ISSN 2313-5891 (Online)
ISSN 2304-974X (Print)

Ukrainian
Food Journal

Volume 5, Issue 1
2016

Kyiv Kuis
2016



Ukrainian Food Journal is an
international scientific journal that
publishes innovative papers of expert in the
fields of food science, engineering and
technology, chemistry, economics and
management.

The advantage of research results
publication available to students, graduate
students, young scientists.

Ukrainian Food Journal is abstracted and
indexed by scientometric databases:

Ukrainian Food Journal — mixxHaposHe
HAyKOBE TEePIOANYHE BUIAHHS IS
myOJTiKamii pe3ynbTaTiB AOCIiIKEHb
(haxiBIlB y rayry3i XapuoBoi HaAYKH, TEXHIKU
Ta TEXHOJIOTIT, XiMii, EKOHOMIKH i
yIIpaBJIiHHS.

[NepeBara B myOumikarii pe3ynbTariB
JIOCITIJPKEHb HAaJIA€ThCS CTYCHTaM,
acripaHTaM Ta MOJIOJUM BUCHHM.

Ukrainian Food Journal inmexcyeTbcs
HAyKOMETPHUYHUMH Oa3aMHu:

Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichsWeb (2013)
Global Impact Factor (2014)
CABI full text (2014)

Online Library of University of Southern Denmark (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)

Editorial office address:

National University
of Food Technologies
Volodymyrska str., 68

Ukraine, Kyiv 01601

Ukrainian Food Journal BxitoueHo y nepeiik
HayKOBHUX (DaXOBHX BHIaHb YKpaiHU 3 TEXHIYHHUX
HayK, B IKOMY MOXYTb IIyOJIiKyBaTHCsI
pe3yabTaTH qUCepTaliiHuX poOiT Ha 3100YTTS
HAayKOBHX CTYIICHIB JIOKTOpA 1 KaHAuAaTa HayK
(Haxa3 MinicrepcTBa ocBiTH | Haykn YKpaiHu

Ne 1609 Bix 21.11.2013)

Azlpeca penakiii:

HanionanbHuii yHiBEpCHTET
Xap4OBUX TEXHOJIOTIH
Byn. Bonogumupceka, 68
Kuiz 01601

e-mail: ufj_nuft@meta.ua

Scientific Council of the National
University of Food Technologies
recommends the journal for printing.
Minutes Ne 11, 24.03.2016

© NUFT, 2016

——Ukrainian Food Journal.

PexoMeH10BaHO BUSHOIO PaJIoI0
HaunionansHoro yHiBepcurery
XapuOBUX TEXHOJIOTiH.
Iporokon Ne 11 Bix 24.03.2016 p.

© HVYXT, 2016

2016. Volume 5. Issue 1 —



Ukrainian Food Journal publishes original research articles, short
communications, review papers, news and literature reviews.

Topic covered by the journal include:

Food engineering Food nanotechnologies

Food chemistry Food processes

Food microbiology Economics and management
Physical property of food Automation of food processes
Food quality and safety Food packaging

Health

Periodicity of the journal - 4 isues per year.

Studies must be novel, have a clear connection to food science, and be of general
interest to the international scientific community.

Ukrainian Food Journal is indexed by scientometric databases:
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)

Reviewing a Manuscript for Publication. All scientific articles submitted for
publication in “Ukrainian Food Journal” are double-blind reviewed by at least two
academics appointed by the Editors' Board: one from the Editorial Board and one
independent scientist.

Copyright. Authors submitting articles for publication warrant that the work is not an
infringement of any existing copyright and will indemnify the publisher against any breach
of such warranty. For ease of dissemination and to ensure proper policing of use papers and
contributions become the legal copyright of the publisher unless otherwise agreed.

Academic ethics policy. The Editorial Board of "Ukrainian Food Journal" follows the
rules on academic writing and academic ethics, according to the work by Miguel Roig
(2003, 2006) "Avoiding plagiarism, self-plagiarism, and other questionable writing
practices. A guide to ethical writing”. The Editorial Board suggests to potential contributors
of the journal, reviewers and readers to dully follow this guidance in order to avoid
misconceptions in academic writing.

For a full guide for Autor please visit website at

http://ufj.ho.ua

——VUkrainian Food Journal. 2016. Volume 5. Issue 1 — 3



Ukrainian Food Journal

Editorial board
Editor-in-Chief:
Valerii Mank, Ph. D. Hab., Prof., National University of Food Technologies, Ukraine
Members of Editorial board:

Aleksandr Mamtsev, Ph. D. Hab., Prof., Branch of Moscow State University of
Technologies and Management, Meleuz, Bashkortostan, Russia.

Anatolii Saiganov, Ph. D. Hab., Prof., Institute of System Research in Agroindustrial
Complex of NAS of Belarus

Galyna Simakhina, Ph. D. Hab., Prof., National University of Food Technologies,
Ukraine

Cristina Popovici, Ph.D., As. Prof., Technical University of Moldova

Mark Shamtsian, PhD, As. Prof, St. Petersburg State Technological Institute, Russia
Mykola Sychevskyi, Ph. D. Hab., Prof., Institute of Food Resources of National Academy
of Sciences of Ukraine

Olga Rybak, Ph.D., As. Prof., Ternopil National Technical University “Ivan Puliui”,
Ukraine

Pascal Dupeux, Ph.D., University Claude Bernard Lion 1, France

Stefan Stefanov, Ph.D., Prof., University of Food Technologies, Bulgaria

Tetiana Mostenska, Ph. D. Hab., Prof., National University of Food Technologies,
Ukraine

Tetiana Pyrog, Ph. D. Hab., Prof., National University of Food Technologies, Ukraine
Tomasz Bernat, Ph. D. Hab., Prof., Szczecin University, Poland

Valerii Myronchuk, Ph. D. Hab., Prof., National University for Food Technologies,
Ukraine

Viktor Stabnikov, Ph.D., As. Prof., National University for Food Technologies, Ukraine
Virginija Jureniene, Ph. D., Prof., Vilnius University, Lithuania

Vladimir Grudanov, Ph. D. Hab., Prof,, Belarusian State Agrarian Technical University
Volodymyr Ivanov, Ph. D. Hab., Prof.,, lowa State University, USA

Yuliia Dziazko, Ph. D. Hab., Prof,, Institute of general and inorganic chemistry
«Vernadskii» of National Academy of Sciences of Ukraine

Yordanka Stefanova, Ph.D, University of Plovdiv "Paisii Hilendarski", Bulgaria

Yurii Bilan, Ph.D., As. Prof., Szczecin University, Poland

Oleksii Gubenia (accountable secretary), Ph.D., As. Prof., National University of Food
Technologies, Ukraine

4 ——Ukrainian Food Journal. 2016. Volume 5. Issue 1 —



Contents

F00d teChNOIOZIES.................oveererrercee ettt ssnenes

Tamara Nosenko, Irina Levchuk, Volodymyr Nosenko, Tamara Koroluk

Effect of rape seeds microwave pretreatment on the composition and
antioxidative properties of press rape Oil.........o.oevvriiiiiiiiiiiiii e
Olesia Priss

Effect of heat treatment with antioxidants on oxygen radical scavenging during
storage of bell pepper fruits. .......oovverieiii e,
Yuriy Posudin

Laser light scattering by milk particles. .. e e ———
Sogo James Olatunde, Rachel Oluwatoym Adetola

Adewumi Toyin Oyeyinka, Samson Adeoye Oyeyinka

Production and quality evaluation of tapoica substituted with fermented bambara

Valerii Sukmanov, Viktoriia Kiiko

High pressure in the technology of milk and soft cheese..............................
Gjore Nakov, Viktorija Stamatovska, Ljupka Necinova,

Nastia Ivanova, Stanka Damyanova

Sensor analysis of functional DISCUILS. ...........covviiiiiiiiiiiiiiee i eeeee e,
Nataliya Ryabchenko

Influence of packaging on the quality of soft brine cheese fortified with seaweed
additive. .

Aliona lehlyar Natalza F edak Natalza Murllkma

Research of high oleic sunflower oil properties under the hydrothermal effect .. ....
Mariia Zemelko, Valeriy Mank, Oleh Chervakov

Influence of chocolate frosts on their qualities and usage in food industry..
Anastasiya Chorna, Oksana Shulga, Larisa Arsenieva, Nataliya Hrehirchak,
Kateryna Zusko, Serhii Riabov, Serhii Kobylinskyi, Ludmila Goncharenko
Antibacterial biodegradable films for foods..............coooiiiiiiii

Biotechnology, microbiology..................c.oooiiiii

Nilgiin Onciil, Seniz Karabiyikli

Persistence and survival of some food borne pathogens in neutralized unripe
APC PIOAUCES. . ..ttt et ee et et et et et e et et e et e et e e ter e eeaee e e naneee e
Olusegun A. Olaoye, Abiodun A. Onilude, Stella C. Ubbor, Anna N. Agiriga
Microbiological quality during storage of pork balangu inoculated with nisin
producing Lactococcus lactis subsp. 1actis ..........c.covviviiiiiiiiiiiiiiieene

Anatoliy Ukrainets, Vasyl Pasichniy,
Yulia Zheludenko, Svitlana Zadkova
Oleoresins effect on cooked poultry sausages microbiological stability......

——Ukrainian Food Journal. 2016. Volume 5. Issue 1 —

27

36

44

56

63

70

80

88

96

96

109

124



Processes and equipment of food productions. .................................... 135

Mariia Shynkaryk, Oleh Kravets

Mathematical modelling of the separation of suspension process on the filter with
selt-purifier filter element. ............o.coviviiiiiiiii e 135
Yaroslav Kornienko, Serhiy Hayday,

Andprii Liubeka, Oleksandr Martynyuk

Kinetic laws of the process of obtaining complex humic-organic-mineral

fertilizers in the fluidized bed granulator................cooviiiviiiiiiiiniiiiee e, 142
Natalia Tkachuk, Oleksandr Shevchenko

Effects of osmotic pressure environments lethal effects on the level of

microorganisms in the conditions of evacuation..................coeeviniveninennnnn.. 155
Valentyn Petrenko, Mykola Pryadko,

Yaroslav Zasyadko, Mariya Miroshnyk

Modeling of heat transfer in free down flowing laminar liquid films with

development wavy structure at the regime of evaporation from the

IEETTACE. . ..ottt e et 162

Lifesafety.........cooooiiiiii e 174

Olga Evtushenko, Alina Siryk, Petro Porodko
Development of the occupational safety in the food industry with regard for the
risk-based apProach. . ........c.oeviiiiiiiii 174

Economics and management.........................ccceveiiiiiiiiiiii e, 180

Alexandr Asmalovskij, Tomds Sadilek
Food quality perception in the Czech Republic: trial study results.................... 186

6 ——Ukrainian Food Journal. 2016. Volume 5. Issue 1 —



Food technologies

Effect of rape seeds microwave pretreatment on the
composition and antioxidative properties of press rape

oil

Tamara Nosenko?, Irina Levchuk?, Volodymyr Nosenko’,

Tamara Koroluk*

1 - National University of Food Technologies, Kyiv, Ukraine
2 - State Enterprise “"Ukrmetrteststandard”, Kyiv, Ukraine

Keywords:

Microwave
Pretreatment
Rape

Oil
Oxidative
Stability

Abstract

Article history:

Received 14.01.2016
Received in revised
form 19.02.2016
Accepted 24.03.2016

Corresponding author:

Tamara Nosenko
E-mail:
tamara_nosenko@ukr.net

Introduction The influence of microwave pretreatment of
rape seeds on the pressing oil yield, acid and peroxide values
of oil, fatty acid composition of oil, phosphoruscontaining
substances, tocopherols and carotene content in oil as well as
oil oxidation stability were studied in this work.

Materials and methods Peroxide and acid values of oils
were determined according to procedures given by IUPAC,
total phosphorus and carotenes content — by
spectrophotometric methods, fatty acid composition and
tocopherols content of oils — by chromatographic methods.
The induction periods of oil oxidation were calculated from
the curve of oxidation in the presence of 2,2-azo-bis-
isobutyronitrile.

Results and discussion The advantages of microwave
heating are very high rates of temperature increase and as a
consequence the high rates of the moisture decrease. We have
shown that decreasing of rape seed moisture from 13.0 to 7.2
% had run during 10 and 30 min under microwave and
conventional heating respectively. It was shown that pressing
oil yield after microwave pretreatment of rape seeds increased
by 16-90 %. The final seed moisture after pretreatment was
the main factor that determines the pressing oil yield. The oil
yield for the seeds with the same moisture after microwave
and conventional pretreatment was higher in a case of
microwave pretreatment by 16 %.

Data obtained have shown that used microwave heating
had no effect on the fatty acid composition of rape oil. But oil
from the rape seeds after microwave pretreatment had lower
acid and peroxide values, higher phosphorus, tocopherols and
carotenes content. Increasing of oxidative stability of oil
sample after seed microwave pretreatment was confirmed by
rising of induction period time of oil oxidation, initiated by
2,2-azo-bis-isobutyronitrile. Induction period of control
sample oil was equal to 27 min. and for sample oil from
microwave pretreated seeds it was three time longer and
exceed 90 min.

Conclusions Microwave pretreatment of rape seeds can be
used for increase of rape seeds pressing affectivity and
improving of oil biological value and oxidation stability.
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Introduction

The main advantage of microwave heating is its easy and quick penetration inside
products and as result their temperature increases very rapidly. At the same time the energy
of microwave frequency waves are strongly absorbed by water molecules. Thus the higher
moisture of product the higher temperature increase under microwave heating. The high
temperature of materials under microwave heating induces the high pressure inside the
cells, rupture of cell wall and releasing the cell components [1].

Microwave heating is widely used for sterilization, pasteurization, cooking and drying
the product. It is also used for intensification of extraction of different substances for food
and other application.

The development of microwave assisted extractions was first reported by Ganzler et
al. [2] and Ganzler and Salgo [3] as a sample preparation method for chromatography.
Subsequently this method was proposed to use for extraction of different compounds from
plant and animal materials, such as essential oil [4-7], phenolics with maximal antioxidant
activities [8, 9] and other bioactive compounds from plant materials [10, 11].

