solution): after 12-month frozen storage and further defrosting, blackberries
and chokeberries retain over 80 percents of ascorbic acid, and bilberries retain 75.5 percents.
Citric acid in the compound cryoprotectors serves as the polyfunctional substance to change
the character of water crystallization in cells and intercellular space, and to support the
stability of the structural-functional parameters in biological objects, as the authors [27]
confirmed.

Generally, the vitamin value of the berries frozen with cryoprotectors is high enough;
otherwise, this effect could not be reached with the traditional freezing technology. The data
of Figure 4 eloquently show that the residual amount of ascorbic acid in the berries frozen
without cryoprotectors oscillates from 22.4 to 33.6 percents of its content in the raw
materials.

The similar regulation was noticed by other researchers. For example, Estonian scientists
A. Noormets with co-authors (2006) indicated the influence of different conditions of
freezing on the ascorbic acid amount in cowberries (Vaccinium sp.) [28]; C. Mullen with co-
authors (2002) analyzed the antioxidant properties of frozen and defrosted red raspberries
[29]. The positive influence of the preliminary procession of raspberries on the quality of
final products during long-term frozen storage was also confirmed in the work [30]. We may
also set up the analogy with the results reached by cryobiologists: the authors [31] confirmed
the fact that the red blood cells frozen without cryoprotectors had been exposed to significant
damages; particularly, 2 percents of them got destroyed completely. The implementation of
cryoprotectors into the freezing environment could prevent such processes [14], and the
usage of combined protectors could fully eliminate the damages of red blood cells in freezing
/ thawing cycles [32].

The rating scale to evaluate the cryoprotective effect of the substances researched

The data obtained by different scientists are the evidence the essential losses of ascorbic
acid in raw fruit and vegetables frozen traditionally (without cryoportectors). The authors
[33] showed that frozen wild strawberries had lost 60 percents of ascorbic acid, and the
authors [34] observed that the percentage of ascorbic acid loss in vegetables had reached 65.
These data are compatible with the results received by other Ukrainian specialists, including
those from National University of Food Technologies. Actually, all of the results obtained
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are the convincing argument on the favor of the usage of different cryoprotectors in the
technologies of the plant raw freezing.

Therefore, the authors of this article elaborated the rating scale of the researched
cryoprotectors to use it in practice. The protectors were classified into four categories by the
level of ascorbic acid retention (this index was given the virtual name of ‘the effect of
cryoprotection’):

— First category — the effect of cryoprotection is 80 percents and higher;

— Second category — the effect of cryoprotection is 70—79 percents;

— Third category — the effect of cryoprotection is 60—69 percents;

— Fourth category — the effect of cryoprotection is 40—59 percents.

The substances with the effect of cryoprotection lower than 40 percents are not
recommended to the usage as cryoprotectors.

The distribution of the protectors researched by the categories, according to the rating
scale, is the following (Figure 4).

Distribution of the cryoprotectors researched by the effect of cryoprotection of the berﬁg: 1r:13 !
freezing
Cryoprotector Defrosted berries
Blackberries | Chokeberries Bilberries
MgCls (15%) I I I
Sucrose (10%) I I 111
Fructose (10%) I I v
Glucose (10%) I I v
Sucrose (10%) + citric acid (1%) | | I
Fructose (10%) + citric acid (1%) I I 111
Glucose (10%) + citric acid (1%) | I I
Sorbic acid (1%) + benzoic acid (1%) I I v
Control (without cryoprotectors) - - -

The data of Figures 3 and 4 are the evidence that the cryoprotective effect worked not
only at the stage of freezing, but also during the long-term frozen storage and defrosting of
half products. The combined cryoprotectors sucrose + citric acid and glucose + citric acid
turned to be the most effective — their effect of cryoprotection exceeded 80 percents. The
combined protector fructose + citric acid came third in effectiveness (the effect of
cryoprotection was 64—74 percent). The same effect was shown by simplex protectors —
sucrose and magnesium chloride.

There was an interesting fact that the same cryoprotector could show the different
protective effect for different berries. For example, the compound protector sucrose + citric
acid turned to belong to the 1 category by protecting blackberries and chokeberries, and to
the 2" category by protecting bilberries. The obtained results are attractive not only because
of the actual positive cryoprotective effect shown, but also thanks to the possibility to find
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the optimal cryoprotector for the certain kind of raw. Therefore, this would help significantly
increase the vitamin value of frozen and defrosted half products obtained from any cultivated
berries.

In general, we can foresee that the usage of all of the researched protectors would be
effective for various fruit and berries. This is because the protectors’ effect is on the average
higher than 60 percents (by ascorbic acid amount), which is the good result for defrosted
biological objects.

Sensory characteristics of frozen berries

The nomenclature of the indices to evaluate the quality of fruit, berries, and vegetables,
regulated by the normative documents, includes mostly their sensory properties [35].
Thenceforth, we evaluated the organoleptic indices of bilberries frozen by both the traditional
and the improved (with cryoprotectors) technology in order to obtain the additional index to
compare. The results are presented in Figures 5 and 6.

We used our own improved technology [22] which contained the widened interpretations
of sensory indices of the biological objects and the five-point scale to evaluate them. Because
the appearance is considered the complex index which combines the shape, largeness,
maturity grade, freshness, color of the berries and so on [10], we gave it the maximal meaning
of the coefficient of weight — 0.35. Moreover, the application of any other criteria of
evaluation in case of fruit and berries’ disparity to the requirements of the appearance is
believed to be inexpedient.

Figure 5
Mark evaluation of sensory indices of bilberries frozen by the traditional technology

Indices Coefficient of | Points Characteristics
weight
Appearance 0.35 3 The berries are clean, evenly frozen; the

small amount (up to 5 percents) is
deformed with damaged peels; suitable
for short-term storage (for one month)

Taste 0.2 2 The presence of well-expressed strange
smack with further bitter after-taste

Color 0.1 3 The well-expressed discoloration with

insignificant browning of the higher layer

Surface state 0.2 3 The shape of the berries is slightly

changed; the small amount of squashed
specimens (up to 5%), insignificant level
of cracking with the signs of cellular juice

leakage
Odor 0.15 4 The odor is natural without strange
mixtures,  slightly = weakened in

comparison with natural raw material
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Figure 6
Mark evaluation of sensory indices of bilberries frozen by improved technology (witl%
cryoprotectors)
Indices Coefficient of | Points Characteristics
weight
Appearance 0.35 5 The berries are clean, evenly frozen, turgid,

with bluish plaque, peels undamaged and
shape kept; suitable for long-term frozen
storage

Taste 0.2 5 Identical to natural fresh berries; without
strange smacks

Color 0.1 5 Intensive, saturated, slightly amplified in
comparison to fresh berries — evidently as
the consequence of anthocyanine synthesis
as the result of the chill stress

Surface state 0.2 5 Without damages, defects, cracks, changes

in shape, and cellular juice losses

Odor 0.15 5 Immanent to fresh berries, but more
intensive due to the synthesis of odorants as
the result of the chill stress

The results of the experiments showed that bilberries frozen by the traditional technology
had not gotten the maximal mark by any of the sensory index; according to our own
elaborated recommendations, they are suitable only to short-term (one month) storage.
Therefore, they should not be used in winter-and-spring period (with absence of fresh fruit
and berries) as the source of vitamins and other valuable components.

On the contrary, bilberries frozen with cryoprotectors had gotten the maximal 5 points
by all of the sensory indices; consequently, they had the status of the reliable source of
vitamins and mineral elements (in the inter-seasonal period until the new harvest) confirmed.

The increase of the quality of frozen berry half products and the achievement of high
sensory indices are the results of the ability of the researched cryoprotectors to lower the
amount of frozen water. Correspondingly, the decrease of the number of ice crystals (which
are the main factor of cryogenous damages of plant cells) benefits the formation of small-
crystal glacial structure. According to the authors [9], such structure is different by its weak
strength fields, which would essentially reduce the grade of mechanical destruction of
cytoplasm substances and cellular membranes, and, subsequently, retain their holity during
freezing, frozen storage, and defrosting.

Conclusions

1. Protection of the berries to freeze with all of the researched cryoprotectors allowed
accomplishing one of the most important tasks for novel food technologies — to minimize
the ruining action of minus temperatures. As the consequence, we could retain over 70
percents of ascorbic acid in frozen berries after their 12-month frozen storage.
Meanwhile, traditional freezing technologies (without cryoprotectors) permitted to keep
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the ascorbic acid amount in frozen and defrosted berries on the level of only ca. 30
percents, relatively to this index in fresh berries.

The effects achieved are confirmed as the result of the action of the certain substances in
cryoprotective complexes (water solutions, first of all) containing various organic and
inorganic components — glucose, fructose, sucrose; citric, sorbic and benzoic acids;
magnesium chloride. The positive effect of procession of berries by cryoprotectors before
freezing may be explained, relying on theoretic knowledge about the protectors’ impact
on cellular suspensions, obtained in cryobiology. Likewise, we can affirm that the
presence of cryoprotectors can change the physical-and-chemical properties, so that the
subsiding influences of low temperatures during freezing get less pernicious for cellular
structures of the berries processed beforehand. The usage of cryoprotective methods
aimed at overtaking the disadvantages of the traditional technologies is the perspective
trend of improvement of plant raw preservation with usage of artificial cold.
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Introduction. The used of high pressure and soy protein
isolate combinations to emulsion meat products could improve
the quality, water holding capacity, texture and increase product
yield.

Materials and methods. Raw pork batters were prepared as
follows: 400g pork meat, 80g pork back-fat, 70g ice water,10g
NaCl; sample C2 had 10g soy protein isolate (2%); sample C3 -
20g soy protein isolate (4%). The vacuum packed batters were put
into a high pressure vessel and were done with 200 MPa for 10
min at 10£2° C. The texture profile analysis of cooked pork
batters were carried out using a texture analyzer. Low field NMR
relaxation measurements were carried out according in the NMR
probe of a Niumag Pulsed NMR analyzer.

Results and discussion. Compared with the Cl1, all the
cooking yield of pork batters with various amount of soy protein
isolate were increased significantly. The emulsifying activity of
118 globulins was much significantly improved at 200 MPa, that
enhanced the water holding capacity of soy protein isolate. High
pressure processing induced texture modifications have been used
to affect myofibrillar proteins and their gel-forming properties,
raising the possibility of the development of processed
comminuted meat products. Over 200 MPa treatment, the protein
extractability was decreased significantly in meat batters, and
caused protein denaturation and/or aggregation, which limited
their functionalities. The effects of relaxation time and peak ration
of cooked pork batters by high pressure processing with different
soy protein isolate were determined. There was three
characteristic peaks in the cooked pork batters, which was named
as Tap, T21 and Ty, respectively. Tay is assigned to water tightly
associated to protein and macro-molecular constituents, the
relaxation population centered at approximately 0-10 ms in the
cooked pork batters. The relaxation population of T, is centered
at approximately 10-100 ms, which is a major component and
considered to intra-myofibrillar water and water within the
protein structure.

Conclusion. The result of low field NMR exhibited that the
batters with soy protein isolate had less water out the cooked pork
batter and free water. Overall, the 2% soy protein isolate addition
could improve the water holding capacity and texture of pork
batters treated by high pressure.
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Introduction

The application of high pressure processing to modify the properties of meat and soy
proteins, increase the water holding capacity and texture of cooked meat and soy proteins
products. The used of high pressure and soy protein isolate combinations to emulsion meat
products could improve the quality and lower the salt and fat content in the meat industry.

High pressure is a non-thermal technology that has been successfully applied to several
meat products, and the applications of high pressure in food industry continue growing
recently years [1,2]. The functions of high pressure in meat products contain the inactivation
of microorganism and enzymes with minimal effects on flavor, color and nutritional quality
[3-5]. Study [6] authors observed an increase in water holding capacity due to the interaction
of high pressure processing and salt in pork meat batter, this may be because increasing
sodium chloride causes increasing denaturation of muscle proteins in high pressure treated
meat batters and favors the solubilization of proteins and the formation of a gel network that
retains water and fat. Study [7] authors found that the textural properties of hardness,
chewiness, springiness, cohesiveness and resilience were significantly (P < 0.05) increased
at an interval of 100 MPa and 200 MPa, except the textural property of adhesiveness up to
200 MPa, but no changes of of hardness, chewiness, springiness and resilience were observed
up to 300 MPa and 400 MPa. Study [8] authors showed that free SH content of soy protein
isolate was significantly (P < 0.05) increased after high pressure treatment at 200 MPa.
However, it is important to study the effect of high pressure processing on the food
components, mainly proteins in the meat and soy to optimize the processing parameters to
get high-quality products [9,10]. Soy protein isolate is a commonly useful vegetable protein
in the meat industry, which has a good water and fat holding capacity, excellent gelling and
structuring behaviour [11,12]. Some researchers have reported that added the soy protein
isolate to meat batters could improve the water holding capacity, texture and nutritional
quality. But few papers reported the effect of high pressure and soy protein isolate
combinations on property of pork meat batter.

Therefore, the objective of the present study was to determine the water holding
capacity and texture differences of pork meat batter which were produced by high pressure
with soy protein isolate, and thereby to establish a method to obtain pork meat batter with
desirable quality.

Materials and methods

Raw materials and ingredients

The longissimus dorsi of chilled pork (Moisture, 71.35+0.52%; protein, 22.57+0.37%;
fat; 2.83+0.26%; pH, 5.63+£0.02) were derived from the landrace (10045 kg) which were
slaughtered at the age of about 6 months provided by the Gaojin Group (China), and the
temperature after slaughter 24 h was 2~4 °C. After removing of the visible connective tissue
and fat, the pork meat was minced using a meat chopper with a 6 mm holes plate (MGB-120,
Shandong Jiaxin Food Machinery Co., Ltd., China). Pork back-fat (90.21+0.56% fat) was
purchased from a local meat market (Xinxiang, China), and also was minced using a meat
chopper with a 6 mm holes plate. Soy protein isolate (91.32+0.83% protein) was provided by
Shandong Soy Foods co., Ltd (China).
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Prepared pork batters

Raw pork batters were prepared as follows: C1, 400g pork meat, 80g pork back-fat, 70g
ice water, 10g NaCl; C2, 400g pork meat, 80g pork back-fat, 70g ice water,10g NaCl, 10g soy
protein isolate (2%); C3, 400g pork meat, 80g pork back-fat, 70g ice water,10g NaCl, 20g
soy protein isolate (4%). The pork batters were produced by a bowl chopper (Stephan UMC-
5C, Germany). Briefly, the 400 g pork meat was placed into the bowl chopper with 20 g
NaCl. The mixture was chopped for 30s with 1/3 ice water, then the 80g pork back-fat,
10g/20g soy protein isolate 1/3 ice water was added and the chopping was continued for 30s.
Finally, the remaining ice water was added and chopped for 60s. During the chopping
processing, the meat batters were maintained at a temperature below 8 °C. The raw pork
batters were then stuffed into 24 mm diameter polyamide casings (Xianyi casing Co., Ltd.,
Henan, China) using a sausage stuffer machine (Xiaojin Machinery Co., Ltd., Hebei
Shijiazhuang, China) and linked every 160 mm. Finally, the batters were vacuum packed for
subsequent pressure processing.

High pressure treatment

High pressure treatments of sausage batters were carried out in a 0.3 L capacity high
pressure vessel (S-FL-850-9-W/FPG5620YHL, Stansted Fluid Power Ltd., Stansted, UK)
which has a maximum pressure limit of 900 MPa and can work in the temperature range of -
20°C to +90°C with a thermo-stated jacket (Figure 1). Product canister: 260mm internal
usable height with demountable thermacouple, 37mm internal usable diameter [13].

Termerstie b @ m Gas pressure
Heatirg;Type) Highpressure | F 60 MPa

i ~ vessel I

Tempera;ure ex /L\

(K-Type)

Cooling-
Block |

Pressure
medium

o } [c* I I Accumulator

|
|
T
|
|
|
|
|
|
|
|
| Pressure transducer | I
|
|
|
I
|
|
|
|
|
|
|

Pre-charge §
pump 1400 MPa A
Intensifier " Control logic 1\
e . Refill
! Pre-pressure charge
Oil reservoir | | = P 60MPa

= {

Driving pressure/
Pressure control !

40 MPa El,_

" Plunger drive
pump

Figure 1. Schematic diagram High pressure vessel with heating cooling system (S-FL-850-9-
W/FPG5620YHL, Stansted Fluid Power Ltd., Stansted, UK) [13]
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The pressure transmitting medium used was water and was previously adjusted to the
desired temperatures with circulating water from a thermo-stating circulator bath (ILB-WCS,
STIK Shanghai Co., Ltd.). The temperature of the pressure medium was monitored during
processing by a T-type thermocouple fixed inside the vessel. The temperature was maintained
by circulation of the temperature controlled fluid through. The compression and
decompression took place over a period of 42 s and 25 s respectively. The time spent on
loading and unloading sample was approximately 1 min.

All samples were heated in a water bath (TW20, JULABO Technology Co. Ltd.,
Seelbach, Germany) at ambient pressure (0.1 MPa) if not specified.

The pork batters were done with 200 MPa for 10 min at 10+2 °C. All samples were
heated in a water bath (HH-42, Changzhou Guohua Electrical Appliance Co., Ltd., China) at
80 °C for 30 min (internal temperature 72 °C), then cooled immediately with running water
and stored at 4 °C for analysis.

Determination of cooking yield

The cooking yield of pork batters was calculated according to the following formula
[14]:

Cooking yield (%) = cooked meat batter/raw meat batter x 100%
Each measurement was replicated 5 times.

Water holding capacity

The water holding capacity of the samples was measured according to the method of
[15]. Sample with casing was weighed (weightsample). After removing the casing from the
sample, the surface water of the product was absorbed using filter paper and reweighed
(weightproduet). The empty casing was dried and weighed (weightcasing). Released water was
expressed as a percentage of the original weight.

Released water (%) =
=(weightsampie — Weightyroduct - Weightcasing)/(Weightsample - Weight asing) * 100

Determination of texture

Samples were assessed for texture profile analysis (TPA) according to the procedure of
[16-18], using a texture analyzer TA-XT plus (Stable Micro Systems Ltd., UK) with an
aluminum cylindrical probe P/36R at ambient temperature (20 - 25°C). The indicators of
hardness, springiness, cohesiveness and chewiness were determined. Each measurement was
replicated 5 times.

Parameters as follow: pre-test speed 2 mm/s, test speed 2 mm/s, post-test speed 2 mm/s,
compression ratio 40 %, trigger force 5 g, and 5 s was allowed between the two compression
cycles.

The texture profile analysis of cooked pork batters (the cylindrical-shaped with a
diameter of 20 mm and a height of 20 mm) were carried out using a texture analyzer (TA-XT
plus Texture analyzer, Stable Micro Systems, UK) with an aluminum cylindrical probe
P/36R.
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Cylindrical samples (20 mm diameter; 20 mm height) were axially compressed to 40 %
of their original height using a double compression cycle test. The trigger force used for the
test was 5 g, with a pretest speed of 2 mm/s, test speed 2 mm/s, post-test speed 2 mm/s. A
time of 5s was allowed to eclapse between the two compression cycles. The data were
generated by Exponent software (Exponent stable microsystem, version 5.1.2.0, Stable
Microsystems Ltd., UK) provided with the instrument (Figure 2). Attributes of hardness,
springiness, cohesiveness, chewiness and resilience were determined. Each measurement
was replicated 5 times.

FIRST BITE SECOND BITE
DOWN UpP DOWN upP

(2) Fracturability (1) Hardness 1 (5) Springiness = Lenght 2/ Lenght 1
(6) Cohesiveness = Area 2 /Area 1
(7) Resilience = Area 5 /Area 4

(8) Gumminess = Hardness X Cohesiveness

Hardness 2

or Chewiness = Gumminess X Springiness
(9) Modulus = Initial Stress / Initial Strain

|
r Lenght 1 [ re ‘ Lenght 2 l \f
(4) Adhesiveness — TIME —*>

Figure 2. The parameter definition interpretation of qualitative curve analytical method [16]
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Hardness. It is the biggest peak of compression for the first time.

Springiness. The quotient or volume ratio of the compressed deformed sample to the
predeformed condition after removing the deforming force. Elasticity is expressed by the
ratio (Length2/ Length1) of the specimen recovery height (Length 2) measured in the second
compression to the first compression deformation (Length 1).

Cohesiveness. The relative resistance of the test sample to the second compression after
the first compression deformation is shown in the curve as the ratio of positive work (Area
2/Area 1) of the two compressions. This value represents the total work required to overcome
the attraction between the two surfaces when the probe comes into contact with the sample.

Chewiness. It is only used to describe the test sample in solid state, indicating the energy
required to chew the solid sample into a stable state when swallowing. The numerical value
is expressed by the product of the stickiness and elasticity (hardness x cohesive elasticity).

Low field NMR measurements

Low field NMR relaxation measurements were carried out according to the method of
[19, 32]. About 2 g of the cooked pork batter was placed in a 15 mm glass tube and inserted
in the NMR probe of a Niumag Pulsed NMR analyzer (PQO001, Niumag Electric Corporation,
Shanghai, China).

Spin-spin relaxation time (T,) was measured made a t-value of 350 ps by the Carr—
Purcell-Meiboom—Gill sequence at resonance frequency of 22.6 MHz, 32 °C. Post
processing of T2 data distributed exponential fitting of Carr-Purcell-Meiboom-Gill decay
curves were performed by Multi-Exp Inv Analysis software (Niumag Electric Corp.,
Shanghai, China). Each measurement was replicated 4 times.
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Statistical analysis

The experiment was four replications. The data was analyzed using the one-way
ANOVA program (SPSS v.18.0 for Windows), the difference between means was considered
significant at P < 0.05.

Results and discussion

Cooking yield
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Figure 3. Effect on cooking yield (%) of pork meat batters by high pressure processing with
different soy protein isolate:
C1, 0g soy protein isolate; C2: 10g soy protein isolate; C3: 20g soy protein isolate.
Each value represents the mean = SD, n = 4.
*¢ Different parameter superscripts in the figure indicate significant differences (p < 0.05)

The effect of high pressure with various amount of soy protein isolate on the cooking
yield of pork batters was shown in Figure 3. A higher cooking yield of pork batters reflects
a better water holding capacity. Compared with the C1, all the cooking yield of pork batters
with various amount of soy protein isolate were increased significantly (P < 0.05), but the
cooking yields of C1 and C2 were no significantly (P < 0.05) differences. The reason might
be that added the 2% soy protein isolate could hold the water of pork batters very well, so
increased the soy protein isolate addition could not improved the cooking yield. The
emulsifying activity of 11S globulins was much significantly improved at 200 MPa, that
enhanced the water holding capacity of soy protein isolate [20]. Study [21] authors used of
the soy protein isolated, wheat flour (WF), and k-carrageenan as binder, showed that the
addition of binders improved water-binding properties of pressure or non-pressure-induced
restructured pork. The similar result was reported by [22], who used the dried egg white as
fat replacement to obtain a low-fat chicken gel by means of high pressure, the water binding
properties and hardness were improved, suggested their participation in the network structure
coupled to the myofibrillar proteins, and noted that the modifying certain functional
characteristics of chicken meat gels with low fat content by means of high pressure and the
addition of dried egg white. Thus, the addition of soy protein isolate could improve the
cooking yield of pork batters.
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Table 1

Texture of cooked pork batters by high pressure processing with different soy protein isolate

Sample | Hardness (N) Springiness Cohesiveness Chewiness (N mm)
Cl1 47.32+1.12¢ 0.837+0.008° 0.641+0.005¢ 27.05+0.85¢
C2 53.21+0.982 0.863+0.009° 0.687+0.007° 35.68+0.89?
C3 50.42+1.05° 0.835+0.007° 0.65540.008° 29.67+0.96°

Cl1, Og soy protein isolate; C2: 10g soy protein isolate; C3: 20g soy protein isolate.
Each value represents the mean = SD, n =4.
< Different parameter superscripts in the figure indicate significant differences (p < 0.05).

The texture of cooked pork batters were affected significant (P < 0.05) by high pressure
and soy protein isolate combinations (Table 1). Compared with the C1, all the hardness,
springiness, cohesiveness and chewiness of pork batters with various amount of soy protein
isolate were increased significantly (P < 0.05), except the springiness of C3. Compared with
the 4% (C3), the hardness, springiness, cohesiveness and chewiness of pork cooked batter
with 2% soy protein isolate (C2) were significantly increased (P < 0.05). High pressure
processing induced texture modifications have been used to affect myofibrillar proteins and
their gel-forming properties, raising the possibility of the development of processed
comminuted meat products. Over 200 MPa treatment, the protein extractability was
decreased significantly in meat batters, and caused protein denaturation and/or aggregation,
which limited their functionalities [23,24]. Although the soy protein isolate have has a good
water and fat holding capacity, excellent gelling and structuring behaviour, some paper have
reported that excessive added the soy protein isolate could lower the texture of meat batters
[21]. Therefore, the pork cooked batter with 2% soy protein isolate (C2) had the best texture.

Low field NMR

The effects of relaxation time and peak ration of cooked pork batters by high pressure
processing with different soy protein isolate were determined (Table 2). There was three
characteristic peaks in the cooked pork batters, which was named as Ta,, T2 and Ta,
respectively. Top is assigned to water tightly associated to protein and macro-molecular
constituents, the relaxation population centered at approximately 0-10 ms in the cooked pork
batters 25[19]. The relaxation population of T, is centered at approximately 10-100 ms,
which is a major component and considered to intra-myofibrillar water and water within the
protein structure. Ty, is corresponds to extra-myofibrillar water and centered at
approximately100-400 ms [26,27] Compared with the C1, the initial relaxation times of Tay,
T2 and Tx were quicker (p < 0.05) in the C2 and C3, the result indicated that the cooked
pork batters made with various amounts of soy protein isolate were bound tightly, because
the changes of fast relaxing protein and slowly relaxing water protons [28,29].

These also were accordance with the changes of texture and cooking yield (Table 1 and
Figure 3). The reason was possible that the soy protein isolate had excellent gelling and
structuring behaviour, then a better gel structure of cooked pork batters by high pressure
processing was formed when added the soy protein isolate [30]. The emulsifying activity of
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11S globulins of soy protein isolate was much significantly improved at 200 MPa, through
the changes of protein solubility, surface hydrophobicity, free SH content and secondary
structure [20,31]. All the peak rations of T2, were no significant differences (p > 0.05), C2
and C3 had the smallest peak rations of T2, and had the largest peak ration of T»; (Figure 4).
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Figure 4. Curves of relaxation time (T2) in cooked pork batters by high pressure processing
with 1000 different soy protein isolate

Added the soy protein isolate and high pressure processing combinations could increase
the protein content, more meat proteins can become available for gel formation of the meat
matrix. These caused the water tightly associated to protein and macromolecular constituents
decreased, and improve water holding capacity of cooked meat batters [33]. Therefore, added
the soy protein isolate increased the water holding capacity, and improved the texture of
cooked meat batters.

Table 2
Relaxation time (ms) and peak ration (%) of cooked pork batters by high pressure processing
with different soy protein isolate

Samp- Relaxation time (ms) Peak ration (%)

le T T2 T2 T T2 T2
Cl 1.9540.13%| 44.23+1.42% |265.51+4.26%| 1.22+0.15% | 85.66+2.36°| 13.26+0.85°
C2 1.1240.15| 37.25+1.59° |232.87+4.68°| 0.96+0.12% |91.87+2.45?| 8.31+0.80°
C3 1.06+0.11°| 36.30+1.45° |227.52+4.31°| 1.03+0.12% |93.26+2.14?| 7.03+0.86"

Cl1, Og soy protein isolate; C2: 10g soy protein isolate; C3: 20g soy protein isolate.
Each value represents the mean = SD, n =4.

—— Ukrainian Food Journal. 2019. Volume 8. Issue 2

201



Food Technology ——

Conclusion
The effect of high pressure and soy protein isolate combinations on the gel properties

of pork batters was significant differences (P < 0.05). Compared with the C1, C2 and C3 had
a higher cooking yield and hardness, cohesiveness and chewiness. The result of low field
NMR exhibited that the batters with soy protein isolate had less water out the cooked pork
batter and free water. Thus, C2 had the best water holding capacity and texture. Overall, the
2% soy protein isolate addition could improve the water holding capacity and texture of pork
batters treated by high pressure.
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Introduction. In this study, two different marinade
(plain and smoked) were prepared with seabass and
determination of their shelf-life was aimed by investigating
the quality according to organoleptic, chemical and
microbiological parameters.

Material and methods. Fishes supplied from an
aquaculture facility were brought to the laboratory under
cold storage and filleted after cleaning process. First group
(Group A: Plain) was put into the marination solution
(Fish:solution ratio was 1:2, 1.68% alcohol vinegar, 6.4%
salt and 0.01% citric acid) for 5 days. In second group
(Group B: Smoked) fish were smoked and air cooled to the
ambient temperature. Cold fish fillets were waited in the
marination solution (Fish:solution ratio was 1:2, 1.2%
alcohol vinegar, 5.5% salt and 0.01% citric acid) for 2 days.

Result and discussion. According to the results in
terms of the chemical analyses, while TBA value was
determined as 0,26+0,01 mgMDA/kg in raw material, at the
end of the study this value was determined as 4,38+0,05
mgMDA/kg in Group A (5th month) and 3,05+0,02
mgMDA/kg in Group B (7th month). According to results
in terms of the microbiological analyses, TMAB count was
determined as 2,00+0,04 CFU/g in raw material but total
bacteria and yeast-mold count was remained <10 CFU/g
during the storage period. Coliform bacteria were not
encountered in the study. For the organoleptic analyses 5
experienced panelists evaluated the products according to
colour, odour, texture, flavour and general appreciation.
Both groups got high scores in the beginning but Group A
got low scores in Sth month and Group B had low scores in
7th month from panelists and lost quality.

Conclusion. As a result, smoked sea bass marinade was
appreciated more than plain sea bass marinade and the shelf
life of smoked marinade was detected higher than the plain
marinade.
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Introduction

Fish, which is essential for human health and contains a wealth of fatty acids, is a must
consume food source for the sake of a healthy and high quality life. EPA and DHA fatty acids
are known to have good use for human health. It’s stated that, fish consumption has a positive
effect on many illnesses like cardiovascular diseases, development of brain and intelligence,
strengthening the immune system, hypertension, cholesterol, depression, amnesia, etc., an
even various disease may occur when the lack of consumption [1,2] Seabass (Dicentrarchus
labrax Linaeus, 1758), which has a high nutrition value, is naturally found in seas around
Turkey; besides it has been cultivated with great numbers in recent years. Total amount of
sea bass production that has white meat, delicious taste and low fat content was 80.847 tones
[3]. One of the most cultivated fish species in Turkey is seabass and not only it is consumed
fresh; but it is exported frozen or processed as well.

With processing seafood, many products are on the market and alternatives are being
created on fish consumption lately. Marinated products are on demand along with dried,
smoked, salted and canned ones. Marinated products are generally processed by a seasoning
process with certain amount of salt and acedic acid brine within a certain time. Ripening
process in marinates is resulted from opposing influence of salt and acedic acid on fish meat.
Salt provides toughness for fish meat; whereas, acid does smoothness. The ripened fish after
a certain period is put into marinade containers and assorted sauce, oil, etc., are added on [4].
Then again shelf life of marinades may alter according to the factors like fish variety, acid/salt
rate of brine, brining period and storage conditions. Salt and acid have an effect on decreasing
bacteria and enzyme activities so shelf life extends [5]. On the other hand, shelf life of
marinades can also be as short as 4-5 months due to the factors like organoleptic changes,
rancidity and putrefaction [6]. As for smoking process; it expresses a number of methods in
order to give fish a different color, smell, taste or flavor. In this context; first of all, the fish
is steeped into salty water solution. After that it is smoked into a special oven. The product
is dehydrated with the help of salting and drying; it is also made use of antimicrobials and
antioxidants’ conservativeness on the compound of smoking process [7-10]. Besides having
positive effect on shelf life, smoking process provides high acceptability in view of
sensitivity. A product is featured in sensitivity thus attracts the attention of customers
especially in developed countries [11]

Either of them are fish conservation methods which have been widely used for long in
fishery processing technology. In this research an outcome was tried to obtain by using both
of the different technologies. Also in this study it is tried to determine the shelf life of seabass,
which was marinated in two different methods (plain and smoked), and aimed to analyze the
quality changes during stockpiling.

Material and method

100 Seabass (Dicentrarchus labrax Linaeus, 1758) whose approximate lengths are
28.53+£0.12 cm and weights are 277.35+2.45 g were brought to laboratory to under cold
storage and these fish were supplied from Kuzey Su Uriinleri Fish Farm which is situated
between Samsun-Sinop provinces in December 2017. After removing guts, beheading and
cleaning, they were filleted without scaling. Before the process, fillets were steeped into the
icy salted water (20%, 30 mins) until emptying their blood, later that they were washed off
in order to leak all the extra water. All the fillets were divided into two groups. The first fillets
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group (Group A) was plain marinated bass and the other group (Group B) was hot smoked.
In order to maturing fish; a solution which is derived from diluting industrial marinade brine
was used. On the other hand, smoking process was completed in semi traditional smoking
oven in Sinop University Faculty of Fisheries Processing Laboratory using wood shavings
by beech tree.

Fish processing

For plain seabass marinade (Group A), the fish was stored for 6 days in refrigerator
circumstances. The rate of fish to brine is 1/2 and the brine consists of 1.68% alcohol vinegar,
6.4% salt and 0.1% citric acid. At the end of marinating, the fish were taken out of brine and
were put to draining.

For second group (Group B) marinade; the fish was aligned onto baking trays then
smoked. Smoking oven was adjusted to 60°C and the fish was kept in smoking oven for 45
min. as 20 min. pre-drying and 25 min. smoking process. After smoking process ends, the
wish was taken to a colder place to cool off. After that it was put into marinade brine
(F:B=1/2, 1.2% alcohol brine+5.5% salt+0.1 citric acid) and kept for 3 days in refrigerator.
After the maturing process; the fish in both groups was aligned into marinade containers.
Then the containers were filled with sunflower oil and covered. Consequently, the marinades
were all stored in refrigerator.

Analyzing methods

The study was executed as 2 groups; on the other hand, executed as 2 recurrence analyses
and 2 parallel analyses. During storage period the products’ qualities were examined also it
was tried to figure out the shelf life in refrigerator circumstances by the help of monthly
sensory, chemical, physical and microbiologic analysis.

TVB-N amounts of fresh samples and products were modified by Antonacopoulus and
determined by Liicke-Geidel method [12]. Quality classification of fish in TVB-N value was
done according to Varlik et al. [13]. Amount of TBA was done according to Erkan and Ozden
[14]. Quality of fish in TBA value was evaluated according to Varlik et al [13] and
determination of salt and vinegar was made according to Varlik et al. [15]. In pH
measurement the fish was added into pure water as 1:1; then, measured with WTW Multi
3401 portable pH-meter probe [16]. Color was analyzed with Minolta “CR-400
Chromometer” brand device according to CI L* a* b* scale and values were given as L* a*
b*. White platform of the device was used for calibration [17]. Water activity was measured
in Novasina brand automatic water activity measurement device.

The microbiologic analyses are bacterial counts which are total mesophilic aerobic
bacteria, total psychrophile aerobic bacteria, yeast-mold bacteria and total coliforms. The
exterior surfaces of packages were cleansed with %70 ethyl alcohol then opened with
sterilized knife. 10 grams of fish samples were taken into stomacher bags with sterilized
spatula and homogenized with adding in 90 ml peptone solution near the flame [18]. 107!-10
®rated dilutions were prepared using 1ml homogenization and 9ml physiological salty water
solution (%0,85 NaCl). Plate Count Agar was used in order to count the total mesophilic aero
and psychrophile bacteria. The fish was incubated at 37°C for 2 days for petris mesophilic
count and at 7°C for 10 days for psychrophile bacteria count in microbiologic analysis which
was made with pour plate technique [19].

All colonies that were observed in petri was regarded as “total bacteria” and counted
standardly; then, the result was given as LogKOB/g at the end of the incubation [20]. PDA
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(Potatos Dextroz Agar) feedlot was used for yeast and mold counting. In the pour plate
technique analysis, yeast-mold number was counted and specified after 3 days of incubation
at 28°C and the results were given as LogKOB/g [13,21,22]. VRBA (Violet Red Bile Agar)
(Lab M 31) feedlot was used for total coliform bacteria counting. Petri boxes were turned
upside down then incubated for 1 day at 35°C after feedlots were frozen [21]. A group of 5
experienced panelists were chosen for sensory analysis and they were given forms in order
to evaluate the products. The sensory evaluation form was modified according to the chart,
which is expressed for marinated products, notified by Varlik et al [13] and used by
Schormiiller [23]. The products were evaluated by giving them ranks between 0-5 from the
points of color, smell, taste, texture and general liking (0-1: inconsumable, 1-2: Bad, 2-3: Nat
bad, 3-4: Good, 4-5: Very good) and those which ranked under 2 points were specified as
inconsumable.

Medians and standard errors of the results were analyzed by one-way analysis of variance
and tukey’s test with the help of Microsoft Excel 2010 and Minitab 17 packaged software
[24].

Results and discussion

Now that the products keep their chemical and microbiologic quality during storage
period, shelf life of them was determined by sensorial perception. The beginning of the
experiment expresses the first day of study while the end it expresses the 5" month for Group
A (plain seabass marinade) and 7" month for group B (smoked seabass marinade).

Chemical and physical analysis results

The TVB-N, TBA, pH analyses results and water activity(aw) values of both samples
were given in Figure 1. In the present study, TBA value of fresh samples were found as
0.26+£0.01 mg MDA/kg. After marination of fresh samples, A and B groups were also
examined with regard to TBA values. Due to the applied long time marination process to
group A, Fish oils were partially degradation and the TBA value was determined as
3.5240.09 increasingly in this group at the end of the marination process. In group B, due to
the antioxidant effect of smoke compounds TBA value of group B showed less increased
than group A and it determined as 1.61+0.13 mg MDA/kg.

During storage time, it was observed that there were increases for both groups but it was
also detected that this increase could not surpassed over 7-8 mg MDA/kg value which is the
minimum consumable rate. The value differences between the groups were found significant
both for the beginning and the end of the study (p<0.05).

The change of fat rancidity depending on time was examined with TBA analysis. The
analysis results were evaluated by considering the criteria that were displayed by Schormiiller
[25]and were stated by Varlik et al. [13]. Baygar et al. confirmed in his study that TBA value
of crude material as 0.30 while the value of material in marinate (that is scaled) as 4.25 mg
MDA/kg [26]. Alparslan et al. stated that seabass marinade did not exceed 8 mg MDA/kg
which is the highest consumable limit at the end of 90 days of storing period [27]. Likewise,
Kaya detected that seabass marinade did not exceed the limit of TBA value during 200 days
of storing period [28].

Balikg1 observed that TBA value of both plain and dill added smoked mackerel marinade
increases during 9 months of storing time though the value kept under specified limits [29].
Giinli stated that TBA values of products increase when he examined the quality changes of
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seabass after smoking; however, none of the party’s TBA value exceeds the consumable limit
during storing period [30]. The results are compatible with present study. The reason is Group
A spent more time in maturing brine; thus, there was more deterioration of fat. It could also
be said that the reason why Group B has less TBA value during storing period was originated
from smoking process. Goulas and Kontominas indicated in their study on mackerel that in
the course of storing, the low value of TBA is caused by phenolic matters in smoke
compounds and these matters have anti-oxidative effect [31].

According to TVB-N analysis, TVB-N value of fresh seabass was determined as
17.11£0.28 mg/100g and this TVB-N value was identified as 11.66+0.44mg/100g for group
A, 9.97+0.33mg/100g for group B after marination proces decreasingly. The reason for this
decrease in TVB-N values can be said that to be the decrease in the pH value due to fish meat
waits in brine water.

Since both marinate groups partially lost their acidic properties over time, TVB-N values
increased somewhat in both groups at the end of the experiment and TVB-N values of Group
A and Group B were determined as 17.41£0.17, 17.63£0.22mg/100g respectively. The
difference between two groups was found significant (p<0.05).

One of the analyses which is considered a freshness indicator of seafood is TVB-N
analysis. The results were evaluated by regarding the criteria like; samples containing
25mg/100g TVB-N as “very good”, 30mg/100g TVB-N as “good”, 35mg/100g TVB-N as
“marketable”, and samples containing more than 35mg/100g TVB-N as “spoiled” [13].
Baygar et al., found the TVB-N value of fresh sample as 16.89 mg/100g, and stated that the
sharp fall of TVB-N amount was caused by pH decrease which was affected from acetic acid
used in the brine [32]. Kaya, stated that TVB-N value of fresh seabass as 15.24+0.02mg/100g
decreases down to 13.124+0.58 mg/100g for plain marinades on marination day, 13.33+0.11
mg/100g for sauced marinades; he also stated that these values do not exceed the consumable
limit rates in time [28]. Present study shows similarity to previous researchers’ results.

In present study, pH value of fresh seabass was measured as 6.47+0.01. After marination
process, pH value of Group A and B were determined as 4.17+0.02 and 4.38+0.03
respectively resulting from acidic treatment.

pH value of fresh fish is expected to be between 6-6.5 with the changes depending on
the specie, size, season and rigor mortis [13]. Kaya, determined the fresh seabass pH value
as 6.04 £ 0.04 [28], whereas Tagkaya et al. determined as 6.45. pH interval of marinated
products is very significant [33]. pH interval is supposed to be between 4-4,5 for marinated
products [5,13]. Therefore, it is important both to prevent bacterial growth and to emerge
some flavoring matters. Likewise, Alparslan et al. detected the fresh pH value as 6.35 for
seabass while marinated product’s pH value was as 4.32 [27].

Kaya, measured the beginning pH value of plain seabass marinade as 3.8340.05 while
Cakir; found the beginning pH value of anchovy marinade as 3.75 [28,34]. Seeing that the
acid rate that researchers used at their researches is more, those pH values are below from
present study. Most researchers stated that the beginning pH values are between 4-4.8 for
marinated products [32,35,36]. Even though the research results share similarity to present
study, it is considered that the low rate of acid in the brine affected pH value.

When the water activity is investigated, the values which were measured for Group A
and B found respectively as 0.932+0.002 and 0.921+0.001 at the beginning of the experiment
and as 0.940+0.001 and 0.931£0.001 at the end of the experiment; the differences between
them were found significant (p<0.05).

Isidan detected the ay, value of fresh fish in his shad marinade as 0.99540.001 but it was
0.953+0.001 at the beginning of the experiment [37]. Giuffrida et al., detected that a,, value
of his seabass marinade decreased after marinating and during storing time [38]. Previous
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researches indicate increases in a, value for the products originating from the water holding
capacity of salt; so the results show similarity to present study.

As it is known, a,, values decreased due to brine and smoking effects so the water, which
is necessary for microorganism growth, removed partially. On the contrary, Huss et al., stated
that falling of ay value, along with pH, restricts or stops bacterial growth after marinating
[39].
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Figure. 1. The TVB-N, TBA and pH analysis results and water activity values
of group A and group B

Monthly analyses were conducted in order to determine the percent of salt and percent
of vinegar (total acidity) in fish meat. The salt and percent of vinegar (total acidity) analyses
results in sea bass marinade samples were given in Figure 2.

After marination process, Salt and vineagar contents of Group A and B increased to
%3.734£0.17, %3.02+0.05 and 9%1.03+0.01, %0.86+0,01 respectively (p<0.05). As the
marinated samples lost their water during storage, it was observed that salt content increased
and as the marinated samples waited in package with oil, vinegar content declined in both
groups.
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Also, in which there were irregular rises and falls of acidity-salt values, it is considered
that keeping the fish in brine before process as well as the acidity-salt rate in the maturing
brine could affect these values. Smoked product’s being low in acidity and salt values than
Group A can be caused by smoking process in addition to the reason above

When salt amounts were examined both for Groups A and B on the last day of the
experiment, they were detected as %4.00+£0.02, %3.454+0.03 respectively, As of vinegar
amounts were detected as %0.60+0.03, %0.43+0,02 respectively. The difference between
them was found statistically significant (p<0.05).

Kaya, detected the beginning value of acidity and salt of seabass marinade as
%1.974£0.12 and %5.09+0.04 and also stated that those values declined on account of time
[28]. Cakir, detected the beginning (control) value of acidity and salt for anchovy marinade
in plastic container respectively as %4.50+0.02 and %0.85+0.01 he also stated that there were
irregular increases in acidity and salt values because of time [34].
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Figure 2. Salt (%) and total acidity (%) analysis results of group A and group B

The color analysis results were given in Table 1. The quantitative differences of changes
in products’ physical appearances were revealed with color analysis. Each value (L*, a*, b*),
which was measured in the device, reveals a different color notion and the changes during
storing. When the results which were acquired by the measurements from 2 different spots
of fish fillets were examined and L* (brightness) value of fresh fish was determined as
41.43£1,23. L* values of Group A and B were determined respectively as 78.50+0.58 and
67.3620.81 on the first day of the experiment (p<<0.05). The reason might be the decolorizing
feature of acid in the ripening brine.

a* value is 1.64+0.45 in fresh sample and it was found at the beginning of the
experiment as -3.58+0.24 for Group A and as 4.87+0.49 for Group B (p<0.05). While b*
value of fresh fish is -3.16+0.38, this value is detected at the beginning of the experiment as
2.64+0.70 for Group A and 24.84+0.59 for Group B. The measured a* and b* values were
higher for both groups than fresh sample, in other words it was observed that there were
changes in product color. Especially, emerging highly positive of b* (24.84+0.59) value
which was measured in Group B proved that the product was yellowish which is desired to
be so for smoked products. This proves that the smoke demonstrably affects the color. The
differences between two groups was found significant (p<0.05).
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L* (brightness) value is measured between 0-100 and it expresses the color of a product
is getting from dark to light as it gets closer to 100. a* value, which is measured in coloring
device, is depicted by greenish color when it is negative; whereas it is depicted by reddish
color when it is positive. b* value is depicted by bluish color when it is negative; whereas it
is depicted by yellowish color when it is positive.

Bilir, measured the beginning L*, a* and b* values respectively as 41.63, 0.64 and 9.8
and detected that L* value increases, a* value comes out positive, and b* value is higher for
fish meat after ripening, in his marinade study made by sardine [40]. Kadak, calculated the
fresh L* value as 40.01, a* value as 0.29, and b* value as 9.14 of chitosan added anchovy
marinade. He found these values on the first day when he marinated the fish respectively as
63.65, 1.71, and 12.22. These changes in fish meat are accordant with the data of present
study [41].

Table 1
Color analysis results of group A and group B
Storage time A B
(Month)
Fresh Fish 41.43+1.23% | 41.43+1.2342
First day 78.50+0.584% | 67.36+0.815°
1 75.11£0.96%¢ | 71.76+0.555¢
2nd 76.92+1.234¢ | 72.98+1.045¢
3 78.34+0.444%¢ | 69.88+0.538b
4t 82.22+0.244% | 69.73+0.308
st 67.52+1.29% | 62.75+0.245
6" - 58.82+1.45°
7% - 60.13+0.314¢
Fresh Fish 1.64+0.45%2 1.64+0.45%2
First day -3.5840.244% | 4 87+(0.49Bb¢
1 -3.614+0.134% | 3,72+0.348«
2nd -1.05+1.15% 1.24+0.44%2
3 -1.4540.24Ab¢ 2.58+0.28
4t -3.2440.114%d | 4,93+0.078%
st -3.92+0.2944 | 4.1040.2380d
6™ - 5.68+0.60°
7% - 5.16+0.16"
Fresh Fish -3.16+0.384% | -3.16+0.384%
First day 2.64+0.704%¢ | 24.84+0.598b
1 1.00£0.494¢ 23.70+0.818¢
2nd 4.97+0.814% | 23.91+1.048¢
3 6.90+0.354 | 27.17+0.33%°
4t 9.28+1.0344 | 24.60+0.198%
st 5.62+0.744% | 23.28+0.33B°
6™ - 24.09+0.47°
7 - 25.26+0.20"
Values with different letters in the row (—) (A, B,...) and in
the column (]) (a, b,...) differ significantly (»p<0.05).
A: Plain sea bass marinade
B: Hot smoked sea bass marinade.
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Microbiological analysis results

In present study, the products’ monthly Total Mesophilic Aerobic Bacteria, Total
Psychrophilic Aerobic Bacteria, Total Coliform Bacteria and Total Yeast-Mold Bacteria
Loads were examined. According to the microbiological analysis results, the total mesophilic
bacteria number was detected as 2.00+0.04 LogCUF/g; however, not a single bacterial
reproduction was observed during storing time (<10CUF/g). Due to the lethal effect of the
smoke on the bacteria and the preventing effect of the marination process on the growth of
bacteria, The microbiological load remained below the limit values.in the study. Coliform
group bacteria were not detected at present study.

Kaya, examined the products in seabass marinade microbiologically during storing time
(200 days), and hereby he stated that the products did not exceed the consumable limit (10°
CUF/g) [28]. Balike1, reported that smoked mackerel marinade did not exceed the limit value
of total mesophilic aerobic bacteria count during storing time and he also stated that this
prevents the bacterial growth as a result of marinating and smoking processes [29].

Sen and Temelli, stated that they marinated anchovy and microorganism count
decreased after marinating [42]. Kiling and Cakli, reported that yeast and mold growth was
not observed in tomato sauce marinated sardine and also Olgunoglu reported the same for
marinated anchovy [43,44].

Sensory analyses results

At present study, in which the quality of seabass marinade under refrigerator conditions
examined, shelf life of the product was determined as a result of sensory analyses and these
results were given in Figure 3. At first, the products in both groups with high ratings were
liked and consumed by panelists. A difference was detected between groups owing to the
storing time. Group A at the end of 5" month and Group B at the end of 7" month got low
ratings from the panelists and lost their qualities. Throughout the study, unpleasant changes
in the color and smell of the product were not noted; on the other hand, it was stated by the
panelists that some deterioration occurred in the texture and the taste disappeared in the 4%
month for Group A and in the 6" month for Group B. Therefore, shelf life of Group A was
determined as 4 months and Group B as 6 months. Throughout the study, the most favorite
group is the seabass marinade which was marinated by smoking; in other words, Group B.
The differences between two groups was found significant (p<0.05).

Thereby, even if parameters of a product quality are acceptable, it is stated as
inconsumable when it loses its sensory features [45]. Kaya, stated that the product did not
spoil for 200 days but there were only some quality loses in the texture in his plain marinade
done by seabass [28]. Balikei, stated that there were loses on smell, taste and texture of the
products, which were prepared both plain and dilled smoked mackerel marinade, but they
were in good quality during 9 months of storing time [29]. Isidan, examined the quality
changes during storing time in 3 different shad marinades (brine, oiled and vacuum
packaged). According to his findings, the vacuum packaged product was spoiled on 7" month
in sensory perspective; on the other hand, the products which were kept in brine or oil were
in better condition on the 7 month [37]. Ozogul et al. stated that sensory features (taste,
smell, etc.) of smoked anchovy marinade declined due to storing time, furthermore their shelf
lives are 6 months [46]. Even the previous researches resemble to present study, it can be
said that shortness of shelf life is resulted from acid-salt rate in the brine and waiting time.
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Figure 3. Sensory analyses result of group A and group B
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Conclusion

Today, sensory features are at the top when it comes to a product’s approval. Even though

the product has good quality, when it is not qualified with sensory properties the product is
neither preferred nor considered as tradable. It can be said that the results of present study
have similar outcomes. Chemical and microbiological values of seabass marinade were
between consumable limits; however, since the products have lost their sensory quality, the
examination was terminated. According to the findings, shelf life of Group A noted as 4
months, Group B as 6 months. The most favorite group of the study is Group B.
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Introduction. It has been determined the influence of
drinking running water purified by clinoptilolite, rock crystal
and activated charcoal on the vitamin content of wort and
kvass.

Materials and methods. The kvass made by kvass rye
wort fermentation with the help of yeast Saccharomyces
cerevisiae MP-10 was analyzed. The dry matter content was
determined by the areometric method, the content of vitamins
by the ability of test-cultures to grow in the presence of certain
vitamins. Thiamine and riboflavin were determined by
fluorometric method.

Results and discussion. In the purified water, the total
iron content was 0,01 mg/dm?®, the total water hardness was 1,1
mmol/dm?, the permanganate oxidation was 0,5 mg O/dm?.
The fermentation process was similar to both samples. While
the total duration of fermentation of the experimental sample
was 13% less, that is due to a decrease in the number of
vitamins in the initial wort. The water mineral composition
significantly influenced on the content of vitamins in the initial
and fermented wort and kvass, in particular, the amount of
thiamine and riboflavin in the prototype increased at an
average 2.5 times, and the folic acid content at 5 times, that
can be explained by the formation in the control sample of
water insoluble complexes with bivalent metals. At using
model solutions with an index of total water hardness of 5
mmol/dm?, the thiamine content in the fermented wort
decreased by 6,7 times compared to the wort with
demineralized water. To ensure high levels of vitamins in the
kvass, in particular thiamine, riboflavin and folic acid, process
water should have a total hardness no more than 1 mmol/dm?
and contain no iron ions.

Conclusions. The use of purified water provides the
increase in the content of vitamins in the kvass and getting the
product with their correlation physiologically acceptable to the
human body.
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Introduction

Soft drinks are not essential products, but they play an important role in the metabolism
of humans [1-4]. Consumption of beverages should not only compensate for the loss of
moisture and salts by the body, but also enrich it with vitally necessary biologically active
substances, particularly, vitamins [1, 5-7].

When comparing different groups of soft drinks in terms of therapeutic and preventive
and general health effects on the human body, fermented beverages are the most promising.
Functional fermented beverages based on plant extracts have become significantly more
widely used [10-13].

Bread kvass is one of the most popular fermented soft drinks, which is prepared on the
basis of rye raw materials by alcohol fermentation [12-14]. In the process of life, yeast
ferments carbohydrates with the formation of the main, secondary and by-products of
metabolism, as well as vitamins and other biologically active substances [13, 14].

Therefore, the introductions of innovative technologies that increase the biological
value of bread kvass, in particular the vitamins content are topical issues of the industry's
development.

Water is one of the main components of bread kvass. However, most companies do not
carry out additional water treatment as raw materials for kvass production [7, 12].

A promising trend in the food products technology, where water is raw material, is the
use of natural minerals, in particular clinoptilolite and rock crystal, as well as active coal at
the stage of water treatment [13, 15].

The purpose of the work is to study the influence of clinoptilolite, activated charcoal
and rock crystal during the watertreatment stage on the vitamins content in the initial and
fermented kvass worts and to determine their correlation according to needs of the human
body.

Materials and methods
Purification of water and preparation of model solutions

Treatment of drinking running water was carried out by clinoptilolite of Sokirnitsky
field (Ukraine), activated charcoal and rock crystal in laboratory conditions under certain
conditions (Patent 116963 Method of water treatment for the kvass production).
Clinoptilolite was used to reduce the hardness of water and removal of heavy metals [16, 17].
The structure of clinoptilolite is tetrahedron, the vertices of which form eight-membered
rings, inside of which there are water molecules («zeolite water»), and alkaline and alkaline
earth metals cations. A large number of input windows on the surface has channels, which
provide the use of clinoptilolite as a «molecular sieve» with the replacement of cations (the
size of the input windows 3,5-4,8 A°) [18, 19].

Activated charcoal was used to reduce the content of organic impurities and improve
the organoleptic parameters of water [13, 20, 21].

Rock crystal was used in order to structure the water, correct the oxidation-reduction
potential and remove foreign microflora [6].

In the purified water, the total iron content was 0,01 mg/dm?, the total water hardness
was 1.1 mmol/dm?, the permanganate oxidation was 0,5 mg O»/dm’. For control, untreated
water with a total iron content of 0,05 mg/dm?®, a general hardness of 4,5 mmol/dm?, and a
permanganate oxidation of 4,0 mg O./dm?® were used.
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For conducting experimental study the optimal parameters of technological water for
the kvass production wort was prepared using demineralized water and with a certain amount
of hardness salts and iron.

The weight of a model substance was calculated by the formula:

Mpy = (Mpw Cup* Vaip) Mpp

where myy is the weight of substance, by means of which the quality of technological water
was modeled, mg;
M,y is the molecular weight of the substance used to prepare model solution, g/mol;
Cyp is the concentration of model solution, mg/dm3;
V.p is the volume of the model solution, dm?;
M, is the molecular weight of the soluted substance that needs to be modeled, g/mol.

Preparation of kvass wort and kvass

For the cultivation of yeast, the wort was prepared from kvass wort concentrate, sugar
syrup and water with the concentration of dry matter 7,0-8,0 %. The wort for preparing kvass
was prepared with the concentration of dry matter of 3,4-3,6%, it was fermented with pure
yeast culture of Saccharomyces cerevisiae MP-10 (initial concentration of yeast cells in the
wort was 0,6 mln/cm? ) at a temperature of 34 °C to reduce the content of dry matter to 0,8—
1,0 %. The kvass was prepared by mixing fermented wort separated from the yeast sediment
to dry matter content 5,4-5,6 %.

There were prepared two samples of kvass wort:

—control sample is wort on untreated water;

—experimental sample is wort on purified water.

Determination of the vitamins content

The vitamins content was determined by the microbiological method; Thiamine and
Riboflavin by fluorometric method; the content of the Thiamine-Catechin complex by the
permanganate Leventhal method [16].

As objects of research there were used: drinking water from centralized water supply in
Lviv city, activated charcoal Silcarbon, rock crystal, clinoptilolite, kvass wort concentrate,
sugar, yeast Saccharomyces cerevisiac MP-10 and finished bread kvass.

Results and discussion

Influence of water purification on the yeast cultivation process and kvass wort
fermentation

The biological value of kvass is largely due to the presence of vitamins which are
growth factors, and the physiological activity of yeast depends on their amount [3, 4, 13].

The specific growth rate of yeast cells at the yeast cultivation stage is given in Table 1.
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Table 1
Specific growth rate of yeast

Duration of Specific growth rate, hours™
cultivation, hours Control Experiment
6 0,333 0,464
12 0,368 0,495
18 0,060 0,078
24 0,022 0,028

A higher specific growth rate of yeast on average of 1,3 times throughout the entire
cultivating process was observed using the experimental sample of wort.

The dynamics of reducing the dry matters content at fermentation of the experimental
and control samples of wort at a temperature of 34 °C is shown in Figure 1.

3,5 - -

3,3

3.1

29

2,7

2,5

Dry matter content in the wort, %

0 2 4 6 8 10 12 14 16
Duration of fermentation, hours

Figure 1. Dynamics of reducing dry matters content at kvass wort fermentation

It was found that the character of fermentation was similar for both samples. However,
when using wort on prepared water, the process of intense wort fermentation began already
at the second hour, then, for control at the third. In this case, the total fermentation time of
the experimental sample was fixed at 13 % less, that is explained by the reduction in the
duration of the lag phase of the yeast growth.

The zymase enzymes of yeast are complex substances containing the protein part
(apoenzyme) and chemically bound nonprotein (coenzyme). Coenzymes determine the
specific activity of the enzyme, take part in its contact with the substrate, and also stabilize
apoenzymes. Coenzyme has two functional areas, one of which is responsible for the
association with apoenzyme, and the other takes direct part in the catalytic process [22]. It is
known that coenzymes contain vitamins which are irreplaceable factors that provide the
required rate of biochemical and physiological processes in the yeast cell. The role of
vitamins as coenzymes in chemistry of alcohol fermentation is presented in Figure 2 [23].
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Amino acids

NAD
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Figure 2. Sugar metabolism in the yeast cell:
PDC - pyruvate decarboxylase; B1 — thiamine;
TA — transaminase; B¢ — pyridoxine;
PC — pyruvate carboxylase; NA — nicotinic acid;

PD — pyruvate dehydrogenase;
SDH - saccharide dehydrogenase;
ADH-1 — alcohol dehydrogenase;

Bio — biotin;

PA — pantothenic acid;
OA — oxalacetate;
AcetAl — acetaldehyde.

Water influence on the vitamin content of the initial and fermented kvass wort

In determining the vitamin content of the initial wort and fermented wort, the increase
in their content after fermentation was determined, this is due to the ability of the yeast to
synthesize vitamins [24]. In all samples of fermented wort, the increase in the content of
group B vitamins was observed. Table 2 shows the dependence of the vitamin content of the
initial and fermented worts on the water used.

Table 2
Content of vitamins in the initial and fermented worts

Vitamins content, pg Initial wort Fermented wort
in 100 g of dry matter Control Experiment Control Experiment
Thiamin (B)) 7 16 36 103
Riboflavin (B:) 5 11 51 122
Niacin (Bs) 480 560 980 1170
Pyridoxine (Bg) 5 12 19 33
Biotin (H) 0,45 0,56 0,76 1,2
Folic acid 2 11 6 28
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It was defined that the mineral composition of water significantly influenced the
vitamins content in the initial and fermentation wort, in particular the content of thiamine and
riboflavin in experimental samples increased at an average of 2,5 times. The highest content
was observed for niacin. The increasing vitamin content in the kvass is explainable with their
initial raw material content and their creation in the process of yeast life activity.

A significant role in the life activity of yeast cells is played by biotin, which is involved
in various metabolic processes, particularly in carboxylation of pyruvate, pyridine nucleotide
synthesis, nucleic acids, proteins, polysaccharides, fat acids synthesis, the formation of
purine and pyrimidine bases [23, 25]. It is determined the increase in the content of biotin in
the fermented wort for experimental and control samples, respectively, at 37 and 20%.

Folic acid is necessary for the formation of new cells and does not have coenzyme
properties, but when converted to tetrahydrofolic acid, it participates in DNA replication,
amino acid synthesis, in particular methionine and serine, as well as the formation of nucleic
acids, pyrimidines and purines. Tetrahydrofolic acid also takes part in the transfer of the
methyl, methylene and carbonyl groups, that promotes the activation of enzymes, which take
part in fixing the formaldehyde and formic acid residues and their catalytic transformations
[23, 25].

The Figure 3 shows the interaction of folic acid with ions of bivalent metals [25].

N N NH
= X 2
LT
.
OH R N Z
N R + \/O

Figure 3. Interaction of folic acid with ions of bivalent metals

In the experimental samples of the initial and fermented worts, an increase in the content
of folic acid was observed, respectively, at 5,5 and 4,6 times, that can be explained by the
formation in the control of water-insoluble complexes with bivalent metals (Cu?*, Fe?*, Co*",
etc.) by the equation given in Figure 3.

Influence of hardness salts and iron ions on Thiamine and Riboflavin content

One of the most important vitamins for a human body is thiamine, which is formed by
condensation of the pyrimidine and thiazole nucleuses [26, 27]. The content of thiamine in
drinks substantially depends on the calcium and magnesium salts, which reduce its solubility.
Therefore, reducing the hardness of technological water allows increase the amount of
thiamine, and therefore increase the biological value of kvass. In addition, thiamine positively
effects the process of fermentation of the wort, increasing its speed. Coenzyme thiamine
diphosphate is used by yeast in the reactions of the conversion of pyruvic acid to
acetaldehyde, which is a determining factor in alcohol fermentation [28]. Thiamine also
regulates the condensation of acetone and the formation of butanediol-2,3, that effects the
taste and aroma properties of kvass [29].
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Riboflavin is not the factor in the growth of yeast, but it participates in oxidative-
reduction reactions under anaerobic conditions [23, 25]. Yeast synthesizes this vitamin in
significant quantities. At the same time, its content in kvass depends on the concentration of
iron ions, which move into wort both with concentrate kvass wort (CKW) and with water.

The influence of hardness salts and iron ions on Thiamine and Riboflavin contents in
fermented wort is shown in Figure 4 and 5.

110 —
100 +
90 1
80 1
70 1
60
50 1
40 +
30 1
20 1
10 1 }
0 . . . . . -
0 1 2 3 4 5

General hardness of water, mmol/dm?

Thiamine content in fermented
wort, ug in 100 g of dry matter

Figure 4. Influence of hardness salts on Thiamine content in fermented wort

140
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40 - —
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Riboflavin content in fermented
wort, ug in 100 g of dry matter

Figure 5. Influence of Fe** ions on Riboflavin content in the fermented wort

It was defined that when using model solutions with the index of general hardness at 5
mmol/dm?, the Thiamine content in the fermented wort decreased by 6,7 times compared
with the wort in demineralized water. The water hardness of 1 mmol/dm? the Thiamine
content decreased only at 12 %, that is explained by the interaction of Thiamine with calcium
and magnesium salts.
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It was established that with increasing concentration of iron ions in water up to 0,3
mg/cm’, the content of riboflavin in the fermented wort decreased 6 times.

These data observe Calcium, Magnesium and Ferrum ions have the significant influence
on the Thiamine and Riboflavin content in the fermented wort. While it is probable, insoluble
in water complexes with iron ions are formed.

Thus it has been established that in order to ensure high content of vitamins in kvass,
particularly Thiamine, Riboflavin and Folic acid, technological water should have total
hardness of no more than 1 mmol/dm? and should not contain iron ions.

Assessment of the biological value of kvass

In order to estimate the biological value of kvass in accordance with the requirements
of FAO/WHO, an average daily maintenance of vitamins at a consumption of 0,5 dm? of
beverages has been calculated. Profiles of the vitamins content of the control and
experimental samples of kvass are shown in Figure 6.

Thiamine

3

Biotin < > Riboflavin

/ —— Control
/ —i& - Experiment

Pyridoxine * ~Niacin

Figure 6. Profile of daily maintenance of vitamins at consumption of 0.5 dm? kvass

It was defined that when using kvass 0,5 dm?, the daily requirement for vitamins of
group B and niacin is provided by 0,5-2,4 %, which is acceptable, since soft drinks are not
the main component of vitamins in the human body. From the investigated vitamins, the most
consistent with the daily needs are thiamine, riboflavin and niacin. With the use of prepared
water the provision human body with these vitamins increases at an average of 2 times
(respectively 3, 2,5 and 1,6 times). This can be explained by their taking part in biosynthetic
processes of yeast cells.

As you know, a human ration should contain a variety of foods. In this case, the main
thing is not the quantitative content of biologically active substances, but their adequacy in
accordance with the needs of the human body [26, 27]. The ratio of vitamins in the control
and experimental samples in accordance with the physiological needs of the human body is
given in Table 3; where for 1 standard unit the established requirements of the daily
requirement of vitamins are adopted, and the value of experiment and control is the ratio of
their respective content in beverages to the norm. Proximity to 1 standard unit indicates that
the content of this vitamin is more in line with FAO/WHO requirements.
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Table 3
Ratio daily providing with vitamins
Name The ratio of vitamins, standard unit
Thiamine | Riboflavin Niacin Pyridoxine Biotin
Control 0,155 0,179 0,343 0,059 0,001
Experiment 0,444 0,427 0,410 0,103 0,002

It was found that the experimental sample compared to control ones most meets
determined requirements for Thiamine, Riboflavin, Niacin, Pyridoxine and Biotin,
respectively, 2,9; 2,4; 1,2; 1,8; 2.0 times.

So, kvass is prepared using the purified water by the proposed method and has the
increased biological value.

Conclusion

It has been established that the use of clinoptilolite, rock crystal and activated charcoal
during water purification in bread kvass technology provides an increase in the content of
vitamins in the initial and fermented wort and the getting of the finished product with the
physiological needs acceptable for the human body with the ratio of thiamine, riboflavin,
niacin, pyridoxine and biotin.
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Introduction. The paper concerns the determination of the relations
of energy potentials in mass flows of gas and steam-gas systems and their
changes in thermodynamic transformations and regeneration
possibilities.

Materials and methods. Researches are presented in the form of
phenomenological generalizations on the basis of the laws of chemistry,
thermodynamics with thermochemical calculations based on Hess's law.

Results and discussion. Transformation of incoming gas streams
used as the primary sources of chemical energy potentials with
conversion into thermal energy is accompanied by losses at the level of
heat of condensation of the formed vapor phase. Vapor-gas mixtures are
generated in the processes of drying, aeration of grains for germination,
in systems of aerobic fermentation processes, in the aeration of industrial
wastewater, etc.

The course of such processes takes place in thermodynamic
parameters, which do not correspond to similar characteristics of the
environment, which is accompanied by energy losses at the levels of
difference between their enthalpies. From this point of view, an important
component of such gas-steam mixtures is the steam fraction of water,
since it carries the thermal potential of vaporization.

The article discusses the ratio of parameters of material and heat
flows, provides information that the energy potential of condensation of
the vapor phase in products of combustion of gases is close to 10% of
their calorific value.

The estimation of the prospects of the application of heat pipes in heat
recovery systems by the creation of closed energy circuits is evaluated. It
is shown the possibility of combining heat exchanging surfaces of cooling
and heating with heat pipes, which achieve the same parameters of the
temperature of evaporation and condensation of intermediate thermal
agents, the thermodynamic parameters of the latter in terms of the
possibility of their application in the systems being created are given.

With the presence of energy converters in the form of compressors
and gas-expansion machines, the recovery systems are converted into
local heat pumps.

The use of methane, ethane, propane and butane as the primary source
in the formation of water vapor is carried out in quantities corresponding
to their chemical formula, depending on the ratio of the number of atoms
of carbon and hydrogen. Recuperative recovery of the energy of the
output vapor-gas mixture is expedient to carry out in the direction of the
input air flow in systems with an intermediate coolant and
implementation of heat exchange processes with the simulation of effects
of thermal pipes or with the addition to the schemes of heat pumps.

Conclusions. The schemes of thermodynamic processes confirm the
possibilities of applying the proposed thermodynamic transformations.
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Introduction

Energy flows and their transformations in the processes of food technologies are, in
most cases, associated with material flows that are carriers of the first [1]. At the same time,
energy potentials in the form of the chemical energy of input flows of raw materials, semi-
products and finished products are the subject of the main interests of any technology [2].
Chemical and biochemical reactions associated with the transformation of material flows are
accompanied by the release or absorption of energy [3]. More often, such energy is represented
by heat and the magnitudes of thermal effects in thermochemical equations are represented by a
"plus" sign in exothermic reactions and a "minus" sign for endothermic interactions [4].

In a significant number of technologies in food industries biochemical transformations
of material flows in the directions of both resynthesis and synthesis of more complex
substances are used. Forms of energy contained in different substances and released during
chemical reactions or in the course of physical processes (for example, during condensation
of steam or liquid crystallization), are defined as the internal energy of substance [5].

The thermal effects of such reactions depend on the nature of the inputs and reaction
products, their aggregate state and temperature. The latter often values their energy potential,
which deserves the full recovery and use at the levels of technologies of heat pumps [6, 7].

Modern studies are aimed at the prospects of using secondary low-potential heat
resources [8], the creation of high-temperature heat pumps [9], the use of heat pipes in
geothermal heat pump systems [10], the creation of combinations of heat pumps with solar
energy utilization systems [11] and absorption-compression pumps [12]. The urgency of
addressing the problems of the recuperation of secondary energy recourses is due to the fact
that the industrial sector consumes one-third of the world energy with subsequent its
transformation into thermal energy at the level of 50% [7].

The purpose of the study was to determine the energy potential of the media formed as
a result of the transformations of material flows with the formation of gas-steam mixtures
and the prospects for their use.

Materials and methods

Research are presented in the form of analytical and phenomenological generalizations,
based on the laws of chemistry and thermodynamics. Thermochemical calculations are performed
on the basis of Hess's law, which determines that the thermal effects of the reactions depend only
on the initial and final states of matter [13].

The used provisions are related to the laws of conservation and transformation of the
mechanical and internal energy of systems, taking into account the equations of ideal and real
gases, the first and second laws of thermodynamics, information about the thermodynamic
parameters of refrigerant agents and the laws concerning energy and entropy balances.

Results and discussion

In modern conditions, the role of energy primary sources is often performed by
representatives of a homologous series such as methane, cthane, propane and butane, the
combustion of which leads to the formation of carbon dioxide and water in accordance with
the reactions:

318 —— Ukrainian Food Journal. 2019. Volume 8. Issue 2



Processes and Equipment:

CH,+20, =CO0, +2H,0; 2C,Hy+70, =4CO, +6H,0; 0
C,H, +50, =3CO0, +4H,0; 2C,H,, +130, =8CO, +10H,0.

Let's turn to calculations of thermal effects. It is known that the heat of formation of
"liquid" water is 285.8 kJ/mol [14]. This means that the synthesis of 18 g of water from 2 g
of hydrogen and 16 g of oxygen is accompanied by the release of 285.8 kJ of thermal energy.
However, the heat of formation of water steam equals 241.8 kJ/mol, which corresponds to
the thermochemical equation:

1
H202+502 =H,0,, +241.8 k. 2)

It is obvious that the difference of 285.8 — 241.8 = 44 kJ is attributed to one mole
(18 g) with the heat of evaporation of water at 25 °C.

The equation corresponds to the formation of carbon dioxide

C+0,=C0, +393.5 Kij.
The thermal effect of the methane oxidation reaction CH, for the known heat of its

formation (74.9 kJ/mol) and its products of combustion — carbon dioxide (393.5 kJ/mol) and
water (285.8 kJ/mol) is equal to

CH, +20, = CO, +2H,0+(~74.9+393.5+571.6) =890.2 kI, 3)

which corresponds to Hess's law [15].
The ratio of the composition of hydrogen and carbon follows from the formula C #,, .,

where n is the number of carbon atoms comes out from the homologous series of saturated

hydrocarbons.
Thus, the combustion of natural gases is accompanied by the formation of a mixture of CO,

and H,0 in the form of the steam fraction of the latter, since its temperature is greater than

100 °C with energy losses at its thermal capacity. An important component in the latter is the
proportion of the heat of steam formation of water, which can be turned to technological needs by
condensation of water steam [16].

The dependencies (1)—(3) give the material relations on the basis of which the
calculations on the quantities of the generated steam and heat of its condensation are made
(Table 1).

Table 1
Ratio of material and energy indicators
Gas
System parameter Methane Propane Butane
CH, Ethan C;Hg C:H; C:Hyo
Molecular weight 16 30 44 58
The ratio of the N/ C atoms 4 3 2.67 2.5
Number of H20 at burning of
1 kg of gas, kg 2.25 1.8 1.636 1.552
Heat of condensation of H>O, kJ 5081.4 4065.14 3694.8 3505

Obviously, the expediency of recuperative return of heat of condensation can be
determined in comparison with the calorific value of gases. According to the known value of
the theoretical indicator of this value for methane 890.2 kJ/mol, the conversion to 1 kg of its
mass gives a value of 55108 kJ. However, according to reference data, it is 49.800 kJ/kg, for
propane it is 46.400 and for ethan it is 47.500 kJ/kg. This means that the indicator of the
recuperative effect is approaching to 10% of the total indicator of calorific value [14].

Products of combustion of gases in the form of a mixture of CO, and H,0 as material

flows simultaneously serve as energy streams. The efficiency of the use of the latter depends
on the organization of heat transfer to other material flows and the thermodynamic
parameters of such processes.
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From the point of view of the interests of the stability of the recuperative regimes of the
return of heat of condensation it is expedient to consider the use of the heater of the income
air flow. In this case, it is important the incoming air streams and outcome mixtures to be
maximally synchronized.

In the classical schemes of installation of steam generators, the spent steam-gas mixture
gives its energy potential for the heating of nutritious water in the economizer and in the air
heater. However, for example, there are no economisers in the dryers for malt, and the
installation of an air heater, in which there is a heat transfer between two significant streams
of air gas-steam mixture, has noticeable complexity. The latter are related to the achievement
of the calculated surface of the heat transfer and the limited temperature difference as driving
factors. The use of the idea of a heat pipe corresponds to such option, which is accompanied
by the presence in the system of an intermediate coolant with thermodynamic parameters in
the regimes of phase transitions [17]. The achievement of these regimes in the evaporator
and condenser depends on the thermodynamic characteristics of the intermediate coolants. In
the tables 2 and 3 there are given the following characteristics for some substances that may
be used in their role.

It follows from the data that the relationship between the pressures and temperatures of
the refrigerants could satisfy the modes of phase transitions in the evaporator, but such upper
limit as 50 °C limits the condensation temperature. However, in a system that is an analogue
of a heat pipe, the phase transitions in the evaporator and the condenser should be carried out
with minimal difference of temperature.

This analysis leads to the conclusion that the search for other substances for the role of
the intermediate coolant is incomplete, and the achievement of satisfactory values of
temperature variations is possible only with intervention to the thermodynamic cycle.

Table 2
Thermodynamic parameters of refrigerating agents
D —
= >
g 2 5 = % E 2
. e 8 = =] %) = =]
Indicators 5 = = g 2 =
& _§ = £ S &
S o
Chemical formula NH; | CHi CO, CHs | GHsCCl| (CH);CH| CsHg
Molecular weight 17.032 | 58.1 44.005 30.058 64.51 58.1 44.079

Volume mass of liquid, Non-liquid

kel 0.6818 | 0.6 at 0.1 MPa 0.5459 | 09232 0.6 0.5853
Boiling temperature at

0.1 MPa, °C -3335| 06 - —883 13.1 -133 —445
Critical temperature, °C 1329 | 150.8 31.0 32.1 182.8 133.7 95.6
Heat of steam generation

at0°C, klkg 1257.8 | 3884 2313 3285 401.4 3884 376.7
ngfe ofheatcapacities |y 2o7 | 1108 | 13003 | 1224 | 11257 | 111 | 1153
Suction pressure at

~10°C, MPa 0.793 | 0.0738 2.71 1.88 0.0411 0.15 0.359
Condensation pressure at

30°C, MPa .18 | 0302 0.73 0477 | 0.1905 0.46 1.119
The pressure ratio at

+30 °C in the condenser

and at—10 °C in the 403 4.09 2.7 2.54 4.63 40 3.11
evaporator
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Table 3
Parameters of a saturated steam of refrigerators

Absolute Specific volume Specific enthalpy Specific entropy

pressure, | t,°C liquid steam V", liquid steam | liquidS’, | steam S”,

MPa V', lkg m’kg i',klkg | 1" klkg | kl/(kgK) | kl/(kg'K)

Ammonia
2.03 50 1.78 0.064 659 1712 499 8.25
1.56 40 1.73 0.083 609 1711 4.83 8.35
1.17 30 1.68 0.114 555 1706 4.66 847
0.85 20 1.64 0.149 512 1700 452 8.57
0.62 10 1.6 0.206 465 1692 435 8.69
043 0.0 1.57 0.290 419 1682 4.19 8.81
0.29 -10 1.53 0.419 372 1671 4.02 8.95
0.19 =20 1.5 0.620 327 1657 3.84 9.10
0.12 =30 1.48 0.960 282 1642 3.66 9.26
0.072 —40 1.45 1.550 237 1626 347 9.44
0.041 -50 1.42 2.630 193 1610 3.28 9.63
Chladon-12

1.21 50 0.83 0.014 449 572 4.16 4.54
0.96 40 0.80 0.018 439 568 4.13 455
0.74 30 0.77 0.024 429 565 4.10 455
0.57 20 0.75 0.031 419 561 4.07 455
0.42 10 0.73 0.014 410 556 4.03 4.55
0.309 0.0 0.72 0.056 400 552 4.00 4.56
0.22 —-10 0.70 0.077 391 548 3.97 4.56
0.151 =20 0.69 0.109 381 543 393 4.57
0.101 -30 0.67 0.160 372 538 3.89 4.58
0.064 -40 0.66 0.242 363 534 3.86 4.59
0.039 -50 0.65 0.383 355 529 3.82 4.60

Input air flow
—————

Output flow of

Gas mixture

Figure 1. Scheme of the contour of the intermediate

coolant:

B — evaporator; K — capacitor; RT — pressure regulator;
H — pump; FK — heat transfer surface of condenser;
FV —surface of the heat transfer of the evaporator

—— Ukrainian Food Journal. 2019

. Volume 8. Issue 2

In Figure 1 it is a schematic
diagram of the internal coolant for
contour system in which the return
of the condensate can be achieved at
the expense of gravitational forces
or forced by the use of the pump
(Patent of Ukraine 14523). For
identical pressures on the heat
transfer surfaces of the condenser
and evaporator, the temperature of
the steam phase in them will be the
same.
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Depending on the intensity of the heat transfer processes in the condenser, the condensate
may leave it at a temperature of the steam phase or lower. The processes shown in Figure 2 in
coordinates of T-s correspond to these two cases. To intensify the heat exchange, it is expedient
to limit the area of condensate overcooling.

T N T
2! 1
2 1
Oy 2 1;3' 4
3 4 3
S S
a b

Figure 2. Diagrams of processes:
a - without re-cooling of the condensate:
1-2 — condensation of steam; 3-4 — formation of the steam phase in the evaporator;
b - with supercooling and post-heating of condensate:
1-2' — condensation of steam; 2-2 — overcooling of the condensate;
3-3' — post-heating of condensate; 3-4 — formation of the steam phase in the evaporator

Further improvement of systems is connected with the forced transformation of steam of
intermediate coolant due to changes in pressures in the system. For this, the contour is
supplemented by a compressor and a regulator valve or a gas-expansion machine on the return
section (Figure 3).

Case in the Figure 3 refers to the use of a steam-liquid intermediate coolant, and a
scheme in the Figure 3, b refers to gas intermediate coolant.