Microwave pretreatment of raw material is predominately used for edible oil recovery
from oil seed [12]. Valentova et al. [13] have shown that yield of cold-pressed rape oil
increased with increasing doses of microwave irradiation up to about 40 % of seed mass
(w/w) while the amount of oil, obtained from untreated flakes, was about 33% (w/w). The
degree of lipid oxidation was significantly lower after microwave treatment, total
phosphorus contents were higher in the oils from treated seeds. At the same time Terigar et
al. [14] have not detected the effect of microwave on the phospholipid content in oil.
Azadmard-Damirchi et al. [15] have shown that microwave pretreatment of rape seed can
increase the oil yield (by 10%), phytosterols (by 15%), tocopherols (by 55%) of the
pressing oil and increased oxidative stability to 8 h. In our previous study we have shown
the influence of microwave pretreatment on the yield of press oil from soybean, sunflower,
walnut and pumpkin seed [16].

Moreno et al. [17] have detected the increase of extraction efficiency in Soxhlet-
hexane extraction coupled after microwave pretreatment of avocado. Terigar et al., [14]
have proposed pilot-scale continuous microwave-assisted extraction system for soybean
and rice bran oil.

On the other hand there are contrary data about influence of microwave roasting of
sunflower seed on the oil quality [18]. Using extraction of oil by n-hexane the authors have
revealed that microwave roasting decreased the oil content of the seeds significantly.
Analysis of the extracted oils demonstrated a significant increase in free fatty acids (FFA)
content, peroxide, p-Anizidine and saponification values, density, diene, conjugated triene
and color values for roasting periods of 10 and 15 min. Such significant increase of
saponification value is very doubtful on the basis of the fatty acids composition changes
since the main changes concerned only the oleic and linoleic acids ratio but not the content
of fatty acids of different molecular weight. The iodine values and the amounts of
tocopherol constituents of the oils were remarkably decreased. Microwave heating resulted
in increase of oleic acid content by 16-42% and decrease of linoleic acid content by 17—
19%, but palmitic and stearic acid contents were not affected significantly.

It is obviously that such substantial changes of linoleic acid content could be only the
result of its oxidation and these data indicate about acceleration of oil oxidation as a result
of microwave roasting.

The influence of microwave roasting on fatty acid content was reported for other oils
[19, 20].

8 ——Ukrainian Food Journal. 2016. Volume 5. Issue 1 —



Food technologies

However Yoshida et al. [21], have reported no significant (P > 0.05) changes in the
FA composition within 12 min of roasting in sunflower seed oil. Yen [22], Yoshida and
Kojimoto [19], Kim et al. [23] have not found differences in FA composition of sesame
seed oils and of rice germ oil treared at different roasting temperatures and time.

Thus the question about the role of microwave heating in oil seed processing and its
influence on the oil quality is still open. In our opinion parameters of microwave heating
are very important for oil quality, notably the temperature of heating and seed moisture in
the case of seed pretreatment. In this study we have investigated the influence of
microwave pretreatment conditions on the yield of press rape oil and its composition.

Materials and methods

Materials. Seceds of the winter rape plant (Brassica napus, low content of
glucosinolates and zero erucic acid), obtained from local market were used in this research.
Moisture and oil content of seeds were 8.5 % and 46.4 % (of dry substances), respectively.

Proximate analysis. Moisture content was determined by drying of samples to stable
mass. Determination of oil content in seeds and cakes was carried out by extraction in a
Soxhlet extractor on a water bath (75-80°C) for 16—18 h with n-hexane (b. p. 68°C). The
mass of extracted oil was calculated by weighing of seed residues after extraction.

Microwave pretreatment of rape seeds. 500 g of rape seed were moistened to
moisture content 11-13 % by water vapour and then were heated in domestic microwave or
in electric oven. Final seed moisture varied from 3 to 10 %. The frequency of microwave
was 2450 MHz and capacity varied from 100 to 300 W. The temperature of microwave
heating varied from 85 to 105 °C and conventional heating from 100 to 105 °C,
respectively.

Seed pressings. Pressings of the seeds were performed after heating using the
laboratory screw press at 55-60°C operating temperature. Oil yield was calculated as
difference between oil content in seeds and oil residuals in cake after pressing.

Quality parameters of pressed oils evaluation. Peroxide value (PV) and acid value
were determined according to procedures given by IUPAC (2.501 and 2.201, respectively)
[24]. Total phosphorus content was determined by a spectrophotometric method measuring
absorbence of yellow molybdenumvanadiyphosphoric acid at A= 400 nm using dry ashing
and magnesium oxide as an ashing aid.

Tocopherols content determination. Content of tocopherol homologue was
determined by high-performance liquid chromatography of unsaponifiable substances. For
this purpose 5 g of oil was saponificated at 85-90 °C in the presence of 15 ml methanol, 10
ml of 10 % water solution of ascorbic acid and 4 ml of 50 % potassium hydroxide solution
during 30 min. Unsaponfiable matters were extracted thrice by diethyl ether. Extract was
properly washed by disstiled water and dried by incubation with sodium sulphate during 30
min. Ether was evaporated on rotor evaporater at 40...50°C and residual was diluted in 10
ml of methanol. Obtained solutions were analyzed on Hewlett Packard liquid
chromatograph model HP 1100 with reversed-phase column Hypersil MOS (200 mm x 2.1
mm). Detection was done with fluorescence (wave length of: excitation — 295 nm,
absorbtion — 330 nm) and diode matrix detectors. The column was held at constant
temperature by a water jacket at 40 °C. The eluant was composed of acetonitril/water
(70:80), the eluation velocity was 0.4 ml/min. The standard solutions of o-
tocopherolacetate (Supelco) were used for calibration.
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Total carotenes content determination. Total carotenes content was determined by a
spectrophotometric method. Solution of oil in hexane (1:9) was used for absorbance
measurement at A=451 nm. Total carotines content (g/100 ml) was calculated using the
following equation:

C=10A/10-256
where A correspond to the absorbance of oil solution at 451 nm and cuvette thickness equal
to 10 mm and 256 is the specific absorption coefficient of B, carotene at 451 nm [25].

Fatty acid composition of oils. Fatty acid composition was determined by gas-liquid
chromatography of fatty acid methyl esters. They were prepared by IUPAC standard
method 2.301 [24] and analyzed on Hewlett Packard gas chromatograph model HP 6890
with capillary column HP-88 (88%-cyanopropyl aryl-polysiloxane, 100m x 0.25 mm x 0.25
ym film thickness (Agilent Technologies). The temperature of injector was 280 °C, and pf
detector — 290 °C. The column temperature program of heating rate was from 60 to 230
°C. The rate of carrier gas was 1.2 ml/min. Identification of the fatty acids was performed
by comparison of the retention times with standards mixture of fatty acid methyl esters (37
Component FAME Mix, Supelco).

Oxidative stability of rape oil. The oxidative stability of rape oil was estimated as
changes of peroxide value during 12 h exposition of oil in thermostat at 70°C. The
aliquots of oil were taken for PV determination every 2 h.

Induction periods of oil oxidation were calculated from the curve of oxidation,
initiated by 2,2-azo-bis-isobutyronitrile (AIBN). Oxidation curves at 80 °C were measured
as volume of absorbed oxygen. For oxidative reaction 2 g of oil mixed with 3 ml xylene
and 0.3 ml of 0.1 mol/L solution of oxidation initiator 2,2-azo-bis-isobutyronitrile (AIBN)
in xylene. Reaction mixture was oxygen purged during 1 min and thermostated at 80 °C
during 10 min before measurements. Oxidation curves were plotted in coordinates: heating
time (t, min) — height of absorbed oxygen column (H, mm).

Statistical analysis. Samples were analyzed in triplicate. Statistical analysis was
performed using Microsoft Excel 2007 (Microsoft, City of Redmond, USA). The results
were reported as mean+SD. Differences were considered to be significant at validity of
a=0.95.

Results and discussion

Microwave heating effects on the yield of press oil

In our previous work [16] we have shown that microwave pretreatment of oil seeds
had resulted in the increase of pressing oil yield. The main parameter affected pressing oil
yield was moisture of seeds before pressing. Data, obtained in this work, had shown that
highest oil yield was achieved when seed moisture was about 3.0 % (Table 1). About 92 %
of oil was recovered from seeds. The advantages of microwave heating are very high rates
of temperature increase and as a consequence the high rates of the moisture decrease. We
have shown that decreasing of seed moisture from 13.0 to 7.2 % had run during 10 and 30
min under microwave and conventional heating respectively. The oil yield for the seeds
with the same moisture after microwave and conventional pretreatment was higher in a case
of microwave pretreatment by 16 %. Obviously in a case of microwave heating the changes
of seeds microstructure are involved also as contributing factor to oil yield [26].
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Table 1
Oil yield as a function of parameters of rape seed pretreatment and pressing
Seed Microwave | Temperature Time of Final Oil yield, %
moisture capacity, of seeds, °C treatment, moisture from seed
before W/200 g of min of seeds, mass
heating, % seeds %

13.0+0.3 300 10543 10 7.2+0.2 29+3
13.0+0.3 100 8042 10 10.0+0.3 2542
11.0+0.2 300 10042 10 3.0£0.2 38+1
11.0+0.2 100 8443 10 7.2+0.3 2942
13.0+0.4 - 10042 10 12.0+0.3 2044
13.0+0.3 - 10042 30 7.2+0.2 2543

Chemical composition of press rape oil

According to our data, rape oil, obtained after microwave pretreatment, had lower
content of free fatty acids and considerably lower mean of peroxide value (Table 2),
possibly due to result of a short-time microwave heating, durations of heating in order to
reach the same seeds moisture were 10 min and 30 min in microwave and electric oven
respectively. On the other hand, it is possible that microwave heating inactivates lipases and
of oxidative enzymes, such as peroxidases and lipoxygenases, more effectively comparing
with conventional heating.

Table 2
Characteristics of Rapeseed Oil from Seeds after heat pretreatment
Characteristic Pretreatment heating
conventional | microwave

Pressing oil yield, % 25+1.5 38+1.8
Peroxide value (meq O kg™ of oil) 1.84£0.2 0.4+0.1
Acid value (mg KOH g™ of oil) 2.2+0.1 1.5+0.05
Total phosphorus content  (mg kg™ of oil) 27.7£1.3 31.8+1.5
Tocopherol content
(mg-100 g™ of oil):
a tocopherol 12.3£0.10 13.3£0.15
f tocopherol 20.5+0.2 21.1+0.15
Total carotines content, % 0.003£0.001 | 0.047+0.005

We have obtained very low total phosphorus content in all oil samples, but still it was
higher (about 15 %) in oil after microwave heating. Since neutral lipid fractions are
extracted from seeds under pressing at first and such as phospholipids are polar lipids,
obviously the higher oil yield the more polar lipid fractions content in oil.

The tocopherol homologues content was somewhat higher in the sample of rape oil
from microwave treated seeds. The o-tocopherol content increase was 8 % to control
samples. It is known that this homologue has lowest optimum of antioxidative activity that
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is10-25 mg/100 g of oil [27]. Thus it can cause the high oxidative stability of rape oil even
at low concentration.

Analysis of fatty acid composition of obtained rape oil samples are shown in Table 3.
We have not detected significant changes of fatty acid content in oil after microwave
heating, neither decreasing linoleic acid content nor increasing oleic acid content as it was
shown by [18-20]. We suppose that considerable changes in FA composition [18] could
accompanying very strong destruction of oil, that is not evident from other oil
characteristics (FFA content, PV value) shown in those works. Our data have shown that
“soft” conditions of microwave heating do not cause nor considerable changes in FA
composition nor creation of trans isomers of fatty acids.

Effect of microwave pretreatment on oxidative stability of rape oil

Changes of peroxide value of rape oil from seeds, treated in electric and microwave
oven, under oxidation condition are given on Fig. 1. It is evident that oil from seeds after
conventional heating had very poor oxidative stability, its oxidation have started from the
very beginning of oil heating and the rate of peroxide accumulation was very high. At the
same time the rate of peroxide formation in oil from seeds after microwave heating was
increasing slowly during first 4 hours and then peroxide content was constant until 10 h. At
the end of observation the rate of peroxide formation declined in both oil samples possibly
as result of peroxide dissipation to second products of oxidation.

Increasing of oxidative stability of oil sample after microwave pretreatment was
confirmed also by rising of induction period time of oil oxidation, initiated by 2,2-azo-bis-
isobutyronitrile. Induction periods of oil oxidation were calculated from the curve of
oxidation (Fig. 2). Induction period of control sample oil was equal to 27 min. and for
sample oil from microwave pretreated seeds it was three time longer and exceed 90 min.

Table 3
Fatty acid composition of rape oils

Fatty acid, % from the common content
Fatty acid Oil after microwave Oil after
pretreatment conventional heating

C 16:0 4,50+ 0,15 4,49+0,15
cis-9-C 16:1 0,23 + 0,05 0,21 +0,05
C 18:0 1,66 + 0,10 1,67+0,10
cis-9-C 18:1 59,27 + 0,20 59,63 + 0,20
cis-11-C 18:1 4,94+ 0,15 4,76 + 0,15
cis, cis-9,12-C 18:2 19,29 £ 0,20 19,08 £ 0,20
C 20:0 0,55+ 0,05 0,54+ 0,05
cis,cis,cis-9,12,15-C 18:3 7,68 £0,20 7,80+ 0,20
cis-11-C 20:1 1,19+ 0,10 1,17+0,10
cis-13-C 22:1 0,10 + 0,05 0,09 + 0,05
C 24:0 0,12 + 0,05 0,11+0,05
cis-15-C 24:1 0,13 + 0,05 0,13 +0,05
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Fig. 1. Oxidation stability of rape oil after conventional and microwave pretreatment of seeds
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Fig. 2. Curves of rape oil oxidation, initiated by 2,2-azo-bis-isobutyronitrile

Conclusions

In this study we have shown that main parameters that influence the yield of press rape
oil are seed moisture, which in turn depends on the temperature and the time of seed
heating. The time which is necessary for achievement of proper seed moisture is
considerably lower in case of microwave heating in comparison with conventional heating.
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On the other hand since water has very high dielectric constant the higher initial seeds
moisture the more effective heating.

Thus parameters that determine the effect of microwave heating on seed moisture are:
microwave power, pretreatment duration as well as initial seed moisture. In addition, the
influence of microwave heating on the oil yield is evidently the result of creation of proper
inner microstructure of seed due to quick water heating and evaporation that results in
creation of porous microstructure. Such microstructure is favorable for oil releasing.

Increasing of oil yield after microwave pretreatment is accompanied by increased
content of polar lipids (phospholipids, carotines and tocopherols) in oil. Microwave
pretreatment of seeds did not influence the fatty acid composition of rape oil. Rape oil from
the seeds after microwave pretreatment had low peroxide value and considerably higher
oxidative stability.
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Introduction. Despite known effectiveness of heat
preconditioning and antioxidant treatment for decreasing of
oxidative damage induced by cooling, their combined effect on
fruits of sweet bell pepper was never studied before.