Outflow of air r TH Input air flow
—t e ————

Input air flow

Outflow of air
-

4’ Input mixture} Outflow of
Input mixture Outflow of o NV‘ —bmf.vctm«e
+
Slenw mixture TO
B Condensate of
the steam phase
a b

Figure 3. Schemes of devices with transformers of thermodynamic parameters of the steam
phase: a - with compressor Com and regulator valve RV;
b - with compressor Com and gas-expansion machine GEM

The presence of an intermediate compression of the steam or gas phase means an increase
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in their temperature. Due to the limited time of the processes of compression, they will be
considered to be adiabatic as well as processes of throttling of condensate in the regulator valve
and in gas-expansion machine.

Addition of the scheme in Figure 3 a, with compressor and regulator valve transforms the
device into a device with characteristics of a heat pump. The processes occurring in it are reflected
in Figure 4 in coordinates T-s.

T3 2,2

T4

Figure 4. Scheme of the thermodynamic cycle in the coordinates T-s:
1-2 — adiabatic compression of the steam phase;
2'-3 — condensation of the steam;
3'4 — throttle of condensate; 4'-1' — formation of the steam phase

The compression of the steam of the intermediate coolant means that condensation and
formation of the steam phase occur at different pressures and temperatures. Obviously, this creates
conditions for increasing the temperature of the ouflow from the condenser in favor of increasing
the overall efficiency of the system. The areas in the diagram (Figure 4) reflect the energy
contribution of various components.

The area 1-4-5-6-1 reflects the amount of thermal energy selected from the outflow of
the gas-steam mixture, the area 1-2-3-4-1 represents the amount of energy introduced into
the system by the compressor.

The thermal energy transmitted to the input air stream is shown in the diagram with an
area of 1-2-3-4-5-6-1. It is obvious that the proportion of thermal energy, which is selected
from the outflow of the gas mixture, must essentially exceed the proportion of energy
introduced into the system from the compressor.

As in the case of reflection of the analytical relations of theoretical cycles of heat pumps,
in the study of this scheme, there are dependencies

q.=49,+ l, kJ/kg, (4)

where . 1 q. — specific heat load per unit mass of the coolant in the condenser and evaporator

respectively; ¢ — specific energy introduced into the system by a compressor.
The work of adiabatic compression of ateam of the intermediate coolant in specific
calculation is determined by the dependence:

1= (1T ke 5)
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where R — universal gas constant, J/(kg-K); k — adiabatic indicator.

To determine total energy consumption, it is necessary to find the magnitude of the flow
of the intermediate coolant circulating in the circuit.

At the known temperature of the input air flow at the entrance to the heater ¢,, and at

the output of it ¢, ,, the power of the required energy flow should be

in2?

Qcon = cama[r (t[nl _t[nZ) b kWa (6)
where ¢, — the heat capacity of air, adopted as the constant value, kJ/(kg-K); m,;i: — mass flow
of air, kg/s.

Herewith

Qcan = Qev +L ? kW’ (7)

where Q. — the power of the heat flow from the evaporator, kW; L — power of the heat flow
introduced by the compressor, kW.
Hence the theoretical load on the evaporator

Qev = Qcorz -L ’ kW (8)

The energy flux of the evaporator is transferred by the intermediate coolant in the state of the
steam phase, and therefore its mass flow is determined by the condition

" Q=L , kg/s, ©)
r r
where r — specific heat of vaporization of intermediate coolant.
To estimate the relations of mass flows, we will make corresponding calculations.
Although earlier it was noted that the heat capacity of the air is assumed to be constant,
we still give data relating to this value in the range of temperatures from 0 to 500 °C:

ic

Temperature, | Mass heat capacity

°C of air, kJ/(kg-K)
0 1.0036

100 1.0061

200 1.0115

300 1.0191

400 1.0283

500 1.0387

Declining values cpm in the specified range is about 3.5 % and evaluating the
temperature values as 7, =0 Ta ¢,, =200°C, we accept cpm= 1.006 kJ/(kg-K). Then

in2
specific costs are calculated on a mass flow m,;: = 1 kg/s will be

Qcon=1.006 - 1,0 - 200 =201.2 kW.
Let’s assume that the energy contribution of the compressor is 10 % from Qcon. Then

Qv =201.2-20.12 = 181.08 kW.
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The specific heat of vaporization of an intermediate coolant will be taken at a level of
2200 kJ/kg and then its mass flow will be

_181.08

m,, = =0.082, kg/s.
<2200

To calculate the volumetric flows of the steam phase of the intermediate coolant, we
turn to the corresponding ratios at different pressures related to the saturated steam:

Pressure of steam, | Specific volume
MPa of steam v”, m*/kg
0.101 1.673
0.19854 0.8917
0.313 0.582
0.4155 0.4461
0.476 0.3926

For the obtained data and at m,, = 0.082 , kg/s volumetric flows are determined by the
dependence

(10)

where v" — specific volume of steam, m*/kg.
According to these pressures they will br 0.1372; 0.0731; 0.0477; 0.0366; 0.0322 m?/s.
Accepting the velocity of the steam phase of the intermediate coolant w = 50 m/s, we
determine the geometric parameters of the cross-section of the pipelines:

(11)

where f — the cross-section of the pipeline; d — pipeline diameter.
For a number of obtained values v/, we get the appropriate number of diameters:

d =0.059; 0.043; 0.0349; 0.0305; 0.0286 m.

For the possibility of using machine calculations, we give a generalized formula for
determining the diameter d:

d _ 2\/0'9camair (tinl _tmz) V_” — 1.0707\/Camair (tinl _tin2) V_” .
W W

nr r

(12)

From the obtained values of the diameters, it is possible to conclude that in terms of
constructive solutions, they are quite acceptable. Similar results are quite expected taking
into account the high levels of heat flows transmitted by heat pipes. The reduction of elements
into the system, which transform it into a heat pump, means that it can be used in the
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conditions of the limited values of the output flow temperatures.

The latter may be suitable for dryers in which the initial material flows are doubled.

One of these outflows is a gas-steam mixture produced by the combustion of the
primary energy carrier, and another is an exhaust-drying agent, which is formed by heating
the air flow by its interaction with the medium. In the latter case, depending on the design
solution and technological regimes at the relatively high temperature potentials of the
isoenthalipic processes of drying temperature characteristics can be limited. Such ratios make
it possible to estimate such flows as low-potential ones.

Scheme in Fig 3, b concerns the case when gas circulating in a circuit without phase
transitions acts as an intermediatecoolant. Under these conditions, the driving factor of heat
transfer in the heat exchanger-heater HEH and the heat exchanger-cooler HEC increases due
to diabatic compression of gas in the compressor and additional cooling by adiabatic
expansion in gas-expansion machine, respectively.

The presence of a sealed cooling surface in the heat exchanger HEC means the
possibility of condensation of the steam phase from a mixture of gases in favor of increasing
the level of recovery energy return into the inflow of air.

The heat transfer in the heat exchanger HEH in the direction from the intermediate heat
carrier to the input air stream is accompanied by a decrease in the temperature of the first in
the direction from point 2 to point 3. Depending on the construction of the transport elements
of the heat transfer surface F, the pressure in it can be stabilized or will decrease.

If in the preceding case (Figure 4) isotherms 2-3 and 4-1 are simultaneously isobars, then
according to the scheme in Figure 3, b such coincidence is not obligatory. The diagram of the
thermodynamic cycle for this case is shown in Figure 5 and 6.

The area 4-1-6-5-4 reflects the amount of heat perceived in the HEC, the area 1-2-3-4 is the
amount of energy introduced into the stream by the compressor, and transferred to the air flow in
HEH thermal energy, equivalent to the area of 1-2-3-4-5-6-1.

T 2 p
D, S
3 6
| o
NV
4 S g
; A y
0 5 6
Figure 5. Scheme of the thermodynamic Figure 6. Scheme of the thermodynamic cycle in
cycle in the coordinates T-s for the case in the coordinate's p-v for the case in the scheme of
the scheme of Figure 3, b: Figure 3, b:
1-2 — adiabatic compression of the 1-2 — adiabatic compression of an intermediate coolant
intermediate heat-carrier in the compressor; in a compressor;
2-3 — polytropic cooling; 2-3 — isobaric cooling;
3-4 — adiabatic expansion in gas-expansion 3-4 — adiabatic expansion in gas-expansion machine;
machine; 4-1'— isobaric heating of the intermediate coolant in
4-1 — polytropic heating in the HEC the HEC
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For the isobaric processes heat transfer processes in the heat exchangers HEH and HEC the
diagram of the thermodynamic cycle in the coordinates p-v is shown in Figure 6.

The area 1-2-3-6-5-4-1 in this diagram shows the compression energy of the
compressor, and the area 3-6-5-4-3 — the work received in gas-expansion machine. The
amount of thermal energy subtracted from the output stream:

q():cpm(]-l'_]zt)’ (13)

where cpm — average mass heat capacity at constant pressure.
The energy entering to the cycle by the compressor,

t=c,(L-T). (14)
The energy returned by the gas-expansion machine to compressor,
The mass flow of the intermediate coolant is
m. =(QTH —L)/qo ) (16)

where Qi — the power of the heat flow, transmitted to the inlet air flow in HEH; L — power
of the power flow of the gas-expansion machine.

The disadvantage of the system with gas intermediate coolant is the relatively low heat
capacity of the gas.

Conclusions

The performed researches allow to note the following.

1. The use of such representatives of the homologous series as methane, ethane, butane and
propane as energy primary sources leads to the formation of water steam in quantities
corresponding to their chemical formulas, depending on the ratio of the numbers of
carbon and hydrogen atoms in the compounds.

With the decrease of the molecular mass of gases for identical mass flows, taking part in
energy transformations, the amount of water steam increases.

2. A mixture of carbon dioxide and water steam in products of combustion is characterized
by the energy potential of condensation of the latter at levels of about 10% of the calorific
value of gases. Hence the expediency of creating systems for the recovery return of the
thermal potential of the steam phase.

3. The achievement of modes of condensation of water steam and the separation of
condensate from the steam-gas mixture means the need to cool the latter to temperatures
below 100 ° C for the implementation of this process at pressures close to atmospheric.
This means that such a heat transfer simultaneously will allow to make deep utilization
of the thermal energy of carbon dioxide as a component of the mixture.

4. Recuperative return of energy of the output steam-gas mixture should be carried out in the
direction of the input air flow in systems with an intermediate coolant and the implementation
of heat transfer processes simulating the effects of the heat pipe or with the addition of the
schemes of heat pumps. The analysis of the thermodynamic cycles of the latter indicates that
water can be used as an intermediate thermal agent that operates in phase transition modes.
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Introduction. Heat transfer deterioration in film evaporators
may occur without breaking the integrity of film is termed as
boiling crises of the 2-type (dry out). The mechanism and
mathematical model of heat transfer at ultrahigh concentrations
are developed.

Materials and methods. Physical modeling of the thermal-
hydrodynamic characteristics of the annular down flowing
vapor-liquid streams of highly concentrated sugar solutions is
carried out in an experimental set up with a pipe of 9 m long,
30 mm diameter, divided into 20 sections for discrete
measurements of the heat flow, fluid concentration and film
temperature of the pipe wall.

Results and Discussions. The mathematical modeling of
heat transfer in flowing films of dense sugar solutions is based
on the equations of convection and thermal conductivity with a
parabolic velocity profile in the film. The model, shows that the
correspondence with the experimental data on heat flux
decrease along the evaporation channel occurs due to the
periodic film mixing by the large waves (inflows). The mode of
heat transfer deterioration is ascribed to the interaction of
cyclical processes of increasing concentration on the interphase
surface with the correspondent increase in temperature
depression. Analytical expressions for calculating the increased
interphase concentrations and decrease of the heat flux are
provided within the wave cycles. The reduction of the wall heat
flux along the entire channel is accounted for by means of zonal
calculations with a step corresponding to the length of the large
waves. Experiments do not show an abrupt decrease of heat flux
along the pipe, but the reduction of HTC at concentrations of
75% and higher. The Prandtl numbers varied within the values
of 25-350 along the evaporative pipe, accompanying the
decrease in heat flux. The recommended correlations are valid
within the heat flux variation of 3—15 kW/m?, wetting flow rate
0,05-0,3 kg/m s. Maximum deviation of the HTC calculated
values from those observed in practice not more 15%.
Conclusions. The developed model, depicting the process of
heat transfer in film with a super-high concentration of liquids,
adequately reflects the processes of heat transfer deterioration
to dense films in long channels.
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Introduction

A number of research projects of the heat transfer to the falling liquid films point out
that there might happen a critical deterioration of heat transfer which is attributed to the
disruption of the liquid film integrity. This usually occurs as a result of film thinning due to
the evaporation and respective reduction of liquid flow rate in the film or it may also be
accompanied by the liquid droplets entrainment by the co-current steam flow [1]. Another
mechanism of heat transfer deterioration which is caused by the non-linear interaction of
gravity — capillary waves and oscillating thermocapillary instability has been addressed in
[2]. This effect (called effect Marangoni), when applied to the liquid film flows, cases
disruption of the film integrity and appearing of a system of rivulets, which in turn, causes a
significant decrease in heat transfer along with the local overheating of heat transfer surface.

The mechanism of the film’s integrity disruption due to the local film dry out is
addressed in [2, 3] and the disintegration of films as a result of the Marangoni effect — in [4,
6]. In case of the significant increase in the concentration of evaporated solutions in the
regimes of down flows in the industrial film evaporators, a noticeable growth of the
concentrated solution’s viscosity takes place. This leads to the lowering of the film’s speed
along with the respective increase of its thickness. This factor might be preventing in the
disruption of the liquid film. Thus, when analyzing the process of a solution concentration,
one may mark two competing effects: the first is — film’s thinning down along the
evaporative surface due to the evaporation of liquid, which leads to the film disruption; the
other one — gradual increase of liquid’s viscosity due to the solvent evaporation, which cases
film thickening and thus, prevents loss of its integrity. In the event of the thick highly
concentrated solutions evaporation, the rate of liquid viscosity growth prevails over the
decrease in the flow rate due to the evaporation. Therefore in the above conditions, the mean
film thickness will definitely grow up, in contrast to the similar processes of water films
evaporation.

The objective of the present work is to develop a mechanism and is mathematical
description of heat transfer deterioration in film evaporators may occur without breaking the
integrity of film is termed as boiling crises of the 2-type (dry out).

Materials and methods

The experimentation has been carried out on the specially designed unit, which allowed
modeling of real downward co-current steam — highly concentrated sugar solution films. The
installation consisted of a 9 m height vertical pipe of stainless steel A304, internal diameter
of 30 mm, divided into 20 sections each 440 mm long.

The experimental pipe was encased into the outer pipe which served as a steam chamber
for heating the inner experimental pipe. Maintaining constant steam temperature in the outer
chamber provided a uniform along the pipe heating, and simultaneously modeled actual
condition of heating in the industrial evaporators. The said sections were equipped with
special pockets surrounding the lower part of each section with the drainage piping, allowing
collecting condensate from the pipe sections and determining the distribution of heat flux
along the pipe. The heating of the model tube was carried out with a dry saturated vapor. In
the course of experiments, the temperature of the wall of the pipe was measured at 20 points,
on each section by copper-constantan (type T) thermocouples.

Special probes positioned at each section allowed measurements of pressure head,
concentration of solutions. In addition to the local data the following parameters were

330 —— Ukrainian Food Journal. 2019. Volume 8. Issue 2



Processes and Equipment:

measured: initial solution and steam inlet flow rates, temperatures, solution concentration,
heating steam temperature. Such system of measurements provided a possibility to double
check the accuracy of measurements.

The current film flow rate was determined based on the local measured values of
concentration and compared with that determined by means of heat balance based on the
amount of condensate collected on the previous sections, which was equivalent to the amount
of evaporated solvent.

The independent inlet flow parameters allowed formation of flows with fully developed
wavy structures thus modeling real flows in the industrial evaporators with taking into
account a variety of factors influencing heat transfer and hydrodynamics of film flows.

Results and discussion
Concentration field modeling at constant film surface heat flux

For high viscosity liquid films, the predominant mode of their motion is laminar, so
during the evaporation of water (solvent) within the boundary of the interphase surface a thin
layer with a concentration greater than that in the bulk of the film is being formed. Since the
concentration equalization mechanism is extremely slow due to molecular diffusion only, in
the absence of mixing, the concentration gradient can be significant and the boiling
temperature on the film surface should be higher than the boiling temperature calculated at
the average concentration. In dense films, the value of physic- chemical temperature
depression is commensurable with the total temperature head, so the latter factor becomes
determinant in the decrease of the heat flux along the channel during the concentration of
dense solutions.

To find out the influence of the uneven distribution of the concentration on the heat
exchange, let us consider an element of the plane film, of saturated solution with the initial

concentration C, flowing along the vertical surface in the evaporation mode, Figure 1.

Yy In the process of concentration, the solvent evaporates,

i and the film thins at a rate 4 . On the interfacial surface
rp
Crx) (y=0) the concentration increases forming a profile

i C, =C(6,x), therefore, as the solvent disappears, a

il normal mass flow of the dissolved component is being

X formed J, = ECI. , which diffuses into the bulk of film
r

Figure 1. Schematics of the  due to molecular or turbulent diffusion. The equilibrium
c"“ce“trattl‘l"“f‘lhs”ibt‘l'ltwn condition of the flows of the dissolved component on the
:‘gozsra tii) nl f':l Oi‘n thz interphase surface when taking account of the molecular
P interphase diffusion only, will be expressed as:
oC(8,x
—Dm(—)ziC(c?,x) , (1)
oy rp
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where ¢ — heat flux, »—specific heat of evaporation, p — liquid density, y,x— normal and

longitudinal to the heat surface coordinate, 6 — film thickness, D, — molecular diffusion

coefficient.
Equation (1) represents a boundary condition which holds on the interphase at y=d and
valid for the convection-diffusion equation

2
LCGy) _ ) OCEY)

2
Ox "oy’ @
Since the transverse mass flux on the heated wall equals 0, then:
oc(0
acloy) .
oy
Assuming an uniform velocity and concentration distribution on the inlet at x =0
u(y,0)=u, C(»,0)=C,. 3)

If, further on, we assume that the effect of local velocity upon the left side of (2) may
be accounted only by its mean value U(x), then the analytical solution of (1,2,3) will be [7]:

S 2Sin u y , D x
C(x,y)-C =1- o Cos = lexp| —u == |. 4
(7). ;uﬁSinunCOSﬂn (””cJ p( s @

The respective characteristic equation for finding eigenvalues will be:

u
ct =" 5
g 1, Pe. %)
where —Pe, = qf) — mass transfer Peclet number, expressed through the evaporation
rpD,
Velocityi.
rp

The development of the concentration profiles along the evaporation wall is presented
in Figure 2.
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C Figure 2. Concentration profiles in the
downward film of concentrated sugar solution
0,8 / at a distance x from the evaporation channel
/ 1-x=0,Im;2-0,8;3-2,5;4-5,
0,75 /’ Pe, =1; CP,=60%;t= 80 °C;
2 2
0,7 4 r =015102; v=39.10°"2;
. / s s
0,65 2
/ 2// p=1260k—%;D=1-109m—;r=2308ﬁ;
0.6 4 . m s kg
’ \1 5 kW
g =514 =0,8603; 1, =3,4256

0,15 03 04
150.30.45 1, =6,4373; u, =9,5293; 11, =12,6453;

He =15,7713.
Interphase fluid concentration C (x,5 ) may be found from (4)at y=6:

2 2Sinu C D
C(x,c?)—CU _{ 1n'#,, 0S [, exp| 11’ _mf ) (6)
v M, +Sin u, Cos u, uo

Modeling of concentration field at constant mass of dissolved component flux from
film interface towards its bulk

The equations (4 and 6) are inconvenient in usage, since at every certain value of the
heat flux and film thickness one should determine respective values of eigenvalues u, by (5)

at the conditions of constant heat flux.

In real multi effect evaporators the heating surface is being heated by the steam, and
therefore due to the increase of the film concentration, there is a respective growth in local
physico-chemical temperature depression. This leads to the decrease in the positive
temperature head, which eventually causes a gradual decrease, proportional to the positive
temperature difference, of the local heat flux along the pipe. In the said conditions, it looks
much more advisable to formulate the boundary conditions (1) in terms of ¢gC, constancy

instead of constant g. This is equivalent to the constancy of the transversal mass flux of
dissolve component J, = 4 C. , which holds true in a certain range of solution concentrations
r

and temperature differences. Thus, (1) can be rearranged as follows:

D, 0C(3.%) _
P

iC(c?,)c) zJ—’” = const . @)
rp P

With the precise analytical solution of (2) with the boundary conditions (3,7) [7]:
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e e D) [ (E-y) ) (5-y) | (5-9)
C(n,é)—Cﬁpo el p[ 4DXJ efc2 (8)

" 2\/Dm X D~
u u
]The results of calculations of (4) and (8) are given in Figure 3.
C C
0,63 ’ 0.75 /
| 1
0,62 /
1 D ’ 0,7
0,61 | 2
NN \/\ j/ 0,65
0.6 ~F TS \/ //
O,mm 0.6 O,mm
0,2 04 ’ 02 04
a b

Figure 3. Calculated profiles of concentration across the film at the initial concentration of
60% DM:

2 2 2
I =015100 " . v =3.92.10° ™. p=1260*. p —1.10° ™.
v p 3 m
S S m S

r=2308ﬂ ; q=5,14k—n;.
kg m

a: x = 0,05 m; 1 — calculated by (4), 2 — by (8);
b: x =2,5 m; 1 — calculated by (4), 2 — by (8).

In the dimensionless form (8) can be written as:

2 1-n)" | (1- 1-
C(r;,g):Ca +—J'”5 do J L exp —( ’7) - ( ’7) erfc ( ’7) , 9
pD, \| Pe, |\x 168 4¢ 4¢
2 |—= 2 |—
Pe, Pe, Pe,
where Pe, = t) * — diffusion Peclet number, I, — volumetric liquid flux.

m

Fluid concentration on the interphace C, (é) can be found by (9) at n =1.

~ 4,8 [
ci(g)_cu+po\/; o (10)
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Modeling of critical heat transfer deterioration to films with developed wave
structure at evaporation from film surface

The interphase surface of a dense viscous laminar film flowing down along a high
vertical pipe is nearly smooth. Three-dimensional sickle-shaped swells periodically roll over
the surface [8]. Under these conditions, the process of heat transfer is affected by the periodic
perturbation of the film by wave-like rolls. These rolling swells mix the film and thus reduce

the concentration on the interphase from its maximum value C, (&) to the mean in the bulk.

Accordingly, the temperature distribution across the film also experiences periodic variations
from the its initial profile, formed during the mixing process during the passage of the wave
propagation, to the final, which is being formed at the moment of the next rolling swell
approach. Given the fact that for low flow rates of the solution in the film and high viscosity
of fluid, the film velocity profile after the perturbation initiated by the wave passage,
transfers from the linear one to parabolic within a short section of a pipe. The heat transfer
equation which determines the temperature field will be written:

KL+§}7_ £ ,72} 5 2005 FOm.E) -

vps v 2v o0& on’
where 1 = g— dimensionless transverse coordinates; & =§ — dimensionless longitudinal

coordinates; 7,— shear stress on the film surface; v — cinematic viscosity coefficient, a —
t(n,£)-4($)
t,—t(&)

temperature conductivity, g —acceleration of gravity; 9(1],5) =
dimensionless temperature; £, — wall temperature;

Approximate solution of (11) with the corresponding boundary conditions 5 =0,
0 =1; 75 =1, 0=0, with the initial temperature distribution which is formed at the passage

of a large wave at £ =& and is given as:

Q(U,fm)=(%}%exp(—%’j[%—nj+l, (12)

is as follows [11]:

0(n.¢) =&{R' L (16pg5+2sri)exp(—%’ﬂexpf”’ _5}(772 —n)-n+1,

8| R 80DR (31} +2pg5) R
(13)
A 7pgd +10r, A
where p = Fe 257, +16pgd ; R=( pg T,)&; - 47, +3pgd 4_0;
80 37, +2pgd (37.'l.+2pg5) 160 Tpgd +10t, Pe
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3

T+, Pgo AT P

R =RR = 4 ; Pe=—2; & =Dln(—ej—distance at which 6(L,&,)=0.
3, +2pgo a 8D

Under the conditions of tail film evaporators of the multi effect evaporation plants
during the concentration of thick sugar syrups the characteristic values of positive
temperature difference between the heating surface and film are being kept low. Therefore
the heat flux and the co-current steam velocity are also low, even in case of long evaporative
pipes. As a result, the shear stress on the interphase at the given conditions has little effect
on the hydrodynamic parameters of the film. Under this condition, the movement of the film
approximates the free downward flow on the vertical surface. In the case of free downward

flow (7, =0), the above complexes D, R, R , R, can be written if the form:
p-fe p_Ile p 120 p_pp -3
10 320 7 Pe 8

The temperature profile (13) transforms into :

0(n.8) {gexp(—%émj—g}exp(%(ém —c’f)j(n2 —n)-n+1.

(14)

The dimensionless coordinate &, at which 6(1,£,) =0, can be found from the following:

£ =0,0223Pe. (15)

During evaporation, the temperature on the film surface equals to that of the steam
plus the value of physical-chemical depression, which is determined by the local dry matter
concentration:

(§) =t + Ry (&) - (16)

The relationship between the value of physical-chemical depression and local solution
concentration R, (é) may be expressed as a piecewise two-section approximation within
the concentration intervals 0,37 < C < 0,75 as:

R,, (5):16,22?[%} (17)

And 0,75<C<0,9 as:
2
R, (&)=(1156,9-6322C, (&£)+1,3-10'C} (£)-11920C; (&) +4134C' (£)) 16,22T—,
r
(18)

where a=0,62655, 6=0,695.
The temperature distribution within the film may be denoted as a function of the

interphase temperature ¢, (é) :
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((n.8)=0,(&)+ [0 ~1(£)]0(n.) . (19)

or, making use of (16), it may be expressed through the saturated steam temperature ¢, :

l(n,f;‘) =l +(tw Ly )9(7735)"' Rdep (5)(1 -0 (77,5)) : (20)
The value of heat flux on the wall ¢, (é) can be found using (14, 20) keeping in mind
that
A dt(n,€)
4q, (5) = _g dT] |r]:0

which leads to:

_A[|40 (106, 25 (320 . I
qw(f)—5<{7ep( Pej 7}ep(7pe(sm cf)j+1>[rw to — Ry (£)].
21)

where A — liquid thermal conductivity.
Since ¢ is measured from &, , the expression for R, (&) within the concentration range
less than 75% (C £0,75) will acquire the form:

C o+ 4J 6 [E-¢,

o0 P 2
pDx \ Pe, 16,221 22)

Rdep(g)z e 475 [E-C B
¢ ? pD\/; Pe,

And within arange of 0,75<C<0,9 -

dep

_[1156,9-6322C, (£~ ¢,)+1,3-10°C (£ =&, ) ~11920C] (£ =&, ) + 16220
+4134C (£-¢) o
(23)

As it follows from, in case of a significant shear stress on the interphse as a result of a
stem velocity over the liquid film, the suppression of physical-chemical depression which is

accounted for by the multiplier H,,, to the R, (&) (22,23)

H,, =exp(-1,07:10VWe/Pe), 24)

_pu’d
o

where We — the Weber number; u — steam velocity; o — surface tension,

p,— steam density; d — pipe diameter.
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Having taken into account the effects of physical-chemical depression, its suppression
by the co-current steam flow, expressed by (16, 22,23,24), the positive available temperature
difference will determine the value of the local wall heat flux, which under above
assumptions can be written as:

10
q,(&)= %< {gexp(_})—?j _g} exp(%(fw —aj)j +1> [ t,—t,— R, (é)Hdng )

(25)

Figure 4 depicts the calculated values of the cyclic, respective to the passages of
successive large waves, changes of wall heat flux along a high vertical pipe (9 m long) on a
section of 1 m long (between 4" and 5" m) to the highly concentrated sugar solution film
at a regime of evaporation from free surface.

q, kWim’
A \ ‘
TN \ h\ LN &\ .
5= v\\"—\t— = il N N AN AN N —
3 et Y - L, m
6,0 6,12 6,24 6,36 6,48 6,6 6,72 684 6,9 7,0

Figure 4. Profile of local values of wall heat flux along a high vertical pipe on the 1 m section
(between the 4™ and 5™ m) to the highly concentrated sugar solufion flowing down in the regime
of evaporation from the free surface.

Inlet fluid parameters: DM, = 75,5 % ; = 0,061 103 m/s;

U, —3.8mfs, tw=115°C, t=100°C. A,, =0,12m

The averaging of the heat flux values within the successive large waves has been carried
out within the interval & —&_ for each wave cycle :

15
, (&)de . 26
s Efq (&)dé (26)

y
In (26) the parameter &, has been calculated as per (15), whereas — & =& +%,

. [3F
where A, — the length of big waves and & =3 Vo represents the calculated film
g

thickness. The length of large waves for the free down flow of cold water films in 25-32 mm
diameter pipes ranged from 0.1 to 0,14 m. A similar result has been found at free film flow
of concentrated apple syrup on a vertical flat surface.Making use of the above, when

calculating the heat flux distribution along the pipe, the interval £ —¢ s calculated based

upon the condition of the large waves length A, =0,12m . The character of the heat flux

distribution is practically solely determined by the distribution of the useful temperature head
as a function of the physical - chemical temperature depression value, which, in turn, is a
function of concentration of the solution on the interphase boundary, Figure 5.
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Figure 5. Temperature head distribution along the 9 m long pipe on the section of 1 m long
(between 4" and 5™ m) at the regime of evaporation from the interphase surface.
Inlet parameters — are the same as in Figure 4.

It is quite clear that due to the evaporation, there will be a certain film concentration
growth along the flow as well as across the film. Moreover, there will be a noticeable
concentration growth within a length of a single inter wave cycle, which is shown in Figure
6.

C The calculation results of the film mean
0.88 T thickness, liquid viscosity and mean solution
O, 26 2// ] concentration within the pipe section from 4m

’ / \1 to 9m are presented in Figure 7, a, b, c.
0,84 The comparison of the experimental and
p
0,82 £ calculation data related to the concentration of
0,80

sugar solutions in the vertical pipes within the

50 80 110140170 section between 4m to 9 m is presented in

Fi .
Figure 6. Film free surface concentration igure 8
distribution C, within a single wave cycle.
Data presented in Figure 6, are obtained for
the flow in 9 m high pipe , curve 1-ata4 m
distance from the pipe inlet, relates to the 1%
cycle as per data in Figure 4,5. Curve 2— 5 m
distance, relates the 10" cycle.
o, m v,m’ /s c
/|
0,87
12 10 y, 105 10° /
4 / / 0,841/
10 10 / 75 10° /
4 O, 81 A
10/ 4510° / yaAREE
/ / 0,78
610 /- 15 10° 4 "/
L, m L; m S 5 L, m
456789 456789 456789
a b c

Figure 7. Mean values of the film thickness (a), viscosity (b) and solution concentration (c)
within the pipe section from 4m to 9m.
Inlet parameters — are the same as in Figure 4,5.
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Figure 8. Comparison of the calculated and experimental data.
Initial parameters of the solution are:
Sugar solution concentration 75,5 % DM,

[v=0,061 103 m¥s, u =3,8m/s, tw=115°C, te=100°C, A, =0,12m.

As it may be seen from Figure 8, the line 1 calculated as per (23-26) shows the same
trend as the experimental data do, but deviates significantly form the experimental data,
especially on the initial sections of the pipe where the error reaches 25 % (within 4" —5" m).

Line 2 — is calculated based upon taking into account the mean over the section
concentration C with the further calculation of physical-chemical depression and its
reduction effect upon the heat transfer:

Y _
o= Ao r R0 ().
where R,,(C,)=(1156,9-6322C, +1,3-10'C,> ~11920C,’ +4134C,") 16, 22T—2 C, -

mean at every section fluid concentration,

= C r"‘
C, = = SE-2) Q27)

I—vn 1
or

— mean fluid concentration at the section inlet, 7"~ — mass flow wetted perimeter, g, —

6‘n—l
mean heat flux on a section (26). As it follows from Figure 8 , this methodology does not
lead to more close correlation of the data. The deviation on the initial pipe sections grows

even bigger as compared to the line 1.
Line (3) —is calculated based on the mean interphase fluid concentration C,; .

4= E{1, 1R (C)
2

where R, (C,)=(1156,9-6322C, +1,3-10°C,” —11920C,’ +4134C,*) 16,227,
r
£ 3 3
j 8Pe,J & [gvj_[ng
&-&,: G 3\/—pD (&,-¢,) Pe,
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Despite of its greatest complexity, this calculation method gives the worst congruency
with the experimental data. This may be explained by not taking into consideration the effect
of physical-chemical depression reduction can be calculated by (24).

Line (4) — is calculated by the interval approximation method with further taking in
account the reduction effect of co-current steam flow by the equations (28) taken as per mean

fluid concentrations at sections C’n 27

q=a (tw —t, —H Ry, (En ))

5 1/3
Z[V—J =112Re ™ (0,85+0,01 Pe®? +4,5-10 Pe"** Pr*? K K,

2\ g K,,, (28

boil

>

) d 0,35—0,06[(%)
where K, = {1 + 0,06[‘/0 = j[l —exp (0,052 )]}{d_J

o

2 4T d
KW=\/1+[7,5-1o*’Rez(p/p2)°’2] Kiy =1 Re==x : Re, =”u”2 ;
2

M, — steam viscosity dynamic coefficient, Pa-s ;
v, — water viscosity kinematic coefficient 100 °C; L — pipe length, m ;

o — the heat transfer coefficient (HTC), 1 ; d,—0,02m.

m's
As one may see, the proposed method renders the best congruity of the calculated and
experimental data.

Conclusions

1. The proposed model of heat transfer in the liquid films as a process of periodic
destruction of the surface layer of the super-high concentration solutions by large waves,
which at high viscosity have the form of inflows, adequately reflects the processes of heat
transfer deterioration to dense films in long channels in the mode of evaporation from
the interphase surface.

2. Therecommended calculation correlations and methodology allow obtaining data closely
conforming to those found experimentally and thus may be recommended to be used in
the engineering calculations of the industrial film evaporators.

3. The main reason for the deterioration of heat transfer to dense films in the process of
concentration is the excess of the value of physical-chemical temperature depression on
the interphase boundary over the mean temperature head value due to the uneven
distribution of concentration. In a lesser degree, the intensity of the heat transfer is
influenced by the growth of the film thickness and the drop in the dense solution thermal
conductivity as the fluid concentration increases.

4. Recirculation of a dense solution in film evaporators on the one hand leads to a
deterioration of heat transfer due to the growth of the average length of the concentration
pipe, and on the other — it promotes the activation of the wave process and disruption of
a highly concentrated layer on the interphase surface, which causes the intensification of
heat transfer.
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Introduction. The purpose of this scientific work is to research
the influence of the application of alternating impulses of pressure
throughout treatment of liquid solutions by the numerical
modelling.

Materials and methods. The volume parametric imitation and
visualization, modelling methods, math modelling methods were
used for the description of the conditions at the working parts of
the rotary pulsed apparatus during the liquid treatment.
Experimental investigations of liquid samples were carried out
with using potentiometry laboratory measurement procedure.

Results and discussion. In this paper, it is established that the
local values of pressure in the sector of input of water and water
systems and the output of the water systems from the gaps vary:
at the external surface of the internal rotor from -50 to +300 kPa;
at the external stator surface from -150 to 100 kPa; at the inner
stator surface from +40 to -120 kPa; at the inner surface of the
external rotor from +100 to -100 kPa. During the last values
cavitation and adiabatic boiling can be present.

Throughout the water and water solutions treatment and during
the processes of mixing liquid associated components in the
conditions of hydrodynamic fluctuation as alternating impulses of
pressure characterized the changing of pressure: AP = 350 kPa
near an outside surface of an interior spinning rotor; AP =250 kPa
near an outside stator surface; AP = 160 kPa near an interior stator
surface; AP = 200 kPa near an interior surface of an outside
spinning rotor.

By the consequences of the computation was established that
the principal values of speeds of shift of a stream emerge in RPA
with coaxial clearances between first rotors, stator and second
rotor 100 mkm.

Conclusions. Throughout the calculations was found the values
of pressure changing in working chamber of rotary-pulsating
apparatus between coaxial cylinders «rotor-stator-rotor» system.
These give us the possibility to receive the liquids with necessary
and required physical and chemical properties and parameters by
the no reagent influence and to control this processes.
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Introduction

At the present time a great variety of technological processes of foodstuff manufacture
have to reduce energy consumption and to intensify industrial modes.

One of the way to solve this problem is to employ innovative nonstandard energy and
resource saving and inexpensive equipment and new optimized modes of treatment.

There are many methods and processes of water treatment to obtain water and water
solutions with necessary physical and chemical parameters and properties which require for
the manufacturing.

They are including: acoustic treatment, the electromagnetic pulse effect of the low-
frequency field, cavitations processing, emitting treatment (ultraviolet, ionizing, infrared),
hydrodynamic effects [1-3].

The method of discrete-pulsed input of energy can power structural transformations in
difficult liquid systems on micro- and nanolevel and gives possibility to initiate physical and
chemical transformations in these complex systems.

The main effects of the discrete-pulsed input of energy are effects which connected with
increase of velocity of association of a continuous phase, power of pressure of shift,
cavitations, the effect of explosive boiling, collective effects in assembly of vials, crossness
of an interphase surface in gas-liquid bubbly medium, action of hydrodynamic oscillations,
alternating impulses of pressure.

A great number of mass engineering processes such as: mixing, homogenization,
crushing, dispersion, activating, emulsification, etc are exhausted in rotary pulsed apparatus
of different type.

The main effects of the discrete-pulsed input of energy are realising in these types of
apparatus.

To intensify mixing of associated mediums it is necessary to use rotary pulsed
apparatus. In such equipment the treatment of liquid mediums occurs with the passage
throughout thin annular clearance [4].

This clearance is formed by the surfaces of coaxial cylinders which turn around
common axis (rotors) and inexperienced cylinder (stator).

There are many slits on the rotors and stator. During the treatment slits can coincide on
the rotors and stators. Significant pressures of the shift and microcirculation streams emerge
as a result of the treatment of liquid heterogeneous solutions in working chamber and parts
of the apparatus.

Self-oscillation mode can occur throughout the treatment of liquid mediums at rotary pulsed
apparatus. The oscillations of velocities and pressures in mediums which processed are
characterizing self-oscillation mode [PI UA Ne 117998, A method for preparation of
disinfectant].

High energy transitional hydro-mechanical influence on liquid mediums and solutions
in rotary pulsed apparatus conducts to transformation of structural formation and in the same
time there is no intensive destruction of macromolecules and associates.

To optimize the process of hydrodynamic treatment it is necessary to define the level of
power influence on the liquid mediums and solutions for indispensable transformations
which can provide predictable physical and chemical parameters.

The main factors and driving forces that cause them are the stresses of the pressures of
shift of a stream, the speeds of shift of a stream, alternating impulses of pressure.

The main features of the technological mediums processing are:

— the mechanical influence on the particles of a heterogeneous mediums consisting of shock
and abrasive loads during contact with the working parts of the rotary pulsed apparatus;
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— the hydrodynamic effect, which manifests itself in significant tangential stresses in the
fluid, developed turbulence, pressure pulsations and fluid flow speeds;

— the hydroacoustic influence on the liquid system is carried out by the microscale pressure
pulsations, intense cavitation, shock waves and nonlinear acoustic effects [5, 6].

For a complete description of the mixing process and the treatment modes, the first
necessary condition is the establishment of qualitative and quantitative coherency between
the properties and the physical and chemical parameters of the initial components.

It is significant to establish the coherency between technological modes of carrying out
the mixing process and the treatment modes, the design and constructor features of the
working apparatus and the properties and physical and chemical parameters of the resulting
mixtures.

It is important to use the parameters that should directly reflect the nature of the energy
effect on the liquid medium. It is also necessary to use parameters reflecting the nature of the
energy action on the particles of substances.

Accordingly, the essential conditions are:

— the establishing of connection between the constructional parameters of the rotary pulsed
apparatus with the energy effect, which is achieved at the same time;

— the determination of the dependence of the main technological parameters of the
treatment process on the intensity of the energy impact and influence.

On the basis of the numerical experiment and analytical calculation, the main
constructional parameters of the apparatus were found which influence the intensification of
the processes of mixing liquid components and treatment of the liquid technological
mediums.

The purpose of this scientific work is to research the influence of the application of
alternating impulses of pressure throughout treatment of liquid solutions by the numerical
modelling.

Materials and methods

Materials

Liquid solutions and systems: water, alcohol, water-alcoholic solutions and mixtures in
a wide range of concentration (percentage of alcohol in mixtures was varied from 5 to 90%),
distilled aqua, hydroponic [7], hydroponic with fertilizers [8] were used for experiments.

Experimental installation

The object of this scientific research work was rotary pulsed apparatus in which liquid
solutions treat by alternating impulses of pressure, the speeds of shift of a stream, pressures
of shift of a stream. Rotary pulsed apparatus was the cylindrical type with the working parts
«rotor-stator-rotor» [9].

Methods

General scientific methods and special methods, such as potentiometry were used for
the analyzing of the results of research work [10].

The volume parametric imitation and visualization, modelling methods, math modelling
methods were used for the description of the conditions at the working parts of the rotary
pulsed apparatus during the liquid treatment.
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Experimental investigations of liquid samples were carried out with using potentiometry
laboratory measurement procedure [11].

For the description of physical and chemical parameters of liquid samples of water and
solutions which obtained throughout the experimental investigations, chemical methods
described in singular literature are used [12].

For the reception related data, liquid samples of water and solutions were analyzed not
less than three times with the following statistical processing [13].

Results and discussion
Numerical simulation model

The numerical simulation and visualization was employed for hydrodynamic
computation of the treatment and mixing processes in working volume (chamber) of the
rotary pulsed apparatus (RPA).

For the choice of numerical model of fluid flow in the «rotor-stator-rotor» system of the
RPA, it was suggested that the current in the prevailing case is two-dimensional.

The heterogeneous stream was considered to be a homogeneous medium with the
effective thermophysical properties.

To consider the dynamics difficulty, the horizontal section of the working parts of the
RPA, perpendicular to the axis of the «rotor-stator-rotor» system, was selected. This section
has slits on the surfaces of the first rotor, stator and second rotor. Also this section consists
of the left and right parts of the rotors.

In addition that takes place geometrical and physical periodicity of the processes in the
geometrical similar sections. That’s why border conditions at left and right sides of the
section are considered as a periodic.

In accordance with [14], the dimensionless system of fluid dynamics equations was
chosen. For calculations, the dimensionless system of fluid dynamics was recorded in polar
coordinates [15].

The midpoint of this section locates on the axis of the frame «rotor-stator-rotor» system.

Dimensionless equation system (1)=(5):

1 O(RV) 0Q

+ 1
R R 00 @
2
v LARY) V) p P2 6( B_J_
0H R OR o0 OR ReR OR @
2 (oo ¥V 1 1
———B| — + B— — B—
ReR' | 00 R ReR? 66 Re 86
9 1 oR’QY) Q) , o’ v 10 2 [asz Vj
—P+—B| —+— ||+
oH R R o R R® 0 R )

NI pWOS:: NaA
ReR’ OR OR 00

346 —— Ukrainian Food Journal. 2019. Volume 8. Issue 2



Processes and Equipment:

Q+l6(R9V)+6SQ= ! li AR% +L2£ AQ +BS? 4)
0H R OR 00 RePr| R OR OR) R 09 09

2 2 271%3
S: 2 a_V +2 a_Q+K + la_V_FRa_Q (5)
OR 0 R R 00 OR

The adduction to the dimensionless form of the equation system made by the changing:

y="r . 0=2 . R=L H =10,
[ O o
pop=p) g (T-1)pCp
(pcoOZroz) (@1ty)
Re:pa)oxroz’ Prchuo ;
Hy Ay

po—the pressure of the medium behind the working chamber of the rotary pulsed apparatus;

T, — the temperature of the medium behind the working chamber of the rotary pulsed
apparatus;

o =— -angular velocity;
r

@, — angular velocity of the rotor spinning;

1, —radius of the internal surface of the internal stator;
p=te . A= l—’
Hqy Z

u,, — effective values of the viscosity coefficient;
A, — effective values of the coefficient of thermal conductivity;
U, ,— conditional scale of the viscosity coefficient

A, — conditional scale of the coefficient of thermal conductivity.

Since rotary-pulsating apparatuses belong to periodic devices, it is necessary to pay
attention to the fact that there is a geometrical periodicity of the design of the «rotor-stator-
rotor» system of working chamber.

In this connection, the frequency of changes in the dynamic characteristics of the fluid
flow through the working area of the RPA is observed. When the RPA mode is set, the
movement of the fluid is repeated after rotating the rotors at a periodic angle A46.

To solve this assigned problem, a certain segment was selected that periodically repeats
the angle 46.
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The segment contained a fragment of the «rotor-stator-rotor» system with a slits on the
surfaces of the rotors and stator also clearance between these working elements of the system.

The pressure difference between the input and the output liquid solutions at the working
volume (chamber) before and after treatment is AP = 50 kPa.

Geometric sizes of working elements were set according to constructional and design
dimensions of RPA.

The speed of rotation of the rotor was given n = 48 sec’!. In the calculation it was
considered that the flow regime of the liquid in the RPA is turbulent, so for this case RNG
k-& model of turbulence was chosen [16].

The system of equations was reduced to dimensionless form.

By the volume three-dimensional parametric imitation visualization modelling
processes, mathematical and numerical modelling was found that the value of the linear
speeds of a stream should be within 20 m/s for the first rotor and 25 m/s, for the second rotor.

The investigation of the structure of the stream, and the vortical nature of the fluid
movement, was performed by numerical simulation of the flow dynamics based on the
Navier-Stokes equations.

The main factors of the flow structure is determined by the fields of pressures, speeds,
accelerations [17].

The changes of the pressure in different points of the working volume (chamber) have
complicated pulsating character.

For the numerical simulation were selected different positions of the «rotor-stator-
rotor» system of working chamber.

It was selected for calculations the next points:

— on the external surface of the internal rotor,
—  on the external stator surface,

—  on the inner stator surface,

— on the inner surface of the external rotor.

The subsequently positions in working volume (chamber) between coaxial cylinders of
the «rotor-stator-rotor» system were selected:
—  open slit;

—  half closed slit;
—  half open slit;
—  closed slit.

Investigation of alternating impulses of pressure

The profile of pressure fields in working volume between coaxial cylinders of the
«rotor-stator-rotor» system during the ope & n slit are shown at the Figure 1.

It was established that speeds of shift of a stream should be equal to 2,0-10%s™! for the
first rotor and 2,5-10°s™! for the second rotor.

Such values of the speeds of shift of a stream make available to intensive mixing and
particle movement in continuous phase — water.

The value of pressure of shift of a stream must be 220 Pa for the first rotor and 230Pa,
for the second rotor.

The visualization are showed the pressure fields in the first moment of time during the
input of liquid components or solutions into a working chamber through the slits on the first
rotor surface, stator surface and second rotor surface and among clearances between first
rotor, than stator and second rotor at the certain segment.
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Figure 1. The profile of pressure fields in working volume (chamber) between coaxial cylinders
(open slit): 1 — first rotor; 2 — stator; 3 — second rotor
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Figure 2. The profile of pressure fields in working chamber between coaxial cylinders (half
open slit): 1 — first rotor; 2 — stator; 3 — second rotor
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Based on the results of the analysis of the calculations obtained, it was found that the
reducing of the clearance between the external and internal rotors and the stator leads to an
increase in the depth of the negative impulse of pressure.

Such impulses of pressure contribute to the intensification of the instantaneous mixing
process, with the exception of the contact of the components before entering directly into the
working area of the RPA. It is important factor for mixing of the specific chemical substances
which react instantly.

The mass transfer intensification, in turn, affects the speed of the process of hydration,
structuring and association of the polar liquids as alcohols and water.

The local values of pressure in the sector of input of water and water systems and the
output of the water systems from the gaps vary:

— at the external surface of the internal rotor from -50 to +300 kPa;
— at the external stator surface from -150 to 100 kPa;

— at the inner stator surface from +40 to -120 kPa;

— at the inner surface of the external rotor from +100 to -100 kPa.

During the last values cavitation and adiabatic boiling can be present [18].

Throughout the water and water solutions treatment and during the processes of mixing
liquid associated components in the conditions of hydrodynamic fluctuation as alternating
impulses of pressure characterized the changing of pressure:

— AP =350 kPa near an outside surface of an interior spinning rotor;
— AP =250 kPa near an outside stator surface;
— AP = 160 kPa near an interior stator surface;
— AP =200 kPa near an interior surface of an outside spinning rotor.

Investigation of Speed of shift of a stream and pressure of shift of a stream

Important technical parameter such as speed of shift of a stream (Figure 5) was
recognized for treatment of liquid solutions with the appliance of the alternating impulses of
pressure.

By the consequences of the computation was established that the principal values of
speeds of shift of a stream emerge in RPA with coaxial clearances between first rotors, stator
and second rotor 100 mkm.

These demanding hydrodynamic conditions give the possibility to treat water system
and water solutions [19] with the initialization of the formation of structure and
intermolecular interacting such as forming three-dimensional framework from the hydrogen
bonds. At a molecular scale, molecular dynamic simulation is an appropriate tool for
analyzing these static and dynamic properties; as it provides a direct path from microscopic
to macroscopic properties [20].

The nature and velocity of many physical and chemical processes which take place in
such associated systems transforms.

Besides, the activity of the water depends from the transformations and hydrogen bonds
which can form between molecules.

The changing of physical and chemical properties and parameters of pure water and
water solutions has been established during the treatment with appliance of hydrodynamic
fluctuation [21].
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Figure 5. Profile of changes speeds of shift of a stream from the clearances between
coaxial cylinders: 1 — first rotor; 2 — second rotor

By the results of the calculation was established that the largest values of pressure of
shift of a stream emerge in RPA with coaxial clearances between rotors and stator 100 mkm

Figure 6.
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Figure 6. Profile of changes of pressure of shift of a stream from the clearances between coaxial
cylinders: 1 — first rotor; 2 —second rotor

It was established that appliance of the alternating impulses of pressure for water solutions
treatment give possibility to decrease redox potential on 20—70%, to increase the potential of
hydrogen on 13—17%, to decrease mass of the dissolved oxygen on 50—55%. [22]
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Conclusions

The application of alternating impulses of pressure throughout treatment of liquid

solutions can influence on the physical and chemical parameters of the liquid systems by the
hydrodynamic power.

Throughout the calculations was found the values of pressure changing in working

chamber of rotary-pulsating apparatus between coaxial cylinders «rotor-stator-rotor» system.
These give us the possibility to receive the liquids with necessary and required physical and
chemical properties and parameters by the no reagent influence and to control this processes.

A detailed analysis of experimental data showed that the use of alternating impulses of

pressure for treatment liquid solutions can be appropriate for processing in food engineering.
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Introduction. A mathematical model was developed and
simulation modeling of the process of kneading the yeast dough
by cam operating elements was carried out.

Materials and methods. The conditions of the contact
interaction of the material with the working elements and the
chamber of kneading, as well as the value of the dough structural-
mechanical characteristics were specified. During the simulation
of the kneading process, the angular position of the cam element
was changed from 90° to 585°.

Results and discussion. The scheme of the mathematical
modeling of the process of mixing of the yeast dough in a dough
machine of continuous action is developed. Based on the results
of simulation of the mixing process, cam operating elements, the
distribution of strain of displacement and dissipation of yeast
dough in the working chamber were obtained. As the angle of the
position (90° to 360°) of the cam element increases on the shaft,
there is an increase in the shear stress. The greatest indices of
shear stress occur in the area of cam clamping elements and in
the contact area of the cam with the walls of the case, numerical
values reach within 7000—8000 Pa. For the rest of the camera, the
displacement stress reaches 1000-3000 Pa. Distribution of
dissipation shows that in parts of the working chamber there is
the formation of heat in the area of flow. With the increase of the
angle of the cam (from 180° to 585°) of the cam element, there
is a gradual increase in temperature. At the site of mixing 12 pairs
of cams, the temperature of the yeast dough increases by almost
5 °C. Taking into account that before the simulation, the initial
temperature reached t=30 °C, and upon completion of the mixing
process did not exceed 35 °C, the pastry preparation parameters
were observed. The greatest heat release occurs in the area of the
cam clamping elements.

The results of mathematical modeling are confirmed by
physical experiments on a test dough mixing machine of
continuous action, an error within 5%.

Conclusions. The proposed simulation scheme allows us to
investigate the process of mixing the yeast dough according to
various technological parameters. The obtained results give the
initial data for the choice of rational parameters of the process of
mixing the yeast dough by the cam working elements.
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Introduction

Mathematical modeling is an important tool in scientific research, but previously it was
not used during the study of the process of mixing the yeast dough [18] by cam operating
elements. The cam elements are gaining widespread acceptance, we have carried out a series
of experimental studies that prove their effectiveness during the kneading process. During
the viscous flow, the deformation is proportional to the stress imposed by Newton's law, and
after the removal of the load is not restored [ 1-2]. Plastic deformation is created under stress
that exceeds a certain limit value (the boundary of flowability), to which the material behaves
as visco-elastic [4].

During mixing flour with water, the components of the flour form a hydrated bonded
mass - a dough. Hydrated medium, which is a dough, the presence in this mass of introduced
fermentable microflora is triggered by a system of complex biochemical, microbiological,
colloidal and other processes [5—6].

Physical-mechanical processes take place at the dip under the influence of the master
body, which mixes particles of flour, water, yeast suspension and solutions of raw materials,
providing the interaction of all the constituents of the components of the formulation. By
numerical studies it was found that an increase of the mechanical effect on the dough during
the dipping affects its rheological properties [7—8].

The cam working eclements are becoming more widely used, but almost non-
exploratory, requiring in-depth study and detailed analysis. By way of a critical analysis of
literary sources on the subject of the process of mixing, the directions of development and
improvement of this issue were identified, thus a deep and systematic study requires the
problem of qualitative and intensive mixing of yeast dough in continuous-dough machines
of continuous action [9].

A scientific review of constructions of dough machines and their components, has
revealed the main advantages and disadvantages of design solutions in the design and
operation of continuous machines of continuous action [12]. The main disadvantages include,
in addition to the local problems inherent in each machine, the basic ones that are presently
present in most dough machines of continuous action, such as uneven mixing of the
components of the formulation components at the first stage and the lack of qualitative
plasticization of the dough in the third stage, also existing the problem is excessive heating
of the dough with intense kneading of the dough [14—15].

Based on the theoretical researches and the obtained research results, after the
comparative analysis of the working elements, there was decided to model the process of
kneading the yeast wheat dough with the use of cam operating elements.

Materials and methods
Software simulation process

The mathematical modeling of the process of kneading wheat yeast dough by cam
operating organs was carried out in the software complex GiPex 3D V17.

To simplify the mathematical description of the mechanical behavior of the dough for
the corresponding parameters, the spatial averaging over the solid and gas phases was used.

Mathematical dependencies, geometric dimensions of the chamber, geometrical sizes
of cam operating bodies, frequency of rotation, and experimental data obtained after a
physical experiment were given to calculate and simulate the simulation of the process of
mixing the yeast dough with cam operating organs into the GiPex 3D V17 software complex.
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Structure of yeast dough

The dough is considered as a complex colloidal system, consisting of several continuous
and periodic phases. Solids and liquids (gluten and water) in the dough are continuous phases,
starch grains and gas formed during fermentation of the dough - a periodic phase. As a result,
the physical properties of the dough are characterized by parameters of solids, liquids, gases
and indicators resulting from the interaction of these phases. This process is carried out by
mechanical processing of the dough, and consists in swelling of starch and protein complex
with the formation of an elastic-elastic-viscous homogeneous mass containing active-active
microorganisms and enzymes.

Simulation of the process of kneading yeast dough

The mathematical modeling of the process of mixing the yeast dough by cam operating
elements was carried out with the help of the use of a modern software complex, in which
the predicted equations of the movement of the yeast dough, the geometrical parameters of
the chamber of kneading and cam working elements.

A mathematical model was selected for modeling the process of kneading wheat yeast
dough, which is used to study the processes in which elastic, viscous and plastic deformations
of dispersed, saturated materials occur during non-stationary regime of power load.

The area to which the ideology of the continuous medium can be applied will
be called the characteristic volume, identifying with the proportion of the dough
that is kneading. We will assume that the size of this element is much smaller than
the sample size for research, and the entire volume can be typed from similar
elements. To simplify the mathematical description of the mechanical behavior of
the dough for the corresponding parameters we will use spatial averaging over the
solid and gas phases.

Let us consider a certain characteristic volume V bounded by the surface Q,
occupied by a diphasic moving substance (Figure 2) [9-10].

That is, part of this volume V; is occupied by the first (solid-liquid) phase, and the
second part of V; is the gas phase, (V =V, + V). Similarly, the part of the boundary surface
Q, belongs to the solid phase, and the other ) is the gas; Q= Q; + Q,. Within the volume V
there is (in the general case, a lot of bonds) the phase surface section Qij (i, j = 1,2; 1 #j). In
the model description of the mechanical behavior of the disperse material in the process of
force loading we use the hypothesis of its continuity within the equation of conservation of
mass [10].

Mathematical dependencies, geometric dimensions of the chamber, geometrical sizes
of cam operating elements, frequency of rotation, and experimental data obtained after a
physical experiment were given to calculate and simulate the simulation of the process of
mixing the yeast dough with cam operating elements.

At the stage of formation of the exercise, the conditions of the contact interaction of the
material with the working elements and the chamber of mixing, as well as the values of the
structural-mechanical characteristics of the dough (Table 1) are given.

To simulate the process, a calculated grid was used. The cam working elements rotated
with a frequency of 60 rpm in the opposite direction and changed the angle by 45° (Figure
2). After the mechanical action by cam operation elements the share rate and dissipation were
calculated via the software complex.

After entering into the software complex all the necessary parameters, the process of
calculating and visualizing the process of mixing the yeast dough begins.
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Initial parameters:
Rheological characteristics
Geomefry and freguency of rofation
working cam element

Estimated value: Physical experiments

Effective viscosity  Determination of structural mixing yeast dough on
Shear stresses and mechanical characteristics experimental machine
Density yeast dough continuous action
Temperature

Development of the scheme

Estinated .~ of the process Estimated geometric

geometric parameters ! - parametfers of the
mixing chamber Development of mathematical  yorking cam element

model of motfion dough mass

Conducting cémpu‘ru’rionul
experiments

Distribution T Ehuﬁging

of shear of dissipation ~ expense of
stress specific work

Processing results

Deferminu’rioh of rational
structural parameters of the
working cam element

Figure 1. Scheme of simulation of the process of kneading yeast dough in a dough machine of
continuous action

Figure 2. Characteristic volume V.
V1 is the volume of the solid-liquid phase,
V2 is the volume of the gas phase,
Q. is the boundary surface of the solid-liquid phase,
Q) is the boundary surface of gas phase
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Output data before calculation the process of kneading wheat yeast dough

2D model 3D model

Figure 3. Specified geometric dimensions mixing chamber and located therein cam working
elements
Table 1
Output data before calculation the process of kneading wheat yeast dough by cam operating
elements
Variable Symbol Calculation
Number of cams Z Given by the condition
The distance between the centers A Given by the condition
Diameter of the mixing chamber D Given by the condition
Step of the cams T Given by the condition
The gap between the top of the cam Given by the condition
. z
and the cylinder wall
The gap between the cams s Given by the condition
The radius of the working chamber RG RG=D/2
Work camera angle GW GW=2 acos(A/D)
The outer diameter of the cam DA DA=DG-2s
The diameter of the core of the cam | DK DK=2A-DA-2s
The outer diameter of the cam DE DE=DA +s
The diameter of the core of the cam | DI DI=2 A - DE
Angle of inclination, completely KWO KWO0=180°/Z-FW0
tangent
Angle of inclination, actual FW1 FW1=180"/Z-(NW +KW1)/2
The width of the top, the actual KBI1 KB1=KW1/(2m)T
Marginal shear stress Go Go=1,49-10* MPa
Young's module E E=9,2-10* MPa
Poisson's coefficient ) v=0,4
Effective dough viscosity Ney n = 3220y~%85
The initial temperature of the dough | to to=30°C
Density of the dough p p=1400 kg/m’
Rotation frequency WE n n=60 rpm
—— Ukrainian Food Journal. 2019. Volume 8. Issue 2 359
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Results and discussion
Terms movement of the cam working element

Information technology design allows us to consider the technological process of
mixing the yeast dough in the form of a system of interconnected objects of study (Figure 5)

Modeling of the process of mixing the yeast dough by the cam operating elements
passes with a rotational speed of 60 rpm in a dual capacitive capacity. The cam's working
elements turn to meet each other by kneading the yeast dough, moving the yeast dough in the
crucible with the use of cam-like elements is depicted in Figure 4.

/7

i
Q@
\

90° rotation 135° rotation

W

\

<

Yy

180° rotation 225° rotation
Figure 4. Moving the yeast dough in the crucible with the use of cam operating elements

Simulation of the process of mixing the yeast dough is needed for further calculation of
the design, technological parameters and recommendations for the design of the working
element and dough machine in general. Using simulation, we will determine the range of
variation of the bias voltage and dissipation parameters. The purpose of which is to establish
the rational value of the selected parameters in order to achieve the maximum effect from
their effect on the process of kneading.

Design blocks of the kneading process

The initial data and boundary conditions were entered for simulation modeling of the
process of mixing into the software complex, namely, to the calculation blocks (Figure 5):
material properties, geometry and status of the process of mixing [11].

In the properties of the material, a two-component mixture with the properties of the
pseudoplastic fluid was chosen. Geometric data are given in the geometry block and in the
calculation parameters the counter-rotation of the cam's working bodies is selected. The
mixing process status is selected as complete, not stable, alternating during mixing,.
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Figure 5. Scheme of imitative modeling of the process of mixing by cam operating elements
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Figure 6. Depth of simulation modeling of the process of kneading by cam operating elements.
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Using the depth of simulation (Figure 6) of the kneading process, we obtained a change
in the shear stress and the distribution of dissipation in the crucible during the kneading of
the yeast dough by cam operating elements.

Along with the characteristics of displacement and power, the mechanical
characteristics of the voltage on the yeast dough are key features. The mechanical stress is
characterized by the distribution of the shear stress on the yeast dough within the mixing
chamber [8].

For pseudoplastic liquids with variable viscosity of a product (non-Newtonian fluid),
the shear stress is of a power-law nature. Figure 6 shows the distribution of strain of
displacement on the yeast dough during kneading by the cam operating elements and, as a
result, the distribution of the mechanical load for a certain position of the cam operating
elements.

Results

To study the shear stress, four basic positions of the cam's working elements were
selected, then these provisions are repeated on the shaft of the working element.

1_[Pa]
10000
9000
8000
7000
6000 90° rotation 135° rotation
5000 5 x
4000 ~ \
3000 ‘ [
o) IN
1000
180° rotation 225° rotation

Figure 7. Change in the shear stress [t, Pa] in the mist chamber in the process of mixing the
yeast dough by the cam operating elements

On the greater part of the working volume there are not large indicators of shear stress
(Figure 7). The greatest indices of shear strain during modeling of the process of mixing the
yeast dough are observed in the field of interaction of the working element with the wall of
the case and in the zone of engagement of the working elements. In the area of the
engagement of the working elements and at the contact with the walls of the chamber, the
shear stress values reach from 7000 to 8000 Pa. For the rest of the chamber, the displacement
strain reaches 1000-3000 Pa.

The dissociation is proportional to the displacement velocity squared. Due to
dissipation, the conversion of the kinetic energy of the stream into the heat occurs due to
internal friction of the yeast dough with the working elements and the case [11].
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The yeast dough is mixed in 12 pairs of cams, which are shifted at an angle of 45°, for
the dissipation process it was decided to consider the process of kneading in the example of
3-6-9-12 pair of cams, since at the beginning of mixing there were noticeable changes in
dissipation. By means of simulation, distribution of dissipation in the microscope was
considered in the process of mixing the yeast dough with the cam operating elements (Figure
8).

Qdiss [OC]
3,6 " '
49 §
4,2
3,5  '
2,8

9 otatlon 315° rotatlon

2,1
15 w
1,4 [
0,7
0 ‘,D .

450° rotation 585° rotation

Figure 8. Distribution of dissipation [qaiss, © C] in the chamber in the process of mixing the yeast
dough by the cam working elements

Distribution of dissipation clearly shows in which parts of the working chamber is the
formation of heat in the flow area. In the area of kneading 3 pairs of cam (180° rotation),
there is no significant heat release, then during the mixing due to internal friction of the yeast
dough with the working elements and the case there is an increase in the conversion of the
kinetic energy of the stream into the heat and the temperature of the yeast dough increases.
At the stamping site 12 pairs of cams, the temperature of the yeast dough increases by almost
5° C, thus taking into account that before the start of the simulation, the initial temperature
was set to t = 30° C, then at the end of mixing, this temperature in the yeast dough reaches
almost 35° C. The greatest amount of heat is observed in the sphere of cam involvement of
the working elements.

Thus, the simulation parametric model of the process of mixing the yeast dough allowed
to study in details the processes occurring in the mixing chamber of the dough, the
dependence of the flow pattern on the design and configuration of the cam operating elements
and the frequency of rotation [12].

The simulated parametric model of the process of mixing by cam operating elements,
which allows to carry out design calculations effectively when choosing rational structural
and technological parameters, is developed. Using the presented scientific and
methodological developments will significantly accelerate and economically save the process
of creating reliable process equipment for mixing yeast dough.

It is possible to rationalize the process of mixing the dough and reduce the time required
for fumigation and fermentation by intensive mechanical processing of the dough by the cam
operating elements and as a result of obtaining qualitative characteristics of the baking
products.

It is advisable to mix the yeast dough with the use of the cam's working organs.
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Checking the results on the physical model

Model verification for adequacy was carried out using an experimental dual-action
machine of continuous action (Figure 9).

7 2 5

4 plpled
A T &

[ =TT
/| I

NN

Figure 9. The scheme of an experimental installation with cam operating elements:
1 — a device for measuring electric power; 2 — drive; 3 — working element; 4 — frame;
5 — stabilizing grate.

The results of simulation of parametric modeling were tested on a physical model.
Comparing the results (Figure 10-11) and performing mathematical processing, the error is
less than 5%, the mathematical model corresponds to the adequacy.

The experimental installation works as follows, the raw material enters the receiving

hopper, after which, using the working bodies and their influence, the process of kneading is
carried out, after which the dough comes out through the stabilizing grill.

T, Pa

10000 °
8000

6000

4000

2000

45°  90°  135°  180°  225°  270°  315° ...

Figure 10. Comparison of the results of the physical and mathematical modeling of the
displacement stress [t, Pa] in the mixing chamber at different angles of rotation of the cam
element (1-imitation, 2 - physical)
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Figure 11. Comparison of the results of the physical and mathematical modeling of the
distribution of dissipation [qaiss, °C] in the mixing chamber at different angles of rotation of the
cam element (1-physical, 2-simulation)

The results of the computational experiments allowed to investigate the process of
mixing the yeast dough by the cam operating elements in the stirring chamber. By means of
simulation, the change in the stresses of the shift of the yeast dough in the stirring chamber
was investigated, the distribution of dissipation in the chamber of stirring and the temperature
change during the kneading process were investigated. It is determined that for a rotational
speed of a working element of 60 rpm, the temperature of the yeast dough rises to 5°C, which
is admissible while kneading the dough. The obtained simulation results will be used to
organize the technological process and design new equipment for mixing the yeast dough.

Conclusions

It was investigated the change of the stresses of the shift of the yeast dough in the stirring
chamber, in the region of the contact between the working elements and at the contact with
the walls of the chamber, the shear stresses reach from 7000 to 8000 Pa, and the rest of the
shrinkage chamber displaces a strain of 1000-3000 Pa. The distribution of dissipation in the
chamber of stirring and the temperature change during the mixing process was investigated,
and the temperature of the yeast dough was raised to 5°C for the rotation of the working
element 60 rpm, which is admissible when kneading the dough.

On the basis of simulation modeling of the process of mixing the yeast dough, effective
working elements are proposed for mixing the yeast dough in a dough machine of continuous
action.
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Introduction. The study was carried out to analyze insurance
costs and to determine the trends, patterns and impact of the
insurance costs on the competitiveness of food industry enterprises
in the context of the food market security.

Materials and methods. The theoretical background of the
article is based on critical literature review of the insurance costs,
food market security and competitiveness. It were used the methods
of comparative, statistical analysis of data, systematization,
scientific interpretation; generalizations and comparisons the
indicators of market share and capacity, profitability and efficiency,
insurance costs and correlation-regression analysis methods and
indicators.

Results and discussion. The investigated FIEs do not violate
the norms of the current antimonopoly legislation of Ukraine. The
highest values of all three types of profitability were related to the
PJSC “Karlsberg Ukraine”. It was determined the rates of change in
insurance costs for the selected list of food industry enterprises. The
results shows wide range of values from -99.6 % (PJSC “The house
of vintage cognacs “Tauria”), to 881.4 % (PJSC “Pologovsky Oil
Extraction Plant”) in 2014-2015. The research results show that the
largest share of insurance costs related to the PJSC “Pologovsky Oil
Extraction Plant” in 2016 and equal to 2.173%. Consequently, the
cost of insurance insignificantly changes the production costs and,
accordingly, moderately affect the formation of profits for FIEs.

The analysis shows a direct proportional relationship between
ROE and insurance costs for PJSC “Karlsberg Ukraine”, and the
inverse proportionality between ROS and insurance costs for PISC
“Obolon” and Private JSC “Kyiv Confectionary Factory
“Roshen”.The correlation-regression analysis of profitability and
insurance costs for FIEs shows that only three coefficients of
determination correspond to the value of a regressive model of
satisfactory quality: ’=0.717 (ROE, PJSC “Karlsberg Ukraine”);
’=0.838 (ROS, PJSC “Obolon”); 1’=0.664 (ROS, Private JSC “Kyiv
Confectionary Factory “Roshen”). The lower values (the interval r*
for 0.1-0.5) of the determination coefficient are fixed in nine cases:
within the limits of the minimum value »=0.103 for ROS to the
PJSC “Pologovsky Oil Extraction Plant”, and to the maximum
?=0.496 for ROE to the PJSC “Kyivkhlib.

Conclusions. The hypothesis about the existence of a
dependence between the competitiveness of FIEs and the portion of
money allocated to FIEs for insurance is confirmed only for FIEs
with high efficiency of doing business.
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Introduction

The food industry is the leading industry in the agro-industrial complex of Ukraine, as
evidenced by data on consumption volumes of its products in the markets [23, 29]. At the
same time, food industry enterprises (further referred to as FIEs), which, like most industrial
enterprises, may be exposed to risks that could significantly impair financial performance
[26-29]. From these positions, the appropriateness of insurance becomes evident, as it serves
as a necessary and effective tool for protecting against risks and contributes to increasing the
competitiveness of the enterprise [38]. In addition, it should also be noted that the current
trends in international experience in the functioning of agro-industrial enterprises (including
FIEs) in agricultural sector (ACS), show the important role of insurance as an element of
security in the food market [45-47]. The nature of such interaction will be investigated in the
presented study.

Issues of the impact of insurance and the effectiveness of the FIEs and ACS are
discussed by different foreign researchers. Akinrinola O.0O. and Okunola A.M. (2014) have
studied the effect of agricultural insurance scheme on agricultural production in Ondo state
(Nigeria). Scientists have determined that there may be an increase in the level of investment
of farms after participating in insurance. This is due to the availability of agricultural loans
secured by insurance coverage. Farmers also increased the size of their farms and output
volumes [1]. Spérri M., Barath L., Bokusheva R. and Ferté 1.(2012) have investigated the
impact of crop insurance on the productivity of Hungarian farms and revealed the negative
impact of insurance on economic indicators of economic profit, productivity of labor and
productivity of land [2].

Juan H. et al.(2016) proposed a theoretical model that counts several features of the
insurance program of the crop, taking into account the empirical parameter of interest. The
model also forecasts the condition of positive impact of insurance on the use of enterprise
resources, if preliminary estimation of efficiency will be carried out [3].

Also, special attention among foreign studies deserves the following researchers: Zhao
Y. and Preckel P. (2016) with an empirical analysis of the effect of crop insurance on farmers’
income” [4]; Kim Y., Pendell D.L. and Yu J. (2018) with effects of crop insurance on farm
disinvestment and exit decisions [5]; Jisang Yua J. and Sumnerb D.A. (2017) with effects of
subsidized crop insurance on crop choices [6]; Bachev H. (2012) with risk management in
the ACS [7]; Lorant A. and Farkas M.F. (2015) with risk management in the ACS with
special attention to insurance [8] and many others.

Most of Ukrainian researchers assess the competitiveness of the national FIEs and ACS
of Ukraine without taking into account insurance. Baeva V.V. (2015.) notes that at present
there is no generally accepted method for assessing competitiveness, but all methodological
approaches can be divided into quantitative and qualitative ones [9].

According to Pylypenko V.V. and Pylypenko N.M. (2016) there exist three groups of
activity characteristics: agricultural enterprise (product competitiveness, market environment
and financial and economic status) and one needs expert judgment for weighting factors to
evaluate effective competition [10].

Legeza D.G. (2011) focuses on methods of assessing the competitiveness of agricultural
products through twelve indicators, including the proportion of material costs,
merchantability, profit, profitability, etc. [11].

Cherednichenko O.0. (2013.) investigates the evaluation of the competitiveness of
dairy agricultural enterprises on the basis of three approaches: 1) the traditional method of
assessing the competitiveness of goods by calculating unit and group indicators; 2) marketing
approach taking into account the consumer's requirements for price and quality of goods and
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factors that determine the competitiveness of all marketing activities of the enterprise; 3)
production approach, based on the assessment of the profitability of sales of a particular
product and its market share [12].

Tycholyz L.S. (2013.) generalizes methods of assessing the competitiveness of
agricultural enterprises in nine groups [13].

The analysis of the development of the FIEs of Ukraine is the object of research of many
Ukrainian scientists from different positions as follow below.

Irytytsheva 1.0O. (2012) pays attention on the necessity of developing a qualitative plan
[14], Vasilchenko K.G. (2013) defines the prospects of innovation in the food industry [5],
Kvasko A.V. (2017) notes that the problem of choosing a universal indicator and factors of
competitiveness remains unresolved [16], Buracek I.V. and Bilenchuk O.0. (2016) analyze
the competitiveness of the enterprise competitiveness of the subject of economic activity
[17], Shwed T.V and Bila LS. (2017) group methods of assessing the competitiveness of
enterprises [18]. As far as we know, the analysis of the impact of the cost of insurance on the
competitiveness of FIEs is still beyond the attention of researchers. This gap is under the
attention in presented study.

Our investigation is also related to the food market security. Isaboke et al. (2016)
described the effect of weather index based micro-insurance on food security status of
smallholders, and find that a positive impact on food security is associated with the uptake
of index insurance [45]. Madrzaa et al. (2015) suggest that insurance alone cannot provide
food security. It can make a big impact in raising awareness of the importance of risk reducing
and encouraging investments in increasing the ACS development 46]. According to the
report of the Agricultural Insurance Conference (Berlin, 2014) agricultural insurance should
be seen as one component of the ACS and it is related to food security [47].

We aim to analyze insurance costs, performance indicators and competitiveness of food
industry enterprises in Ukraine and to identify trends and patterns that may exist on the
market and relationships between insurance costs, competitiveness of the FIEs and food
market security.

To achieve this goal it is necessary to accomplish the following tasks:

—  to systematize data about the cost of insurance for FIEs through financial reporting,
official private and public Internet resources;

—  promote and test hypotheses regarding the interaction link between competitiveness of
the FIEs and amount of money allocated for insurance, and validate the hypotheses
regarding the FIEs propensity to insurance with a higher competitiveness.

Materials and methods

Materials. The theoretical background of the article is based on competitiveness
theories explaining the ability of the market subjects to act on a par with competitors that
present there [19-20]. The information base of the study was financial reporting, private and
official public Internet resources, information from the official website of the Agency for the
Development of the Stock Market Infrastructure of Ukraine [21] and State Statistics Service
of Ukraine [22]. In order to create a database of insurance companies' expenses for the years
2013-2017, data from more than 500 FIEs of Ukraine was analyzed, however, reliable
information was collected about only 13 FIEs. The search for FIEs was carried out according
to the code of the Unified State Register of Enterprises and Organizations of Ukraine [49-
50].
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Methods. With the aim to determine the trends, patterns and impact of the insurance
costs on the competitiveness of food industry enterprises in the context of the food market
security, we implemented the critical literature review, content, comparative [1-5], statistical
analysis of data [6-9, 11], systematization and synthesis [12, 14-18], scientific interpretation
and scientific discourse analysis methods [24-31]. Systematization and critical literature
review methods were used to prepare a theoretical background for our research study [1-18,
20-49].

The methods of comparative and statistical analysis of data was used in the study of
data from the Agency for the Development of the Stock Market Infrastructure of Ukraine [21]
and from the State Statistics Service of Ukraine [22]. During the processing such data, it
turned out that information on insurance costs for FIEs is not provided or such information
is provided only for few years of the proposed study period 2013-2017. Due to the data of
Agency for the Development of the Stock Market Infrastructure of Ukraine, we have
determined the insurance costs for each year in the find tab ‘“Notes to the Financial
Statements, prepared in accordance with international financial reporting standards” [21-22].
In most cases that indicator is designated as “Insurance” or “Insurance costs”, etc.

The results of the studies the impact of the insurance costs on the competitiveness of
food industry enterprises in the context of the food market security are obtained through the
use of grouping methods [1-3], generalizations and comparisons the indicators of market
share and capacity [8, 10], profitability and efficiency, insurance costs and correlation-
regression analysis methods and indicators [4-17].

Results and discussion

Considering the competitiveness of FIEs as a factor in successful business development,
it is necessary to determine the definitions. We consider the definition of “competitiveness”
as a complex comparative characteristic, which determines the degree of advantage of a set
of indices of one FIE over the aggregate of other FIEs indicators and characterizes the ability
to compete. The competitiveness of FIEs is achieved in the presence of rivalry in order to
expand and win the market in the struggle for the consumer, for the sake of victory of
competitors and profits [19]. The assessment of FIEs competitiveness can be achieved by
comparing various aspects and the most significant indicators of FIEs activity, including
indicators such as performance, market share, concentration, etc.

It is also worth noting that insurance for FIEs as a prerequisite for ensuring
competitiveness, also contributes to ensuring security in the food market.

According the approach by Porter M., “competitiveness” of the market subjects
relations — it is his ability to act on a par with competitors that present there [20].
Consequently, in order to assess competitiveness, it is necessary to identify competitors,
collect the information about market capacities and benefits.

The general factors that determine the competitiveness of FIEs and the needs of food
products industry, researchers traditionally include: the size of cash incomes, the volume and
range of food products, the level of saturation of the market by certain types of products, the
level of retail prices for goods; the number and age structure of the population, its national
habits, the level of trade organization [15]. The list below does not cover FIEs expenses for
insurance. That is why, according to this research, we are starting a new direction of research
and will carry out an analysis of insurance costs, indicators of efficiency and competitiveness
of the FIEs of Ukraine.

—— Ukrainian Food Journal. 2019. Volume 8. Issue 2

371



-Economics and Management ——

Our scientific first hypothesis is formulated as follows: “the main subjects of the food
industry market with a higher competitiveness are more prone to insurance”. The second
hypothesis is as follows: “there is a relationship between the competitiveness of the FIEs and
the portion of the money allocated to the insurance business”.

Market share and capacity

For completeness of the description of selected FIEs, we will investigate the
contributions of such FIEs to the food industry of Ukraine and the level of influence on the
formation of gross domestic product (GDP) during 2013-2017. For further analysis, we
propose the indicators of concentration and capacity of the enterprise.

An analysis of the situation of the company in the market is calculated by using a
specific share of the entity, which we defined as net income (NI) from the main operating
activity:

C1=100% NI, / NI, (1)

where C; — shares of the entity in the net income of all enterprises in the market (in %), NI,
— net income of enterprise (UAH), NI — net income of all enterprises in the market (in our
case, the total net income on the food industry market of Ukraine). Net income of enterprise
(NI) is determined by the line 2000 form 2 of the report on the financial results of the FIEs
and determines the net proceeds from the sale.

To determine the degree of monopolization in the market use the so-called
concentration factor CR, which is determined by adding the shares of individual players: for
example, CR,=K;+K; for the first two market subjects, CR; for the first three market subjects
etc., which are the most successful market participants. The current antimonopoly legislation
of Ukraine defines the criteria for monopolization of the market when: CR>35%; CR3>50%;
CR5>70% [19].

The next indicator will be the capacity (1) of the enterprise, which we determine with
the share of net income of the enterprise in the formation of GDP of Ukraine by the formula:

= 100% NI,/ GDP. @)

where 1, — capacity of one enterprise in percent, GDP — the value of the gross domestic
product of Ukraine (UAH).

As we can see, the investigated FIEs do not violate the norms of the current
antimonopoly legislation of Ukraine.

Based on the data of the table 1, it has been determined that among the list of enterprises
represented the largest share in both the food industry and GDP of Ukraine is related to the
PJSC “Karlsberg Ukraine”, the average arithmetic mean of the corresponding values of the
share for the study period 2013-2017 is equal to 1.173 % and 0.220 %. At the same time, the
smallest similar values are characteristic for PJSC “Sumy food products factory” — 0.028 %
and 0.005 %.