Materials and methods. Fruits of sweet bell pepper Nikita
F1 and Hercules F1, which were preconditioned with warm
composition of antioxidants, were stored in 7+ 0,5 °C. Content of
malondialdehyde (MDA) was determined by thiobarbituric
method. Superoxide dismutase (SOD) activity was determined
by estimation of its ability to inhibit the reaction of auto-
oxidation of adrenaline in alkaline medium with a modification
in the stage of raw materials preparation. Activity of peroxidase
(PO) and catalase (CAT) was determined by titration of
undecomposed rest of hydrogen peroxide.

Results and discussion. Without using additional methods
of prevention of chilling injury after 24 days third part of fruit is
damaged. In pepper, treated with heat and composition of
antioxidants, chilling injuries are seen only on 21% day
independently from hybrid. Chilling injuries decrease in
3,9...4,5 times in comparison with untreated fruits. During the
storage of pepper in temperature conditions above the cold-
sensitivity threshold content of MDA increases constantly. Heat
treatment with antioxidants changes a dynamic of MDA in the
sweet bell pepper fruit. Till the 12" day of study level of lipid
peroxidation remains stable in treated samples. Then, on each
stage of storage, level of MDA raises by 5...15% depending on
hybrid. On the 18th day (loss of commercial quality of control
samples) level of MDA in the studied samples is lower in 1,7...2
times. Heat preconditioning with antioxidants decreases speed of
SOD deactivation by 25% and CAT by 30...50%. Activity of PO
during storage of pepper decreases till the moment of
commercial quality loss and then raises. In studied fruits growth
of PO activity starts 12 days after such in the control group.
Between the activity of studied enzymes and content of MDA
strong reverse correlations were found (r=-0,81...=-1) that
testifies to the antioxidant functions of these enzymes.

Conclusions. Combination of heat preconditioning and
antioxidant treatment for preparation of pepper to storage
increases effectiveness of functioning of the system aimed on the
reactive oxygen species utilization, which allows to minimize
chilling injury.

16
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Introduction

Fruit and vegetables during the periods of treatment, storage and sale can be
potentially affected by the numerous negative factors (low temperature, storage condition,
mechanical damage), which can lead to the oxidative stress. Oxidative stress occurs when
partly reduced reactive oxygen species (ROS), such as singlet oxygen ('O,), superoxide
anion (O,"), hydrogen peroxide (H,0O,), hydroxyl (OH") and peroxinitrite (ONOO") are
overproduced, which leads to the failure of the organism ability to maintain a cell redox
homeostasis [1]. Duration of the ROS affect on tissues is determined by antioxidant system,
which is a set of cell, tissue and organism defense mechanisms that are aimed on the
homeostasis maintenance. Endogenous antioxidants allow preserving low constant level of
products of lipid peroxidation, thus preventing illnesses in the postharvest period [2].

Antioxidant system of plant tissues consists of non-enzyme (low-molecular) and
enzyme (high-molecular) antioxidants [3]. Three enzymes are mainly responsible for the
defense of the organism from oxidative damage: superoxide dismutase (SOD), catalase
(CAT), peroxidase (PO) [4].

Superoxide dismutase plays a central part in the protection from oxidative stress in all
aerobic organisms [5]. Dismutation of superoxide radicals is SOD function. Hydrogen
peroxide is a result of superoxide anion dismutation. That is why the group of enzymes,
which utilize hydrogen peroxide, are a necessary element of antioxidant defense of plants.
Catalase and peroxidase are such enzymes and they act in a cell as a second defense line.

Due to the interruption of synthesis processes of substances, which are needed for the
normal metabolism, system of the antioxidant control over ROS generation is acting
properly limited time only. Level of ROS increases dramatically when the irreversible
aging processes develop [6, 7]. Mechanisms of antioxidant protection exhaust, which leads
to the number of metabolic disorders and cell death. Therefore utilization of ROS excess
during the storage of fruit and vegetables is a key to preserve the quality of production.

Together with decreasing of storage temperature, the intensity of respiration decreases,
production of ethylene and weight losses are reduced [8, 9]. This allows extension of shelf
life of fruit and vegetables. Still for many species of horticultural crops low temperature is
harmful as leading to the oxidative damage. Despite powerful endogenous antioxidant
system [10], sweet bell pepper fruits are quite sensitive to the influence of cold. Level of
sensitivity depends on variety: hot species of Capsicum annuum can withstand temperature
decrease till 5 °C, although "paprika" fruits immediately react on the temperature
decreasing below 7 °C with physiological disorders [11,12].

For protection of fruits from oxidative damage that was induced by cooling in industry
heat treatment is often used [13]. Positive influence of heating procedures is connected with
formation and protective action of heat shock proteins, which play a part in the regulation
of ROS formation and protection of cell compartments from oxidative stress. Temperature
preconditioning also decrease sensitivity of sweet bell pepper fruits to cold [14, 15]. Group
of scientists from Israel investigated the influence of temperature preconditioning on pepper
storing in the temperature diapason from 22 to 55 °C [14]. They have found, that
temperature conditioning above 44,5 °C significantly reduce damage of fruits from cooling.

Another effective method to reduce oxidative damage is using of direct approach —
antioxidants [16]. Combination of direct and indirect approaches can lead to the synergic
effect of system stress resistance. However, analysis of antioxidant defense functioning in
sweet bell pepper fruits during the heat treatment with antioxidants was newer studied, that
is why area of research is of a great interest.
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Materials and methods

Fruits of pepper hybrids Hercules F1 and Nikita F1, grown in open field conditions in
agribusiness of Melitopol district of Zaporizhzhska region, were investigated. For storage
fruits of technical stage of ripening were taken (fruits coloured in the main colour to 80-
90%), uniform in size also. Fruits were placed in the prepared solutions of biologically
active substances with a temperature of 45 °C for 15min. Complex composition with
bactericide and antioxidant activity was used. It is based on the approved for usage in food
antioxidants: buthylhydroxitoluol (ionol), lecithine and water extract of horseradish root
[Priss, O. P., Prokudina, T. F., Zhukova, V. F. Antioxidant composition for the treatment of
fruit vegetables before storage [Antyoksydantna kompozytsiya dlya obrobky plodovykh
ovochiv pered zberihannyam]. Pat. 59733 Ukraine, IPC A 23 7/14, 2011].

After drying fruits were put in boxes, lined with polyethylene wrap and stored at 7 +
0,5 °C and relative humidity 95 + 1%. Control group consists of not treated fruits.
Development of chilling injury (CI) was evaluated after storage under mentioned conditions
and transferring for 1-day storage of pepper under the room temperature (21+£2°C). That
was done five times (20 pepper fruits in each group). Level of chilling injury during the
pepper storage was evaluated with a subjective scale from 0 to 3 points and expressed
through the chilling injury index [14].

The content of malondialdehyde (MDA) was determined by the thiobarbituric method
[Musienko, M. M. et al. (2001) Spectrophotometric methods in the practice of physiology,
biochemistry and ecology of plants [Spektrofotometrychni metody v praktytsi fiziolohiyi,
biokhimiyi ta ekolohiyi roslyn]]. SOD activity was determined by estimation of its ability to
inhibit the reaction of auto-oxidation of adrenaline in alkaline medium [Sirota T.V. (2000),
A method for determining the antioxidant activity of superoxide dismutase and chemical
compounds [Sposob opredelenija antioksidantnoj aktivnosti superoksiddismutazy i
himicheskih soedinenij], Russian Federation Patent 2144674] (method was modified in the
stage of preparation of raw materials for research). For the measurement of SOD activity to
0,5 g of plant material 5 ml of phosphate buffer pH=7,8 was added and substance was
triturated in a mortar with glass (on ice). Next, homogenate was transferred to the
centrifuge tubes with 0,3 ml of chloroform and 0,6 ml of alcohol and centrifuged at 8000
rpm. 20 minutes. For spectrophotometric measurements supernatant was used. SOD activity
was expressed in conventional units (CU), which show the percentage of inhibition of
adrenaline auto-oxidation. Catalase activity was determined by titration of the
undecomposed rest of hydrogen peroxide with sodium thiosulfate [Hrytsayenko, Z.M. et al.
(2003) Methods of biological and agrochemical research plants and soils [Metody
biolohichnykh ta ahrokhimichnykh doslidzhen roslyn i gruntiv]]. Determination of
peroxidase activity was conducted by titration of undecomposed rest of hydrogen peroxide
in the reaction of pyrocatechol oxidation [Zemljanuhin, A. A. (1985) Small workshop on
Biochemistry [Malyj praktikum po biohimii]].

Results and discussion

First signs of chilling injury in the control group were noticed on the 15" day of
storage in pepper fruits from both hybrids. Without additional treatment aimed on
prevention from chilling injury third part of fruits become damaged after 24™ day of
storage. Figure 1 shows that combination of heat and antioxidant treatment significantly
induces tolerance to cold.
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Fig. 1. Chilling injury in sweet bell pepper:
[ | - Nikita hybrid, without treatment
= - Temperature preconditioning with antioxidants of Nikita hybrid fruits
- Temperature preconditioning with antioxidants of Hercules hybrid fruits
] - Hercules hybrid, without treatment

In the fruits of sweet bell pepper that was treated with the composition of antioxidants
cold injury is seen only after 21* day independently from the studied hybrid. Cold-induced
damage decreases in 3,9...4,5 times in comparison to the fruits without any treatment. After
30 days of storage chilling injury of fruits, which were preconditioned with temperature and
antioxidants, was on the level of 10%.

The degree of severity of chilling injury increases with the increasing of storage life.
However, heat treatment with antioxidants leads to reduction of chilling injury index (Fig.
2).

The severity of chilling injury symptoms in studied fruits decreases in §,8...13,2 times
comparing to the fruits without treatment.

Increasing of malondialdehyde content is a direct indication of cell oxidative damage,
and such a rising is natural during aging of fruit tissues. During the storage of pepper in the
temperature conditions above the cold-sensitivity threshold content of MDA increases
constantly [17, 18]. Same dynamics can be seen in our study (Fig.3). As You can see in Fig.
3, there is a significant difference in a background MDA content depending on the variety
of pepper. Speed of lipid peroxidation processes in Nikita pepper is higher comparative to
such in Hercules. That is why after storage content of MDA is same in both hybrids.

First six days of shelf life content of MDA in the control group of fruits has only a
tendency to rise (some years studies show statistically insignificant difference). On twelfth
day of storage content of MDA grows in 1,6 times in Hercules hybrid fruits and in 2,2 times
in Nikita hybrid. This is an evidence of intensification of free radical processes in this stage
of storage.
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Fig. 2. Index of chilling injury:
1 - fruits of Nikita hybrid without treatment;
2 - fruits of Hercules hybrid without treatment;
3 - temperature preconditioning with antioxidants of Nikita hybrid fruits;
4 - temperature preconditioning with antioxidants of Hercules hybrid fruits.
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Fig. 3. MDA content in bell peppers during storage:

1 - fruits of Nikita hybrid without treatment;
2 - fruits of Hercules hybrid without treatment;

3 - temperature preconditioning with antioxidants of Nikita hybrid fruits;
4 - temperature preconditioning with antioxidants of Hercules hybrid fruits.
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To the end of storage content of lipid peroxidation products in the control samples
raises twice in Hercules hybrid and in 2,9 times in Nikita fruits. Differences in the speed of
lipid peroxidation collection in different hybrids can be explained with lower antioxidant
status of Nikita pepper.

As it is shown in Fig. 3, heat preconditioning combined with antioxidants changes the
dynamic of MDA in sweet bell pepper fruit. Till 12" day of storage level of lipid
peroxidation products stays almost stable in both hybrids. Then, on each stage of storage,
level of MDA raises by 5...6% in Hercules hybrid and by 12...15% in Nikita hybrid. On the
18" day (loss of commercial quality of control samples) level of MDA in the studied
samples is lower in 1,7 times for Hercules hybrid and twice for Nikita hybrid in average.
That confirms an explanation that exogenous antioxidants inhibit processes of lipid
peroxidation.

Development of lipid peroxidation and aging of pepper during storage is considered to
be connected with decreasing of antioxidant enzymes (SOD, CAT and PO) activity [17].
Activity of SOD rises till pepper reaches full-red colour and decreases during over
maturation [19]. Dynamic of SOD activity during pepper storage also differs in dependence
on cultivar sensitivity to cold. Tolerant to cooling cultivars demonstrate increasing of SOD
activity during decreasing of such in sensitive [20]. As far as studied hybrids have similar
sensitivity to cooling, it is natural that dynamic of SOD activity during storage in both
hybrids is same (Fig. 4).
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Fig. 4. SOD activity in bell peppers during storage:
1 - fruits of Nikita hybrid without treatment; 2 - fruits of Hercules hybrid without treatment; 3
- temperature preconditioning with antioxidants of Nikita hybrid fruits;
4 - temperature preconditioning with antioxidants of Hercules hybrid fruits.

Activity of enzyme constantly decreases in control and studied samples of both
hybrids. Heat preconditioning with antioxidants significantly decreases speed of SOD
deactivation in comparison to the control group. Control samples in 18 days of storage
loose 40% of enzyme activity in average. Slowdown of SOD activity in preconditioned
fruits is seen only after 35 days of shelf life.
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In studied groups probable decreasing of activity of SOD happens only after 12" day
of storage. Partly such stabilization of SOD activity can be explained by heat
preconditioning, which induces SOD activity directly after conditioning [21]. On 18" day
of storage activity of SOD in fruits that were preconditioned with heat and antioxidants is
higher by 25% in average in comparison with a control group. In the end of storage of
studied fruits (30 days) activity of this enzyme stays on the same level that is in a control
samples on 18" day.

These results testify to induction of SOD activity with heat preconditioning with
antioxidants which enlarges its ability to dismutate highly toxic superoxide anions and
prevents oxidative damage of cells during longer shelf time.

Activity of superoxide dismutase has high reverse correlation to the content of
malondialdehyde in control and studied groups that testifies to ability of antioxidant
defense system to self regulation and confirms high antioxidant status of fruits (table 1).

Activity of catalase during ripening and storage of pepper decreases independently
from stage of maturation [22]. Same results were received in this study (Fig. 5).