We will examine the following indicators for sample enterprises (table 1).
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Table 1
Indicators of the share and capacity of the FIEs
Ent . Indicators Values of indexes by years, %
nterprise Kiandm | 2013 | 2014 | 2015 | 2016 | 2017

PJSC “Karlsberg K, 1.371 1.145 1.151 1.103 1.096
Ukraine” n 0.237 | 0218 | 0.230 | 0214 | 0.202

K 1.530 1.055 0.915 0.762 0.905
PJSC “Obolon” ‘

i 0.265 0.201 0.183 0.148 0.166

K 0.744 0.560 0.493 0.601 0.415
PJSC “Kyivkhlib” ‘

i 0.129 0.107 0.099 0.116 0.076
PJSC “Pologovsky K, 0.440 0.535 0.669 0.535 0.568
Oil Extraction Plant” i 0.076 0.102 0.134 0.104 0.104
Private JSC “APK- K 0.396 0.455 0.464 0.418 0.486
INVEST” ! 0.069 | 0.087 | 0.093 | 0.081 | 0.089
PJISC “Zhytomyr K 0.396 0.392 0.384 0.384 0.355
Butter Factory” m 0.068 0.075 0.077 0.074 0.065
PJSC “Kharkiv K 0.342 0.338 0.396 0.403 0.369
Biscuit Factory” N 0.059 | 0.064 | 0.079 | 0.078 | 0.068
PJSC “Dniprovsky K 0.149 0.146 0.156 0.117 0.139
starch flour combine” n 0.026 0.028 0.031 0.023 0.025
Private JSC "Kyiv K, 0.196 | 0.097 | 0.063 | 0.050 | 0.047
Confectionary Factory
“Roshen” i 0.034 0.019 0.013 0.010 0.009
PJSC “The house of K 0.076 0.150 0.181 0.152 0.141
vintage cognacs
“Tauria” i 0.013 0.029 0.036 0.030 0.026
PJSC K, 0.066 0.062 0.046 0.050 0.057
“Confectionery
Factory ni 0.011 0.012 0.009 0.010 0.010
“Kharkivyanka”
PJSC “Kremenchug K 0.062 0.040 0.045 0.040 0.040
confectionery
factory” i 0.011 0.008 0.009 0.008 0.007
PJSC “Sumy food Ki 0.003 0.031 0.038 0.032 0.034
products factory™ n 0.001 | 0006 | 0008 | 0.006 | 0.006

* Author's calculations based on official data [21; 22].
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Profitability and efficiency

Speaking about the effectiveness of the FIEs, it should be noted that efficiency
characterizes economic results for each unit cost. The most commonly used measure of
effectiveness is ROA (return on assets), which is determined by the formula:

ROA =100% NP/ A. 3)

where NP — net profit of the FIEs. Net profit is a net financial result: the profit determined
by line 2350 for a positive result and line 2355 for the event of losses.
The efficiency of FIEs is provided under the following conditions:

ROA—max, ROA>0.

Another indicator of efficiency can be the rate of return on equity ROE (return on
equity), which we define by the formula:

ROE = 100% NP / E. 4)

The value of E is equity, which is determined by line 1495 of form 1 of the balance
sheet of the financial statements of the enterprise.

Under the following conditions: ROE > 10%, investments can be considered successful.

It is also worth considering the ROS (return on sales) profitability based on net income:

ROS = 100% NP / NI,. (5)

where ROS —return on sales, NI; — income of the sales.

Let's move on to assess the effectiveness of the FIEs according to the profitability
indicators (table 2).

During the study period 2013-2017, among the selected list of food industry enterprises,
the highest values of all three types of profitability were related to the PJSC “Karlsberg
Ukraine”. At the same time, for many investigated enterprises (PJSC “Obolon”, PJSC
“Kyivkhlib”, PISC “Sumy food products factory”, PJSC “Pologovsky Oil Extraction Plant”
and PJSC “Kremenchug confectionery factory”) these indicators for individual periods could
be regarded as indicators of loss.

The low value of the profitability of the FIEs in Ukraine the researchers explain by the
problems of the industry itself, as well as the economic and political situation in the country
[14; 23; 24]. In order to improve the situation and increase the competitiveness of the FIEs,
various measures are proposed, among which: the use of advanced production technologies;
improvement of the qualification base of employees; improvement of the infrastructure of
storage and distribution of products of food producers; strengthening of quality control and
product safety [25].
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Table 2

. . Calculated values of profitability by years, %
Enterprise Indicators 2013 2014 2‘:)1 5 tz}(,)]g y 2017

- ROA 17.05 | 21.05 | 2049 | 18.78 | 20.72
E{(Srgingamberg ROE | 2117 | 2671 | 2728 | 3003 | 35.77
ROS 4549 | 42.03 | 36.13 | 40.67 | 42.12

ROA 538 | 1830 | _12.54 | 4.65 2.61

. Y ROE ;

PJSC “Obolon 1610 | 7440 | <0, | 2673 | 734
ROS 38.04 | 3640 | 3442 | 3251 | 28.17

ROA 588 | 507 | 538 | 288 1.96

PJSC “Kyivkhlib” ROE 1437 | —11.70 | —20.13 | 13.55 9.58
ROS 23.02 | 2427 | 2694 | 2492 | 2425

PJSC “Pologovsky ROA 356 | —1.38 | 1290 | —122 | 099
Oil Extraction ROE 13.91 | 442 | 3884 | 424 | 432
Plant” ROS 1217 | 25.18 | 16.88 | 13.07 9.46
. - ROA 654 | 372 | 217 6.60 18.56
};{I‘\V,aEtg%SC APK- ROE 33.80 | -19.65 | 1039 | 17.21 | 33.58
ROS 17.64 | —7.48 | 3.54 13.07 | 33.37
- ROA 10.00 | 13.20 | 1471 | 16.88 | 10.94
g{l Sttir g;c-‘{to‘:;}?’r ROE | 1297 | 1647 | 1823 | 2141 | 1627
ROS 25.63 | 24.03 | 24.03 | 2525 | 26.06

- . ROA 6.55 20.89 | 19.96 | 12.57 | 13.45
gjissgn t%i?;; ROE | 733 | 2237 | 2201 | 1391 | 1483
ROS 1478 | 1781 | 15.06 | 13.34 | 14.72
PJSC “Dniprovsky ROA 1.97 0.37 459 | —1.07 | 2.41
starch flour ROE 3.17 0.66 878 | 2.55 8.06
combine” ROS 3.18 0.58 58 | 200 | 462
Private JSC “Kyiv ROA 0.47 4.35 1.48 0.57 0.38
Confectionary ROE 0.81 6.94 2.10 0.74 0.52
Factory “Roshen” ROS 8.37 1297 | 13.85 | 12.08 | 11.88
PJSC “The house of ROA 0.23 601 | 17.01 3.61 1.42
vintage cognacs ROE 0.53 —16.08 47.96 14.45 5.75
“Tauria” ROS 72.66 | 4720 | 5157 | 1925 | 1437
PJSC “Confectionery ROA 1.26 338 2.09 1.94 8.23
Factory ROE 1.99 5.14 4.44 5.08 19.66
“Kharkivyanka” ROS 1.30 3.13 2.88 2.75 9.03
PJSC “Kremenchug ROA 129 | 286 | 092 | —0.19 | 0.00
confectionery ROE -3.01 —6.18 2.60 —0.81 0.01
factory” ROS 10.40 | 6.08 10.60 8.63 8.95
. ROA 426 | 7.00 | -1443 | 0.18 0.95
ppgs(glctss“fr;c-‘{ofr";ffi ROE ~6.66 | 1583 | 3874 | 032 1.91
ROS 11.59 8.45 3.83 4.01 8.34
* Author's calculations based on official data [21].
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The research of the FIEs and theirs insurance costs (IC;) was conducted for checking of

the first hypothesis of our research (table 3).

Data of the Table 3 characterize the dynamics of insurance costs for the FIEs of Ukraine.
It should be noted that, in accordance with the conditions for the presentation of this
information in the financial statements of the entities presented, one can distinguish the

following features:

—  Firstly, some companies data on insurance costs separate the individual components and
indicate it in the reporting: PJSC “Kyivkhlib” (two types: the cost of property insurance
and insurance costs are included in “Expenses on sales™);

—  Secondly, two out of the thirteen investigated companies made public health insurance
data for their employees PJSC “Kremenchug confectionery factory” and Private JSC
“Kyiv Confectionary Factory “Roshen”).

Table 3
Insurance costs for food industry enterprises in Ukraine*
Insurance costs, thousand UAH

Name of the FIE 2013 | 2014 2015 2016 2017
PJSC “Karlsberg Ukraine” 6142 6190 7279 10248 10231
PJSC “Obolon” 2055 1902 2188 2210 2528
PJSC “Kyivkhlib” 241 341 340 122 319
PISC "Pologovsky Oil 47985 | 3799.8 | 372902 | 46738 | 20863
Extraction Plant
Private JSC “APK-INVEST” | 1151.8 1639.7 2200.1 2441.7 2283.4
PISC “Zhytomyr Butter 385 305 593 547 677
Factory
PJSC Ifharklv Biscuit 182 160 206 185 274
Factory
PJSC “Dniprovsky starch nodata | nodata | 456 930 1055
flour combine
Private JSC “Kyiv
Confectionary Factory 2071 1250 589 582 677
“Roshen”
PJSC TEe hogss of vintage 208 267 47 292 54
cognacs “Tauria
EJSC .Confectl’?nery Factory no data 69 79 61 70

Kharkivyanka

PISC "Kremenchug 1199 655 347 391 391
confectionery factory
PJSC §umy food products 38 61 45 45 73
factory

* Author's calculations based on official data [21].
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For a more detailed study of the cost of insurance, we will analyze the rate of their
change in percentage over the years 2013-2017. The rate of change in insurance costs for the
selected FIEs list shows results in a wide range of values: from -99.6 % (PJSC “The house
of vintage cognacs “Tauria”), to 881.4 % (PJSC “Pologovsky Oil Extraction Plant) in 2014-
2015. In this case, the calculated average arithmetic values of the rate of change in insurance
costs during 2013-2017 years ranged from — 27.4% (PJSC “The house of vintage cognacs
“Tauria”, property insurance costs in other operating costs) and to 207.6% (PJSC
“Pologovsky Oil Extraction Plant”).

Insurance costs are an integral part of the entity's total costs, and therefore it would be
expedient to analyze their share in total costs by the formula:

S;=100% IC, / PC;. (6)

where S; — share of insurance costs in total costs, IC; — insurance costs, PC; — production
costs (costs of sold products). Insurance costs IC; is determined in accordance with the notes
to the financial statements, which was prepared in accordance with international financial
reporting standards; the value of PC; is determined by line 2050 forms 2 financial statements
of the enterprise.

It is noteworthy that the cost of production shows the costs of preparation for
production, marketing of products (direct material costs, direct labor costs, other direct costs,
variable generic and permanent distributed production costs, etc.). Therefore, cost is the best
indicator for determining the cost of an enterprise, but the list and composition of articles of
cost is determined by the enterprise itself.

The relative share of the insurance costs in the cost of the selected for the study of FIEs
of Ukraine is characterized by quite different values (table 4).

Among the selected list of food industry enterprises in Ukraine the largest insurance
costs compared with production cost are related to the PJSC “Pologovsky Oil Extraction
Plant”, the maximum share of which insurance costs is 2.173% in 2016, thus in 2013-2017
the average value of this indicator is 1.08 % of total production costs. The smallest values of
the share of insurance costs in the total production costs per study period of 2013-2017 years
are related to the PJSC “Kyivkhlib”: from 0.007 % in 2016, and to 0.027 % in 2014.

In general, there is a small impact of the insurance cost on the total production costs of
FIEs. The largest share of insurance costs related to the PJSC “Pologovsky Oil Extraction
Plant” in 2016 and equal to 2.173%. Consequently, the cost of insurance insignificantly
changes the production costs and, accordingly, moderately affect the formation of profits for
FIEs.

In the first place, the share of insurance costs in total production costs are PJSC
“Pologovsky Oil Extraction Plant”, PJSC “Karlsberg Ukraine”, Private JSC “Kyiv
Confectionary Factory “Roshen”. These enterprises also have high profitability and
efficiency, but there are others in the list in Table 2. Thus, the analysis does not fully support
the first hypothesis that “the main subjects of the food industry market with a higher
competitiveness are more prone to insurance”.
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Table 4
Share of insurance costs in the cost of sold products of the FIEs of Ukraine*
Percentage of insurance costs, %

Name of the FIE 2013 2014 2015 2016 2017
PJSC “Karlsberg Ukraine” | 0.324 | 0308 | 0249 | 0339 | 0.294
PISC “Obolon” 0114 | 0094 | 0092 | 009 | 0071
PISC “Kyivkhlib” 0017 | 0027 | 0.024 | 0007 | 0016
g{ ff;c tfg’li‘;,glzlvlf}fy oil 0480 | 0314 | 1684 | 2173 | 0.740
Private JSC “APK-

INVEST” 0.121 0134 | 0139 | 0.149 | 0.101
g Egry%hytomyr Butter 0052 | 0034 | 0051 | 0041 | 0.047
g Egrylfharkw Biscuit 0025 | 0019 | 0015 | 0011 | 0013
E{) ifcg‘;ﬂfgf skystarch | Ciata | nodata | 0.093 | 0192 | 0.173
Private JSC “Kyiv

Confectionary Factory 0.451 0.488 0.273 0.285 0.296
“Roshen”

PISC “The house of vintage | 503 | o117 | 0013 | 0051 | 0.008
cognacs “Tauria

PJSC “Confectionery

Factory “Kharkivyanka® nodata | 0.040 | 0048 | 0030 | 0025
PISC “Kremenchug 0.851 0582 | 0216 | 0233 | 0.197
confectionery factory

E:Cstgryf,umy food products | 040 | 0828 | 0031 | 0032 | 0043

* Author's calculations based on official data [21].

Correlation-regression analysis

To test the hypotheses, we will investigate the insurance cost impact on performance
and competitiveness of the FIEs. The hypothesis test was performed using a one-factor
regression model. This is done by an argument variable X for insurance costs IC; (table 3),
but the target function of the analysis (dependent variable Y) — profitability indicators ROA,
ROE, ROS (table 1). Equation of pair linear regression was constructed in the form of
dependence Y=A+BX. The corresponding calculations are given in Table 5.
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Table 5

Indicators of correlation-regression analysis of profitability (Y) and insurance costs (X) for

FIEs of Ukraine for 2013-2017*

Name of the FIE Y Regriszing‘;za;"“ r t r2
PISC “Karlsberg ROA 18.63163 + 0.00012 X | 0.152 0.266 | 0.023
Ukraine” ROE 10.82388 + 0.00217 X | 0.846 2.754 | 0.717

ROS 43.59190 - 0.00029 X | —0.176 | —-0.310 | 0.031

ROA | —56.03494+0.02322 X | 0.539 1.109 | 0.291

PJSC “Obolon” ROE |-233.16845+0.08535 X | 0.275 0.495 | 0.076
ROS 66.76113 —0.01509 X | —0.915 | —3.940 | 0.838

ROA 9.68156 —0.03532 X | —0.657 | -1.509 | 0.431

PJSC “Kyivkhlib» ROE 33.85275-0.12002 X | —0.704 | -1.719 | 0.496
ROS 23.74181+0.00344 X | 0.224 0.398 | 0.050

PJSC “Pologovsky ROA 1.12776 + 0.00008 X | 0.264 0.474 0.070
0il Extraction ROE 5.18705 + 0.00020 X | 0.212 0.375 | 0.045
Plant” ROS 17.67346 — 0.00010 X | —0.321 | -0.588 | 0.103
Private JSC “APK._ ROA —4.30831 +0.00532 X | 0.349 0.644 | 0.122
INVEST" ROE 11.89179 + 0.00163 X | 0.040 0.069 | 0.002
ROS 0.05195+ 0.00616 X | 0.215 0.382 | 0.046

PISC “Zhytomyr ROA 11.63393 +0.00302 X | 0.165 0.290 | 0.027
Butter Factory” ROE 12.99793 + 0.00812 X | 0.403 0.762 | 0.162
ROS 23.78787 +0.00242 X | 0.397 0.749 | 0.158

. _ ROA 20.13320-0.02847 X | —0.118 | —0.206 | 0.014
s t?;i?;; ROE | 20.53562—0.02323 X | —0.090 | —0.157 | 0.008
ROS 21.84916 - 0.03504 X | —0.524 | -1.066 | 0.275

PJSC “Dniprovsky | ROA 6.80305 —0.00593 X | —0.657 | —-0.870 | 0.431
starch flour ROE 10.84164 — 0.00747 X | —0.372 | -0.401 | 0.138
combine” ROS 7.69991 —0.00601 X | —0.451 | -0.505 | 0.203
Private JSC “Kyiv | ROA 1.21434 + 0.00023 X | 0.087 0.152 | 0.008
Confectionary ROE 1.66710 + 0.00054 X | 0.127 0.222 | 0.016
Factory “Roshen” ROS 14.56597 — 0.00265 X | —0.815 | —2.436 | 0.664
vintage cognacs ROE 31.79628 -0.11103 X | —0.606 | —1.319 0.367
“Tauria” ROS 30.16522 + 0.05660 X | 0.303 0.551 0.092
PJSC Confec- ROA 3.10429 + 0.01155 X | 0.029 0.041 0.001
tionery Factory ROE 9.57429 —0.01425 X | —0.014 | 0.020 | 0.000
“Kharkivyanka” ROS 3.38143+0.01528 X | 0.037 0.052 | 0.001
confectionery ROE 1.61303 - 0.00518 X | —0.561 -1.174 0.315
factory” ROS 8.51365+ 0.00070 X | 0.138 0.242 | 0.019
PISC “Sumy food ROA -17.96081 +0.30246 X | 0.542 1.117 | 0.294
products factory” ROE | —41.18742+0.68167 X | 0.479 0.945 | 0.230
ROS 5.98658 + 0.02400 X | 0.104 0.181 0.011

* Author's calculations based on official data [21]. It is marked here r — coefficient of pair correlation

between X and Y, t —t- Student's criterion, r? — coefficient of determination.

—— Ukrainian Food Journal. 2019. Volume 8. Issue 2

379



-Economics and Management ——

We propose to analyze the correlation-regression calculations at first according to the
coefficient of determination r2. Only three coefficients of determination correspond to the
value of a regressive model of satisfactory quality: r>=0.717 (ROE, PISC “Karlsberg
Ukraine”); 1’=0.838 (ROS, PJSC “Obolon™); r*=0.664 (ROS, Private JSC “Kyiv
Confectionary Factory “Roshen”). If the coefficient of determination r’=0.838 for PJSC
“Obolon”, this means that the variation in the ROS for 83.8% due to the variation in the
insurance costs, the share of not taken into account other factors remains 16.2%. That is, the
cost of insurance determines the variance of the profitability of the listed enterprises,
respectively for 71.7 %, 83.8 %, and 66.4 %, which has a rather significant effect.

The lower values (the interval r* for 0.1-0.5) of the determination coefficient are fixed
in nine cases: within the limits of the minimum value r*=0.103 for ROS to the PJISC
“Pologovsky Oil Extraction Plant”, and to the maximum 1*=0.496 for ROE to the PJSC
“Kyivkhlib”. The insurance costs determines the profitability and efficiency of such
enterprises only by 10.3% and 49.6% respectively. In this case we can conclude that the
proposed regression model is of low quality, and the share of insurance costs does not
significantly affect the indicated performance indicators.

The least impact on insurance costs related for the others of the FIEs, where the
determination coefficients r* were less than 0.1.

The density of the relationship between the investigated parameters of the regression
equation, which is determined by the Pearson correlation coefficient r, confirms the analysis
results on the basis of the coefficient of determination r?. The analysis shows a direct
proportional relationship between ROE and insurance costs for PJSC “Karlsberg Ukraine”,
and the inverse proportionality between ROS and insurance costs for PJSC “Obolon” and
Private JSC “Kyiv Confectionary Factory “Roshen”.

Analysis of the impact of insurance costs share on profitability

Let X share of insurance costs S; (table 4), and the target function of the analysis
(dependent variable Y) — profitability indicators ROA, ROE, ROS (table 1). Let perform a
hypothesis test for this case. Equation of pair linear regression was constructed in the form
of dependence Y=A+BX. The corresponding calculations are given in Table 6.

Thus, the analysis confirms the second proposed hypothesis about the existence of a
dependence between the competitiveness of the FIEs and the portion of money allocated to
the insurance. This hypothesis can have confirmation for FIEs with high efficiency of doing
business.
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Table 6

Indicators of correlation-regression analysis of profitability (Y) and the share of insurance costs
(X) for FIEs of Ukraine for 2013-2017*

Enterprise Y Re$r§s§1n13e (;;l’zl()zon r t r?

B ROA | 28.14066 - 28.14617 X 20577 | —1.224 | 0333
g{igin?,ar“berg ROE | 35.04222—22.62293 X 0147 | 0257 | 0.022
ROS | 19.60638 + 71.60377 X 0.729 1846 | 0532

ROA | —9.93574 + 47.79888 X 0.073 0.127 | 0.005

PJSC “Obolon” ROE | —68.84353 + 231.05093 X 0.049 0.085 | 0.002
ROS | 12.38136 + 23196806 X 0.924 4182 | 0.854

ROA | 9.00738 — 491.94399 X ~0.761 | —2.035 | 0.580

PISC “Kyivkhlib” | ROE | 31.85167 _ 1687.78418 X 0824 | 2523 | 0.680
ROS | 23.94915 +40.15651 X 0218 0386 | 0.047

PJSC “Pologovsky | ROA 0.87103 +1.94349 X 0.266 0.478 0.071
Oil Extraction ROE 450302 + 4.79535 X 0216 0383 | 0.047
Plant” ROS 17.50932 — 1.99752 X ~0264 | 0475 | 0.070
Private ISC ROA | 46.45545—313.86218 X 0711 | —1.751 | 0.505
“APK INVEST® | _ROE_| 9441423 ~616.05769 X 20520 | 1.055 | 0271
ROS | 87.46645—585.70221 X 0708 | —1.734 | 0.501

B ROA | 19.63317— 144.15929 X 0388 | —0.730 | 0.151

g{l Sttf:r ?:’Cytt;ryrf?’r ROE | 23.85982 — 150.88496 X 0368 | —0.686 | 0.135
ROS | 22.93319 +45.92920 X 0.371 0.692 | 0.138

B . ROA | 20.82708 —370.06494 X 0349 | —0.645 | 0.122
gjisscii t%i?;; ROE | 22.99409 — 415.90909 X 0368 | —0.685 | 0.135
ROS | 13.10688 + 122.59740 X 0.416 0793 | 0173

PJSC “Dniprovsky | ROA 9.35890 — 48.35527 X ~0.890 | —1.951 | 0.792
starch flour ROE | 17.49195—83.37520 X ~0.691 | —0.955 | 0477
combine” ROS | 11.99398 —60.13525 X 0750 | —1.135 | 0.563
Private JSC “Kyiv | ROA | —2.08845 1 9.86740 X 0.601 1304 | 0362
Confectionary ROE —3.81466 + 16.83396 X 0.636 1.429 0.405
Factory “Roshen” | ROS 14.96441 — 8.74069 X 0429 | —0.822 | 0.184
PJSC “The house | ROA 4.97292 - 11.53429 X 0320 | —0.584 | 0.102
of vintage cognacs | ROE 15.87963 — 35.90908 X -0.356 -0.660 0.127
“Tauria” ROS | 29.30725 + 78.43663 X 0.763 2043 | 0582
PJSC “Confec- ROA | 10.64353 — 18835043 X 20656 | —1.228 | 0.430
tionery Factory ROE | 27.12598—518.76875 X 0721 | —1.471 | 0.520
“Kharkivyanka” ROS | 11.70500—203.00710 X 0682 | —1318 | 0.465
PJSC “Kremen- ROA 0.77378 — 3.50596 X 0704 | —1.717 | 0.49
chug confectionery | ROE 1.85433 - 8.01426 X —0.705 -1.720 | 0.497
factory” ROS 9.07599 — 0.34630 X 20056 | —0.096 | 0.003
w ROA | —4.95702 + 14.54509 X 0.645 1463 | 0416
ppgsglctssufr;cyt;’y?,d ROE | —12.13850 + 3410277 X 0.594 1278 | 0352
ROS 6.84205 + 2.05496 X 0.220 0390 | 0.048

*Author's calculations based on official data [21]. It is marked here r — coefficient of pair correlation

between X and Y, t — t- Student's criterion, r
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Conclusions

The paper has analyzed the dynamics and structure of insurance costs and tests

hypotheses concerning the impact of insurance on the efficiency of the activity of the
insurance company, and also the role of insurance was explored to improve the security of
the food market. The study describes the indicators of the efficiency and competitiveness of
FIEs of Ukraine during 2013-2017.

The analysis confirms the hypothesis that FIEs with higher competitiveness are more

prone to insurance. The hypothesis about the existence of a dependence between the
competitiveness of FIEs and the portion of money allocated by FIEs for insurance is
confirmed only for FIEs with high efficiency of doing business.

1.
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The results of the study are summarized by the following conclusions:
The analysis showed that the investigated FIEs do not violate the norms of the current
antimonopoly legislation of Ukraine.
Among the selected list of food industry enterprises, the largest market share and share in
the food industry as well as in Ukraine's GDP has PJSC “Karlsberg Ukraine”. The share
of the company in the market is 1.173% of the food industry and 0.220% of Ukraine's
GDP.
High performance and profitability indicators were related to the PJSC “Karlsberg
Ukraine”. At the same time for PJSC “Obolon”, PJSC “Kyivkhlib”, PJSC “Sumy food
products factory”, PISC “Pologovsky Oil Extraction Plant” and for PJSC “Kremenchug
confectionery factory” these indicators for some periods could be regarded as indicators
of loss.
The low value of the profitability of the food industry enterprises of Ukraine can be
explained both by internal factors and external problems.
Insurance costs insignificantly change the total production costs and, consequently,
moderately affect the formation of the profit of the FIEs: the largest share of insurance
costs 2.173% was for PJSC “Pologovsky Oil Extraction Plant” in 2016.
The rates of change of the insurance costs for FIEs during 2013-2017 were in range from
-99.6 % (PJSC “The house of vintage cognacs “Tauria”), and to 881.4 % (PJSC
“Pologovsky Oil Extraction Plant”) in 2014-2015.
The analysis does not fully confirm the hypothesis that “the main players in the food
industry with a higher competitiveness are more prone to insurance”.
The hypothesis of the existence of a relationship between the competitiveness of the FIEs
and the part of the money allocated to the insurance business can only be confirmed for
FIEs with high-efficiency business case.
Result of the study the use of insurance as a tool to increase food market security confirms
its high efficiency.
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Introduction. It is necessary to have a set of indicators that will allow
to consider qualitive and quantitive approaches for food availability and
adequacy assessment for qualitative analysis of food safety.

Materials and methods. The object of the research is the analysis of
food safety and indicators of food adequacy and availability by which it
is carried out. Methods of statistical analysis in the part of designing
trends of the share of food consumption in total households expenditures
for 20002017 with the defining it sanalytical equation and the cost per
unit of energy of the daily diet consumer prices in Ukraine were used
during the research.

Results and discussions. The physical aspect of availability to food
is determined by the possibility of the country to produce and deliver the
food products of corresponding quality to the population and in the
volume, which is necessery for providing of valuable person’s nutrition.
Economic aspect is determined by purchasing power of the population, id
est by possibility to buy at the market or produce personally foodstuffs in
the appropriate quantity and assortment, that provide the normal standard
of person’s living. For estimation of physical availability, the norms of
overhead between rational or optimal nutrition, norms of minimum food
consumption, calorie content of food of person’s ration, providing of
calorie content % of dayly ration due to the consumption of animal origin
products are used. For estimation of economic availability standard of
prices on foodstuffs, specific proportion of charges on foodstuffs in the
combined charges of households, coefficients of nutrition differentiation
according to social groups are used. They do not represent the state of
food availability in complete measure. Thus, the calculations showed that
in Ukraine, in 2000, 1% of total food exenses in the budget of totaled
household expenses accounted about 41 kcal, then in 2017-52.5, which
is 28% of the 2000 level. So, the availability of food in 2017 improved
compared with 2000. The growth rates of 1,000 kcal, which in 2000-2014
and 2017 the growth rates of consumer prices increased, which is
evidence in those periods not the price generates food availability as the
level of income, especially in terms of food costs.

Conclusions. The complex use of these indexes will allow more fully
estimate the level of food availability of population and work out the
events of timely prevention of the educed threats.
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Introduction

Food safety envisages, that the government must guarantee the production of sufficient
amount of food for satisfaction of population’s growing necessities. Thus, without obstacles
and at the reasonable prices foreign trade must satisfy population’s necessity with specific
products that is not produced into the country, due to import. The functioning of the certain
system of providing necessary backlogs with the aim of implementation of unexpected
downstreams or sharp rises in prices is also envisaged. An important value is acquired by the
physiology and solvent limits of demand on foodstuffs at the internal market that is
characterized by the indexes of existent pattern of consumption and its physiology norms.
Social aspect embraces the question of solvent access of population to food nutrition, social
defence of scanty categories of population, strengthening of social politics addressness,
achievement of equal level with city’s terms of getting the real money incomes and social
service, equal terms of public welfare in the village for all groups of population regardless of
labour type activity and residence and other.

Undertaken research is based on the materials of the last publications, that concern the
different aspects of determination and forming of food safety in the different countries of the
world. Theoretical basis of the article is based on the defined notions of essence, structure,
public policy and program of forming and development of food safety, that was considered
in such researches: [1-4].

World experience of food safety forming was integrated in the documents of Food and
Agriculture Organisation: [5—7].

The questions of research of food safety development status in Ukraine that define its
basic problems, ways of their approaches to the government control of this area are studied
by the following researchers: [8—11].

Important for undertaken the research was determination of methodical approaches for
the evaluation of food availability level of population. In numeral researches of scientists, the
questions of systematization of indicators for the evaluation of food safety overall, in
particular it was carried out and were examined in the next researches: [12—16].

Analysis of these publications allowed to make conclusion, that the system of evaluation
of food availability needs further development and expansion from position of combination
of two aspects of physical and economic availability.

Materials and methods

The object of reseach is the analysis of food safety and indicators by which it is carried
out. Indicators of food availability and adequacy are considered in details among the
indicators adopted for food safety assessment.

Methods. For estimation of physical accessibility, the norms of the upper limit or
optimal nutrition, norms of minimal food consumption, caloric content of human food
rations, % of caloric intake of the daily ration of animal origin are sued. To assess the
economic availability: the level of food prices, the share of food costs in total household
expenses, the rates of nutrition differentiation by social groups. The analysis of existing
approaches has allowed to offer additional for more complete qualitative and quantative
analysis of adequacy and availability of food. The calculation of the proposed indicators was
carried out on the example of Ukraine. The results of the research can be applied to other
countries.
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During the research, the methods of statistical analysis of existing indicators of food
availability and sufficiency on the example of Ukraine were used.

The statistical analysis was used for developing of trends of the share of food
expenditure in total household expenses for 2000-2017, with its analytical equation, the trend
of the unit of energy of the daily diet and consumer prices on the example of Ukraine. The
purchasing power of 1 kcal was calculated by the formula:

Kcal
Sosv
where K is the quantity of kcal, which accounts for 1% of the cost of food for the population
in the total household expenses; Kcal — number of kcal energy of the daily diet of the average
consumer; SV is the share of food expenditure in the total amount of total household
expenses. The average cost of 1,000 kcal consumed (Vkcal) was calculated by the formula:
FV
Vkcal = Keal

where FV — daily food expenditure in the total household expenditure per person.

Comparative analysis is used for correlation of trends of average cost of 1 thousand kcal
and consumer price index for food.

Results and discussions
Principles of food safety forming and food availability as its part

Food safety is the level of food providing of population, that guarantees socio-political
stability in society, survival and development of nation, person, families, steady economic
development of the country. Food security is defined as the state in which people at all times
have physical, social and economic access to sufficient and nutritious food that meets their
dietary needs for a healthy and active life [17].

It expresses security of vital interests of a person that is expressed in guaranteeing of
unimpeded economic access of a person by the state to the foodstuffs with the aim of
maintenance of its ordinary vital activity.

In accordance with the draft law of Ukraine «About food safety of Ukraine» such basic
principles of food safety forming are determined [18]:

1. Providing of interests of Ukraine in the system of international food safety in the
conditions of globalization and regional economic integration;

2. Food independence of the country;

3. Economic validity of the national necessities which is related with providing of Ukraine
with food, sufficientness and stability of food supplies;

4. Timelinesses and adequacy of events in relation to forming of food safety to the real and
potential, internal and external threats;

5. Physical and economic availability of quality and safe food products for all categories of
population in the amount of necessary for providing of active and healthy life.

These principles can be grouped according to the functional loading in relation to
implementation of certain tasks in forming of food safety. Namely, thus: self-sufficiency;
physical sufficientness; economic availability; balanced; quality; ecofriendlyness.

Thus, food safety is regarded as a science, policy, environmental and social program
[19].
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Self-dependance. Every country must provide population being based on the own
production of basic foodstuffs. Food self-dependance envisages satisfaction of basic part of
requirements in foodstuffs, that predetermines independence of the country from external
suppliers in satisfaction of population necessities due to domestic production. This principle
envisages the absence of dependence on the import of food stuffs. For prevention of
dependence situation the country can grow the economic potential and promote efficiency of
agroindustrial production. To achieve this, it is needed larger harvest of crops, vegetables and
livestock products, with predictable increase of meat consumption per capita (kg/ person/
year) of 37 kg nowadays up to about 52 kg in 2050 (26-44 kg) in developing countries [20].

The main feature that at the same time there must be presented and imported
commodities at the domestic market, in fact the consumer has a right for choice, and domestic
commodity will become competitive only in the case, when will be distinguished by quality
and contemporaneity of assortment. The substantiation of the UK food safety program
provided the identification of priority research issues with a focus on food industry
development [21].

The physical sufficientness means possibility of population to buy at the market or
produce in the personal household foodstuffs that are needed in the appropriate quantity and
assortment, that needed for satisfaction of human physiology necessities. Under vital
necessary of foodstuffs we understand such products without which population can not exist,
in particular, that: compensate the charges of organism energy in the process of its vital
functions; assist natural recreation and active longevity of population; give an opportunity to
provide harmonious development of children physiologically; assist prophylaxis and
treatment of different diseases. The physical sufficientness of food envisages its trouble-free
entering places of consumption in volumes that answer solvent demand and physiology
norms. According to the Global Food Security Index (GFSI) methodology, availability is
shown as such that easures the sufficiency of the national food supply, the risk of supply
disruption, national capacity to disseminate food and research efforts to expand agricultural
output [17].

Economic availability means access to the food resources of all layers of population
due to present solvent demand. According to the Global Food Security Index (GFSI)
methodology, affordability is shown as such that measures the ability of consumers to
purchase food, their vulnerability to price shocks and the presence of programmes and
policies to support customers when shocks occur [17].

The determinative factor of economic availability of food is the level of economic and
social development of country’s society. Possibility of different layers of population to
consume foodstuffs in necessary volume and assortment depends on it, purchasing them on
market prices, producing in own subsidiary households and others like that. There is the
permanent deepening of differentiation of population income in Ukraine, so as the difference
between extreme groups with the lowest and the greatest levels of income is substantial
enough. The increase of economic availability of food nutrition must be founded, first of all,
on the increase of population income, foremost its poorest layers and the reasonable
suggested retail prices on foodstuffs, and also to the powerful program of their budgetary
address support [22]. However, the relationship between food prices and income of the
population is not always predictable, that is, the convenience and availability of food in
particular place also play an important role [23].

Quality envisages providing of such totality of products properties that is stipulated to
satisfy its ability to satisfy the necessities in accordance with setting appropriation. Realized
through the achievement of valuable level of food nutrition of population due to the
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consumption of high-quality foodstuffs. Quality, as an economic category is one of the basic
factors of products competitiveness of agrarian sphere, and the problem of its increase is
complex, so as it includes scientific, technical, social and economic parts [24]. Presently, it
is impossible to produce quality goods without the use of high-quality agricultural raw
material, innovative technologies and modern equipment and highly skilled personnel.

Balanced. The balanced food is based on that the meal consists of different food
substances: fats, proteins, carbohydrates, vitamins, fat acids, mineral salts, microelements
and others like that [25]. Irreplaceable substances, that does not appear in the person’s
organism, but get there with foodstuffs, have the special value. Irreplaceable amino acids and
fat acids (linolic, linolenic) belong to such substances. To the group of irreplaceable
substances vitamins, mineral elements that support and balanced molecular composition of
different fabrics of person’s organism, take also, compensating their losses in the process of
vital functions. On the basis of the balanced food theory the daily allowance norms of the use
of separate substances are worked out [26]. The principle of balanced also includes calorie
content of foodstuffs. Calorie content shows the power value of food products or rations of
food: the amount is warm, that it is distinguished by food or forage substances, when they
oxidize in the organism of a person or animal. Safety of food and calorie content are basis of
providing normally food nutrition of population.

Ecofriendlyness. We consider that it is important to add another constituent in the
system of the country’s food safety principles. According to the principle of ecofriendlyness
all must be submitted to the principle of minimum loading on ecology and maximal
"naturalness" of both product and process of foodstuffs production. Also the ecofriendlyness
envisages that the consumption of electro- and heat power is taken to the minimum due to
the events on energy-savings and use of energykeeping technologies. Now it is a niche of
small farms and middle sizes plants. But a niche broadens constantly, as consumers are ready
to overpay for a natural product without chemistry and for the idea of nature maintenance.
Although, nowdays in Ukraine this is mainly fascination for solvent people and fashion
statement, but annually production of ecological goods cost decrease and they become
accessible to greater amount of consumers. Environmental agriculture is closely connected
with nutrition and health and health must be seen as economic resource [27].

On the basis of the considered principles the group of indicators that characterize the
certain degree of country’s food safety providing is formed.

Essence, aspects and threats of food availability

Availability as category means reaching desirable for a person. Food availability needs
to be examined in physical and economic aspects. Physical aspect is determined by possibility
of the country to produce and deliver food products to population in the volume, to the
necessity of valuable food nutrition providing for a person, corresponding quality. Economic
aspect is determined by purchasing power of population, id est by possibility to buy at the
market or produce in the personal household foodstuffs in appropriate quantity and
assortment, that provide the normal standard of living and person’s health. It is access to the
food resources of all layers of population due to present solvent demand.

The main factors of threat to food safety are existence of groups of population, that are
under the limit of poverty and do not have sufficient income for purchasing of minimum set
of foodstuffs; the structural unbalanced food nutrition according to separate constituents; low
and unstable quality of foodstuffs; exhaustion of domestic agrarian production potential
simultaneously with its technological degradation. Therefore, the increase of economic and
physical food availability on the basis of increase of foodstuffs production and improvement
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of their quality volumes is strategic priority of social and economic development of the
country.

Physical availability

Index of physical availability is the relation of physical and desirable levels of food
consumption. Desires of everybody in this sphere can be inefficient or indefinite. For this
purpose there are the so-called the special purpose of reference-points, namely medical norms
of food nutrition. Such norms are developed by specialists on the hygiene of food nutrition
for aged and professional groups, geographical and social terms are taken into account.

There are two kinds of nutrition norms [28]:

1. Norm of top level between rational or optimal food nutrition, exceeding of that generates
the problems of overnutrition and overweight. The achievement of such norms means that
the task of food availability is attained and takes place the state of population’s food
providing.

2. Norms of minimum food consumption, that determine the lower limit of necessary receipt
of nutritives. Such norms are examined as a cut-off norms.

The norms of top limit of rational food nutrition have character of recommendations.
The minimum norms of food consumption accounts in Ukraine on the basis of law “About
Cost of Living” and become firmly established by the resolution of Cabinet of Ministers [28].

The level of the population’s consumption of food products is determined as the
combined index of actual consumption of separate types of food products in calculation per
capita, and also dayly calorie content of food ration, taking into account its balanced on
maintenance proteins, fats, carbohydrates, vitamins, macro- and microelements [29].

The level of physical availability can be estimated by means of estimation of satisfaction
level of foodstuffs consumption to the rational norms (Table 1).

Table 1
State of physical availability of food

Average food consumption Indicator of consumption
Food Products per capita per month, kg adequacy,%

2000 | 2010 | 2015 | 2017 | 2000 | 2010 | 2015 | 2017
Meat and meat products 3,3 5,1 4,6 4,7 49,3 76,1 68,7 | 70,1
Milk and milk products | 17,1 19,2 19,8 19,3 53,9 60,6 62,5 60,9

Eggs 18 | 20 | 19 | 20 | 744 | 826 | 785 | 826
Fish and fish products 13 | 17 | 12 | 13 | 76,5 | 1000 | 706 | 76,5
Sugar 35 | 3.1 | 2.8 | 2.8 | 1094 | 969 | 87.5 | 87.5
(letlsa“d other vegetable | o | o 1 16 | 15 | 1636 | 1636 | 1455 | 1364
Potatoes 104 | 7.6 | 66 | 64 | 1010 738 | 641 | 62,1

Vegetables and melons 9,5 10,3 8.8 8,5 709 | 769 | 65,7 | 63,4
Fruits, berries, nuts,
grapes

Bread and bread
products

Data for 2015, 2017, excluding part of the temporarily occupied territories in the Donetsk and Luhansk

oblasts
Source for calculation: [30]

2,5 3,5 3,1 3,7 33,3 46,7 41,3 49,3

10,7 9,3 8,5 8,4 1274 | 110,7 | 101,2 | 100,0
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An analysis showed that the most critical level of physical availability in Ukraine was
observed for fruit, berries, nuts and vine. On meat and meat products, milk and milk products,
potato, also there is a level of the dissatisfied consumption of vegetables. The reasons of such
situation is low investment attractiveness of market through the necessity of considerable capital,
high risks and absence of country’s support of agricultural producers at presence of low
purchasing power of population. The consumption of eggs, sugar is close to rational norms, on
bread is the same. According to oil and other vegetable oil, we exceed the norms of rational
consumption considerably.

On the estimations of FAO and Worldwide Organization of Health Protection, the middle
norm of food nutrition for one person must present 2300-2400 kcal on the period of twenty-four
hours [5]. This index differs depending on sex, age, profession, and also natural and climatic
conditions. In the case, when the index becomes below than 1800 kcal, then the clearly expressed
malnutrition is shown up, and when this index passes the limit to 1000 kcal on the period of
twenty-four hours is obvious hunger (physical shortage of meal) [31]. Reasons of hunger are
natural, political cataclysms, wars, financial crisis, reduction of consumption through uneven
distribution of food.

From data of FAO food nutrition must be valuable and in the structure of food ration the
norm of albumen content must be not less of 100 gs on the period of twenty-four hours [31]. Food
nutrition, when we have the lack of not only calories but also proteins, first of animal origin, and
also fats, vitamins, microelements, is called poor nutrition. It is conditioned by permanent
malnutrition and monotony of ration (one type of product prevails in the consumption).

It is necessary to notice that in the USA this index presents 3900 kcal, in the countries of
European Union is 3500 kcal [32]. The actual middle index of calorie content of food ration in the
world presents 2700 kcal on the period of twenty-four hours, in the economically developed
countries is on the average about 100 grams present per capita is 3400 kcal, and consumption of
proteins on the period of twenty-four hours. It is important to mark, that in the developed countries
there are social groups with a proof low level consumption that need permanent help from the side
of the country [33]. For the analysis of the diet balance, we use the average daily caloric intake of
the ration of the entire population with the definition of its parts at the expense of products of
animal and plant origin, without taking into account gender, age, occupation and climatic
conditions. Such simplification does not limit the quality of the conclusions, since in the future
there is the comparison of the average daily caloric value from the calculation for the whole
population and the average household expenditure on food as well on average per person.

The maximum (cut-off criterion) criterion of daily calorie content of food ration in Ukraine

presents 2500 kcal on period of twenty-four hours [29], thus 55 % of daily ration must be provided
due to the consumption of animal origin products (table 2).
As it is shown from the table 2 all investigated years the calorie content of population ration of
Ukraine was higher than maximum level of 2500 kcal. After the economic crisis of 2008-2009
the calorie content of foodstuffs consumption decrease gradually, military situation in Ukraine
after 2014 also complicated proceeding in calorie content of ration of average Ukrainian person.

On the whole, in 2017 the population of Ukraine consumed foodstuffs calorie content which
is on 8,3 % more than maximum level. However, other situation with the pattern of consumption,
as 55% must belong to the products of animal origin. In Ukraine this norm is not executed, for
investigated period Ukrainians consumed at most 41% in 1990 and minimum 23% in 2000 of
foodstuffs of animal origin. The positive tendency is that at the beginning of 2000 of foodstuffs
of animal origin consumption increases gradually. In 2017 due to the products of animal origin
the average daily food value of ration presented 28,9 % instead of recommended 55% of general
ration.
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Table 2
Dynamics of caloricity of average daily consumption of food products by the population of
Ukraine per capita, kcal

Indexes 2000 2005 2010 2015 2016 2017
Total caloric content 2661 2916 2933 2799 2742 2707
% to the limit level
(threshold level 2500) 106,4 | 116,6 117,3 112,0 109,7 108,3
Caloric content of products |11 | 933 | 809 | 7910 | 790,0 | 781,0
of animal origin
% to total caloric content 23 25,1 27,6 28,3 28,8 28,9
%6 to the limit level 448 | 537 | 593 | 579 | 579 | 572
(boundary level 1365) ’ ’ ’ ’ ’ ’
Caloric content of vegetable | )50 | 5183 | 2124 | 2008 | 1952 | 1926
products
% to total caloric content 77 74,9 72,4 71,7 71,2 71,1

Data for 2015, 2017, excluding part of the temporarily occupied territories in the Donetsk and Luhansk
oblasts
Source for calculation: [34]

Economic availability

Considerable part of food in rural locality and its greater part in cities are bought, then
price in the prominent factor of economic food availability. Satisfaction of consumers’
necessities and successful realization of commodity suggestion depend on the cost of product,
that can be examined in two aspects: from the point of view of consumers and from the point
of view of businessmen that produce and will realize the prepared or finished products. For
consumers the price means possibility in different measures to satisfy their necessities.
Consumer is ready to pay higher price for the products of high quality. From the point of
view of businessman, acceptable price gives the opportunity to realize finished products and
get sufficient profit.

One of food safety indicators of the country is determining the specific ratio of charges
on foodstuffs in the combined charges of households, it must not exceed 60% (Figure 1). The
critical limit of gross income use of economies is determined at this value.
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Figure 1. Specific weight of food expenses in total household expenses for 2000-2017 years
Data for 2015, 2017, excluding part of the temporarily occupiedterritories in the Donetsk and Luhansk
oblasts
Source for calculation: [30]

In 2000-2001 critical value of this index was observed, after this there was a descending
tendency to 2008, after that an insignificant increase took place in 2017 - this index is
presented 51,6%. Worsening of price food availability compelled the population to promote
part of food charges in family budget. In world statistics such part serves as the important
indicator of the level of country’s development. For the poorly developed countries the low
level of consumption of food combines with high part of food products charges in the lump
sum of family’s charges. Thus, in 2017 it presented 13,4% in France, 8,1% in Great Britain,
17,1 % in Poland, 22,2% in Lithuania. The average value of this index in the countries of
EU- 28 in 2017 was 12,2% [35].

Important aspect of food safety is availability of valuable nutrition for population with
low-income. There is certain differentiation in the consumption of foodstuffs by the
population of Ukraine, that it is also possible to define by means of special indicator which
is determined by the resolution Ne 1379 [29].

The index of differentiation of nutrition cost according to social groups is accounted as
a correlation between by the nutrition cost of 20% of households with the largest income and
cost of nutrition of 20% of households with the least income (Table 3).

The main differentiation of foodstuffs consumption is observed in the groups of fruit,
berries, nuts, grapes. Households of the fifth quintile group consume fruit and berries on the
average more than in two times than households of the first quintile group. Also, wide
difference in the consumption of meat and meat products (in 2017 more than 71%), milk and
dairy products (more than 63% ), fish and fish products (more than 50%), vegetables and
melon-field (more than 52%). At the low middle level of food consumption its large
differentiation destroys quality of food of the poorest layers of population for the cut-off
criteria of food safety and it creates an impending condition. If to examine the tendencies of
consumption differentiation, then in 2017 the decline took place only for meat, dairy
products, eggs and fruit, for other products it became sharp.
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Table 3
Differentiation factor of food by social groups

Food Products 2013 | 2014 | 2015 2016 2017

Meat and meat products 1,82 | 1,81 1,76 1,67 1,71
Increase / decrease to the previous year - -0,01 0,05 0,09 -0,04
Milk and milk products 1,67 | 1,62 1,62 1,70 1,63
Increase / decrease to the previous year - -0,05 0,00 0,08 -0,07
Eggs 1,28 | 1,22 1,24 1,29 1,22
Increase / decrease to the previous year - -0,06 | 0,02 0,05 -0,07
Fish and fish products 1,57 | 1,75 1,60 1,60 1,50
Increase / decrease to the previous year - 0,18 | -0,05 0,00 -0,10
Sugar 1,27 | 1,40 1,39 1,39 1,29
Increase / decrease to the previous year - 0,13 -0,01 0,00 -0,10
Oil and other vegetable fats 1,19 | 1,20 1,13 1,21 1,07
Increase / decrease to the previous year - 0,01 -0,07 0,8 -0,14
Potatoes 1,06 | 1,16 1,11 1,18 1,05
Increase / decrease to the previous year - 0,10 | -0,05 0,07 -0,13
Vegetables and melons 1,46 | 1,55 1,59 1,52 1,52
Increase / decrease to the previous year - 0,09 0,04 -0,07 0,00
Fruits, berries, nuts, grapes 2,57 | 2,59 2,29 2,29 2,15
Increase / decrease to the previous year - 0,02 | -030 0,00 -0,14
Bread and bread products 1,09 | 1,12 1,05 1,08 1,02
Increase / decrease to the previous year - 0,03 -0,07 0,03 -0,06

Data for 2015, 2017, excluding part of the temporarily occupied territories in the Donetsk and Luhansk
oblasts
Source for calculation: [36]

Indicators of food availability providing

Important task of food safety is increase of quantitative and quality descriptions of
population’s food nutrition at simultaneous decline of specific proportion of charges on food
in family budget. Quality description of sufficientness of food nutrition is average daily
calorie content of ration of middle Ukrainian person, the index of physical sufficientness of
food nutrition and purchasing power that is expressed as income can come forward as
quantitative descriptions.

Thus, the integral index of nutrition availability can be the index of purchasing power
of 1 kcal. It can be determined as a relation of amount kcal energy of daily food ration of
average person’s nutrition to specific ratio of charges on nutrition in the general volume of
the combined charges of households. This index will be shown by what amount of kkal will
be on 1% charges on food (Figure 2).
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59,099,3
56,6

Figure 2. The amount of kcal that accounts for 1% of the total food expenditure of the
population in the total household expenditure in Ukraine
Data for 2015, 2017, excluding part of the temporarily occupied territories in the Donetsk and Luhansk
oblasts
Source for calculation [30]

From data of figure 2 it is possible to monitor as availability of nutrition changed during
2000-2017. Thus, if in 2000 on 1% of charges on food in the budget of the combined charges
of households it was 41 kcal, then in 2017 — 52,5, that on 28% of the level of 2000. And
availability of food nutrition in 2017 became better in comparison with 2000. It is interesting
that according to this index it is possible to compare availability of food nutrition between
separate regions and countries.

Thus, in the USA at daily consumption of food in 3800 kcal the specific proportion of
charges on food in the income of households was 14,1% or 270 kcal on 1%. Accordingly on
this index of food availability of the USA prevail Ukraine almost in 5 times [37].

Dynamics of energy unit cost of daily food ration of average person in comparison with
cost-of-living-indexes also can serve as the important indicator of food availability that links
the quality and quantitative level of nutrition availability (Figure 3). This index shows how
the price and income are important for ordinary person’s nutrition.

Thus, for 2010-2017 the cost of 1 thousands kcal had grown almost in 2,3 times,
certainly inflation processes influenced on this in Ukraine. But, as the research showed, the
rates of increase of 1 thousands kcal cost for investigated period except 2015-2016 passed
ahead the rates of consumer price, it is certificate that not only price forms food availability
but also the level of income forming. And the energy cost of daily ration grows quicker than
inflation processes in the country.
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Figure. 3. Dynamics of cost per unit of energy of the daily diet and consumer prices in Ukraine
Data for 2015, 2017, excluding part of the temporarily occupied territories in the Donetsk and Luhansk
oblasts
Source for calculation: [30; 36]

Conclusions

Reasons of unsatisfactory food availability of the country can be: deficit of food; low
level of solvent demand, that is determined by the standard of prices and income; dependence
of internal market on the imported food delivery; low level of products competitiveness in
quality or/and by price at sufficientness of food of own production. It is important to monitor
those tendencies correctly that in actual fact influence on this index.

Indicators of food availability, offered in this research, combine a physical and
economic aspect and they differ from other existing.

The amount of kcal, that is on 1 % of expenses on population nutrition of households
and the cost of energy unit on daily nutrition ration and its correlation in the combination of
charges with the standard of consumer prices to other existent indicators of food availability
will allow to monitor the problems that arise up in the country in relation to provide the
population with food, and, accordingly, to develop events that are needed to use for
availability of valuable and quality person’s nutrition.
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Introduction. The complex analysis of the estimation of the
efficiency of the new food product using the nanoparticles of the
food additive "Magnetofood" on the basis of two and three
valence iron oxides is presented.

Materials and methods. Food products made with the use
of nanoparticles of two and three valence iron oxides
"Magnetofod" (Fe;Os) were investigated using standard and
commonly used methods of experimental studies (organoleptic
indicators for a 5-point scale; moisture and fat removal capacity
using a butyrometer and a refractometer; output the finished
product for the difference of masses), expert analysis.

Results and discussion. The conducted researches indicate
that the introduction of scientifically grounded food products
with nanoparticles will allow to produce competitive products.
The nutritional supplement "Magnetofood" has a significant
functional and technological potential (sorption, antioxidant,
bacteriostatic, emulsifying, stabilizing, foaming and gelling,
water and fat-binding, water and fat-retaining properties), which
causes the introduction of nanoparticles of supplements to
recipes of bakery, flour confectionery, meat, pasty-marmalade
products and cheesecakes and whipped desserts. It contributes to
resource conservation during the production of food products,
the formation of high consumer properties and increase the
product yield and economic efficiency of its production. Food
products made with the use of food nano additives
"Magnetofood"”, has high organoleptic, functional and
technological properties, extended shelf-life. According to the
results of the comparative analysis of quality and price
characteristics of food products with "Magnetofood"
nanoparticles, it was concluded that new products has the more
value for B2B consumers compared with analogues.

Conclusions. A high level of scientific, scientific, technical,
social and economic efficiency of food products with the
addition of a nutritional supplement "Magnetofood" based on
oxides of two and three valence iron is proved.
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Introduction

The experience of world leaders in the food industry [1] shows the urgency of
introducing innovations into the practice of economic activity as one of the factors
contributing to the competitiveness of the enterprise and its further development. The
analysis of the trends in the food industry shows the active use of nanotechnologies in this
area, the application of which in the production of food products is recognized as one of the
most promising areas for the introduction of the results of nanosciences [2-6], in particular,
changes in the qualitative and functional and technological characteristics of food products
[7, 8]. According to [9], the global nanotechnology market will reach $ USA 125 billion by
2024. In the structure of demand for nanoproducts [3], the segments of the consumer market
account for 5.0% of the food market. Researchers on nanotechnology commercialization
point out that food industry enterprises are most prepared for the perception and
implementation of nanotechnologies [2].

Innovative activity of food industry enterprises determines the relevance of research on
methodological principles for evaluating the efficiency of innovative food technologies with
nanoparticles. The results of this assessment contribute to the innovative activity of food
industry enterprises and increase the validity of managerial decisions on the introduction of
innovative products into production.

The analysis of literary data testifies to different positions of researchers regarding the
criteria, indicators and methods of evaluation of innovation products in general and in the
case of introduction of nanotechnologies in particular. Depending on the purpose of the
evaluation, the criteria for the new product include the strategic feasibility, technical
feasibility, consumer perceptions, market opportunities and financial performance [10], the
uniqueness of the product, its market potential, and technical feasibility [11]; use indicators
of safety [12], quality [13], prices of products [13, 14]. Conclusions regarding the
effectiveness of the implementation of innovative developments are based on the principles
of quality estimation, discounting of cash flows, expert assessments [13-16].

Since innovative food products using the Magnetofood nutritional supplement have a
multidimensional nature, and their results are the subject of interest of a significant number
of subjects (producers, consumers, investors, research institutions, etc.). To conclude on the
feasibility of introducing these products into the practice it is advisable to use a set of criteria
and indicators that reflect the interests of key players in the implementation of the innovation
process.

The aim of the research is a comprehensive analysis of the effectiveness of innovative
food products using a nutritional supplement "Magnetofood" based on two and three valence
iron oxides by studying functional and technological properties, quality indices and output
of finished products, scientific, scientific and technical efficiency and its implementation
efficiency, value for the consumer.

To achieve this goal, the following tasks need to be addressed:

— to investigate functional and technological properties, product yield and organoleptic
indices of food products using a rational quantity (0,15% by weight of raw materials) of
a food additive "Magnetofood";

— toconduct a comprehensive analysis of the effectiveness of the introduction of innovative
food products using a nutritional supplement "Magnetofood" based on two and three
valence iron oxides.

—— Ukrainian Food Journal. 2019. Volume 8. Issue 2 401



-Economics and Management ——
Materials and methods
Materials

In the course of the research, food products with the addition of a nutritional supplement
"Magnetofood" based on two and three valence iron oxides were used: bread and flour
confectionery, minced meat product, sour-milk products, pasty and marmalade products,
whipped fruit and desserts.

Methods

Food products using a nutritional supplement "Magnetofood" based on two and three
valence iron oxides have been investigated using standard and commonly used methods of
experimental studies, expert analysis.

The method of complex evaluation of the effectiveness of the introduction of food
products with nanoparticles involves the following stages.

1. To form a group of experts.

To determine the effectiveness of the introduction of innovative food products with
nanoparticles, form a group of experts, which include experts in the field of food technology.
The number of experts (m) is determined by the formula:

2
t

m=-%, (1)
82

where m — number of experts, persons;

t, — the tabular value in accordance with the accepted confidence probability a;

o, — confidence probability, %;

& —maximum permissible error.

To determine the competence of experts, were used the methods of questionnaire survey
and self-assessment.

2. To carry out an expert evaluation of innovative food products with nanoparticles on
the criterion of scientific effectiveness.

To do this, were formed a questionnaire to include questions about the scientific level,
novelty, depth of scientific developments and knowledge of products. Characteristics and
scale for expert evaluation of the scientific effectiveness of innovative food technologies are
given in Table 1.
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Table 1
Characteristics and scale of evaluation of innovative food products with nanoparticles on the
criterion of scientific efficiency

Linguistic assessment
. high level average level | low level
Indicator £ | £ . |
Scale for evaluation
3 points 2 points 1 point
A new direction of The existin
Scientific scientific knowledge | Existing techniques . &
! theoretical positions
level and research has been | have been improved
are confirmed
created
Fundamentally new Methods, ways to Solutions based on
Novelty . A
results create new products | simple generalizations
The hypoth r
¢ hypotheses are Hypotheses are
theoretically .
The depth of . theoretically
L substantiated and Hypotheses are
scientific grounded and tested .
tested on a large theoretically grounded
development on a small amount of
amount of .
. experimental data
experimental data
. The coefficient of The coefficient of
The coefficient of . . . .
. . knowledge intensity | knowledge intensity of
knowledge intensity -
corresponds to the | products is smaller, the
Knowledge of | exceeds the average
. average value of average value of
products value of enterprises . ) .
. enterprises of a enterprises of a certain
of a certain type of . .
. . certain type of type of economic
economic activity . . e
economic activity activity

Developed on the basis of [12-14].

Calculate the coefficient of scientific efficiency (K, ) v:

_j=li=l (2)

where K, — coefficient of scientific efficiency;
B, — actual value of the i-th indicator of scientific effectiveness, score;
B

max — the maximum value of the i-th indicator of scientific effectiveness, the score;
n — the number of scientific performance indicators, units;

k —number of experts, persons. B,;
To assess innovative food products on the criterion of scientific efficiency to adhere to
these conditions (Table 2).
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Table 2
Estimation of innovative food products with nanoparticles
on the criterion of scientific effectiveness

Value of the factor Conclusion

0< K, <0,33 Low level of scientific effectiveness of innovative food
products with nanoparticles
0,34 < K, <0,66 The average level of scientific effectiveness of innovative
food products with nanoparticles
0,67< K, <1,0 High level of scientific effectiveness of innovative food
products with nanoparticles

3. To carry out an expert evaluation of innovative food products with nanoparticles on
the criteria of scientific and technical efficiency.

For this purpose, to formulate a questionnaire to include questions about the prospects
of use, scale of implementation, period and degree of implementation of technologies of
innovative food products with nanoparticles. Characteristics and scale for expert evaluation
of scientific and technical efficiency of innovative food technologies are given in Table 3.

Table 3
Characteristics and scale of evaluation of innovative food products with nanoparticles on the
criterion of scientific and technical efficiency

Linguistic assessment
Indicator High level | High level : | High level
Scale for evaluation
3 points 2 points 1 point
. Results can be found | Results can be used to Results can be
Perspectives of . .. . . .
in many scientific develop a particular used in applied
use L ..
fields scientific direction research
Scale of National, world . cha! rparket,
X . Regional market individual
implementation economy .
enterprises
Implementatlon Up to 3 years old From 3 to 5 years More than 5 years
period
The results are
published
in the form of
. The results are
scientific reports, N The results are
. . formalized in the form . .
Degree of formalized in the . published in the
. . . of normative and L
implementation form of normative . form of scientific
. technical
and technical . reports
. documentation
documentation,
introduced into
practical activities

Developed on the basis of [12-14].
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Calculate the coefficient of scientific and technical efficiency ( K, ) by the formula:
k m
22 By

__J=lp=l
Kst =———, 3)

2.2 Bipman

Jj=1p=1
where K, — coefficient of scientific and technical efficiency;
B, - actual value of p-th indicator of scientific and technical efficiency, score;

B, max — maximum value of p-th indicator of scientific and technical efficiency, score;

m—number of indicators of scientific and technical efficiency, units;
k —number of experts, persons.

To assess innovative food products by the criterion of scientific and technical efficiency,
to adhere to these conditions (Table 4).

Table 4
Estimation of innovative food products with the acquisition of criteria of scientific and technical
efficiency
Value of the factor Conclusion
0<K,<0,33 Low level of scientific effectiveness of innovative food
products with nanoparticles
0,34 <K, < 0,66 The average level of scientific effectiveness of
innovative food products with nanoparticles
0,67< K,< 1,0 High level of scientific effectiveness of innovative food
products with nanoparticles

4. To carry out an experimental study of the quality of food products with nanoparticles
of the additive "Magnetofood".

To do this, determine the organoleptic and functional-technological indicators by type
of food products.

Calculate a comprehensive index of food quality by the formula:

k z
S35,
Kgr = —k] :lzle , 4

22 Bormax

Jj=1x=1
where Kqr — coefficient of quality 7-th products;

B, — actual value of the quality of 7-th products in the x-th indicator, score;

B, max — the maximum value of the quality of r-th products in the x-th indicator, the
score;

z —number of quality indicators, units;

k —number of experts, persons.
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To identify the quality of innovative food products with nanoparticles, to adhere to
these conditions (Table 5).

Table 5
Estimation of innovative food products with nanoparticles
on the criterion of quality

Value of the factor Conclusion
0<Kqr<033 The quality of innovative food products with
nanoparticles is low
0,34 <Kqr<0,66 The quality of innovative food products with
nanoparticles is average
0,67 <Kqr <1,0 The quality of innovative food products with
nanoparticles is high

5. To carry out an expert evaluation of innovative food products with nanoparticles on
the criterion of value for the consumer.
To do this, calculate the food value ratio by matching the quality and price availability
factors.
The coefficient of price availability of innovative food products with nanoparticles is
based on the formula:

Kpr="r, 5)

cr

where Kpr— coefficient of price availability of 7-th products;
P.— the price of 7-th products, monetary units;

P, —the price of a product-analogue of 7-th products, monetary units.

The coefficient of value of innovative food products with nanoparticles for the
consumer to calculate by the formula:
Kqr
Kv==24" (6)
Kpr
To identify the value of innovative food products with nanoparticles for the consumer,
to adhere to these conditions (Table 6).
Table 6
Estimation of innovative food products with nanoparticles
on the criterion of value for the consumer

Value of the Conclusion
factor
The high value of innovative food products with nanoparticles for the
Kv>1,0 consumer; the benefits received by the consumer exceed the cost of
purchasing the product
Low value of innovative food products with nanoparticles for the
Kv =10 consumer; the benefits received by the consumer correspond to the cost

of purchasing the product

The low value of innovative food products with nanoparticles for the
Kv <1,0 consumer; the benefits that the consumer receives is less than the cost of
purchasing the product
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6. To carry out an expert evaluation of innovative food products with nanoparticles on
the criterion of economic efficiency.

To do this, determine the growth of profitability of production per unit of output by the
formula:

P, -
AR, = [”—C’ijloo—&o, (7

rl

where AR —an increase in the profitability of -food products in the event of the introduction
of innovative technologies, %;

P, — the price of sales of r-innovation food products, monetary units;
C,, — cost price of r-food products according to traditional technology, monetary units;

C,,— the cost price of r-food products in the case of the introduction of innovative
technologies, monetary units;
P, — the profitability of the r food in accordance with traditional technology, %.

7. Conclude on the effectiveness of the introduction of innovative food products with
nanoparticles.

Results and discussion

In accordance with the methodology of the integrated analysis of the effectiveness of
the introduction of innovative food products, as outlined above, the evaluation of innovative
food products using the nanoparticles of a food additive "Magnetofood" based on two and
three valence iron oxides was carried out, the results of which concluded that a high level of
efficiency of the indicated innovation development.

The results of scientific work have significant potential not only in the food industry,
but also in the field of production of cosmetic and pharmaceutical products, food products of
medical and preventive action, indicating the prospects of using the scientific results obtained
in many scientific fields and types of economic activity.

Innovative is not only the indicated theoretical and experimental scientific results, but
also brought to the practical introduction into the economic activity of food industry
enterprises new types of products that have a high level of knowledge intensity (Figure 1).

According to calculations, the coefficients of scientific and scientific and technical
efficiency of food products made with the use of a nutritional supplement "Magnetofood"
based on two and three valence iron oxides were 0.83 and 0.84 points, respectively, indicating
a high level of scientific and scientific-technical efficiency developed innovative food
products (Table 7).
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Innovative food products with nanoparticles

—actual scientific effectiveness, % basic scientific effectiveness, %

Figure 1. Indicators of scientific effectiveness of products based on the results of the
introduction of innovative food products with the addition of 0.15% of a nutritional supplement
""Magnetofood" based on two and three valence iron oxides, %

The most highly appreciated by experts were scientific efficiency and the prospect of
using the results. The maximum values in these areas reached 0.88 and 0.90 points,
respectively.

Based on the innovative idea of food products using nanoparticles, innovative products
characterized by high organoleptic characteristics (Figures 2-13) and new functional and
technological properties — sorption, emulsifying, structuring, foaming and gelling,
stabilizing, water and fat-binding, water and fat-retaining properties (Table 8 and Figures 2—
13). Experimental way is the rational mass fraction of nutritional supplement "Magnetofood"
on the basis of two and three valence iron oxides in the formulation of food products, which
is 0.15% of the mass of raw materials [19, 20].
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Table 7

Results of expert evaluation of innovative food products using a dietary supplement ''Magnetofood"
based on two and three valence iron oxides on the criteria of scientific and scientific — technical

efficiency
Indicator - Value, score Coefficient
maximum | actual
Scientific performance
Scientific level 3,0 2,4 0,81
Novelty 3,0 2,4 0,79
The depth gnd exFent of the 3.0 2.5 0.83
dissemination of ideas
Scientific efficiency of products 3,0 2,6 0,88
Together 12,0 9,9 0,83
On the average 3,0 2,5 0,83
Scientific and technical performance

Perspectives of use 3,0 2,7 0,90
Scale of implementation 3,0 2,5 0,83
Implementation period 3,0 2,4 0,81
Degree of implementation 3,0 2,5 0,83
Together 12,0 10,1 0,84
On the average 3,0 2,5 0,84

Form

Color is fleshy
Mixing degre \ Crumbiness
AA!“‘
Baking degree DS Elasticity

Wy

resence of crunch
during chewing

N2

Rye wheat bread with nanoparticles additive "Magnetofood"

— — = Rye wheat bread - control

added to "Magnetofood" in comparison with control rye-wheat bread
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Consistency Consistency

I Shplced-gg_ke \:':'ll\'}lh nanorfJartcllc":Ies O Oat biscuits with nan-particles
the additive "Magnetotoo additives "Magnetofood"

= = = Spice-cake with - control — — = Oat biscuits - control

Figure 3. Levels of quality of organoleptic

properties of spice-cake cooked with Figure 4. Levels of quality of organoleptic
nanoparticles of the additive "Magnetofood"  properties of oat biscuits with nanoparticles
in comparison with control — spice-cake of the additive ""Magnetofood" in

comparison with the control — oat biscuits,
made according to the traditional technology

Appearance Appearance

Color Color

= Minced meat product with
nanoparticles additive "Magnetofood"

Beefsteak with nanoparticles
additives "Magnetofood"
— — — Minced meat product - control ~~ ===== Beefsteak - control

Figure 5. Levels of quality of organoleptic
properties of minced meat products cut with
nano-particles of additive '"Magnetofood" in

comparison with control — minced meat
products manufactured using traditional
technology

Figure 6. Levels of quality of organoleptic
properties of beefsteaks with nanoparticles
of supplements "Magnetofood" in
comparison with control — beefsteaks made
according to traditional technology
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Shape Shape

Color and and
surface surface
onsistency onsistency

Shaped jelly marmalade on pectin
with "Magnetofood" nanoparticles

===== Shaped jelly marmalade on pectin

Shaped jelly marmalade on agar
with "Magnetofood" nanoparticles

. - control
----- Shaped jelly marmalade on agar -
control
. . . Figure 8. Levels of quality of the
Figure 7. Levels of quality of organoleptic organoleptic properties of the shaped jelly
properties of shaped jelly marmalade with marmalade with nanoparticles on pectin
nanoparticles on agar with nanoparticles of with nanoparticles of the additive
the additive ""Magnetofood" in comparison "Magnetofood" in comparison with the
with control - shaped jelly marmalade on control — shaped jelly marmalade on pectin,
agar, made according to traditional made according to the traditional technology
technology
Taste Taste
5
Shape
Color Color and
surface
onsistency
Scent and
Scent structure

structure

= \Nhite pink marshmallows on agar e \\/hite pink marshmallows on pectin

with "Magnetofood” nanoparticles with "Magnetofood" nanoparticles
- = = White pink marshmallows on agar- = — — White pink marshmallows on pectin
control

control

Figure 9. Levels of quality of organoleptic
properties of white pink marshmallow on
agar with nanoparticles of the additive
""Magnetofood" in comparison with control
— white and pink marshmallows on agar,
made according to the traditional technology

Figure 10. Levels of quality of organoleptic
properties of white pink marshmallows on
pectin with nano-particles of additive
""Magnetofood" in comparison with control
— white pink marshmallows on pectin, made
according to traditional technology
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Shlape, Shape,
consistency, consistency,
texture texture

5 5

Appearance Appearance

Color

Scent aste Scent Taste

Berry fruit mousse with Berry fruit sambuca with
"Magnetofood" nanoparticles "Magnetofood” nanoparticles
— — — Berry fruit mousse - control = = = Berry fruit sambuca with
"Magnetofood” nanoparticles

Figure 11. Levels of the quality of the Figure 12. Levels of quality of organoleptic
organoleptic properties of the berry fruit properties of berry fruit sambuca with
mousse with the nanoparticles of the additive nanoparticles of the additive ""Magnetofood"
"Magnetofood" in comparison with the in comparison with control — berry fruit
control — berry fruit mousse produced by sambuca made according to traditional
traditional technology technology

C%nsistency

Color Taste

Appearance™ “Scent

Cheese dessert with "Magnetofood"
nanoparticles
= = = Cheese dessert - control

Figure 13. Levels of quality of organoleptic properties of
cheese dessert with nanoparticles of supplement
""Magnetofood" in comparison with control — cheese
dessert made according to traditional technology
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From Figure 2-13 it follows that the introduction of nanoparticles of a dietary
supplement "Magnetofood" based on the two and three valence iron oxides improves the
organoleptic parameters of food products by an average of 0.6—0.8 points in comparison with
control samples, made according to the traditional technology. This is due to the correction
of functional and technological properties of food systems under the influence of
"Magnetofood" nanoparticles, in particular, stabilizing, gelling and foaming ability; the
formation of aqua and lipid complexes, the uniform distribution of moisture in the system.

Table 8 shows the influence of "Magnetofood" nanoparticles on the functional and
technological properties of food products.

Table 8
Output products, water-retaining ability (HRA) and fat-retaining ability (FRA) of food
products with nanoparticles of food additive "Magnetofood'" in comparison with control

Name of ?ol:itll::tts Water-retaining Fat-retaining ability
food products p % ’ ability (HRA), % (FRA),%
(1]
Rye— wheat bread with ) o5 9. 58,0+1,0 68,4+2,0
nanoparticles
Rye — wheat bread 82,7+1,0 50,0+1,0 62,1£2,0
Spice-cake with 88,7+1,0 55,0£1,0 70,4+2,0
nanoparticles
Spice-cake «Kharkivski» 84,4+1,0 46,2+1,0 64,1+£2,0
Oat biscuits with 86,8+0,9 56,0+1,0 69,4+2,0
nanoparticles
Oat biscuits with traditional 81.440.9 48,0+1.0 63.142.0
technology
Minced meat product with | g5 4, 7 82,040,9 734410
nanoparticles
Minced meat product by ) g g, 5 72,3+0,9 66,1+1,0
traditional technology
Beefsteak with 86,4+0,7 81,3+0,9 72,3+1,0
nanoparticles
Beefsteaks by traditional 81,840.7 71,040.9 65.241.0
technology

It can be seen from Table 8 that the addition of Magnetit of (Fe;O4) nanoparticles in the
amount of 0.15% to the mass of raw materials contributes to an increase in the yield of
finished products by 4.3-5.4% due to the water and fat retaining ability of the nanoparticles
"Magnetofud"; HRA — by 8.0-10.3%, FRA — by 6.3—7.3% due to the mechanism of cluster
affinity of nanoparticles of the additive [17, 19].

According to the expert assessments, the coefficients reflecting the quality and price
availability of innovative food products are within the range of 0.67-1.0 and 0-1.0
respectively, and their ratio (quality to price) is greater than 1.0, indicating that the high value
of innovative products for the consumer (Figure 14).
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1,00
0,98
0,96
0,94
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o
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1,06

Coefficient of value products
for the consumer (quality-price)

nanoparticles
nanoparticles

on agar

Beefsteak with nanoparticles
on pectin

Oat biscuits with nanoparticles
Spice-cake with nanoparticles

Cheese dessert with nanoparticles |

Rye - wheat bread with nanoparticles
Minced meat product with nanoparticles
Shaped jelly marmalade with nanoparticles
Shaped jelly marmalade with nanoparticles
White pink marshmallow on agar with
White pink marshmallow on pectin with
Berry fruit mousse with nanoparticles
Berry fruit sambuca with nanoparticles

Innovative food products with nanoparticles
— actual coefficient of product value for the consumer
— basic coefficient of product value for the consumer

Figure 14. Indicators of the value of food products using the nanoparticles of the nutritional
supplement “Magnetofood” for consumers, coefficient

The calculation of the selling prices for the new products developed and their
comparison with the prices for products manufactured according to the traditional technology
allowed us to conclude that as a result of the use of a nutritional supplement "Magnetofood",
which causes an increase in the output of finished products, the cost of raw materials for new
products are smaller compared to analogues, which, in other equal conditions, leads to an
increase in profits and an increase in the profitability of products.

According to the calculations, the price of the developed innovative products
corresponds to the prices for analogue products, which, taking into account higher qualitative
characteristics, gives the company the opportunity to increase the profitability of innovative
products by 0.2-5.4% and to obtain additional profit.
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Conclusions

As a result of the study, the following conclusions were drawn.

Complex assessment of the effectiveness of the introduction of innovative food
products had been carry out, which involves the implementation of interconnected
stages in determining the scientific, scientific and technical efficiency of innovative
technologies, the quality and value of innovative products for the consumer, the
economic efficiency of the introduction of innovative food products.

The improvement of organoleptic parameters of food with the use of a food additive
"Magnetofood" on the basis of on two and three valence iron oxides was improved by
an average of 0.6—0.8 points in comparison with control samples, made according to the
traditional technology. It was established that the addition of Magnetitofud (Fe;O4)
nanoparticles in the amount of 0.15% to the mass of raw materials contributes to an
increase in the yield of finished products by 4.3—5.4% due to the water and fat-binding
properties of Magnetofood nanoparticles; HRA — by 8.0-10.3%, FRA — by 6.3-7.3%
due to the mechanism of cluster affinity of nanoparticles of the additive.

On the basis of the integrated evaluation of innovative food products using a nutritional
supplement "Magnetofood" on the basis of on two and three valence iron oxides, the
effectiveness of its implementation is established.
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AHoTauii
XapuoBi TexHosnorii

XapakTepucTHKA apOMATHYHMX CIOJYK | aHTHMIKPOOHHMX BJIacTUBOCTel edipHuX
0J1i#i 3 YOTHPBLOX cneniii ponuuu Lamiaceae

Xagize Dipan', Cranko Crankos!, Tans Isanosa',
AnGena Crosinopa!, Cranka Jlamsnosa?, Cesai Ep ki’
1 - Vuisepcumem xapuosux mexnonoeiu, Ilnosous, Boreapis
2 - Pycencokuii ynieepcumem «Aneen Kanueey, ginis Pasepao, boneapis
3 - Vuieepcumem «Amamiopxy, Epzypym, Typeuuuna

Beryn. IlpencraBHuku poauHu Lamiaceae IMPOKO BUKOPUCTOBYIOTHCS Y XapdoBii
MIPOMUCIIOBOCTI, OCKIJIBKH XapaKTEePU3yIOThCS BUCOKMM BMiCTOM apOMaTHYHUX CIIOTYK.

Martepianu i metonu. OuUiHEHO XIMIYHMI CKJIaj Ta aHTHOAKTepiaJbHYy aKTHBHICTH
edipHux omiit uedperro (Thymus vulgaris L.), poamapuny (Rosmarinus officinalis L.), m'sitn
(Mentha spicata L.) ta 6asmmiky (Ocimum basilicum L.).

PesyabraTu i odrosopennsi. [IponeHTHHIT BMICT JIETKMX KOMITOHEHTIB, OTPUMaHHX
meronoM ['X-MC-ananizy edipHoi omii uedperto, mictute tumon (37,90%) i y-TepnineH
(19,44%). Busnaueno Bwmict eBkamintony (19,89%) i xamdpopu (16,86%) B ediphiii omii
po3mapuHy Ta kapBoHy (50,23%) i mumoneny (13,90%) B edipHiit omii M'stu. BigmiHHOCTI
B KiJIBKICHOMY Ta SIKICHOMY cKJaji edipHUX OJliif Ta X apOMaTHYHUX KOMIIOHEHTIB, SIKIIO
MOPIBHATH 3 TONEPEIHIMH JOCHIDKEHHSIMH, WMOBIPHO, TIOSCHIOIOTBCS — PIZHUMH
€KOJIOTIYHUMH Ta TEHETUYHUMH (PaKTOpaMH, PI3HUMH XIMIOTHIIAMH Ta CTATyCOM >KUBJICHHS
POCITHH, a TAKOXK 1HIIUMH (aKTOPaMHu, SIKi MOXKYTh BIUIMBATH Ha TXHil ckiiaj. 3’sCOBaHO, 10
HaOIIbI 4yTIMBUM OaktepianbHuM ItamMoM € Escherichia coli. Edipai omii m'stu i
pO3MaprHy MaloTh HaMOUIBII BUpakeHy aHTHOaKTepianbHy akTHBHICTH 11070 Escherichia
coli (i3 30Hamu iHTiOYBaHHA 32 MM 1 30 MM).

BucnoBok. OTpuMaHi pe3yJbTaTH MOXYTh CIYTYBaTH MIATPYHTSIM JUIs TIOTIIHOJIEHOTO
BUBYEHHS XIMIYHOTO CKJaay Ta aHTUMIKpOOHHMX BIACTHMBOCTEH DI3HMX YIIEHIB POAWHU
Lamiaceae 3 orysiny Ha iX HIMPOKE 3aCTOCYBaHHsI B XapyuOBil TEXHOJOTII.

Kurouosi ciioBa: edipna omist, Lamiaceae, uabpeys, posmapun, m’sama, OA3UIK.

KpionporekTopHa 37aTHICTh KPOXMAJIBHOI IATOKH Y CKJIAJAi MOPO3UBA APOMATHYHOTO
Ta IJIOAOBO-AATiTHOTO

Iamuna [ominryk, Okcana bace, Terstna Ochmak, Hatamist Bpeyc
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Betyn. Mera HayKOBOTO IOCHIJDKEHHSI — BUBYHUTH BILTHB KPOXMAaJIbHOI TATOKH PI3HOTO
BYIJIEBOJHOTO CKJIQAy Ta I KOMIIO3MIIHHMX cymimied Ha (opMyBaHHs (Di3MKO-XiMiYHHX
MOKa3HUKIB MOPO3MBa Ha OCHOBI IIyKPOBUX CHUPOIIIB.