Table 1
Correlation between SOD activity and content of MDA in sweet bell pepper fruits during shelf life

Hercules Nikita
Year | Without Temp Fra-t ure . Without TemP Fra-t ure .
preconditioning with preconditioning with
treatment . . treatment . .
antioxidants antioxidants
2009 -0,90 -0,97 -0,95 -0,96
2010 ~-1,00 -0,97 -0,90 -0,96
2011 -0,93 ~-1,00 -0,99 -0,97
< 80
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Fig. 5. CAT activity in bell peppers during storage:
1 - fruits of Nikita hybrid without treatment;
2 - fruits of Hercules hybrid without treatment;
3 - temperature preconditioning with antioxidants of Nikita hybrid fruits;
4 - temperature preconditioning with antioxidants of Hercules hybrid fruits.
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Although values of CAT activity in studied hybrids differ statistically, these
differences smoothen during storage. In the end of study catalase activity in control groups
was lower than beginning values in 2,1 times for Hercules hybrid fruits and in 2,4 times for
Nikita hybrid.

Heat preconditioning with antioxidants does not change a character of dynamic of
catalase activity in pepper fruits. On the other hand, slow down of enzyme deactivation
speed is noticeable. On the 18th day of shelf life catalase activity in treated peppers of
Nikita hybrid is higher than in control in1,5 times. For Hercules hybrid this difference is 1,3
times. Catalase activity in studied variants to the end of storage is higher than in control
group on 18th day by 5...20%, where value depends on the hybrid of pepper. Persistence of
catalase activity on the high level in studied fruits preserves pepper tissues from
peroxidative damage during longer period of storage.

During all years of study control and studied samples had strong direct correlation
between CAT and SOD activities and reverse correlations with MDA (table 2) that testifies
to normal functioning of antioxidant defense system.

Table 2

Correlation between activity of CAT, SOD and content of MDA in sweet bell pepper fruits

during shelf life
Hercules Nikita
Without | Temperature Without | Temperature

Year treatment preconditioning treatment preconditioning
with antioxidants catme with antioxidants

SOD | MDA SOD MDA SOD MDA SOD MDA

2009 0,97 -0,96 0,99 -0,97 ~1,00 -0,97 0,99 -0,96

2010 0,99 -0,97 0,99 -0,97 0,98 -0,96 0,94 -0,99

2011 0,98 -0,96 0,97 -0,97 0,98 -0,98 0,97 -0,97

Peroxidase activity during storage of pepper can increase during shelf life of fruits in
green stage of maturity and decrease during the storage of fruits, which have reached main
colour more than by 80% [23, 24]. Activity of this enzyme has a big part in defense from
low-temperature stress, as far as gvayakol peroxidase activates with damage from cold
temperature [24]. Character of graphic of peroxidase activity change during storage of
different hybrids is similar (Fig. 6).

Peroxidase activity is slowly decreasing till 12th day, after that speed of enzyme
inactivation grows twice and starting from 18th day activity of peroxidase increases.
Similar character of pepper peroxidase dynamic in temperature around 8 °C is described
also in other works [17]. It is obvious that induction of peroxidase in the moment, when
fruit lose their commodity quality and exhaust abilities of antioxidant defense mechanisms,
are connected with growth of amount of unutilized H202. Another reason of peroxidase
activity growth in pepper is a development of physiological disorders and microbiological
illnesses of fruit [25].

Heat treatment with antioxidants changes a bit the dynamic of peroxidase activity in
fruit of sweet bell pepper. Stable decreasing of peroxidase activity can be noticed till the
30th day. On the other hand, speed of activity deactivation is lower. Activity of enzyme in
studied fruits of both hybrids on the 18th day is twice higher in comparison to the control.
That allows to prolong maintenance of hydrogen peroxide concentration on the stationary
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level. Increasing of PO activity after 30th day of storage coincides with the loss of
commercial quality of pepper.
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Fig. 6. PO activity in bell peppers during storage:
1 - fruits of Nikita hybrid without treatment; 2 - fruits of Hercules hybrid without treatment; 3
- temperature preconditioning with antioxidants of Nikita hybrid fruits;

4 - temperature preconditioning with antioxidants of Hercules hybrid fruits.

Day of storage

In pepper fruits peroxidase activity is directly correlated to the SOD and CAT activity
and reverse correlated to the content of MDA (table 3).
Such correlation dependences testify to the direct influence of peroxidase on the
degree of antioxidant defense of pepper tissues. In the conditioned samples strength of
correlation between enzymes is higher than in control group, which shows increasing of
antioxidant defense system balance for successful neutralization of ROS.

Table 3
Correlation between peroxidase, catalase, superoxide dismutase
activity and content of MDA in sweet bell pepper fruits during shelf life
Hercules Nikita

Temperature Temperature

Year | Without treatment preconditioning Without treatment preconditioning
with antioxidants with antioxidants
SOD | CAT | MDA | SOD | CAT | MDA | SOD | CAT | MDA | SOD | CAT | MDA
2009 | 0,73 1 0,87 | -0,89 | 0,90 | 0,92 | -0,83 | 0,83 | 0,86 | -0,92 | 0,88 | 0,93 | -0,81
20101 0,87 | 0,82 | -0,90 | 0,93 | 0,96 | -0,90 | 0,84 | 0,93 | -0,94 | 0,86 | 0,93 | -0,92
2011 0,80 | 0,87 | -0,92 | 0,94 | 0,93 | -0,92 | 0,87 | 0,94 | -0,92 | 0,91 | 0,97 | -0,91

24
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Conclusions

Using of heat preconditioning with antioxidants before storage of sweet bell pepper
fruits leads to decreasing of oxidative damage induced by cooling. Heat preconditioning
with antioxidants has a noticeable influence on the content of lipid peroxidation products.
In studied groups of pepper level of malondialdehyde stays stable in both hybrids till 12th
day of storage. If storage was continued, growth of lipid peroxidation products in
conditioned samples has been maintained minimal. Level of MDA in studied samples is
lower in 1,7 times in average for Hercules hybrid and twice for Nikita hybrid. This is a
confirmation of lipid peroxidation inhibition by exogenous antioxidants.

Heat preconditioning with antioxidants decreases speed of SOD deactivation by 25%
and CAT by 30...50%. Heat treatment with antioxidants decreases also speed of peroxidase
deactivation in sweet bell pepper fruits and postpone a moment of increasing of its activity.
Activity of this enzyme in studied fruits of both hybrids on 18" day is twice higher
compared to the control. This lets longer maintenance of hydrogen peroxide concentration
on the stationary level. Strong reverse correlations between the content of malondialdehyde
and activities of superoxide dismutase, catalase and peroxidase were found and testify to
antioxidant functions of these enzymes in control and studied groups of fruits.

Combination of heat and antioxidant treatment for preparation to the storage of sweet
bell pepper fruits lets prolong maintenance of functioning of the system responsible for
reactive oxygen species utilization.
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Introduction. The main objective of this article is the
theoretical and experimental study of laser light scattering
by milk particles and the analysis of the character of size
distribution of milk particles depending on the concentration
and the heating of the samples during the technological
processes.

Materials and methods. Theory of light scattering and
the dependence of the coefficient of scattering on the
wavelength of light and parameters of milk particles are
discussed. The experimental investigation of light scattering
by milk particles was done with the photon correlation
spectrometer System 4700c.

Results and discussion. Different types of scattering
such as Rayleigh Scattering, Rayleigh-Gans Scattering,
Anomalous Diffraction, and corresponding coefficients of
scattering are discussed. Histograms of size distribution of
the diluted (C < 107 %) milk (temperature 25°C) and
samples of milk with different fat concentration (4.2%;
5.2%; 7.4% at temperature 20°C and 7.4% at temperature
50°C), just as the dependence of the intensity of scattered
light on the angle of observation were studied.

The method of light scattering can be used for analysis of
the effect of milk content and technological processes which
are related to heating (pasteurization, sterilization,
homogenization) on the size distribution of milk particles.

Conclusions. Laser light scattering is an advanced
technique that can be used to determine the size distribution
profile of milk particles. It is characterised with high
accuracy, non-destructive action and does not require
calibration standards.
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Introduction

Analytical methodologies. Milk is a complex mixture of fat globules (0.1-10 pm),
micelles of casein (0.1-0.2 pum), and particles of serum proteins (0.01-0.02 um), and the
turbidity of milk depends on the dimensions and concentration of these components.Such
properties of milk as its texture, colloidal stability, flavor, and sensory feel (mouth feel)
depend on the particle size of the milk particles.

There are various analytical methodologies that give an information about distribution
of particle sizes in milk: nanoparticle tracking analysis, scanning electron microscopy, size
exclusion chromatography, cell electrophoresis, analytical ultracentrifugation, near infrared
spectroscopy etc. [Alexander and Dalgleish, 2006 ; Anema et al., 2005; Mootse, 2014; Thu
Tran Le et al., 2008; Dejan, 2010; Vasco et al., 2010 ; Posudin et al., 2015 ; Posudin and
Kostenko, 2015].

Laser light scattering is an advanced technique that can be used to determine the size
distribution profile of milk particles in solution. It is characterised with high accuracy, non-
destructive action and does not require calibration standards.

The main objective of this article is the study of laser light scattering by milk particles
and the analysis of the character of size distribution of milk particles depending on the
concentration and the heating of the samples during the technological processes.

Theory of Light Scattering. Theoretically the process of light scattering is
characterized by the so-called coefficient of scattering Q [Hulst, 1982; Walstra, 1964]. This
coefficient depends on the wavelength of light A, refractive indices of particles n; and
medium 7n,, and the size d of particles. The effect of these factors is determined with such
parameters as relative refraction index m = n;/n; , and phase shift p = 2x(m - 1), where x =
nd / A. There are different types of scattering depending on the values of all these
parameters. The complete theory of light scattering is given in [Hulst, 1982]; several
examples of the relation of coefficient of scattering with above-mentioned parameters are
listed below.

1.Rayleigh Scattering. This type of scattering is demonstrated by the spherical
particles which have relative refractive index equal to about 1 and dimensions less than the
wavelength:

m—1 (1)
O =§x"(m- 1) @

The following expression was proposed for very small (mx << 1) particles [Walstra,
1965]:

QR=§x4[’"2‘1J ©)

m?+2

2. Rayleigh-Gans Scattering. There are two possible situations for the particles which
have relative refractive index equal to about 1 and very small phase shift 2x(m - 1) << 1:
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a. Rayleigh Scattering

32
x<<l1 =—x"(m-1 4
Or > (m-1) “4)
b. Rayleigh-Gans Scattering
x>>1; Qpe=2(m- 1y (5)

3. Anomalous Diffraction. This type of scattering is demonstrated by the spherical
particles which have relative refractive index equal to about 1 and dimensions which
exceed the wavelength:

m—1,x>>1;p>>1 (6)
16m? si 1- -
Ov=2- 6m sinp _, mcosp+7.54z m_om )
(m+1)*p p’ z+m

where z =[(m”® - 1)(6x/m)** + 112
If the dimensions of particles are small or moderate, the coefficient of scattering can
be written as:

Os = (1.26m - 0.44)/p - 2.558(m - 1)"** - 0.843 (8)

Application of Theory of Light Scattering to Milk Particles

The method of light scattering seems to be one of the perspective approaches. The
dependence of coefficient of scattering on the spectral region and parameters such as x, p,
and d is given in Table 1.

Table 1
Dependence of coefficient of scattering on the spectral region and parameters x, p, and d

Milk Ultraviolet Ultraviolet Infrared Region
Particles Region Region (A=1.2 pm)
(A=0.2 pm) (A=10.6 pm)
Fat globules
d>>)
dpin = 1.2 um 1571 | 3.14 | Oy 5.0 1.0 Oy | 2.62 0.52 Os
1.6<p<2.5
dpax = 10 um 157.1 | 314 | Oy | 499 10.0 | Oy | 26.12 5.2 [o)N,
p>>2.5
Casein micelles
d<2
d~0.15 um 236 | 047 | Org | 0.75 0.15 | Oz | 0.39 0.08 Or
Casein micelles
d<2

d~ 0.015 um 024 | 005 | Or | 0.075 | 0.015 | Or | 0.04 0.01 Or
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Dependence of the coefficient of scattering on the wavelength of light is presented in
Figs. 1 and 2 for milk globules, and in Figs. 3 and 4 for casein micelles and serum protein
particles. Thus, the analysis of the dependence of light scattering on the wavelength and
angle of observation can make it possible to estimate quantitatively the dimension of milk
particles.

2
. Globules in fat
o d=1
S m=1.1
S
&
[}]
o
o
(o2}
£
=
9
®
@
-6
0.2 1.2

Wavelength A, mm

Figure 1. Dependence of the coefficient of scattering of the wavelength of light for milk globules
(diameter 1 pm)

It is clear that the transfer from visible to infrared part of the spectrum induces the
decreasing of coefficient Oy 1.35 times for fat globules of diameter 10 um and 4.41 times
for fat globules of diameter 1 um. That is why it is expedient to pass to the infrared region
in order to determine the fat content in milk and to avoid the effect of small particles.
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. Globules in fat
o d=10
S m=1.1
S
&
[}]
o
o
(o2}
£
=
9
®
@
1.
0.2 1.2

Wavelength A, mm

Figure 2. Dependence of the coefficient of scattering of the wavelength of light for milk globules
(diameter 10 pm)
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Figure 3. Dependence of the coefficient of scattering of the wavelength of light for casein

micelles
4:10°

g Serum protein particles
o d=10.015
o m=1.1
2
E
[«*]
o
(3]
(=2}
£
e
2
©
5]
(7]

0

0.2 1.0 1.2

Wavelength A, mm

Figure 4. Dependence of the coefficient of scattering on the wavelength of light for serum
protein particles

Materials and methods

The experimental investigation of light scattering by milk particles was done with the
photon correlation spectrometer System 4700c. The schematic representation of this
spectrometer is presented in Fig. 5. The focused radiation of laser / is directed to the
sample 2 of milk that is placed on the goniometer table 3. The scattered radiation is directed
to the readout system which consists of photomultiplier 4, correlator 5, computer 6, and
printer 7. A sample holder is supplied with a system of temperature control 8, peristaltic
pump 9, and electric motor /0. A signal from the output of photomultiplier gives the
information about the dependence of light scattering on the angle of observation. Milk,
aqueous solution of lactose, dry milk, and milk mixtures were used as the samples
[Posudin, 1988, 1993, 2007; Posudin and Kostenko, 1994].
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Figure 5. Schematic representation of photon correlation spectrometer System 4700c:
1 - laser; 2 - sample; 3 - goniometer table; 4 - photomultiplier; 5 - correlator; 6 - computer; 7 - printer;
8 - system of temperature control; 9 - peristaltic pump; 10 - electric motor

Results of light scattering by milk particles

The typical histograms of size distribution of these samples are given in Figs. 6-10.