Martepianu i meromu. Sk 3aMIHHUK LYKpPY IS MOpPO3UMBAa BHKOPHUCTOBYBAJIH
KPOXMAJIBHUI CHUPOIT 3 Pi3HUMHU (DYHKIIIOHAJHHUMH 1 TEXHOJIOTIYHUMHU BIIACTUBOCTSIMH —
raToka KapamesbHa 3 HU3bKUM BMicToM onykproBanHs (I1K) i rimroko3o-ppykTo3nuii cupor
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(I'®C) 3 BMicToM cyxoi pedyoBuHM He MeHIIe 78%. KpiockoniuHy TemMrepaTypy BU3HAYaIN
3a JIoNoMororo Tepmomerpa bekmaHa, BMicT BUMOPOXKEHOT BOJIM pO3PaxOBYBaJIH BiIIOBIIHO
JI0 OIEpYKAHUX 3HAYCHb KPIOCKOMIYHOI TeMIepaTypH, MIKpPOCTPYKTYPY IOCHIPKYBalIX 3a
JIOTIOMOT'OI0 CBITJIOBOTO MIKPOCKOITY 3 OXOJIO/DKYIOUOIO0 Kameporo 3a 30iibmenHs x400 ta
x600.

PesynbraTi i 00roBopeHHs. /{711 MOBHOI 3aMiHU IYKPY y CKJIalli MOPO3UBa OOPaHO
KpPOXMaJIbHY MATOKY Pi3HOI'O CTYIEHs OLYKPIOBaHHS: TIFOKO3HO-(pykTo3HU cupon ['OC
(mexcrpo3Huii exBiBasieHT 98) 1 maroky kapamenbHy [IK (mexctposnuii exBiBaieHT 30).
I'®C, mopiBHAHO 3 KOHTPOJBHUMH 3pa3KaMd 3 IYKPOM, 32 PaxyHOK BHCOKOTO BMICTYy
MOHOIIYKPIB HaWCYTTEBIilIE 3HIKYE KPIOCKOMIUHY TeMnepatypy cymimeil. Haromicts T1IK
MiBUIIYE 1IeH MMOKa3HHUK, TOMY UIsl MiATPUMaHHS PEKOMEHJI0BaHOTrO OallaHCy 32 BMICTOM
BUMOPOXKCHOI BOIU HAa KOXKHOMY €Talli HHU3BKOTEMIICPATypHOro OOpOOJICHHS CyMillei
MOpO3UBa JOIUJIBHUM € TIOEAHAHHS KpIOMPOTEKTOPHOI 3JaTHOCTI MNAaTOK 3 pI3HUM
JIEKCTPO3HUM EKBiBaJIeHTOM. Po3paxoBaHi Jiala30HH ONTHMAJIbHUX CIIBBITHOIICHb MiX
I'dC i TIK y ckimagi KOMIO3MLIHHUX CyMilIei, IO JaroTh 3MOTI'Y OAEPXKYBaTH BMICT
BUMOPOKEHOI BOAM BiJINOBIIHO IO KOHTPOJIBHUX 3pa3kiB — Bix 30:70 1o 40:60 myis Mopo3uBa
apomartuyHoro i Big 50:50 1o 90:10 — my1st MOpo31Ba IJI010BO-ATiTHOT0. MiKpOCTPYKTYpHHIA
aHaJIi3 3pa3kiB MOpPO3MBA IiJTBEPIHB JOIJILHICTH MOBHOI 3aMiHU I[yKPY Ha KOMITO3MIIT
maTok, mo 3abe3nedye (GOpMyBaHHsS OUIBII TOMOI'€HHOI CTPYKTYPH TOTOBOTO IIPOAYKTY,
MIOPiBHSHO 3 KOHTPOJILHUMH 3Pa3KaMU 3 IlyKPOM.

BucnoBku. KpiockomiyHy TemrepaTypy CyMilllei, BMIiCT BHMOpPOXXKEHOI BOOH Ta
PO3MIpH YacTOUOK JHUCIIEPCHHX CHCTEM MOPO3MBA MOXKHA pETYNIOBATH IUITXOM
3aCTOCYBAaHHS KOMITO3UIIIH KPOXMAaJIbHOI ATOKH 3 PI3HUM JEKCTPO3HUM €KBiBaJIEHTOM.

Kunro4oBi ciioBa: mopo3sueo, namoxa, KoMnosuyis, UMOpOICy8anHs, 8004.

BioakTuBHicTh MJI0AIB aJKMPCHKOI GiHikoBOI manbmu Phoenix dactylifera L.

darma Mixoy6, @pexa ['oypuana, Cadia Jlaxmap-Toymi
VYuisepcumem 16n Xanooyn, Tiapem, Anxicup

Beryn. JlocnimkeHHs POBEACHO 3 METOIO OIIHKH invitro (BiTOXiMIYHOTO MpodiIio Ta
aHTHOAKTEepiaTbHOI aKTUBHOCTI TUIOIB ADKUPCHKUX (DiHIKOBHX TMAJbM, IO BiJHOCATHCS IO
pony Phoenixdactylifera L.

Marepianu i meromu. DiToxiMiyHMI aHami3 SKICHUX 1 KUIBKICHUX (TOTaJIbHHX
nomieHoniB, (IABOHOINIB 1 AHTHOKCHIAAHTHOI AKTUBHOCTI) NPOBOAWJINA Ha BOJHUX 1
METaHOJNBHUX EKCTpaKTaX CeMU COpTIB (iHIKIB 3 METOI0 OLIHKM aHTHOAaKTepialbHOI
akTuBHOCTI mpotH ImTamiB Staphylococcusaureus ATCC 25923 i mramiB Escherichiacoli
ATCC 25922.

Pesyabratun i ofroBopennsi. DiTOXIMIYHUIA CKPUHIHT BOJHHUX 1 METaHOJIBHHX
€KCTPaKTIB II0Ka3aB HAasSBHICTh JEKUIBKOX CIMEWCTB XIMIUYHHMX CIIONYK, TaKHX SIK
KaTex1HOBITaHIHM, CAIIOHIHM 1 TEpIIEHOiM B CeMHU BapiaHTax (QiHikiB. CKpPHHIHT LHX
€KCTPaKTIB BUSBIISIE HE3HAYHI SKIiCHI BIIMIHHOCTI 3 II€pEBarol CaloHiHIB y BOIHOMY
€KCTPaKTIi, y TO! Yac SIK TePIeHOI 11 HasBHI Y BEJIHKil KUTBKOCTI B METAHOJIIEHOMY €KCTPAKTI.
KinpkicHa XapaKTepHCTHKa EKCTPaKTiB IOKa3aja IOCTOBipHO BHUcoki piBHI (P<0,05) B
METaHOJILHOMY eKCTpaKTi 3: 85,84+0,8 mo 275+0,07 Mr exBiBasieHTy ranoBoi kucioru /100 T,
36,940,3 mo 70,14+0,9 Mr ekBiBasienTy kBeprutuny/100 r i 18,5+0,9 1o 58,5+0,5% 66,1+0,2
o 189+0,09 mr exBiBaneHTy ranopoi kucinotu/100g, 29,1+0,5 no 50,8+0,6 Mr eKBiBaJICHTY
kBepuutuHy/100 T mo 14,7404 nmo 41+0,1% y BOAHMX eKCTpakTax IS 3arajbHUX
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nomipeHoniB, (QIAaBOHOIMIB 1 3HIKYBAJIBHOI MOTY)KHOCTI BiamoigHo. [Ipu mocmimkeHHI
CIPUHAHATIMBOCTI BHJIB OakTepiii A0 pi3HMX ekcTpakTiB mioniB Phoenix dactylifera L.
MeTooM JuQy3ii arapoBUX CBEp/UIOBMH BH3HAUYE€HO MAaKCHMAllbHHH JllaMeTp 30HH
iarioyBannsa — 43,0+£1,0 i 26,3+1,5 MM aJ11 METaHOIBHOTO €KCTPAKTY copTy Tamesritmporu
S. aureus i llItamy E. coli BignoBinHo. MiHiManbHi iHT10yI041l KOHIEHTpALil CTAHOBHIIH Bil
0,08 r/mit 1715t METaHONIBHOTO eKCTpakTy copty H'miranporu E. coli mo menu Hixk 0,04 r/mn
JUIsS METAaHOJIBHUX eKCcTpakTiB copTiB Tamesrit, Akerbouch i Bent Kbalanpotu S. aureus.

BucnoBok. BpaxoBytoun BMicT monieHONiB, (pIaBOHOINIB 1 aHTHOKCHAAHTHY
aKTHBHICTb €KCTPAKTiB (iHIKIB, MO)KHA 3pOOMTH BHCHOBOK, IO II€H NMPOAYKT MOXe OyTH
BIIMIHHHMM JKEPEIOM aHTHOKCHIAHTIB 1 010KOHCEPBATIB.

KurouoBi cnoBa: ginix, anmubaxmepianeruil, anmuoxkcuoanm, Anscup.

AHTHOKCHIAHTHI BJIACTUBOCTI TA XaPAKTEPUCTUKHU KOJIbOPY 0iCKBITHOr0 meunBa 3
(pyHKIiOHATHBHUMH KOMIIOHEHTAMH

JKuska I'opanosa', Mapianna baesa?, Panka Bpanuera?,
Tonopka Ilerpora’, Crean Credanos?
1 - Incmumym 36epieanns i skocmi npodosoavcmea, [lnosous, boneapis
2 - Vnisepcumem xapuoeux mexuonozit, Ilnosous, boneapis

Beryn. locnimkeHo BIIMB (DyHKIIOHAJIBHUX KOMIOHEHTIB (TOMIHAMOYp, JTYLIITHHHS
KaKao 1 MIIEHNIIi-0JTHO3EPHIHKH) Ha KOJIip, aHTUOKCUIAHTHI Ta (yHKI[IOHAJIbHI BIACTUBOCTI
OiCKBITHHX KOPIXKIB.

Marepianu i MmeTomu. AHTHOKCHIAHTHY aKTUBHICTh OICKBITHHX KOpXIB OL[IHIOBaJIH
meromamu ABTS, CUPRAC, FRAP i DPPH. Anani3 npo0 Takox BKJIIOYAaB BHMipIOBaHHS
BJIACTHBOCTEH KOJbOpy B cucremi kombopoBocti CIEL*a*b* 3 BuxopucraHHsM
KOJIOpHMETpA.

Pe3yabraTu i 0droBopenns. HaiiMeHia aHTHOKCHAaHTHA aKTHBHICTD CIIOCTEpiraiacst
B 100-BiICOTKOBOMY MIIEHUYHOMY OOpOIIHI (KOHTPOJIb), OLIHEHOMY YOTHPMa METOAAaMHU.
OpHaK aHTHOKCHIAHTHA aKTHBHICT, He BUsiBIieHa MerogoM DPPH. AHTHOKCHIaHTHa
aKTHBHICTb OOpOIIHA 3 KaKao-IyIINHHHSIM IOPOIIKY Ta IeYWBa 3 JIYLIINWHHAM Kakao
MOCTI/DKEHa YOTHpMa METOIAaMHU JUIsl PI3HUX MEXaHI3MIB aHTHOKCHIAHTHOI  Jii.
AHTHOKCUIAaHTHA aKTUBHICTh (DYHKI[IOHAJIBHUX KOMITOHEHTIB - TIOPOIIOK KaKao-TyIITHHHS
Ta IUJILHO3EPHOBOrO OOpOINHA IMIIEHHI-OMHO3EpHHKH, M0 Bu3Hadaetbesi CUPRAC-
aHaizoM, ckiana 203,75+0,55 mM TE/g DM; 117,9440,24 mM TE/g DM, a 3rigHo 3 ABTS-
anamizoMm — 107,5 £0,68 mM TE/g DM; 520,85+5,71 mM TE/g DM BignosigHo.

BickBit 3 50% IUJIBHO3EPHOBOrO OOpOIIHA MIINCHUII-OAHO3EPHIHKA  MOXE
posrisiaaTics sIK (yHKLIOHANBHUNA TPOAYKT 3 Oinbll e(peKTUBHUMH aHTHOKCHUAAHTHUMHU
BIacTUBOCTAMHU. SIckpaBicTh (58,50 £ 7,43), 3HaUCHHS MOKa3HUKIB Koabopy a* (9,90 = 1,93)
i b* (26,31 + 0,85) I KOHTPOJIO CKOPMHKU iCTOTHO HE BiIPi3HSUIUCS BiJ NOKA3HUKIB
OICKBITY 3 IIIIBHO3EPHOBOTO OOpOIITHA 3 MIICHHUITI-0nH03epHAHKH (L* = 60,48 + 6,27; a* =
9,42 £1,69; b * = 25,68 & 1,44), TOMY 1110 KAPOTHHOIIH 1 JIFOTETH JAIOTh rApHE HAOIVOKCHHS
JI0 KOJIbOPY, SIKOTO Hajae OICKBITY IJIbHO3EpHOBE OOPOLIHO i3 MIIEHUIIi-OAHO3EPHIHKH.
Koumip cepenunu M’sikyIia Ha KOHTPOJILHOMY 3pa3Ky OyB MOJIOHMIA 10 KONbOPY OiCKBITY 3
LIBHO3EPHOBOI0 OOpOIIHA MIIEHUII-OJHO3EPHIHKU. 3TiHO 3 pe3yiabTaTaMH, OICKBIT i3
toriHaMOypoM (AE = 6,62) ta kakao-mymmuaHsaM (AE = 23,53) mae 3aranbpHy pi3HUIO
KOJIbOPIB, sIKa MIOMITHA JIJIsI JTFOJICBKOTO OKa.
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BucHoBku. BickBiT 3 HiBHO3EPHOBUM OOpPOMIHOM 3 MILIEHUI-OJHO3EPHIHKH Mae
eeKTUBHI aHTHOKCHIAHTHI BiracTHBOCTi. Koyip KOHTpONBHUX 3pa3kiB OyB MomiOHUI 10
KOJIbOPY OICKBITY 13 IIJTPHO3EPHOBOIO OOPOIITHA IMIICHHUI] OJHO3CPHIHKU.

KarouoBi cuoBa: 6Oickeim, awmuoxcuoanm, moniHamobyp, Kakao, NUuleHUYys-
00HO3EePHSIHKA.

SxicHi NOKa3HMKH 3ePHOBUX IVIACTIBIIB (PYHKIiOHATBHOTO NPHU3HAYEHHSA

Cgitiana baxaii-Kexepyn, ['anuna Cimaxina,
Jronmuna Bepesa-Kinnzepcbka, Hatanka Haymenko
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. OOrpyHTOBaHO BHKOPHCTAaHHS LUIBHOTO OIOJIOTIYHO aKTHBOBAaHOTO 3€pHa
3JIAKOBUX KYJIBTYP 3 METOIO CTBOPEHHS (DYHKIIIOHAIBHUX XapYOBHX ITPOIYKTIB.

Martepianu i meToan. JlocikeHo pelenTypy 3epHOBUX CyMilllei IUIacTiBIiB, TOTOBI
MPOAYKTH Ha iX OCcHOBI. Bmict Oiyka Bu3Ha4yanu biyperoBuM METOIOM, BMICT KPOXMAITIO —
MOJISIPUMETPUIHAM METO/IOM. BMIcCT JKMpY BU3HAYAIIM METOIOM BHYEPITHOT'O EKCTPAaryBaHHs
XIMIYHO YHCTUM TekcaHoM. Bwict Bitaminy E, pedoBuHHM 3 P-BiTaMiHHOIO akTHBHICTIO
BH3HAYaTH KOJIOpUMETpUYHO. Bmict Bitaminy C BU3Ha4Yalnd TUTPUMETPUYHHM METOIOM.
MikpoOionoriyHi  NMOKa3HUKMA JOCTI/KYBAaHMX 3pa3KiB BH3HA4YaJlM BHUCIBAaHHAM iX
TIOBEPXHEBO Ha arapu30BaHi IIOKUBHI CEpeIOBUIIA.

Pesynbtatn i oOroBopeHHsi. BusHaueHO BIUIMB TEeMIIEPAaTypHOIO pEXUMY MU
TPHUBAJIOCTI XOJIOIHOTO KOHJUIIIOHYBaHHS 3epHa Ha HOro Ol0JNOTiYHY IIHHICTB. 31 3MiHOIO
TeMIepaTypHoro pexumy 10 12—18 °C i TpuBaticTi0 KOHAMIIIOBaHHS 24—30 TOI BMICT Y
3€pHI BCiX BOJOPO3UYMHHHX BiTaMiHiB 30LIbLIYETbCSA y 2—2,5 pas3a, KUIBKICTh TOKO(pEpoIy
3pocrae y 5—7 pasiB, KUIBKICTh peuoBUH 3 P-BITaMiHHOIO aKTHUBHICTIO 301IbIIyeEThCS Y 2,5
pasa.

JlocnmimKeHo 3aJeXHICTh OCHOBHHMX (Di3MKO-TEXHOJIOTIYHHX ITOKa3HHUKIB 3€pHOBHX
TUIACTIBLIB Ta OPTraHOJENTHYHHUX BJIACTUBOCTEH JOCIIIHUX 3pa3KiB FOTOBHX MPOAYKTIB Bij
iX KOMIIOHEHTHOTO CKJajay. 30iJbIIeHHs MacoBoi 4YacTku BiBca 10 50% 3ymMoOBIIIOE
ITiJIBUICHHSA B’S3KOCTI Kallli BHACHINOK 301IbIICHHS BMICTY TEMIICIION03U, 3HIKYETHCS
poscumyacTicTh. ITiIBUIIEHHS MAacoOBOi YaCTKU 3€pHA MIIEHHIN A0 3% 3YMOBIIIOE OUIBII
YKOPCTKY CTPYKTYPY Kallli, 10 TOSICHIOETHCS BUIIOKO MIIJIbHICTH 000JIOHKOBHX YaCTHH 3epHa
TIIEHUIT], TOPIBHSHO 3 IHITMMHU CKJIQJIOBUMHU.

Crtyniub 3a0e3meueHHs 1000801 MOTpeOH TOPOCIOro HaceleHHsS B MAaKPOHYTPIE€HTAX 3a
paxyHok crnoxwuBanHsA 100 T roracTiBIiB ckiamae: Otk — 18-22%, xupu — 5-7 %,
ByrieBoau — 13—16%, xapuoBi BojiokHa — 13,5%. BpaxoByroun 1000BY MoTpedy 10POCIOro
HaceJIeHHs y BiTamiHax, 100 T ruracTiBIiB 3a10BONIbHSAE MOTPeOy y BiTamiHi E Ha 67-76 %, y
pitamini P —na 17,4 %.

3arayibHa KUIBKICTh KOJIOHIEYTBOPIOBAJIBHHUX OAWHHIL Me30(iIbHUX aepoOHMX i
(aKynbTaTHBHO-aHAEPOOHUX MIKPOOPTaHi3MiB y CBDKHX 3pa3kax CyMilleil IUIacTiBIUB i
micas ix 30epiranns He mepepumiye 2-10° Ha T IPOAYKTY, IUTICHABI rpuOM Ta NATOTEHHI
MIKpPOOpPIraHi3MH BiJICYTH.

BucnoBku. BionoriuHo akTHBOBaHE 3€PHO 3JIAKOBUX KYJBTYP MILIEHHUIIl, TOI03EPHOTO
BiBca W TPUTHKAJE € JHKEPEIOM I[IHHUX HYTPIEHTIB JUId CTBOPEHHS CyMilled ILIacTiBIiB
(YHKI[IOHAJIBHOTO IPU3HAYECHHSL.

Kunro4doBi ciioBa: axmueysanis, nuenuys, mpumukane, osec, Raacmisyi.
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BrnuiuB BHCOKOro THCKY Ta 10aBAHHS i30J4TYy CO€BOro 0ijika Ha
BOJIOTOYTPUMYBAJIbHY 3/IaTHICTH i TEKCTYpPy CBHHAYOTO (hapury

Banepiit Cykmanos!, Ma Xanmxyn?, Saminr JIi'?
1 — Cymcwruii Hayionanvhuti azpapnutl ynisepcumem, Cymu, Yepaina,
2 — Xenancoxuil incmumym nayku i mexnonoeit, Cinbcsann, Pecnyonixa Kumaii

Beryn. OOpoOka BHCOKMM THCKOM 1 JOJaBaHHS 130JIATY COe€BOro Oinka 1o
CBUHSYOro (haplury MOKe MOKPALIUTH HOro SIKICTh, BOJOTOYTPUMYBAJbHY 31aTHICTb,
TEKCTYpY Ta 30UIBIIMTH BUXiJ] TOTOBOT'O MPOAYKTY.

Marepianu i metonu. 3pasku dapury mictimu: C1 — 2400 r m'sica cBunuHH, 80 T
TymkoBoi cBUHUHH, 70 T Bomu 3 mboaoM, 10 r NaCl; 3pasok C2 nonatkoBo MicTHB 10 T i30514TYy
coeBoro Oinka (2%); 3pa3ok C3 — 20r coeBoro OiumkoBoro izonsaty (4%). Cupwmii dapir
MaKyBaJM Miji BAKyyMoM i 00po0msmn tuckoM 200 MIla mpotsirom 10 xB mpu 10 + 2 °C.
BuwmiproBanns penakcanii SIMP Huszpkoro moms npoBomwinu 3rigHo 3 SMP-30H710M
iMmynscHoro SIMP-ananizaropa Niumag.

Pe3ysnbraTu i odroBopenns. Skmio mopiBasATH 3i 3pazkoM Cl, MOKa3HUK BHXOAY
mponykry 3i 3paskiB Cl i C2 3HayHo 30inbImuBcsa. Emynbryroda mis 11S-mmoOymiHiB
nokpamimiacs mpu Tucky 200 MIla, 1o 301TbIINIO BOIOYTPUMYBAIbHY 3aTHICTh 130JISTY
coeBoro Oinka. [Ipy 1IbOMY HOKa3HHKH TBEPIOCTi, MPYKHOCTI, Koresii i po3»xOBYBaHOCTI
3paskiB C2 ta C3 3HauHO 301IBLIMINCS, 32 BUHATKOM MOKa3HHUKa MPYKHOCTI B 3pa3ky C3.
Sxmo mopiBHATH 31 3pazkom C3, TOKa3HWUKM TBEPAOCTi, NPYKHOCTI, Koresil i
PO3KOBYBaHOCTI y 3pa3ky C2 3HauHO 30imbmmIncsa. OOpoOka MpoayKTy THCKOM moHas 200
MIla cripuunHsie JeHarypalito i/abo arperauito Oika, 110 0OMexye Horo (hyHKIOHaIbHI
BnactuBocTi. Bukopucranus SIMP y cnabkomy monmi gamno 3Mory  BU3HAYUTH TPH
XapaKTepHUX TPaHHMYHUX CHIBBIIHOIIEHHS BUPOOIB, IPHUIOTOBAHWUX 3 CBUHSYOro (apmry.
BupoOu, BUTOTOBNIEHI 3 CBUHSYOrO (hapiry 3 BMICTOM pPi3HOI KUIBKOCTI i30JSTy COEBOTO
OiyKa, MaJTi IIUIbHY KOHCUCTEHIIII0 Yepe3 3MiHU OiJIKa, KU IIBHIKO PEJAaKCYE, 1 IPOTOHIB
BOJIM, SIKi pEJIaKCYIOTh MOBUILHO. EMynbrytoua ais 11S-rmo0yiniHiB 3HAYHO TIOKpaIUIacs mpu
tucky 200 MIla 3aBasku 3MiHaM pO3UMHHOCTI OijiKa, rixpodoOHOCTI MOBEpXHI, BMICTY
BUJILHOT CY/Ib(T1PUIBHOI TPYIIH 1 BTOPUHHOI CTPYKTYPH.

BucnoBku. BB koMOiHaIliT BUCOKOTO TUCKY 1 PI3HOTO BMICTY 130JISTy COEBOTO
Oijlka Ha TeJeBi BIIACTHUBOCTI BHPOOIB, NMPHUIOTOBAHMX 3 CBHHSAYOro (apiry, Mae 3Ha4Hi
BiIMiHHOCTI. SIK110 mopiBHsTH 31 3pazkoM C1, To 3paszku C2 i C3 xapakrepu3yBanucsi OLIbII
BHCOKUM BUXOJIOM IIPOIYKTY, 1 dKOPCTKICTIO, HIJTICHICTIO 1 pa3KoByBaHICTIO; 3pa3ok C2 maB
Kpally BOJOYTPUMYBAJIbHY 3[aTHICTh 1 KOHCUCTEHIIIIO.

Kuro4oBi ciioBa: muck, isonsam, cos, 6in0kK, onocoympumyeanns, mexcmypa, AMP.

Buznauenns TepMiHy 36epiramm MapHHOBAHOI'0O KOITYE€HOI0 MOPCHKOI'0 OKYHSI B
yYMOBax OXO0JOAKCHHSA

Ipdan Keckin, baiipam Kocrekmi, Acie Exo6orny, Slmunn Kas
Cunoncoxuii ynieepcumem, Typeuuuna

Beryn.  JIns  JOCHiDKEHHS — SKOCTI 32 OPraHOJCNTHYHMMH, XIMIYHHUMH — Ta
MIKpOOIOJIOTIYHUMH TTOKa3HUKaMH 1 TEpMiHIB 30epiraHHst OyJiM MiJArOTOBJIEHI Ba Pi3HUX
MapuHaa¥ (3BUYaiHHUN 1 KOITUEHU ) 3 MOPCHKHM OKYHEM.
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Marepianu i metogu. Puba, 1mo mocTayaeThess 3 aKBaKyJIbTYPHOTO 3aKiany, Oyia
JIOCTaBJICHA B JIa0OPaTOpPIO 32 YMOB XOJIOMHOTO 30epiraHHs i ouuieHa no ¢ize. [epury
rpyny (rpyna A: 3BuuaiiHa) BBOAWIM B MapHHOBAaHWHA PO3YMH (CITIBBIIHOIIEHHS puoda:
pozuuH — 1: 2, 1,68% crmproBoro oury, 6,4% comi i 0,01% JMMMOHHOI KUCTIOTH) IPOTATOM 5
IHiB. Y apyriit rpyni (rpyna B: xomuena) puOy KONTWIIM i HOBITPSL OXOJOKYBAIH 10
TEMIIEpaTypyd HaBKOJIHMIITHBOTO cepenoBuIna. Y MapHHaJAi XoJoAHI puOHI (ine
(cmiBBimHOIIEHHs puba: posuud — 1:2, 1,2% cmouprosoro onry, 5,5% comi ta 0,01%
JIUMOHHOI KUCJIOTH) 3HAXOAMINCS MPOTSATOM 2 JTHIB.

PesyabraTu i odroBopennsi. 3a pe3ynpTaraMi XIMIYHUX aHaJi3iB Oyl10 BH3HAYEHO
3naueHHss TBA - 0,26+0,01 mgMDA/kg y cupoBuHi. Y KiHII AOCITIDKEHHS LISl BETMYUHA
cknana 4,3840,05 mgMDA/kg y rpymi A (5-# micsnp) 1 3,05+£0,02 mgMDA/kg y rpyni B
(7-# micap). 3a pe3yabTaTaMu MiKpOOIOJIOTIYHUX aHaMi3iB KinbkicTh MA®AM craHoBMIA
2,00+0,04 CFU/g y cupoBHHI, aje 3arajibHa KUIbKICTh OaKTepii 1 qpikKIKOBUX rpubiB Oyia
menmoo 10 CFU/g mpotsrom mnepiomy 30epiranss. Y Tporeci MOCTIIKEeHHI OakTepii
komipopmu (BI'’KIT) He BusBieHi. aHamizy I[I’ATh HOCBIAYCHHUX EKCIIEPTIB OI[IHHIN
OpraHOJIENTUYHI TOKAa3HUKU MPOIYKLii (KOiip, 3amax, TeKCTypy, cMmak). O0uaBi rpymnu
OTpUMaJI BUCOKI OLIHKM Ha MOYaTKy, aje rpyna A oTpuMaia HU3bKi OI[IHKU B 5-y Micsi
30epiraHHs, a rpyna B Maiia HU3bKI O0anu Ha 7-y MicAIli 1 BTpaTUia SKiCThb.

BucHoBoKk. Y pe3yibraTi MapuHa]| KOITYEHOI0 MOPCHKOr0 OKYHsSI OyB OIIIHEHWH BHIIE,
HiX 3BHYAWHUH, 0 TOrO K, TEPMiH 30epiraHHs MapHUHAy KOITYCHOTO MOPCHKOTI'O OKYHS OYB
JIOBIINM, Hi)K 3BUYAHHOTO.

Ku104o0Bi ciioBa: mopcokuil 0KyHb, KORYEHHS, AKICMb, MAPUHYBAHHS.

BukopucTaHHsI KIMHONTWIOIITY, AKTUBHOI0 BYTJIJISI TA TPCHKOro KPUIITAIIO B
TEeXHOJIOTil MiArOTOBKU BOAM ISl Mi/IBUIEHHS 0i010TiYHOI HiIHHOCTI XJIiOHOr0 KBacy

Omnsra Jlyneka', Bitaniit ITpubunscekuii!, Ceitnana Omilauk!,
o | . 5
Amnatoniii Kyn', Oxcana Bitpsk
1 — Hayionanvnuii ynieepcumem xapuosux mexvonociu, Kuis, Yxpaina
2 — Kuiscokuil HayionanbHuti mopaogenvHo-eKkoHomiunull yuisepcumem, Kuis, Yxpaina

Beryn. BusHayeHo BIUIMB MiATOTOBJIEHOI 3a JOMOMOTOI0 KIMHOIITHIIONITY, TipCBKOTO
KPHIITAIIO Ta aKTUBHOTO BYT1JUISI BOAOMPOBIAHOI MUTHOI BOAW HA BITAMIHHUH CKJIaj cycia
1 KBacy.

Marepianu i MeToau. AHaii3yBaji KBac, SKAH OTPUMYBAJIH ILIIXOM (epMeHTaril
KBAaCHOT'O Cyclla Ha JXHTHIH OCHOBI IpixmkaMu Saccharomyces cerevisiae MII-10. Cyxi
PEUOBMHHM BHM3HAYAIM apeOMETPUYHUM METOIOM, BMICT BITaMiHIB 3a 3[aTHICTIO TeCT-
KYJIBTYp POCTH 3a HAsABHOCTI IEBHUX BiTaMiHiB. TiamMiH Ta puOOQIIaBiH BHU3HAYAIU
(ITyOpOMETPHYHUM METOIOM.

Pe3ynbraTi i 00roBOpeHHs. Y IMiATOTOBIICHIH BOI BMICT 3arajibHOTO 3aj1i3a CTAHOBUB
0,01 Mr/nm?, 3aranpHa kKOpCTKicTh — 1,1 MMOIB/IM3, HepMaHraHATHA OKUCHIOBaHICTh — 0,5
mr Oy/nm>. Xapakrep OpomiHHA OyB CXOKHM Juis 000X 3paskiB. IIpu LbOMy 3araibHa
TPUBAJICTh OpOMIHHA MOCHiAHOTrO 3paska Oymna Ha 13% MEHIIOI, IO IOSCHIOETHCS
3HW)KEHHSIM KUTBKOCTI BITaMiHIB y BHUXIZHOMY cycii. MiHepalbHHI CKJaJ BOIU CYTTEBO
BIUIMBAB Ha BMICT BiTaMiHIB y BUX1THOMY Ta 30pO/DKEHOMY CycCIi 1 KBaci, 30KpeMa KiIbKiCTh
TiaMiHy 1 pubo(aBiHy y IOCHTIJHUX 3pa3Kkax 301IbLIYBaBCS B CEpeIHbOMY Y 2,5 pa3a, BMiCT
(omieBoi KUCIIOTH y 5 pa3iB, MO0 MOXKHA MOSICHUTH YTBOPEHHSIM B KOHTPOJIBHOMY 3pa3Ky
HEpO3YMHHHUX Y BOJI KOMIUIEKCIB 3 [IBOBAICHTHHMMH MeTanaMu. [Ipu BUKOpUCTaHHI
MOJIEJILHUX PO3YMHIB i3 MOKA3HMKOM 3arajbHOi )KOPCTKOCTI 5 MMOJIL/IM® BMICT TiamiHy B
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30pOIKEHOMY CYCIIi 3HU3UBCH B 6,7 pasa, KIIO MOPIBHSITH i3 CYCJIOM Ha ieMiHepasli30BaHii
Bozi. /{7t 3a0e3nedeHHss BHCOKOTO BMICTY BiTaMiHIB Y KBaci, 30KpeMa TiaMiHy, pubodiaBiny
Ta (ONi€BOi KUCIIOTH TEXHOIOTIYHA BOJIa TIOBUHHA MaTH 3arajibHY JKOPCTKICTh He Oijbiie 1
MMOJIB/M> 1 He MiCTUTH 10HIB 3aTi3a.

BucnoBku. BuxopucraHHs MiArOTOBIEHOI BOAM 3a0e3redye 30UIbIICHHS BMICTY
BiTaMiHIB y KBaci Ta OTPUMAaHHs INPOAYKTY i3 NMPUHHATHUM s (i3ioNOriYHUX MOTped
OpraHi3My JIIOJMHH CITiBB1IHOIICHHSM.

KarouoBi ciioBa: 600a, 6odoniocomoeka, cycio, Kéac, SimamiH.

Mpouecu i obnapHaHHA

Busnauyenns napaMeTpiB cucTeM peKynepauii TenJIOBHUX MOTeHIialiB NOTOKIB
ra3onapoBuX cyMmimei

Onexkcanap Illeuenko, Anatoniii Cokonenko, Oner Crenanenp, Cepriii byt
Hayionanvuuii ynieepcumem xapuosux mexnonociu, Kuis, Yrxpaina

Beryn. CtaTts cTOCYETHCS BU3HAYEHHS CIiBBIIHOIIEHh €HEPreTHYHUX MTOTEHIIIANIB Y
MacoBHX IIOTOKaX TIa30BUX 1 Mapora3oBUX CHCTEM, iX 3MiH Yy TepMOAMHAMIYHHX
TIEPETBOPEHHSX 1 MOXKIIMBOCTEW pereHepartii.

Marepianu i MmeToau. TeopeTnyHe (eHOMEHOIOTIYHE TOCIIXKSHHSA HA OCHOBI 3aKOHIB
TEpPMOAMHAMIKH, MaTepialbHUX 1 €HepreTUYHHX OajaHCiB Ta 3aKOHOMIPHOCTEH CHHTE3Y
CHCTEM 13 PeKyIlepalli€lo TeIIoBoi eHeprii.

Pesyabratn i obroBopennsi. CnajroBaHHS BXiHMX Ta30BHX MOTOKIB, MIO
BUKOPDHCTOBYIOTBCS ~ SIK  ITIEpUIOJDKEpeTa XIMIYHMX CHEpreTMYHUX IOTEeHIlialiB 3
MIEPETBOPEHHSIM Y TEIUIOBY EHEpTilo, CYIMPOBOXKYIOTHCS BTpaTaMH Ha piBHI TEIUIOTH
KOHJIeHCaIlii yTrBopeHOoi mapoBoi ¢as3u. [laporasoBi cymimlni T€HEPYIOTHCS B MpOIEcax
CyIIiHHSI, aepalii 3epHOBUX MAacCHBIB 3a MPOPOIIYBaHHS, B CUCTEMax aepOOHMX IPOIECiB
OpOIiHHSA, 32 aepallil MPOMHUCIOBHX CTOKIB TOIIO.

[epebir Takux mnporeciB BiAOYBAa€ThCs 3a TEPMOAWHAMIYHUX MapaMeTpiB, sIKi He
BiJIMIOBIIAIOTh ~ AHAJIOTIYHUM  XapaKTepHCTHKaM HABKOJUIIHBOTO CEPEJOBUINA, IO
CYNPOBO/IKYETHCSI €HEPreTUYHUMH BTpaTaMH Ha PIBHAX PI3HMII iXHIX eHTanbmii. 3 miel
TOYKH 30py BaXJIHMBOIO CKIJIJIOBOIO0 TAKMX Ta30MapoBHUX CyMilllel € mapoBa (pakiis BOAH,
OCKIJIbKM BOHA Hece B COO1 TEIUIOBHI MOTECHITIA TAPOYTBOPCHHSL.

VY cTaTTi BU3HAYEHO CITiBBiJHONICHHS MapaMeTpiB MaTepialbHUX 1 TEIUIOBHX IOTOKIB,
3’SICOBAHO, 1[0 EHEPTeTHYHMI MOTEHIia)l KOHJeH calii TapoBoi a3y B NPOJAYKTaX TOpiHHS
ra3iB omu3bpKuil 10 10% IXHBOI TEIIOTBOPHOI 3ATHOCTI.

BukoHaHO OIIHKY MEPCHEKTUB 3aCTOCYBAaHHS TEIUIOBUX TPYO y CHCTEMaX peKyreparii
TEIJIOBUX TIOTOKIB 32 paXyHOK CTBOPEHHS 3aMKHYTHUX €HEpPreTHYHUX KOHTYpiB. [lokazaHo
MOXIIUBICTh IIO€JHAHHS HHUMH TEIUIOOOMIHHHMX ITOBEPXOHb OXOJIO/KEHHS 1 HarpiBaHHs
TEIUIOBUMH TpyO0aMu, 3a SKOTO JOCSTAlOThCS OJIHAKOBI IOKAa3HUKH TEeMIEpaTypH
BHITAPOBYBAHHS 1 KOHJEHCAIlIi MPOMIXKHUX TCIUIOBUX arcHTIB, HABEJACHO TEPMOIUHAMIUHI
rapamMeTpy OCTaHHIX 3 TOUYKU 30pY MOXITUBOCTI IX 3aCTOCYBaHHS B CTBOPIOBAHUX CUCTEMAX.

BucnoBku. TeroBi TpyOuM B 3alipOITOHOBAaHUX CHUCTEMax [Aar0Th 3MOTY JIOCSATaTH
OJTHAKOBHX TOKa3HHKIB TEMIIEpaTyp BUIIAPOBYBAHHS Ta KOHJEHCAIli TEMJIOBUX areHTiB, a
HasIBHICTh SIK IEPETBOPIOBAUIB THCKIB KOMIIPECOPIB 1 JIETaHNEPiB MEPETBOPIOE CUCTEMH B
JIOKAJIBHI TEMJIOBI HACOCH.

KuiouoBi cnoBa: pexynepayis, mennosuii nomenyian, menioguti HAcoc.
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MopneJil0BaHHA pe;KUMIB NOTipIIeHHS TeIVIOBiAAa4i mia Yac KOHIEHTPYBaHHA
PO34YHHIB Y IPOMHUCIOBHX IIIBKOBUX BUNMIAPHUX anapaTax

Banentun Ilerpenko, Apocnas 3acsapko, Mukona [psako
Hayionanvuuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina

Beryn. TloripmieHHs TemoBigmadi I 4Yac KOHIEHTPYBAHHS TYCTUX IIYKPOBHX
PO3YMHIB y IUTIBKOBUX BHIIAPHHUX amaparax BigOyBaeThcsi 0€3 YTBOPEHHS PHBYIET Ti
MOPYIICHHS IUTICHOCTI IUTiBKH.

Matepianu i wmerogn. Di3uyHe  MOJENIOBAHHS  TEIUIOTIAPOAMHAMIYHHX
XapaKTePUCTUK KUIBIEBUX HU3XIJHUX MapOPIJUHHHUX ITOTOKIB BHUCOKOKOHIIEHTPOBAHUX
IYKPOBUX PO3YMHIB BUKOHAHO B TPYOi JOBXKHHOIO 9 M giamerpoM 30 MM, momineHoi Ha 20
JUISTHOK JUIS IUCKPETHOTO BUMIPIOBAHHS TEILIOBOIO IMOTOKY, KOHIEHTpALil pO34HMHY i
TEMIIEPaTypH CTIHKH TPYOH.