Distribution of Mass

%50+ + + + + + + + 4
20+ + 4+ + + + o+ o+
10+ + o+ o+ + o+ o+

s+ +  + +H + 4H o+ + o+
2+ + o+ + 4 o+ o+ o+

10 20 50 100 200 500 1000 2000 5000
Particle size distribution (nm)

Figure 6. Typical histogram of size distribution of the diluted (C <107 %) milk.
Temperature 25°C
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Distribution of Mass
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Figure 7. Histogram of size distribution of milk. Concentration of fat 4.2%; temperature 20°C

Distribution of Mass
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Particle size distribution (nm)

Figure 8. Histogram of size distribution of milk. Concentration of fat 5.2% temperature 20°C
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Figure 9. Histogram of size distribution of milk. Concentration of fat 7.4%; temperature 20°C
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Distribution of Mass
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Figure 10. Histogram of size distribution of milk. Concentration of fat 7.4%; temperature 50°C

It is clear that the maximum of size distribution of milk particles is shifted with
increasing concentration of particles from 100- 500 nm (C < 10~ %) to 500-2,000 nm (C =
7.4 %). The character of size distribution of milk particles depends strongly on the
concentration (Figs. 6-9) and the heating of the sample (Figs. 9-10).

Fig. 11 demonstrates the dependence of the intensity of scattered light on the angle of
observation.
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Figure 11. Dependence of the intensity of scattered light on the angle of observation
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Conclusion

In such a way, the method of light scattering can be used for analysis of the effect of

milk content and technological processes which are related to heating (pasteurization,
sterilization, homogenization) on the size distribution of milk particles.
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Introduction. Tapioca grit is a partly gelatinized dried
starch obtained from cassava. Fortifying tapioca with
fermented bambara flour may be important to improve its
nutritional value.

Materials and methods. The pasting, functional,
nutritional and sensory properties of tapioca meal fortified
with fermented bambara flour at varying levels of 10, 20,
30, 40 and 50% were investigated using standard methods.

Results and discussion. Cabohydrate was the major
nutrient in the control tapioca (84%) and the fortified
tapioca samples (64-80%). However, with increasing levels
of fermented bambara flour, the protein contents of the
tapioca meal progressively increased. The higher protein
content of the fortified samples is expected since bambara is
a good cource of protein. Fortified tapioca meals showed a
slight decrease in water absorption capacity but significant
increase in swelling power. Increased swelling of the
tapioca meal could be due to the effect of heat which may
have enhanced starch disruption. Further, the increase in
protein content of the fortified samples may also have
contributed to their higher swelling power. Peak viscosity of
tapioca samples decreased with increasing levels of
fermented bambara flour up to 30%, but thereafter
increased. This behaviour was attributed to increase in
starch content. Cyanide contents of the control tapioca and
fortified amples (5.82-6.34 mg/kg) are within the acceptable
limits in foods. Tapioca cake fortified with 10% fermented
bambara flour compared favourably with the control sample
in colour, taste, aroma, consistency and overall
acceptability.

Conclusions. Acceptable tapioca meal with improved
swelling power and nutritional value can be produced from
cassava starch fortified with 10% fermented bambara flour.

36
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Cassava (Manihot esculenta crantz) is a major food crop in many parts of the world
including Nigeria [1]. It is highly perishable, and must be processed immediately after
harvest into highly stable products such as tapioca. Tapioca cake is a partly gelatinized
dried starch obtained from cassava tubers which appears as flakes of irregular shaped
granules [2]. It is consumed in various forms such as soaking and subsequently cooking in
water to form meals. Sugar and milk may be added depending on individual preferences. In
Africa, tapioca meal is consumed as a convenience food [2, 3]. Cooked tapioca is similar to
oatmeal in appearance and taste [4]. However, tapioca meal is nutritionally inferior
compared to oatmeal. Further, unlike oatmeal that is widely consumed all over the world,
the consumption of tapioca meal seems to be limited to production areas of cassava.
Nutritionally, tapioca contains substantially high amount of carbohydrate (78-96%) [4-6] in
the form of starch. The protein content of tapioca is very low and may vary between 0.31
and 1.20% depending on the cassava variety [4-6]. Attempts by previous studies to improve
the nutritional value of tapioca meal using defatted soybean flour [5] full fat soybean flour
[4, 6], spices [7] coconut and banana pulp [8] have proved successful. The protein content
of tapioca fortified with 50% full soybean flour was reportedly higher (approx. 37 times)
compared to the unfortified control tapioca [6]. In a similar study, the addition of defatted
soybean flour at 20% was found to substantially increase the protein content of tapioca
meal. [5].

The addition of legume flour to tapioca meal may influence its physicochemical
properties including pasting, functional and sensory properties. For instance, with
increasing amount of full fat soybean flour, the swelling power of tapioca was reported to
decrease significantly, while the water absorption increased [9]. The peak, breakdown, set
back and final viscosities of the fortified tapioca meal also decreased with increasing
amount of full fat soybean flour [9]. Further, the inclusion of full fat or defatted soybean
flour to tapioca meal has been found to increase its overall acceptability [5, 6].

The use of many underutilized legumes including bambara in enriching staple foods is
currently being encouraged. Many of these crops have the potential to reduce protein
malnutrition especially among communities where their staple is majorly carbohydrate
foods. Bambara groundnut (Vigna subterranea) is a protein-rich legume (19-25%) [10-13]
similar to those of cowpea [14]. It is highly drought tolerant and well adapted to the
changing climate. However, bambara remains a neglected and underutilised legume grown
mainly for subsistence [11]. In Nigeria, bambara is traditionally used in making puddings
and has been fermented for improved nutritional value [15-17]. The use of fermented
bambara to fortify tapioca meal may be one of several ways to unlock the potential of this
crop and enhance value addition. Therefore, the objective of this work was to enhance the
nutritional quality especially protein content of tapioca meal using fermented bambara nut
flour.

Materials and methods
Cassava tubers (sweet variety) were obtained from the research farm of Ladoke
Akintola University of Technology, Ogbomoso. Bambara grains were purchased from a

local market in Ogbomoso, while the innoculum (R. Oligosporus) was from the Indonesian
Embassy, Lagos Nigeria. All other chemical used in this study were of food grade.
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Fermentation of bambara groundnut. Bambara was fermented as described in the
literature [18]. The fermented bambara grains were blanched for 20 min, drained and dried
at 55°C for 24 h in hot air oven. The dried samples was milled, sieved and used
immediately for fortification.

Preparation of the Tapioca cake. Tapioca cake was prepared as previously
described [9]. Fermented bambara flour was added at 10%, 20%, 30%, 40% and 50% into
the moist cassava starch prior to roasting. Tapioca without bambara flour served as the
control.

Pasting and functional properties. The pasting properties of the tapioca mixes were
determined using a RVA (3D New port Scientific, Australia). The functional properties
including water absorption capacity, swelling capacity and solubility index were
determined using previous methods [9]

Chemical composition. The pH of the tapioca cakes were determined using a pH
meter, cyanide contents by Bradbury, Egan [19], while moisture, fat and ash contents were
determined using standard methods [20]. Protein content was determined by Kjeldahl
method (6.25 x N) and total carbohydrate was calculated by difference.

Sensory evaluation. Consumers acceptability of cooked tapioca meal was conducted
using semi-trained panelist (N=50) consisting of students in the Department of Food
Science and Engineering, Ladoke Akintola University of Technology, Nigeria. Most
panelists were between the ages: 18-30 and these were regular consumers of tapioca meal.
A 9 point hedonic scale (1- extremely dislike; 9- extremely like) was used.

Statistical analysis. All experiments were conducted in duplicate. Data were analysed
using analysis of variance (ANOVA) and means were compared using Fischer’s Least
Significant Difference Test (p<0.05).

Results and discussion

Chemical composition. The major nutrient in unfortified tapioca control and the
fortified samples was carbohydrate (Table 1). As expected, the protein content of the
tapioca meal progressively increased with increase in the level of the fermented bambara
flour (Table 1). Similarly, the fat, ash, crude fibre and moisture content of the tapioca meal
increased significantly (p<0.05) following the addition of fermented bambara nut flour. The
protein contents of tapioca meal containing 50% fermented bambara nut flour was
substantially higher (approx. 10 times) compared to the tapioca control. Bambara groundnut
is a good source of protein and its inclusion into tapioca meal expectedly increased the
protein content of the tapioca mixes. Previous studies similarly reported improvement in the
nutritional value of tapioca meal fortified with full fat or defatted soybean flour [5, 6].
However, the protein content (12.07%) obtained in this study for tapioca meal fortified with
50% fermented bambara flour was slightly lower (approx. 1.6 times) compared to those
previously reported for tapioca meal fortified with 50% full fat soybean flour [6]. Further,
the fat content reported by these authors for the same sample was almost double the fat
content in this study. Bambara groundnut is a pulse while soybean is an oil seed with higher
protein and fat contents. Thus, the difference in protein and fat contents may be attributed
to the higher protein and fat content in soybean compared to those in bambara flour.
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Tablel
Proximate composition of tapioca-bambara flour mixes (%)

« g e =

3] = = =i L £ o

=l ) - = =

Z | E Z g 3 z = =

< = =] S &) = @]

= @ = A
100 | 0 | 10.47+0.00° | 1.24+0.01* | 0.65£0.01* | 1.85+0.01* | 1.77+0.007 | 84.00+0.01°
90 | 10 | 10.33+0.01° | 3.95+0.01° | 1.35+0.01° | 2.43+0.01° | 1.81£0.01° |80.10+0.02°
80 | 20 | 10.47+0.01° | 4.75£0.15° | 3.76£0.01° | 2.62+0.01° | 2.12+0.01° | 76.2620.12°
70 | 30 | 10.55+0.01° | 7.63+0.019 | 5.85+0.01% | 2.75+0.01% | 2.25+0.01¢ |70.95+0.04°
60 | 40 | 10.62+0.01% | 10.5520.00° | 6.54+0.01° | 2.95+0.01° | 2.36+0.01° | 66.96+0.02°
50 | 50 | 10.54+0.01° | 12.07£0.017 | 7.46+0.027 | 3.1120.027 | 2.41+0.017 |64.39+0.03°

Mean + SD. Mean with the same superscript within a column are not significantly different (p<0.05).

pH and cyanide contents. The tapioca control had pH value slightly lower compared

to the tapioca samples containing fermented bambara flour (Fig. 1). However, the
difference was not significant. The cyanide contents of tapioca samples varied between
5.82 and 6.34 mg/kg for tapioca meal with 50% fermented bambara flour and the control
sample respectively (Fig. 1). These values are within the range previously reported [6]. The
cyanide content of the tapioca cake decreased slightly with increase in fermented bambara
flour. This is expected since the tapioca which is the source of cyanide in the formulation
reduced with increasing concentration of the fermented bambara flour. Tapioca sample
containing 50% fermented bambara flour showed approximately 8.2% reduction in cyanide

content.

0
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50

Concentration of fermented bambara flour (%)

O Cyanide (mg/kg)

N pH

Fig 1. pH and Cyanide content of fortified tapioca
Error bars indicate n=2

Functional properties. Water abortion capacity of tapioca meal showed a minimal
decrease with increasing concentration of fermented bambara flour (Fig. 2).
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Fig 2. Water absorption capacity of fortified tapioca
Error bars indicate n=2

However, when the tapioca mixes were heated, they showed tangible swelling (Fig. 3).
The applied heat may have enhanced starch disruption and subsequent leaching of amylose
into the paste. Further, the high protein content of the fortified tapioca (Table 1) could also
have contributed to the increased swelling power. Otegbayo, [9] working with tapioca meal
reported a reduction in swelling power following the addition of full fat soybean. These
authors attributed the reduction in swelling power to possible formation of amylose-lipid
complex, which has been found to inhibit swelling in starch [21, 22]. However, in this
study, fermented bambara which was used to fortify the tapioca cake are not rich sources of
fats when compared to soybean. The lower fats contents of the bambara may have
accounted for the relatively higher swelling power of the tapioca mixes when compared to
those reported by Otegbayo, [9]. The solubility profile of the tapioca mix fortified with
fermented bambara flour followed a similar trend as observed for swelling power (Fig. 3).
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’/
10,6 ///4 /
%104 / g,

10,0 |

9,8

9,6 -

0 10 20 30 40 50
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Fig 3. Swelling capacity and solubility index
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Pasting. With the exception of pasting temperature (approx. 81°C) which appear
similar, other pasting properties of tapioca mixes were significantly (p<0.05) influenced by
the added fermented bambara flour (Table 2). In general pasting time increased with
increasing levels of fermented bambara flour (Data not shown). The peak viscosity also
referred to as swelling peak of the control tapioca (163.16 RVU) decreased consistently
with increasing level of fermented bambara flour up to 10%, 20% and 30%. However, the
peak viscosity tends to increase when the concentration of fermented bambara flour in the
tapioca meal reached between 40 and 50%. The increase in peak viscosity may be attributed
to high starch content [23, 24]. This seems plausible since the bulk of carbohydrate in
bambara grain is starch [11]. The high peak viscosity displayed by 50% substitution implies
that the tapioca may be suitable for products requiring high gel strength and elasticity [25].
Previous research on tapioca meal fortified with 50% full fat soybean flour similarly
reported reduction in peak viscosity of tapioca [9]. These authors reported approximately
53% reduction in peak viscosity for tapioca fortified with 25% full fat soya bean. In this
study, with similar concentration (20%) of added fermented bambara flour, the reduction in
peak viscosity was approximately 22%. This value is much lower compared to values
reported by the authors working with tapioca meal fortified with full fat soybean [9]. The
difference in peak viscosity reduction may be attributed to the higher fat content of soya
bean compared to that of bambara flour. This seems plausible since lipids may interact with
starch restricting granule hydration and swelling [26]. In addition, the fermentation process
may have altered the composition of bambara groundnut flour.

The breakdown viscosity of the tapioca meal varied from 28.16 to 84.25 RVU for the
control tapioca and tapioca with 50% fermented bambara flour respectively. High
breakdown viscosity is generally associated with poor resistance to thermal disruption.
Thus, the higher breakdown viscosities of the fortified tapioca mix suggest that these
samples will show higher disintegration during heating.

The control tapioca meal showed higher tendency for starch retrogradation as
indicated by its higher setback value of 108.59 RVU compared to the fortified tapioca
(40.08-102.96 RVU). Many other authors have reported the reduction in setback value of
tapioca fortified with legumes [9].

Final viscosity ranged from 124.31-243.28 RVU for the control tapioca and tapioca
with 50% fermented bambara flour respectively. The variation in the final viscosity might
be due to the re-association of starch molecules in the samples during cooling.

Table 2
Pasting properties of tapioca-bambara flour mixes
g | & 2 5 2 5 9
& E E 22 E 25 <
s | 3 > e > = =
M A =

100 0 163.16+0.01° | 28.16+0.01° | 243.28+0.42" | 108.59:+£0.02° | 80.42+0.01°
90 10 | 100.48+0.13% | 40.91+0.01° | 170.07+0.01° | 102.42+0.017 | 82.26+0.01°
80 20 | 128.11+0.56" | 41.07+0.01% | 186.90+£0.67° | 98.95+0.08° | 81.45+0.01°
70 30 | 128.51+0.02° | 22.08+0.00° | 229.34+0.01% | 102.96+0.06" | 80.63+0.04°
60 40 | 221.59+0.67° | 81.66+0.027 | 233.01+0.02* | 92.56+0.01* | 80.75+0.57°
50 50 | 239.35+0.67° | 84.25+0.00° | 124.31+0.02° | 40.08+0.01° | 79.60+0.57"

Mean + SD. Mean with the same superscript within a column are not significantly different (p<0.05).
PV: Peak viscosity, BDV: Breakdown viscosity, FV: Final viscosity, SBV: Setback viscosity, PT:
Pasting temperature
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Sensory evaluation. In general, tapioca meals fortified with fermented bambara flour
had lower ratings compared to the control sample (Table 3). Tapioca cake fortified with
10% fermented bambara flour compared favourably with the control sample in colour,
taste, aroma, consistency and overall acceptability. At higher concentrations (>10%) of
fermented bambara flour the ratings for the tapioca meal was low when compared to the
control. However, since the objective of this study was to improve the nutritional value of
the tapioca meal, there may be a need to add some food additives especially to improve the
taste. The colour of tapioca is generally accepted to be white in colour so the low rating
recorded for the colour of the fortified samples is expected. Previous studies similarly
reported lower ratings for aroma when tapioca was fortified with full fat soybean flour [6].
These authors, however, reported higher ratings for taste and overall acceptability, which
may be attributed to the higher oil content of the soybean flour used for fortification.

Table 3
Mean sensory scores of tapioca mixes
Tapioca | Bambara | Colour | Taste | Aroma | Consistency | Overall acceptability
100 0 8.46" | 8.40% [ 8.20% 8.60° 8.88"
90 10 7.60° | 7.46° | 7.53¢ 8.13° 8.007
80 20 5.80" | 6.40° | 5.66" 6.86" 6.00°
70 30 7.13° | 5.80° | 6.26° 5.73° 6.60°
60 40 5.26" | 4.66" | 5.20° 5.66° 4.60°
50 50 6.33° [ 540" | 6.06° 5.26" 5.46°

Mean with the same superscript within a column are not significantly different (p<0.05).

Conclusion

The inclusion of fermented bambara flour improve the swelling power and nutritional
value of tapioca cake. Pasting properties of tapioca were significantly affected by fermented
bambara flour. Acceptable tapioca meal can be produced using 10% fermented bambara
flour. However, higher amounts of fermented bambara flour up to 50% can be used
provided that additives to enhance taste and aroma will be added. Fortified tapioca meal

could serve as valuable intervention to combat Protein energy malnutrition syndrome in
Africa.
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Introduction. This work is devoted to the use of technology
of high pressure in the production of milk and soft cheese, the
substantiation of rational options of treating by high pressure of
domestic raw milk in the production of drinking milk and soft
cheese.

Materials and methods. The objects of research are: milk,
processed with high pressure, soft cheese, produced with the use
of high pressure. The mineral composition of milk and sour-milk
cheese were determined by atomic and absorption
spectrophotometry  on  the  atomic and  absorption
spectrophotometer «C - 115 PCy, the rheological properties of soft
cheese were tested on electromechanical universal testing machine
SANS CMT2503.

Results and discussion. With the help of research the
mechanism of pressure and duration of treatment on the micro
flora of milk and soft cheese has been found. Processing options
have been selected at which inactivating effect of micro flora of
milk and soft cheese is achieved.

In the process of experimental studies the rational processing
options have been established and proved: for milk — the pressure
of 300-330 MPa, the temperature is 40-45°C, the duration of
exposure 30*60's; for cheese — the pressure 450-580 MPa, the
temperature is 18°C and the duration of exposure — 20-30-60'c.

In assessing physical-chemical characteristics of milk and
cheese in comparison with control samples it was established that
the total content of protein, fat, lactose and mass fraction of solid
substances varies slightly.

The content of essential vitamins in milk and soft cheese is a
sign of the maximum preservation. In milk treated by high
pressure fat soluble vitamins are stored in 4-6 times more and
water soluble in 2-3 times more than in pasteurized milk. In the
soft cheese vitamins content is stored in 1,5-2 times more than in
those produced by traditional technology.

According to the evaluating marks of sensor characteristics
the products produced by the technology of high pressure received
the highest scores: milk has got 98,6 points, soft cheese has got
96,4. Decline in consumer properties of control samples during
storage was significantly faster than in the samples treated with
high pressure, which are the result of enzymatic activity and the
development of surviving micro organisms.

Conclusions. Technology of milk and soft cheese by using
high pressure allows for microbial sterility of products to increase
their shelf life, to preserve enzyme-vitamin complex feedstock.
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Introduction

For the last decades high pressure technology has been widely applied in food industry
that makes it possible to manufacture preservatives-free products of new quality, thus
eliminating loss of vitamins and precious nutrients with improved taste and aromatic
properties. High pressure processing of food products has been successfully applied in
Europe, North America, Japan and New Zeeland.

Fundamental scientific basis created by our predecessors, constant scientific research
and numerous experimental work in research institutes and laboratories, extensive testing
and clinical trials expanded significantly the idea of importance of milk and dairy products
in human diet. Therefore, the main trends in the development of dairy industry aimed
primarily on constant search, development and introduction of new technologies which
allow obtaining high quality products with high biological and nutritional value.

The importance and the need in the use of high pressure in food industry are
predetermined by numerous available scientific developments and the existing international
experience.

Taking into consideration the needs of the industry and market requirements, the
scientific laboratory of high pressure has made a complex of scientific research work in
high pressure effects on safety, nutritive and biological value of milk and milk products, the
increasing of their shelf life, the expansion of assortment by creating new dairy products
with improved consumer properties [1].

Recent research in the sphere of the use of high-pressure technology with the aim to create
high-quality dairy products are widely reflected in scientific works of many foreign researchers.
The greatest interest are the studies, highlighted over the last five years in the works of scientists:
Bruno Ricardo de Castro Leite Junior and others[2], Bibiana Juan’,Anna Zamora and others
[3], Luciana M. Costabel, Carina Bergamini and others [4], G.G. Amador-Espejo and
others [5], Evelyn, Filipa V.M. Silva [6], Francisca 1. Bravo, Xavier Felipe, Rosina Lopez-
Fandifio, Elena Molina [7, 12], Sergio I. Martinez-Monteagudo, Michael G. Génzle,
Marleny D.A. Saldana [8], Genaro Gustavo Amador Espejo, M.M. Hernandez-Herrero, B.
Juan, A.J. Trujillo [9], G.G. Amador-Espejo and others [10], Hasmukh A. Patel, Thom
Huppertz [11], Bravo FI, Molina E, Lopez-Fandifio R. [13].

In Ukraine, the problem of the use of high pressure technology does not lose its
relevance, the solution of which will help to receive products with high sanitary-
bacteriological indexes without losing the natural food properties.

This work is devoted to scientific developments in the use of technology of high-
pressure in the production of milk and soft cheese, basing the expediency and prospects of
introduction of this technology in the domestic industry.

Materials and methods

The objects of research are: milk, processed by high pressure, soft cheese, produced
with the use of high pressure. Control samples are raw cow’s milk, heat-treated
(pasteurized), mild cheese, produced by traditional technology, described in works [14, 15].

For the processing of raw milk high pressure, the sealed, in a special container,
samples were placed in an optical camera installation of high pressure (up to 1000 MPa).
The camera device allows to measure temperature changes in the range of 5 to 95 ° C.

High pressure processing parameters on the stage of research are the following: the
pressure from 300 to 600 MPa, the processing time: from 10x60s to 30x60s, milk cures
temperature 40-45°C; cheese process temperature of the product at the moment of
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completing its self pressing: 18+2°C. Experimental samples of cheese were made from
unpasteurized standardized milk with fat content 2.4%.

The mineral composition of milk and soft cheese were determined by atomic and
absorption spectrophotometry on the atomic and absorption spectrophotometer «C - 115
PC», the rheological properties of mild cheese was tested for electromechanical universal
testing machine SANS CMT2503 production «Shenzhen SANS Testing Co. Ltd.».

The content of Vitamin A was examined by colorimetric method; Vitamin C was
determined by indophenols method; vitamins B; (thiamine) and B, (riboflavin) - by
fluorimetric method.

The number of mesophilic aerobic and facultative anaerobic microorganisms in milk
and soft cheese were determined by the method of quantitative crop of diluted samples of
tested material on nutrient media. To do this, there were prepared Tenfold dilution of
prototypes, followed by entering it in the amount of 1 ml sterile Petri cup and poured it
melted and cooled to 40-45 ° C with nutrient agar. After incubation determined number of
colony forming units per unit volume of research material.

Organoleptic evaluation of the test samples of milk and cheese was made by the
developed 5-point scale based on weight coefficients for each indicator. The change of
flavoring properties was assessed by the profile method [16].

Results and discussion

In order to improve parameters of high pressure processing we have performed
complex researches of microbiologic, physical and chemical properties of products.

According to data of the performed tests there has been adopted biophysical model
which enables grounding of inactivation mechanism of milk microbial flora depending on
technology parameters of treatment process and appropriateness of the chosen modes.

Concentration of microbial population in milk depends on temperature and pressure as
shown in the Fig. 1.
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Fig. 1. Response surface and isolines of sections of concentration dependence of aerobic
mesophilic count, colony forming unit/sm’ in milk from influencing factors
(pressure, temperature)
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In case of high pressure processing at lower temperature (up to 40°C) high inactivating
effect may be achieved by applying pressure of 400-600 MPa. Increase of temperature
shifts inactivation threshold to lower pressure, namely at temperature of 40-45°C it is
enough 300-330 MPa to achieve the desirable effect. Influence of processing by pressure of
400, 500, 600 MPa corresponds to sterilization effect, but in that milk there occur
denaturation processes. The most inactivating effect in result of milk processing by high
pressure has been achieved at temperature 40-45°C and duration of processing 30*60'C.

Thus, in soft cheese processed by high pressure of 300 MPa during 10, 20, and 30
minutes there have been found coliform bacteria. Application of 450 MPa pressure and
higher during more than 10 minutes effectively inactivates opportunistic and pathogenic
microflora.

According to optimization of high pressure processing there have been established the
following parameters of high pressure technology (pressure, temperature, duration of
processing): for milk — 300-330 MPa, 40-45°C, 30%60' ¢; for cheese — 450-580 MPa, 18°
C, 20-30*60" c. These parameters make it possible to the best advantage to preserve
biochemical properties of milk and are strong inhibiting factors as to microflora of the
product.

In assessing physical-chemical characteristics of milk and cheese in comparison with
control samples it was established that the total content of protein, fat, lactose and mass
fraction of solid substances varies slightly.

Results of determination of basic vitamins content have proved maximal preservation
thereof. There have been investigated change of quantity of basic vitamins A, B; and B,,
PP, C, which are important components of milk and soft cheese, and partially form biologic
value thereof (tab.1).

Table 1
Content of basic vitamins in the tested milk and soft cheese, mg %
Content in milk,
Content in milk processed by high Content in soft cheese
pressure
Control
Vitamins, samples
Mr% Raw 300MPa 3301_“1)3 (Cheese, Wli)trl‘l":l‘l‘:‘;‘;e
. ARCC
milk Pasteurized 3:1}(.)6 (Sc 40°C- [;rodutclfd of HIGH
3060'c rom i€ | pRESSURE
pasteurized
milk)
Vitamin A | 0,031 0,018 0,027 0,025 0,211 0,254
Vitamin By 045 | 0,037 0,036 0,037 0,032 0,051
(thiamin)
Vitamin By | 460 10,124 0,160 0,160 0,354 0,405
(riboflavin)
Vitamin was not was not
PP (niacin) 0,09 0,09 determined | determined 0,309 0,407
Vitamin C | 1,43 0,92 1,23 1,21 0,62 1,12
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The comparative characteristic of the obtained results proves more favorable influence
of high pressure on milk and soft cheese if compared to traditional production technology.
Thus, in high pressure processed milk there have been preserved 4-6 times as much of fat-
soluble vitamins and 2-3 times as much of water-soluble vitamins; in soft cheese produced
with applying high pressure processing there are basic vitamins 1,5-2 times as much.

We have tested changes of several basic mineral components of milk and soft cheese
playing an important role for stability of milk protein system and its transformation in the
process of soft cheese production. Results of determination mineral elements in milk and
cheese are given in the tables 2 and 3.

According to the data shown in the table it is obvious that high pressure processes and
milk pasteurizing lead to change of salt composition. Thus, upon pasteurizing soluble
calcium and phosphor levels decrease by 13% and 29.8% that may occur due to
calcinations of casein complex at heating up to higher temperatures. High pressure
processing involves increase of calcium content by 7% at 300 MPa, and to 12% at 330
MPa. Phosphor content in the result of high pressure milk processing is increased to 36.2%.
Increase of calcium and phosphor levels probably takes place due to casein micelle
fragmentation into smaller sub-micelles connected by mineral potassium phosphate
(citrate), and as a result salts transfer from colloid state into solution.

Table 2
Content of basic mineral elements in milk processed by various means
Processing options Content mineral elements (mg/ml)

&P Ca P Na K Mg
Raw milk 1,0 0,47 0,68 1,14 0,11
Pasteurized milk 0,87 0,33 0,73 1,12 0,12
300MPa -40°C-
30-60'c 1,07 0,64 0,71 1,1 0,12
330MPa -40°C-
30-60'c 1,12 0,64 0,71 1,12 0,13

High pressure of milk processing results in increase of Na concentration at an average
of up to 7% and 4% if compared to check sample.