Pe3synbraTn i ob0ropopenHs. MaTeMaTHYHE MOJCIIOBAHHS KOHIICHTpAIlIHHOTO i
TEMIIEpaTYpHOTO TIONIB y CTIKAaro4iil IUTBII TYCTOro I[yKPOBOTO PpO3YHHY IIiJ Yac
BUIIAPOBYBAaHHS Ha OCHOBI pIBHSHb KOHBEKTHBHOI IH(]y3il Ta TEmIONpoBiIHOCTI 3
napabomiyHuM  mpodigeM  MIBHUIKOCTI B IDIBIN  IOKa3ye, MIO0  BiAMOBIAHICTH
eKCIIEpUMEHTAJIbHUM JIaHUM [OI0 TEMITy TMaJiHHS TEIUIOBOIO MOTOKY B3IOBXK
BUIIAPOBYBAIBHOIO KaHaJy Mae Miclle JIMIIE 32 YMOBHM BpaxyBaHHS NEPIOAWYHOIO
NepeMilllyBaHHS IUIIBKA BEJIMKAMH XBWISIMH  (HAaIUIMBaMH). PeXuM moripiieHHs
TEIUIOBIIa4i HaJla€ThCsl SIK B3AEMOJIS MUKIIIYHUX TIPOIECIiB HAPOCTAHHS KOHIEHTpallii Ha
Mixk]a3Hili MOBEpXHI 3 BIANOBIJHUM 3pPOCTaHHSIM TEMIIEPATypHOI nempecii MiJ dac
MDKXBHJIBOBOI Tay3W, Ta IEPiOJUYHAM BUPIBHIOBAHHSIM KOHIIEHTpAlii 3 MOpPYLIEHHIM
YIIOPSIIKOBAHOI CTPYKTYPH IUIIBKMA TiJl Yac IPOXOPKEHHs BEJIUKOI XBWIII (HAIUIUBY).
AHaniTH4HI BHpa3W sl pO3paxyHKy IPOIECIB 3pOCTaHHS MiX(a3HOi KOHIEHTpamii Ta
MajiHHA TEIUIOBOTO IIOTOKY HAJAlOThCs B MeEKaxX XBHJIbOBOTO IHKIY, a BiITBOPEHHS
PO3BUTKY KPHU30BOT'O TaJiHHS TEIUIOBOTO ITOTOKY B3JIOBX YCHOIO KaHANy 3IIHCHIOETBHCS
JIMCKPETHO 3 KPOKOM, IIO BiJITIOBiIA€ JOBKUHI BEIUKUX XBUIIb.

ExcrieppuMeHTanbHO HE BHSBJIEHO KPU30BOI CTPUOKOMOMAIOHOI 3MIiHH  TEIUIOBOTO
MOTOKY 1O JOBXHHI TpyOHM, a JWIle NPUIIBUALICHHS TEMIY MaJiHHSA, IOYHHAIOYH 3
KOHIIeHTpalii Bix 75% i1 Bue. Yucna [Ipanntiis 3miHoBaiach B Mexkax 35-250 1o ToBKuHI
TpyOM B TIpolleci MaJiHHSA TEIUIOBOrO MOTOKY. PEeKOMEHIIOBaHI CITiBBIMHOIICHHS IS
po3paxyHKy KoedillieHTa TeIuIoBianayi AiiicHi y aianasoni 3—15 kBr/m? Ta 0,05-0,3 xr/M ¢
MacoBOl NIUIBHOCTI 3poIlleHHs.  HalOinblne BiAXWICHHS pO3PAaXOBaHUX MaHUX BiJ
OTPUMAaHUX EKCIIEPUMEHTAIIBHO CKiIajae Ha Oibmie 15%.

BucnoBok. Mogenp 1epioquyHOro pyHHYBaHHS HOBEPXHEBOTO IPOLIAPKY IUTIBKHU 3
HA/IBUCOKOIO KOHIEHTPAII€I0 BEIUKUMH XBHISAMH aJeKBAaTHO BioOpaskae MpolecH
TIOTipILIEHHS TEIJIOBIayi 0 IYCTUX IUTiBOK.

Koarouosi cioBa: nuieka, sunaposysanist, meniooOMin, KOHYEHMPYBAHHSI.
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MopeJiroBaHHA TiAPOAMHAMIYHMX YMOB IIPH 00p00JIeHHI PiIKNX cucTeM
3HAKO3MiHHMMH iMIYJIbCAMHU TUCKY

Ipuna Jly6oekina', Bopuc [lasunenko!, Beponika Pixrep?
1 — Inemumym mexniunoi mennoghizuxu Hayionanwnoi axademii nayx Yrpainu,
Kuis, Yxpaina
2 — Texniunuil ynisepcumem Bious, Bioeus, Ascmpis

Beryn. Meroro mi€l HaykoBOi CTAaTTi € JOCHIKEHHS BIUIMBY 3aCTOCYBaHHS
3HAKO3MIHHHX IMIYJIbCIB THCKY ITiJ] Yac OOpOOJIEHHS PIJKMX CHCTEM IIUIIXOM HPOBEICHHS
YHCEITLHOTO MOJICTFOBAHHSL.

Martepianu i Meromu. BukopucTOBYBanmuMCh METOJM TPHBUMIPHOTO 00 €MHOIO
MapaMeTPUYHOr o IMITAI[IHHOrO MOJISITIOBaHHS Ta Bi3yaui3allii, MaTeMaTHYHE MOJICITIOBAHHS
YMOB, SIKi BHHHKAIOTh B POOOYiH YaCTHHI POTOPHO-ITYNbCAIIMHUX amapaTiB IijJ Yac
00poOIieHHs piAKuX cucTeM. ExcriepuMeHTalbHI JOCHTIKEHHS O/IePKaHUX 1 KOHTPOJIBHUX
PiAKKMX 3pa3KiB MPOBOIMIMCH 3 BHKOPHCTAHHSIM MOTEHI[IOMETPHUYHOrO JIaOOpaTOpHOTO
BUMIpPIOBAIEHOTO 00JIa/IHAHHSI.

Pe3yabraTu i 06roBopenHs. BctaHoBIEeHO, 1110 BEIMYMHH JIOKAIBHUX 3HAYEHb TUCKIB
y 30HI TPOXOKEHHS pOOOYMX OpraHiB POTOPHO-MYNBCAIIHOIO amapara BOAHUMHU
PO3YMHAMHU CTAHOBIIATH: OUIst 30BHINIHBOI TOBEPXHI BHYTPIIIHBOTO poTopa — Bix -50 1o +300
k[1a; Ginst 30BHINIHBOI TOBepXHi ctatopa — Bix -150 o 100 kI1a; Oins BHYTpPiNIHBOI MOBEPXHI
cratopa — Big +40 mo -120 kIla; 6inst BHYTpimIHbOI OBEPXHI 30BHIIIHEOIO pOTOpa — Bij +
100 o -100kITa. ITpu ocTaHHIX 3HAYECHHSIX BU3HAYAETHCS 30HA, B SKil MOXE 32 TIEBHUX YMOB
peali3oByBaTUCh KaBiTallisg Ta amiadaTuuHe 3akumaHHsA. [lim wac oOpoONeHHS BOOM Ta
BOJHHMX pO3YMHIB, a TaKOX TMpolLecy 3MIlIyBaHHS BOJIHMUX pO3YMHIB B YMOBax
TIAPOAMHAMIYHUAX OCHWIALIN, a camMe: 3HAKO3MIHHHX IMITYJIBCIB THCKY, BEITHUHMHH 3MiHU
TUCKY XapakTepu3yioThes: AP = 350 kPa 6iyst 30BHIITHBOT TIOBEPXHI BHYTPIIIHBOT'O POTOPA;
AP =250 kPa 611151 30BHIIIHBOT oBepxHi craTopa; AP = 160 kPa 0115t BHyTpilIHBOI MOBEPXHI
cratopa; AP = 200 kPa Ginst BHYTpillIHBOI IOBEPXHi 30BHIIIHBOTO POTOPA.

[lpu mnpoBeneHHI YHUCENBFHOTO EKCIIEPUMEHTY BpPaxOBYBAJMCh KOHCTPYKTHBHI Ta
TCOMETPUYHI TapaMeTpU POTOPHO-NYJbCAIIMHUX amapariB. HalOimbIIoro 3HavYeHHS
BEJIMYMHA IIBUKOCTI 3CYBY IOTOKY HAaOyBae IpH KUTBIEBHX KOaKcialbHHUX 3a3opax y 100
MKM. 3a pe3yJabTaTaMH PO3paxyHKy OyJI0 BCTAHOBJICHO, IO HAHOLIbII HANPY)KEHHS 3CYBY
BUHHKaIOTH Y PITA 3 kiybrieBuMH KoakciambHUME 3a30pamMu 100MKM.

Bynun oOpaxoBaHi mONsS THCKIB, MO0 BHHUKAIOTh NPH PO3JUILHOMY BBEICHHI
KOMIIOHEHTIB 710 poOouoi 30uu PITA, siki Haal0Th MOKIIUBICTh BIUTMBATH HA 3MiHY (hi3HKO-
XIMIYHHX MapaMeTpiB PiAKUX CHCTEM.

BucHoBkn. Bu3HaueHi BETMYMHM 3MiHM THCKY B poOOdYiifi Kamepi pOTOpHO-
MyNbCaliiHOro anapara npu NPOXOHKEHHI CUCTEMH «POTOP-CTaTOP-pOTOp». BukopucranHs
IUX BEJMYUH A€ 3MOTY OJICPXKYBATH PITUHU 3 HEOOXITHUMH 3aJaHUMHU (Di3HKO-XIMIYHUMU
rapameTpaMu Ta KepyBaTH UM MPOLIECOM.

KurouoBi cioBa: 600a, muck, 2iopoounamivnuil, iMnyanc, 3HAKO3ZMIHHULL

—— Ukrainian Food Journal. 2019. Volume 8. Issue 2 425



——Abstracts

MO)Ie.TIlOBaHHﬂ nmpouecy 3aMiIlIyBaHHﬂ Hpi)KJDROBOFO TicTa KYJIa4YKOBUMH p060‘ll/lMl/l
CJICMCHTAMHU

Biraniii Pauok!, Bonogumup Tennukyn!, €areniit [lrepan’,
IOnis Tennukyn!, Cranka JlamsHoBa>
1 — Hayionanvnuii ynieepcumem xapuosux mexvonociu, Kuis, Yxpaina
2 - Pycencokuii ynisepcumem «Aneen Kanueey, ¢inis Pasepao, boneapis

Beryn. ChopMmynboBaHO MaTeMaTHYHY MOJEIh Ta IPOBEIACHO  IMiTamilHe
MOJICTFOBaHHS TpOLIECY 3aMillyBaHHS APDKIPKOBOIO TiCTa KYJIAYKOBUMHU POOOYUMHU
eJIeMEHTaMHU.

Martepianu i metonu. Ha erani ¢opmyBaHHS 3a/1a4i 334a10TbCSI YMOBU KOHTaKTHOT
B3aeMOJii Martepiasy 3 poOOYMMHU eIEeMEHTAaMH Ta KaMepolO 3aMilllyBaHHS, a TaKOXK
3HAYEHHs CTPYKTYpPHO-MEXaHIYHUX XapaKTepHCTHK TicTa. [1i yac MozientoBaHHs mporecy
3aMilllyBaHHs 3MIHIOBAJIM KyT pO3TalllyBaHHS KyJIauyKoBOro exemMenTa Big 90° mo 585°.

Pe3synbraT i o0roBopeHHsi. Po3poOieHa cxemMa MaTeMaTHYHOTO MOJCTIOBAHHS
MIPOIIECY 3aMilllyBaHHs JAPIKHKOBOIO TiCTa B TICTOMICHJIBHIHM MalivHI 0e3nepepBHoi aii. Ha
OCHOBI pe3yNbTaTiB IMITAIIHHOrO MOJIETIOBAHHS MPOLECY 3aMillyBaHHS KYyITa4YKOBUMHU
poOOUMMH  €NeMEHTaMH OTPUMaHO pO3IMOJUICHHS HaNpy)XeHHS 3CyBY Ta JWCHIIALIi
JIPIXKKOBOTO TicTa B pobouiii kaMepi. 3i 301bIIeHHAM KyTa po3ramryBaHHs (Bix 90° no
360°) KynaukoBOTO €JEMEHTa Ha BaJy BiJIOYBAa€ThCS MiIBUIIEHHS HANPYXXEHHS 3CYBY.
Haii6inpIni moKa3sHUKK HAaNpPYXXEHHs 3CYBY BiIOYBAarOThCSI B 30HI 3a4EIUICHHS KYITadyKOBUX
poOOUNX €NEeMEHTIB Ta B 30HI KOHTaKTY KyJauKiB 31 CTIHKAMH KOPITYCY, YUCIIOBI 3HAYECHHS
csratorb 7000-8000 ITa. ITo pemri kamepu 3aMilryBaHHsI Hampy:KeHHs 3cyBy csirae 1000-
3000 Ila. Po3nonineHHst AucHUnanii mokasye, o B 4aCTUHAX PoO0UYOi KaMepH BiIOYBa€ThCs
YTBOpEHHS Teruia B o0nacTi Tedii. 31 301bIIeHHAM KyTa po3ramryBaHHs (Big 180° mo 585°)
KYJIauKOBOTO €JIeMEHTa BiJI0YBa€ThCsl MMOCTYIOBE IMiJBHUIICHHS Temmneparypu. Ha mimsHi
3aMillyBaHHs B 30HI 12 mapu KyjJaukiB Temmeparypa JpiDKIPKOBOIO TicTa 301IbLIYETHCS
maibke Ha 5°C. BpaxoByroun, 1110 niepe/] MoYaTKoOM MOJETIOBAHHS IOYaTKOBa TeMIiepaTypa
csarana t=30°C, a micisi 3aBepleHHS TPOIECy 3aMillyBaHHS He nepeBuinyBana 35°C,
nmapaMeTpy TICTOrOTYBaHHS JOTpUMaHi. HaiOinble BUIIICHHS TeIUia BigOyBaeThCS Ha
JIUIISTHIT 3a9eTUICHHS KYJIAYKOBUX POOOYMX €JIEMEHTIB.

Pesynpratu MaTeMaTUYHOIO MOJIEJTIOBaHHS i ATBEpKEH] ¢bi3nuHIMHU
eKCIIEpUMEHTaMH Ha JIOCIIJHIN TICTOMICHIBHIM MamuHi Oe3repepBHOI [ii, MOXuOKa B
Mexax 5%.

BucHoBku. 3ampornoHoBaHa cxeMa MOJIEIIOBaHHS JIa€ 3MOTY JIOCHIDKYBATH ITPOIIEC
3aMilllyBaHHS JPDKIKOBOrO TiCTa 3a PI3HUX TEXHOJNOTIYHUX mapamerpiB. OTpumaHi
pe3ynbTaTy 3a0e3neuyroTh BUXIJHI JlaHi s BUHOOPY pallioHaJbHUX ITapaMeTpiB MpoIecy
3aMilIyBaHHs AP1KIPKOBOIO TicTa KyJauKOBUMH POOOYMMH eJIeMEHTaMH.

KirouoBi ciioBa: moodenosanis, 3amiuty8ants, micmo, KyJaauku, iMimayis.
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ExoHOMiKa i ynpaBiiHHA

BrnuiuB BUTpAT Ha cTpaxXyBaHHA HA KOHKYPEHTOCIIPOM OKHICTh MiANPUEMCTB
Xap4Y0BOi MPOMHCJIOBOCTi B KOHTEKCTi 0e31eKN MPOAOB0JIbY0Ir0 PUHKY

Jlana lipinsH, Muxaino Apuu
Hayionanvuuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina

Beryn. Meroto cTatTi € aHaii3 BUTpAT Ha CTpaxyBaHHS Ta JIOCIIIKEHHS 3araJbHUX
TEHJIEHIIi}, 0COONMBOCTEH 1 BILIMBY BUTPAT Ha CTpaXyBaHHs HA KOHKYPEHTOCIIPOMOXKHICTh
MAIIPUEMCTB Xap4OBOI IIPOMHCIIOBOCTI B KOHTEKCTi OE3MEKH MPOIOBOJILUOTO PUHKY.

Martepianu i meromm. TeopeTuuHMM OOIPYHTYBaHHSIM CTaTTi OyB HayKOBHi
JITEepaTypHUIA OrJIsiA MPo0JIeM BUTPAT Ha CTpaxyBaHHs, OE3MEeKH Ha IPOIOBOJILYOMY PHHKY
Ta KOHKYPEHTOCIIPOMO)XHOCTI. BHKOpPHCTaHO METONU MOPIBHSHHSI, CTATUCTUYHHUN aHaIi3
JIAaHWX, CUCTEMATH3allisl, y3aralbHEeHHsI Ta MOPIBHAHHS MOKA3HUKIB YaCTKH PHHKY 1 €EMHOCTI,
peHTabenbHOCTI, eEeKTUBHOCTI, BUTPAT Ha CTpaxyBaHHS, a TaKOX METOJ KOpeJsHiiHO-
perpeciiiHoro aHajizy Ta HOro moKa3HUKH.

Pe3yabraTu i odroBopenns. J{ocnipKyBaHi minprHeMCTBA XapuoBOi IIPOMHCIOBOCTI
HE MOPYIIYIOTh HOPMH YMHHOT'O aHTHMOHOIIOJIBHOTO 3aKOHOJaBcTBa YKpainu. HaiOinbmi
3HAYCHHSA BCIX TPhOX BHIIB peHTaOenbHOCTI Oy xapakrtepi mist ITAT «Kapucoepr
VYxpaina». BusHaueHo Temnu 3MiHM BUTpaT Ha CTpaxyBaHHS JJIsi BUOPAHOTO MeEpENiKy
MIAIPUEMCTB Xap4oBoi MPOMHUCIIOBOCTI. Pe3ynbTaTi Moka3yroTh MIMPOKUT iHTEpBa 3MiHH
X rmokaszHuKiB 3a 2014-2015 poxu: Bix -99,6 % (ITAT «/lim MapoyHuX KOHBSKIB «TaBpis»)
mo 881,4 % (ITAT «IlonoriBchkuid ONMIMHOEKCTPAaKIiHHUN 3aBOA»). Y pe3ynbrari
JIOCITIJPKEHHS] BCTAHOBJICHO, 1110 HaiOinbIna yactka BuTpat 3adikcoBana y 2016 poui ams
ITAT «IlonoriBcekuii onifHOEKCTpaKIiiHU 3aBoa» — Ha piBHI 2,173%. OTxKe, BUTpaTn Ha
CTpaxyBaHHsS HECYTTEBO 3MIHIOIOTh BHUTpPATH 1, BiJIIOBINHO, TOMIPHO BIUIMBAIOTH Ha
(opMyBaHHs NPUOYTKY ITiAIPUEMCTB XapYOBOI IIPOMHCIOBOCTI.

HaykoBuii aHami3 cBigYMTH PO TNpsAMYy TNpomnopuidHy 3anexHicth MK ROE i
BuTparamu Ha crpaxyBanHns st [IAT «Kapiacoepr YkpaiHa», oOepHeHy NpoOnopuiiHiCTh
Mix ROS i Butparamm Ha crpaxyBanus mius [IAT «O6Gomons» i IIpAT «KwuiBchka
KoHJuTepchKa (padpuka «Pormen.

Kopensmilino-perpecifiauii  aHajgi3 MMOKa3HHKIB PEHTA0CIBHOCTI Ta BHTpAT Ha
CTpaxyBaHHs MJISl MIiJIPHEMCTB XapyoBOi MPOMHUCIOBOCTI IIOKa3ye, IO TUIBKH TpH
Koe(ili€HTH JeTepMiHallii I BiANOBiNArOTh 3HAYEHHAM PETpeciiiHoi MOEN 3aI0BLIBHOI
axocri: 17=0,717 (ROE, TIAT «Kapucbepr Ykpaina»); r>=0,838 (ROS, IIAT «O6GonoHb»);
’=0,664 (ROS, TIpAT «Kuiscbka KoHauTepchka (pabpuka «Pomen»). MeHi 3HaYeHHs
(mpomixok 1? B imTepam 0,1-0,5) koediuienta nerepmiHamii 3adikcoBaHi y aeB’sTi
BUIIAJIKaX: B Me)KaxX BijJ MIHIMaJbHOIO 3HAYEHHS r2=0,103 mist mokasuuka ROS ms ITAT
«ITonoriBchKuil ONiHHOEKCTPAKIIHHME 3aBOI» 0 MAKCHMAIbHOTO 1°=0,496 /U1 MOKa3HUKA
ROE nns TTAT «KuiBxutio».

BucnoBku. [imore3a mpo iCHyBaHHS 3aJIe)KHOCTI MK KOHKYPEHTOCHPOMOXHICTIO
I[IXIT Ta yactuHoto Trpomei, mo Bupinserbes I[IXII Ha cTpaxyBaHHS MOXe MaTH
migrBepmkenHs ymre it [TXTI 3 BUCOKOIO epeKTHBHICTIO BelleHHs Oi3HeCy.

Knaro4yoBi  cnoBa:  cmpaxysanns, — eumpamu, — Xapuoéa  NPOMUCTOSICTb,
KOHKYPEHMOCHPOMOIICHICINb.
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B3aeMo03B’A30K SIKiCHOI0 i KiJILKICHOr0 PiBHIB 10CTYIHOCTI Ta 10CTATHOCTI
XapuyyBaHHA NPH BU3HAYEeHHI PiBHSA MPOAOBOJIBY0I Oe3NeKn

Harania Conom’snrok !, Ipuna ®enynosa 2, Onena J{paran !
1 — Hayionanvnuii ynieepcumem xapuosux mexuonociu, Kuis, Yxpaina
2 — Kuiscokuil HayionanvHuti mopaogenvHo-eKkoHomiunull yuisepcumem, Kuie, Yxpaina

Beryn. Jlns sikicHOrO 1 MOBHOIIIHHOIO aHaJli3y MPOAOBOJIBUOI Oe3neKn HeoOXiTHWi
HaOip TOKA3HHUKIB, SKi 3a0€3MeYyIOTh SAKICHHUM 1 KIIBKICHUH MiIXiX JJIS OILHIOBAHHS
MIPOJIOBOJIBYOI JOCTYITHOCTI Ta JOCTATHOCTI.

Martepianu i merogun. OG’€KTOM JOCHI/PKEHb € aHajli3 MPOMOBOJIBUOI Oe3meKku Ta
IHIMKATOPU TPOJOBOJIBYUOI JOCTYITHOCTI 1 JOCTATHOCTI, 3a JIOIIOMOTOK SKUX BIiH
3IiHCHIOETBCA. B mpoueci JOCTiKEHHS BHKOPHUCTOBYBAJINUCH METOJM CTATHCTHYHOTO
aHaJli3y B YaCTWHI MOOYIOBU TPEHIIB ITUTOMOI Barm BUTpAT Ha MPOAYKTH Xap4yyBaHHS B
CYKYIIHUX BHTpaTax nomorocrnomapcts 3a 2000-2017 poku i3 BHU3HAYEHHSM HOTO
aQHAJITHYHOTO PIBHSHHS U BapTOCTI OJWHHII €Heprii JoOOBOro parioHy Xap4yBaHHS i
CIIOXKUBYHMX IiH B YKpaiHi.

PesyabraTu i odroBopenns. /{is omiHku (Qi3W4HOI TOCTYITHOCTI BUKOPHCTOBYIOTHCS
HOPMH BEPXHbOI MEXH pallioHATBHOro a00 ONTUMAaJIbHOI'O XapuyBaHHS, HOPMH
MIHIMaJIBHOTO TPOAOBONBYOrO CIIOKMBAHHS, KAJOPIHHICTH XapuoBOrO pPallioHy JIIOIAWHHU,
BIJICOTOK 3a0e3MCUeHHsS KaJOpiHHOCTI TOOOBOrO paIlioHy 3a paxyHOK CIIOKHBAHHS
MIPOYKTIB TBAPHHHOTO MOXOHKEHHS. J{J1s OIIHKM €KOHOMIYHOI TOCTYITHOCTI: PiBEHb IiH Ha
MPOAYKTH Xap4yyBaHHsI, TATOMA Bara BUTPaT Ha IPOAYKTH XapuyBaHHS B CYKYITHHX BUTpaTax
JIOMOT'OCIIONIAPCTB, KoedilieHTn audepeHnialii xapuyBaHHs 3a COLIAJbHUMHU TIpyHaMu.
BoHu He BimoOpa)aroTh MOBHOIO MipOIO CTaH MPOJOBOJIBYOI MOCTYMHOCTI. J[s OIiHKU
MIPOJIOBOJIBYOI JTOCTYIHOCTI IPOIOHYETHCS BHKOPUCTOBYBAaTH IIOKa3HUKH KYIiBEIbHOI
CIPOMOXHOCTI | KKaJI, SKUil BU3HAYA€ETHCS SIK B1THOIIEHHS KiJIbKOCTI KKaJl eHeprii J000BOro
pallioHy XapyyBaHHS CEpeIHHOCTATUCTUYHOIO YKpaiHIL 10 NMUTOMOI Bard BUTpAT Ha
Xap4uyBaHHS B 3araJIbHOMY 00CsI31 CYKYITHHX BHTpPAT JIOMOT'OCIIOIAPCTB, 1 BapTICTh OJMHHUILI
eHeprii T000BOro paiioHy XapuyBaHHs 13 TOPIBHSIHHAM 3 1HIEKCOM CIIOKHMBYMX MLiH. Tak,
MIPOBEICH] pO3paxyHKH IToKa3any, mo B Ykpaini y 2000 poui Ha 1% BUTpat Ha XapuyBaHHS
B OFOJIKETI CYKYITHUX BUTpAT AOMOrocrnoaapcTs npumnanano 41 kkai, y 2017 porti — 52,5, o
ckmagae 28% Bin piBHst 2000 poky. Omxke, mocrymHicTh XapuyBaHHs y 2017 pomi
nmokpammiacs mnopiBHsIHO i3 2000 pokoMm. Takok TOCHIHKYBAJIMCh TEMITH 3POCTAHHS
BaprocTi 1 THC. KKaw, ski y 2000-2014 i y 2017 pokax BumepeIrkaid TEMIIA 3POCTAHHS
CIOXKHUBYMX I1iH. [le € CBiqUeHHsIM TOT0, IO B I1i IEPiOIU MPOJIOBOIBYY TOCTYITHICTH (hOPMYE
HE IIiHa, , a piBEHb JOXO/iB, OCOOIMBO B YACTHHI BUTPAT HA XapuyBaHHS.

BucnoBku. KomiiekcHe BUKOPHCTaHHS IIMX MMOKa3HHUKIB AAaCTh 3MOTY OLIbII TIOBHO
OLIIHUTH PiBEHb MNPOJOBOJIBYOI JOCTYITHOCTI HAceJeHHs i PO3pOOMTH 3aXOJH BYACHOTO
3aro0iraHHs BUSABJICHUX 3arPo3.

KarouoBi cioBa: npooosonscmeo, besnexa, docmynuicms, 00CMAmMHICMb.
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KomniexcHuii anai3 e)eKTUBHOCTI Xap40Boi NPOAYKUii 3 BHKOPUCTAHHAM
HAHOYACTHHOK Xap4yo0Boi 100aBKH HA OCHOBi OKCH/IB IBO- Ta TPHBAJIEHTHOI0 3aJIi3a
“Marnetodpyn”

Ipuna Lluxanosceka', Biktopis €snam?, Onena Kpyrnosa?, Tersna €pnamr’
1 — Vkpaincora inocenepno-neoazoeiuna akademis, Xapxie, Ykpaina
2 — Xapkiscokutl Oeporcasnull yHigepcumem xapyuy8anHs ma mopeieii, Xapkis,
Yxpaina

Beryn. BripoBapkeHHSI HAHOTEXHOJIOTIH Y BUPOOHHUILITBO Xap4oBOI MPOIYKIii € OAHUM
13 YMHHUKIB 3a0€31e4eHHs CTINKUX KOHKYPEHTHHUX IIepeBar MmiJApHEMCTB XapuoBoi Taysi.
[IpencraBneHo KOMIUIEKCHHH aHali3 OLIHKM e(EeKTUBHOCTI HOBOi XapuoBOi MPOIYyKIii 3
BUKOPDHCTaHHSIM HAHOHOYAaCTUHOK XapyoBoi J00aBKM Ha OCHOBI OKCHIIB JBO- Ta
TpPHUBAJICHTHOTO 3aji3a «Maruerodym.

Marepianu i wmerogm. XapuoBa TpOAYKIS, BHPOOJIEHA 3 BHKOPHCTAHHIM
HAaHOYACTMHOK OKCHAIB JBO- Ta TpuBaJeHTHoro 3am3a «MarHeropyn» (FesOs),
JIOCHIJDKYBanacsi 3 BHUKOPUCTaHHSM CTaHOAPTHUX 1 3arajJbHONPUHHATHX METOZIB
€KCIIEPUMEHTAJIbHUX JOCIIKEHb (OPraHOJMIENTUYHHUX TTOKa3HUKIB 32 5-0aJIbHOI0 IIKAJIO0;
BOJIOTO- Ta >KUPOYTPUMYBAIBHOI 3[IATHOCTI 3a JIONOMOTrOK0 JKHUpoMipa Ta pedpakroMmerpa;
BHXOJy TOTOBOT'O MPOJYKTY 32 PI3HUIICIO MacC), EKCIIEPTHOTO aHaJi3y.

PesynbraTi i 06roBopeHHs. IIpoBencHI JOCTIHKEHHS CBIMYaTh, 110 BIPOBAHKCHHS
HAyKOBO OOI'PYHTOBaHOI Xap4oBOi MPOAYKIIT 3 HAHOYACTUHKAMHU JACTh 3MOTI'Y BHPOOJISTH
KOHKYPEHTOCIIPOMOXKHY NpoAyKiito. XapuoBa jo0OaBka «MarHetopya» Mae 3HaYHHUH
() YHKIIIOHATTbHO-TEXHOJIOT 1Y HHI MOTEHIaJI (copOritiHi, AHTHOKCHIaHTHI,
0aKTepiOCTaTUYHI, EMYNbIyIoui, CTaOlIi3yroui, IMiHO- 1 JparjeyTBOpIoroYi, BOAO- 1
JKHPO3B’SI3yI04i, BOIO- Ta JKUPOYTPUMYBAJIBHI BIACTHBOCTI), IO OOYMOBIIIOE BHECEHHS
HAHOYACTHHOK JI00AaBKM JI0 pPEUenTyp XiiO0OYJOYHMX, OOpPOUIHSHHX KOHAWTEPCHKHX,
M’SICHUX, TTaCTHJIBHO-MapMeJaJHUX BHPOOIB Ta CUPKOBUX 1 30uTHX AeceptiB. Lle crnpuse
pecypco30epeXeHHIO ITii 4ac BUPOOHHILTBA Xap4oBOI MPOMYKIii, pOpPMYBaHHIO BHCOKHX
CHOKMBYMX BJIACTUBOCTEH, MiJBUIIEHHIO BHXONYy W EKOHOMIYHOI e(QEeKTUBHOCTI ii
BUPOOHMIITBA. XapuoBa IPOAYKIIisl, BATOTOBJIEHA 3 BUKOPHCTAHHSIM Xap4OBOi HAHO00aBKH
«Marnetodym», Mae BUCOKI OpraHOJICTITHYHI, (hYHKI[IOHATBHO-TEXHOJIOT1UHI BJIaCTUBOCTI,
MOJOBKEHUH TepMiH 30epiraHHs. 3a pe3yjabTaTaMH IOPIBHSJIBHOIO aHali3y SKICHUX 1
LIHOBHMX XapaKTEepUCTHK Xap4oBOl MPOAYKIIi 3 HaHOYacTHHKaMu «MarHetody» 3po0iaeHo
BHCHOBOK IpO OULIBIIY I[HHICTH HOBUX INPOAYKTIB uisi crokuBadiB B2C mopiBHSIHO 3
MPOIYKTaMH-aHaJIOTaMH.

BucnoBku. J[oBejeHO BUCOKMI piBeHb HAYKOBOI, HAYKOBO-TEXHIYHOI, COI[iaIbHOI Ta
€KOHOMIYHOI €(DEeKTMBHOCTI IPOAYKTIB Xap4dyBaHHs 3 JOJABaHHIM Xap4yoBOi J00AaBKH Ha
OCHOBI1 OKCHJIIB JIBO- Ta TPUBAJICHTHOT'O 3ai3za «MarHerodym».

KurouoBi ciioBa: innosayis, nanouacmunku, machemo@yo, sKicmo.
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Instructions for authors

Dear colleagues!

The Editorial Board of scientific periodical
“Ukrainian Food Journal”
invites you for publication of your research results.

Requirements to all texts:
Language — English.
Size of the article — 10—15 pages in Microsoft Word 2003 and earlier versions with

filename extension *.doc (!)

g L

Times New Roman, font size 14, 1 line intervals, margins on both sides — 2 cm.

The structure of the article:

The title of the article

Authors (full name and surname)

Institution, where the work has been performed.

Abstract (2/3 of a page). The structure of the abstract should correspond to the structure

f the article (Introduction, Materials and methods, Results and discussion, Conclusion).

Keywords.

The main body of the article should contain the following parts:

— Introduction

—  Materials and methods

— Results and discussion

—  Conclusion

— References

If you need you can add another parts and/or divide them into subparts.

7. The information about the author (Name, surname, scientific degree, place of work, email
and contact phone number).

All figures should be made in graphic editor, the font size 14.

The background of the graphs and charts should be only in white color. The color of the

figure elements (lines, grid, text) — in black color.

Figures and EXCEL format files with graphs additionally should be submitted in

separate files.
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IIIanoBHi KoJeru!

Penakuiiina xojeris HaykoBoro nepioguunoro Buaanusa « Ukrainian Food Journaly
sanporrye Bac 1o myOmikariii pe3yabTaTiB HAyKOBHX JOCIIIKCHb.

Bumorn 1o opopmiieHHs craTei

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 hopmari *.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 axiil 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/iIK Ta PO30MBATH IX Ha IiIPO3ALIH.

8. ABtopchka nosinka (IIpi3Buie, iM’st Ta IO OaTHKOBI, BUSHHWH CTYIiHb Ta 3BaHHSA, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi JaHi aBTOpa, 10 AKOTO 32 HEOOXITHOCTI Oy/e 3BEepTATUCH PENAKIIis KYpHATY.

PucyHkn BHUKOHYIOTbCA siKicHO. CKaHOBaHI PUCYHKM HE IpuiiMaroThes. Po3mip TekcTy Ha
PHUCYHKax MOBHHEH OyTH 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 OJAIOTHCA B OKpeMHX (aiiax.

CkopoueHi Ha3Bu (DI3MYHUX BEJUYMH B TEKCTI Ta Ha rpadikax INO3HAYAIOTHCA JATHHCHKUMU
niTepamu BianoBinHo 1o cuctemu CL

B crnmcky niteparypy IOBHHHI epeBaXKaTH aHITIOMOBHI CTaTTi Ta MOHOrpadii, siKi omyOiiKkoBaHi
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.

IMocuiiaHHs Ha eJIeKTPOHHMIA 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 BHUKOPUCTOBYETHCS MACIIOPTHUH CTaHIApT, a 3 pociiicbkoi — cranaapt MBJI (B mux
CTaHIapTaX BHKOPUCTOBYIOTHCS CHMBOJIH JIMIIE aHTIiHChKOro andasiTy, 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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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

IepiognuHnicTh BUXOAY KypHAJTY 4 HOMEpPH Ha PiK.

Pe3yibraTi qoCIiIKeHb, IPEICTABIIEH] B )KypHAai, TIOBUHHI OyTH HOBUMH, MaTH YiTKUH
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
PEeNaKLiHOIO KOJIETIEI0: O/IMH € YJICHOM PEJIKOJIETii 1 OAMH He3aJIeKHUIN YUeHHH.

ABTOpCBKe NPaBo. ABTOPU CTaTel rapaHTYIOTh, L0 poOOTa HE € MOPYIIEHHAM 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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PenakuiiHa koneris
T'onoBHUIT pexakTop:

Basnepiit MaHk, 1-p. TexH. HayK, nipod., Hayionanvruil yrHieepcumem xapuoeux
mexuonozil, Yrpaina

YuieHn MikHApOIHOI pefaKuiifHOl KoJserii:

Arora T'ienpe Paiimene, n-p, Jlumogcoxutl inicmumym azpapHoi exonomixu, Jlumea
Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhuil yrHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, kaH/. TeXH. HayK, JI01l., Hayionanvuuil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Bireniocexuil ynisepcumem, Jlumea

Bosogumup IBanoB, n-p., npod., Jepocasuuil yrnisepcumem losu, CILIA

Baagimip I'pynanoB, 1-p. TeXH. HayK, pod., herapycokuti 0epicashull azpaphutl
mexHiuHUll yHigepcumem

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrtina Ilomouw, 1-p., noi., Texuiunuil ynieepcumem Monoosu

Mapxk Wamusiy, 1-p., A01., Yopromopcoka acoyiayis 3 Xapyoeoi HayKu ma mexHooeii,
Pymynia

Jeniseana Xy0, acoyiayis «Mixchapoona eapmonizayiina iniyiamueay, Hioepianou
Mackane Qwonwo, 1-p, Yuisepcumem Knoo Bepuapo Jlion 1, @panyis

Cewmix OTtaec, 1-p., npogh, Yuieepcumem Eee, Typeuuuna

Const AMapei, 1-p., npog, Vuieepcumem «Illmeghan wen Mapey, Cyuaea, Pymynis
Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexuonoeii, boreapis
Tersana [Mupor, a1-p. 6ion. Hayk, npod., HayionareHuil yHieepcumem xapuosux
mexuonozil, Yrpaina

Tomam BepHar, 1-p., mpod., Lleyuncokuil ynisepcumem, [orvwa

KOunist J3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeanivHoi Ximil imeni
B. I. Bepnaocvxozo HAH Vkpainu

KOpiii binawn, n-p., ll]eyuncokuii ynieepcumem, Ilonvwa

YiieHn pegakuiiHoi KoJierii:

Amnatouiii CaiiranoB, 1-p. €KOH. HayK, pod., lucmumym cucmemrnux oocnioxcerv 6 AIIK
HAH benapyci

Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhuil ynigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, kaH/. TeXH. HayK, JI01l., Hayionanvruil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Bogogumup Kobaca, n-p. TexH. Hayk, npod., Hayionanvhutl ynieepcumem xapuosux
mexuonozil, Ykpaina
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Bosogumup IBanoB, n-p., npod., Jepocasuuil yrnisepcumem losu, CILIA

Baangimip I'pynanoB, 1-p. TeXH. HayK, pod., herapycokuti 0epicasrull azpapHui
mexHiuHUll yHigepcumem

Ianuna CimaxiHa, 1-p. TexH. HayK, npod., Hayionanvruil ynigepcumem xapuoux
mexuonozil, Ykpaina

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrina Ilomosuw, 1-p., noi., Texuiunuii ynieepcumem Monoosu

Jlama llepinsH, 1-p. €KoH. HayK, podecop., Hayionanvhuil ynisepcumem xapuoux
mexuonozil, Ykpaina

Mapxk Wamusiy, 1-p., A01., Yopromopcoka acoyiayis 3 Xapyoeoi HayKu ma mexHonoeii,
Pymynia

Mukosna CaueBCbKHIid, I-p. €KOH. HAYK, pod., [ncmumym npodosonvuux pecypcie HAAH
Yrpainu

Jeniseana Xy0, acoyiayis «Mixchapoona eapmonizayiina iniyiamueay, Hioepianou
Ounexcanap llleBuenko, 1-p.TexH. HayK, pod., Hayionanvruil yHieepcumem xapuoeux
mexuonozil, Ykpaina

Ounena I'padoBchKa, 1-p. TEXH. HayK, npod., Hayionanvhuil yrigepcumem xapuoeux
mexuonozil, Ykpaina

Ounena JIparan, 1-p. eKoH. HayK, npod., Hayionanvruil yrieepcumem xapuosux
mexHonoeil, Yxpaina

Oabra Pubak, xaHj. TeXH. HAYK, JOL., TepHOninbCoKuLl HAYIOHATLHUL MEXHIYHULL
yuiepecumem imeri leana Ilymos, Yipaina

Mackane Qwonwo, 1-p, Yuisepcumem Knoo Bepuapo Jlion 1, @panyis

Cewmix OTtaec, 1-p., npogh, Yuieepcumem Eee, Typeuuuna

Coust AMapei, 1-p., npog, Vuieepcumem «Illmeghan wen Mapey, Cyuaea, Pymynis
Cranka [lamsiHOBA, 1-p., npogh, Pycencoruil ynieepcumem «Anenen Kanuesy, ginis
Pasepao, Boneapis

Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexuonoeii, boreapis
Tamapa Bepe3sinko, 1-p. €KOH. HayK, npod., HayionaneHuil yHisepcumem xapiosux
mexuonozil, Ykpaina

Tersana [Mupor, a-p. 6ion. Hayk, npod., HayionareHuil yHieepcumem xapuosux
mexuonozil, Ykpaina

Tomam BepHar, 1-p., mpod., Lleyuncokuil ynisepcumem, [orvwa

KOunist 3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
B.I Bepnaocvkoeo HAH Vkpainu

KOpiii binawn, n-p., ll]eyuncokuii ynieepcumem, Ilonvwa

Ounexciii I'yoenst (BiaAmoBinanpHUN ceKpeTap), KaHa. TeXH. HAYK, AOIl., Hayionaibruil
YHIgepcumem xap4oeux mexuonoziu, Ykpaina.
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