Content of potassium and magnesium salts upon various processing remained almost
the same.

For determination of salts in cheese soft cheese has been taken as a check sample. The
cheese has been produced without pasteurizing of milk mixture, as in the result of milk
pasteurizing balance between various forms of potassium salts become destabilized, and as
a consequence its ability to change into enzyme rennet declines.

Test data prove slight decrease of Ca and Na in soft cheese (by 0.85% and 0.83%
consequently), produced with application of high pressure processing technology; content
of Mg, K, Fe, Zn, Cu salts remained almost the same, cadmium is not found.
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Table 3
Content of basic mineral elements in soft cheese
Content mineral elements in soft cheese, mg/100 g
el\l/:zlrlrllizls ‘ Control sam[?les ‘(Cheesez produced Prﬁ‘il(l}c]_eldpvl‘:glsg{?;ée, of
without pasteurization of milk), mg/100 g mg/100 g
Ca 549,59 544,96
Mg 27,41 27,39
K 85,68 85,66
Na 1231,13 1221,02
Fe 0,61 0,7
Zn 0,84 0,82
Cu 0,01 0,02
Cadmium Not found Not found

We have tested rheological indices of soft cheese “penetration coefficient”, “limit cut
tension” and “cutting operation” performed by electromechanical universal test machine
SANS CMT2503 of Shenzhen SANS Testing Co. Ltd.

Analysis of change dynamics of the above mentioned indices revealed, that
penetration coefficient and cutting operation significantly differentiate from these
parameters in check sample and significantly depend on processing pressure. Limit cut
tension has been to lower degree influenced by processing parameters and if compared to
the check sample changes insignificantly.
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Fig. 2. Change of compression indices high pressure processed of soft cheese
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In the result of experimental researches of compression properties of soft cheese (Fig.
2) it has been determined that during processing by 0 — 600 MPa pressure there take place
changes in its rheological indices as follows:

e Relative product volume decreases up to 0.76, but upon pressure decrease it increases
to 0.95 of the initial value;

 Product density increases by 29% (from 1, 047 kg/m” up to 1,351 kgr/m?); upon
pressure decrease density falls to 1,085 kg/m?, that equals to 3.6% of the initial value;

e Volume compression modulus in case of pressure rise increases almost 17 times as
much (from 0,55x10” MPa up to 9,4x10°MPa) and then returns to the value of 2,0x10°
3

MPa;

o Isothermal compression coefficient in case of pressure rise decreases by 77.3% (from
1,1x107 up to 0,25x10™° MPa ') and then upon pressure decrease its value exceeds
4,510 MPa .

In order to use the obtained experimental values of the parameters for predicting
product status with various process parameters, calculations and projecting of technology
equipment for production of soft cheese by applying high pressure technology experimental
curves have been described by mathematical functions.

Functional y =f(P) u p =f(P) connections are described by general function (1):

x _x
yv=a+b-e “+d-e?®, (1)
Functional p=f'(P) u V/V,=f(P) connections are described by general function (2):
X
y=a+b-x+c-e?. (2)

Results of processing and statistic analysis of the obtained connections are given in the
table 4.

Thus, in the result of experimental researches there have been obtained values of
rheological indices for various parameters of production process and there has been
performed comparative analysis for samples of soft cheese produced by traditional
technology and high pressure technology.

Table 4

Results of mathematical processing of the functional connections

Parameters R? F- Values of the coefficients

statistics a b c d

g
2 =f(P) 0—P | 0,997 | 1835,22 0,393 149,86 | 326,59 | -149,25 | 329,28

P—0 | 0,998 | 498093 0,061 6,98 15,5 2,42 157,42

B =f(P) 0—P | 0,999 17668 19,4 -0,84 64,46 -16,45 | 1152,56

P—0 | 0,99 36032 16,94 -0,41 44,49 -15,92 | 770,89

p=f(P) 0—P | 0,999 29087 820,5 0,96 | -586,16 | 221,16 -

P—0 -
0,999 | 175274 | 2544,52 | -0,41 2140,68 710,94

VIV,=fP) |0—P -
0 0.998 | 442507 | 084 | (o0 | 0159 | 19207

P—0 0997 | 31808 0,63 3.107 0,312 4288 -
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Complex evaluation of organoleptic indices has made it possible to determine that
products produced by high pressure technology show the highest induces: milk — 98.6
points, soft cheese — 96,4 points.

Profile analysis of taste properties of high pressure processed milk has revealed high
level thereof. Raw milk and pasteurized milk are included into your rating with 89.5 points
and 81.2 points consequently, and rank as good quality products. First and foremost, it is
connected with appearance of fatty film on the surface and peculiar pasteurizing taste, as
the signs of denaturation of whey protein. Change of taste properties of high pressure
processed milk if compared to raw and pasteurized milk are represented by profile charts
(fig 3, 4).

Concept

Empty

Acidulous Smack pasteurizati

Ranci Deviations of taste

Fig 3. Taste profile chart of the tested samples
at the beginning of storage period:

raw milk;

----- pasteurized milk;

----------- high pressure processed milk.

Taste profiles of high pressure processed milk are similar to raw milk taste, except of
more pronounced sweet flavor in case of high pressure processing. These differences are
more characteristic of pasteurized milk.

According to results of organoleptic evaluation both samples of cheese are of high
quality and possess highest quality indices. Soft cheese produced with application of high
pressure technology ranks higher if compared to the check sample, thus, it may be
concluded that new high pressure technology positively influenced organoleptic properties
of soft cheese (fig 5, 6).
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Concept
5

Sweetish

Delicate

Empty Inherent

Acidulous Smack pasteurization

Deviations of taste

Fig 4. Taste profile chart of the tested samples during the storage period:
raw milk;

----- pasteurized milk;

----------- high pressure processed milk.

Tracery Apperearance
Integrity of the product
Compliancemind the raw Smoothness of the surface

materials used on the cut

Uniformity on the Uniformity

Softness

Taste and odor Consistence

Tenderness Tenderness

Presence characteristic
flavor and odor of cheese

Expression
Compliancemind the raw
materials used

Colour dough

Fig 5. Profile chart of organoleptic indices soft cheese
----- Control sample
Soft cheese produced with the use of high pressure
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Tracery . Apperearance
Integrity of the product

Compliancemind the raw Smoothness of the surface on
materials used the cut

Uniformity on the Uniformity

Fermented milk

Taste and odor Consistence
Tenderness Tenderness
Presence characteristic flavor .
Density

and odor of cheese

Expression
Compliancemind the raw
materials used

Colour dough

Fig 6. Profile chart of organoleptic indices soft cheese
during the storage period
----- Control sample
Soft cheese produced with the use of high pressure

If compared to the check sample soft cheese looks more attractive with more
pronounced flavor if compared to the check sample. Its body is more homogeneous, soft
and elastic, while the check sample is harder and a little crumbly. To our opinion such
changes in soft cheese have become possible due to increase of attached moisture volume
under high pressure.

Decline in consumer properties of control samples during storage was significantly
faster than in the samples treated with high pressure, which is the result of enzymatic
activity and the development of surviving micro organisms.

Conclusions

The research and study of the mechanism of high pressure combined with a thermal
treatment on inactivation of microflora and change the components of milk and soft cheese
gave grounds to determine rational modes of the use of high pressure technology.

During the storage of milk processed by high pressure in the first three days, a
decrease of the concentration of microorganisms is happened, at the expense of processing
efficiency increases to 98.6%. Further storage of such milk accompanied by increased
microbial numbers, but with a lower level of intensity than in raw milk and processed high
temperatures.
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The changes in physic-chemical and biochemical parameters together determine the

pattern of changes milk quality and soft cheese, processed by high pressure, in particular
vitamin, mineral composition, rheological and organoleptic properties.

The presented analytical summary of high pressure effects on the quality of milk and

soft cheese proves the prospects in implementation of this technology in the dairy industry
with the aim of producing products with high biological value of durability.

It should be noted that the research in this area continues, in particular, the most

important is the question of technological properties of milk processed by high pressure and
prospects for its further use in the manufacture of dairy products.
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Introduction. The biscuits are important bakery
products which are favorable due to lower production costs,
convenience and long shelf life. Usually are consumed as a
dessert or as a light snack between meals. The classic
biscuits have functional properties, so it is necessary to
change the composition recipe by adding different
functional components. In that context by adding inulin and
acacia gum the obtained biscuits are with functional
features and then they are sensory assessed.

Materials and Methods. This paper is made as
sensory evaluation of three types of functional biscuits
"Fructi"; "Fructi + Inulin" and "Fructi + Fibregum". The
biscuits were assessed by 46 evaluators from R. Macedonia
and Bulgaria. Biscuits evaluators assessed according to the
following sensory attributes: appearance, structure and
breaking, smell, taste and chewable.

Results and discussion. It is necessary to know the
sensory characteristics of an appropriate product because
they determine its quality. From the conducted sensory
evaluation of three types of functional biscuits is
determined that the with the highest scores in terms of
appearance are assessed biscuits "Fructi + Fibregum"
(3.45). The same biscuits with highest proportions of
points are assessed in terms of the structure and breaking,as
well as in terms of smell and taste. In terms of chewing
biscuits "Fructi" are rated with a higher number of points
(19.3)compared to biscuits "Fructi + Inulin" and "Fructi +
Fibregum". With highest total average sensory evaluation
are assessed biscuits "Fructi + Fibregum" (16.42).

Conclusion. From the conducted sensory analysis can
be concluded that the biscuits "Fructi + Fibregum" are
featured with the best sensory characteristics.
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Introduction

On the road to optimal nutrition which presents ambitious long-term goal, "functional food"
look new, interesting concept. This concept should be built on solid scientific foundations, while
being accepted by consumers [1].

In accordance with FUFOSE functional food is characterized by the following features:
conventional or daily food or supplements; natural components present in food; a proven beneficial
effect on certain functions outside the nutritional value of the product; possess conclusive scientific
studies proving the enhanced well-being and health and / or reducing the risk of disease and / or
improve the quality of life including physiological and psychological improvement [2].

In a broad concept of functional food Mishan [1] lists the: natural nutrition rich food, food
that is enriched with functional ingredients, food which excludes certain ingredients, food in which
are changed the properties of certain components, food in which the bioavailability of one or more
components has been modified and all combinations of these possibilities.

Biscuits are type of cookies with a grain base and containing a large quantity of sugars and
fat levels [3]. The composition of biscuits includes a number of raw materials, different enhancers
and other accessories, so they differ in appearance, composition, mass, consistency, structure and
production technology [4]. There are possibilities for the production of dietetic biscuits with sugar
replacement, using fats with different characteristics, as well as enrichment of biscuits with
different functional components [5].

Dietary fiber have many characteristics which include them as an important ingredient in the
recipes for production of functional foods [6,7].

Inulin is used in food industry to increase the proportion of dietary fiber in the final product.
Advantage over "traditional" dietary fiber is that inulin does not possess a distinctive raw taste and
does not contribute to increased viscosity of the final product, so its usage results in products
enriched with dietary fibers that retain the organoleptic properties of the standard recipe
composition [8].

Acacia gum is used in food industry for decades as an additive to diet. When used as a food,
the acacia gum has a role as an improver, thickener, stabilizer, emulsifier, and coating agent. Such
different functions of a product makes it unique [9].

The sensor quality (shape, color, smell, taste, texture) is of great importance for all food
products. It is a feature that every customer everyday evaluates and based on that assessment
makes the decision whether that product will be bought [10].

Since biscuits belong to the group of confectionery which are characterized by attractive
appearance, pleasant taste and aroma it is very important to analyze their sensory characteristics.

In this paper we examined the sensor characteristics of three types of functional and fortified
biscuits and is determined their sensory quality.

Materials and methods

In this paper was made a sensor analysis of three kinds of functional biscuits ("Fructi", "Fructi
+ Inulin" and "Fructi + Fibregum"). Biscuits "Fructi" are the basic type of functional biscuits, while
biscuits "Fructi + Inulin" are with added inulin to the basic recipe composition, and biscuits "Fructi
+ Fibregum" are with added Fibregum (Acacia gum), whereby the biscuits "Fructi" further are
enriched with fiber.

The biscuits are made in a confectioner's shop "Sweet Pleasures" in Veles, Republic
Macedonia in accordance with HACCP standards.

The produced biscuits were evaluated using the scoring method [10] by 46 assessors. All
sensor properties are clearly defined and described in the form of sensor evaluation of biscuit
cookie (Table 1).
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Table 1
Application form for sensor evaluation of biscuit cookie [4]

Quality Factor FZ | Evaluation Requirement of quality

Adequate characteristic (circular) shape, without
damage to upper and lower surface.

Appearance (size Very slight deviation from the circular shape.

0,8

and shape) Deviation of the shape, size.

Great deviation from the shape and size.

YN EN Y (o)

Deformed, a large deviation of the biscuit cake.

Soft, uniform fine structure.

Very small deviation of porosity.

Structure and 0,8 The biscuit cake is dry, slightly crumbling.

SHapping The biscuit cake is expressed dry.

— (N | W[

The biscuit cake is very dry.

The biscuit cake is soft, evenly softens in the
mouth.

Very little deviation from the optimal.

Chewing 0,8

The biscuit cake is dry,hard with a sharp taste.

There is rather atypical chewing.

— (N |W| K[ W

Expressed rather atypical chewing.

Characteristic, slightly sensitive, aromatic.
Constant for specific time period.

Characteristic, less pronounced aromatic.

Scent 0,6

Slight odor, low aromatic.

Slight odor.

— (N |W | W

Atypical strange smell.

Characteristic, slightly sensitive, aromatic.
Constant for specific time period.

Pleasant permanent taste.

Flavor 1,0

Moderate pleasant taste.

N|W|HK| W

Slight pronounced taste.

—_

Atypical strange taste.

The individual parameters are corrected with FZ (correction factor), by which have
been obtained points (PB), whose assembly is obtained to total number of points for sensor
quality of the product. Depending on the sum of points is determined in which category the
product belongs to by sensor quality (Table 2).

Table 2
Category of sensor quality depending on the sum of gained points (PB)

Quality category | Sum (PB)

Excellent 19.1-20.0

Very good 16.1-19.0

Good 13.1-16.0

Frail 11.1-13

Not match <11.1
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Results and discussion

Sensor or organoleptic properties of food, as an aspect of quality, are associated with a
sense of comfort that food can provide when consuming, and include those attributes that
can be percepted with the senses of sight, smell, taste, touch, and even with hearing. Sensor
properties are the first and often the only parameters on which the majority of consumers
assess the quality of food [11]. The results of the sensor analysis are given in (Table 3).

Table 3
Results of sensor analysis of functional biscuits
. Structure
’I%lll)ih(glﬂzslt:i):s Appearance anq Scent | Chewing | Flavor Tl(:]t;l
snapping
“Fructi” 3.43 2.98 2.44 3.19 3.59 15.63
“Fructi+Inulin” 3.41 2.98 2.34 3.09 3.71 15.53
“Fructi+Fibregum” 3.45 3.28 2.62 3.01 4.06 16.42

* The values in this table are calculated according to the average values from the results of the
evaluators.

Appearance. The appearance or optical property is based on the sense of sight, and it
includes the capacity that can be visually examined. Every merchant knows that the
appearance is often the sole purpose of which is based the decision whether something is to
be bought and eaten or not. About the size and shape are important: the length, thickness,
width, size of particles, the geometric shape (square, circular, etc.) [12].

The color affects the appearance, as well. Color is important because it is used as a
control parameter during baking of biscuits [13]. Many factors influence the formation of
the final texture of products, including temperature, air speed, humidity and heat transfer in
the sample [14].

From Table 3 can be concluded that in terms of appearance with the highest score
were assessed biscuits "Fructi + Fibregum" (3.45), and the least biscuits "Fructi + Inulin"
(3.41). Biscuits "Fructio" are evaluated with 3.43 points.

The external appearance of biscuits with a different recipe composition is evaluated
by Yadav et al. [15] who examined the effect of partly skimmed peanut flour on nutritional,
organoleptic and physico-chemical characteristics of biscuits. Best assessed in terms of
external appearance were biscuits which recipe composition contained 0% partly skimmed
peanut flour.

Structure and snapping. Based on the results obtained from sensor analysis of
biscuits (Table 3) is determined that the biscuits "Fructi" and "Fructi + Inulin" are
characterized by the same number of points, regarding the structure and snapping (2.98
points). With a higher number of points (3.28) compared to the same parameter, are
featured biscuits "Fructi + Fibregum".

Yenkar et al. [13], who made sensor analysis of biscuits made of Rajgira and
Sabudana (local types of flours that are rich in vitamins and minerals) in a different ratio,
found that in terms of structure best are biscuits made of flour Rajgira and Sabudana in the
ratio 3: 2.

Best rated biscuits are from skim peanut flour in terms of structure which in their
biscuit recipe have composition of 5% of partly skimmed peanut flour [15].
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Jothi et al. [16] did tests on crackers (a type of biscuits) made with various flours
(potato flour, rice flour without gluten, a type of Italian mix of flours ...) in a different ratio,
using as a control sample,in which they took biscuits from wheat flour. Regarding the
structure,the best rated were the control types of cookies (biscuits made of white wheat
flour).

In contrast of this, during sensor analysis of biscuits made in a different proportion of
white wheat flour and skim sesame flour, the best structure according to the evaluators had
biscuits made from 80% white wheat flour and 20% skimmed flour sesame, while the worst
biscuits were made only of white wheat flour (control) [17].

Govindaraj et al. [18] made surveys of biscuits fortified with FeSO4 and NaFeEDTA
and varying amounts of tartaric and citric acid. Between biscuits fortified with FeSO, and
different amounts of tartaric acid (60, 80 and 10 mg) and between biscuits fortified with
FeSO, and different amounts of citric acid (60, 80 and 10 mg), structure is best evaluated in
the control sample in which nothing is added. Also, during fortification of biscuits with
NaFeEDTA and adding a predetermined quantity of tartaric acid (60, 80 and 10 mg) and
fortification of biscuits with NaFeEDTA and different amounts of citric acid, the control
sample of biscuits is best assessed in terms of structure .

Scent. The scent and taste act pleasant,define and consist of basic scent and taste
derived from the aromatic compounds of the essential ingredients, and aromatic additives
in raw materials composition.

The scent of the product will meet the required standards, if is characteristic scent of
the raw material from which it is derived, without foreign uncharacteristic odors [19].

According to the established average values for the scent of biscuits, with the highest
score 2.62 are assessed biscuits "Fructi + Fibregum". The least number of points of 2.34
are assessed biscuits "Fructi + Inulin", and biscuits "Fructi" are evaluated with 2.44 points.

Between biscuits prepared by types of flour Rajgira and Sabudana, which were added
at different ratio, in terms of scent, best were rated biscuits made of flour Rajgira and
Sabudana in the ratio 2: 3 [13].

From biscuits in which in the recipe composition is added a certain amount of
skimmed peanut flour, Yadav et al. [15] noticed highest grades of scent at biscuits
containing 5% partly skimmed peanut flour.

The biscuits made of 70% flour and 30% skimmed sesame flour in terms of scent were
the worst evaluated during sensor analysis, made by Gernah et al. [17].

Chewing. When chewing the biscuits, the senses of touch, scent and taste register all
impressions and evaluate internal quality properties [19].

In terms of chewing biscuits "Fructi" are assessed with a higher number of points
(19.3) as compared to biscuits "Fructi + Inulin" and "Fructi + Fibregum", which compared
to the same parameters are assessed with 3.09 and 3.01 point (Table 2).

Taste. From the data given in Table 3 is show that with highest average value for
taste (4.06 points out of a possible 5) are assessed biscuits "Fructi + Fibregum" and least
(3.59 points) the biscuits "Fructi". Biscuits "Fructi + Inulin" are evaluated with 3.71 points.

During sensor analysis of biscuits made of Rajgira and Sabudana, Yenkar et al. [13] is
concluded that the biscuits prepared from flour Rajgira and Sabudana in a ratio of 3: 2 are
the best in terms of taste.

Based on the results obtained by Yadav et al. [15] during examination of the effect of
partly skimmed peanut flour on the characteristics of biscuits, it is shown that in terms of
taste are best assessed biscuits which in the its recipe consist of 0% partly skimmed peanut
flour.
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Jothi et al. [16] based on the results of the conducted sensor analysis of different types
of biscuits concluded that white flour biscuits compared to ones which in its composition
contain different types of flour show the best quality features in terms of taste.

On the contrary, Gernah et al. [17] concluded that biscuits prepared from 90% white
wheat flour and 10% skimmed sesame flour are best compared to the same parameter.

Total sensor evaluation. The sum obtained from individual points of appearance,
structure and breaking, scent, chew and taste gives the total assessment (total points) of
sensor analysis of biscuits, which in our case is a maximum of 20 points.

According to the results from the performed calculations for total points shown in
Table 2, with highest average total mark are assessed biscuits "Fructi + Fibregum" (16.42),
less biscuits "Fructi" (15.63), and least biscuits "Fructi + Inulin" (15.53).

Based on sensor evaluation (Table 3) is defined the category of sensor quality in which
belong the obtained biscuits (Table 1). Biscuits "Fructi" and "Fructi + Inulin" belong to the
group of products with good quality and biscuits "Fructi + Fibregum" in the group of
products with very good quality.

From the performed sensor analysis of the biscuits fortified with Cyperus esculentus L.
as partial substitute for wheat flour (10, 20 and 30%) by Ahmed et al. [20], it is provided
the best overall score for biscuits which were with 20% Cyperus esculentus L.

Other authors presented their results of sensor analyzes of different types of cookies.
For example, Yenkar et al. [13] concluded highest total sensor evaluation of biscuits made
from flour Rajgira and Sabudana in the ratio 3:2. Yadav et al. [15] in sensor evaluation of
biscuits in which recipe composition is added a certain amount of peanut flour skimmed
best, overall final assessment was found the biscuits recipe which composition does not
contain skimmed peanut flour.

Between biscuits analyzed by Jothi et al. [16] as the best biscuits in the acceptability
are assessed control biscuits ie white flour, while others biscuits which in its composition
contain different types of flour (potato flour, rice without gluten, a type of Italian mix of
flour) are assessed lower. In terms of total acceptance of cookies with different ratio of
white wheat flour and sesame skimmed flour , Gernah et al. [17] best results found in
biscuits made from 90% white wheat flour and 10% skimmed flour sesame.

Conclusion

From the conducted sensor analysis can be concluded that the biscuits "Fructi +
Fibregum" are featured with the best sensor characteristics. Biscuits "Fructi + Fibregum"
are most highly rated in terms of layout, structure and crashing, scent and taste, and in
terms of chewing are best assessed biscuits "Fructi". Based on the results, can be concluded
that the biscuits "Fructi”" and "Fructi + Inulin" belong to the group of best products, and
biscuits "Fructi + Fibregum" to the group of very good products.
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Introduction. The aim of the article is to study the
influence of different ways of packaging and storage on
consumer properties of soft brine cheeses, as well as changes in
quality during storage. Soft brine cheeses fortified with dietary
supplement have organically bound iodine that can prevent a lack
of'iodine in human nutrition [1-3].

Materials and methods. The objects of research were new
soft brined cheeses: "Sample 1" - with the addition of supplement
from brown seaweed in an amount of 0.5% to weight of cheese,
"Sample 2" - with supplement of brown seaweed in an amount of
0.5% and with serum albumin in an amount of 0.3% to weight of
cheese. "Sample 3" - produced by thermoacid method with the
addition of supplement from brown seaweed in an amount of
0.5% to weight of cheese. “Control 1” - was soft brine cheese
produced by the traditional method. “Control 11” — soft brine
cheese produced by thermoacid method according to traditional
recipe. Soft brine cheeses were investigated immediately after
production and on 2, 3, 5, 10, 30, 45, 60 days. Sensory evaluation
of quality the new soft brine cheeses was carried out according to
the developed by us 5-point scale. The amino acid composition -
by ion-exchange liquid-column chromatography (the amino acid
automatic analyzer T 339).

Results and discussion. According to research results
brine cheeses maturation for 14 days in brine and subsequent
packaging and storage (at 2 ... 5 °C for 60 days) in plastic bags
"Saran" has a positive effect on its quality. In the soft brined
cheese "Control 1" quantity of free amino acids have increased
by 19.8%, whereas at the soft brined cheese "Sample 1" quantity
of free amino acids have increased by 21.2%, at "Sample 11" -
quantity of free amino acids have increased by 20.8%. “Control
11” was characterized by an increase in the quantity of free amino
acids by 7.7% in case of packaging in plastic film. At the same
time, “Sample 11I” was characterized by increasing of quantity of
free amino acids to 22.2%. This method of storage pickled
cheeses slows down the process of moisture loss, promotes
intensification of proteolysis and increased levels of free amino
acids, which positively affects the organoleptic characteristics.

Conclusions. The obtained results allow us to improv the
method of ripening and packaging of soft brine cheeses, their
consumer properties.
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Introduction

One can store and form the application properties of brined cheese at the proper level
under condition of using an appropriate package, packing, creating the optimal regimes and
periods of storage, transportation [4].

Consumer demand and requirements of trade cause various types of packaging, the
range of which is also affected by changes in the environment. Forming and packing
equipment offers new opportunities. In a market conditions an appearance, label design and
quality of packing materials are important. The main trends in packaging of brined cheese
are diversification, improvement of quality indicators, attractive packaging and label,
convenience when consumed [5].

In Ukraine, along with the classic type of packaging such as glass, paper, and polymer
packaging plays an important role in the food industry that is widely used for packaging of
cheese [6].

Such requirements are imposed on polymer films packing [7]:

e general - non-toxicity, mechanical strength, neutral to taste and smell of packed
product;

o  special: low oxygen permeability (less than 400 sm’/m® per day) to prevent mold;
limited moisture permeability (less than 0.02 kg/m’® per day) to prevent drying of the
product; permeability to CO,, which is formed during cheese ripening (500 - 2500
sm’/m’ per day).

In general the packaging, especially the consumer packaging, is important for all dairy
products and specifically for cheese. Firstly, because these products are perishable, unless
they are stored in the appropriate conditions. Secondly, the storage conditions are too
individual for different kinds of cheese. Using different methods and conditions of use of
brined cheese, the manufacturers of these products are constantly improving packaging,
matching it considering the shelf life, packaging weight, ease of use. The following effects
on choice of packaging for cheese: consumer demand, which depends on its income,
demographic changes, local habits and traditions of food consumption [8].

“Active” and “smart” packaging which regulates microbiological processes occurring
inside the package, and which reports on the status of the product, guaranteed health and
safety of consumers can save quality of products.

“Active” and “smart” packaging emerged in economically developed countries (USA,
Australia, New Zealand, Japan and Western Europe) according to the project of the
European Union ASTIRAK (1999-2001), which provides an assessment of safety, impact
of "active" and "smart" packaging on environment, creation in the field of legal rules [9].

The main function of "active" packaging is the impact on a product extension of its
shelf life and storage characteristics: taste, color and so on. The material from which the
packing is made is biologically active: a polymer matrix tightly holds immobilized
supplements (e.g., potassium carbonate compounds, enzymes, gas and moisture absorbers,
fragrances, antimicrobials).

The abovementioned packing allows you to regulate microbial balance inside the
packaging, shelf life of the product. Modified and adjustable air is mostly used in the
"active" packaging. This quite expensive technology, however, is compensated through its
use.

The advantage of "active" packaging is that the migration of chemicals in foods is
close to the minimum. "Smart" packaging is intended to respond to the impact of the
environment on the condition of the product and to inform consumers of this state. The cost
of such packing is high, as it requires the use of modern dyes (thermochromatic dye 767
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VK) and even microprocessors. However, a significant part of materials for "smart"
packaging is still under development and experimentation.

Packaging for cheese is characterized by general trends of development - this is the
minimization of material resources through the use of polymer films, including multilayer,
which prolong the shelf life of the cheese due to the high barrier properties. It is important
that manufacturers of cheese take into account the customer requirements regarding
usability of packaging when products are consumed.

For packing of brined cheese the consumer and transport packaging are used. A bag of
polyethylene film, polypropylene containers (plastic containers with a capacity of 350,
500g), glass jars or other containers made of polystyrene serve as consumer packaging. The
metal containers are rarely used (up to 5 kg). Brined cheese is packed in shipping
containers of a net up to 5.0 kg. Packing of cheese in brine in buckets of polystyrene is
allowed under the current legal documents.

During packaging the hygienic indicators, water and gas impermeability, and level of
protection against light are important to preserve the quality of a food product. During
packaging under vacuum the film should fit tightly to the surface of the cheese. During
vacuum packaging the oxygen level inside the packaging is reduced to less than 1%. Barrier
properties of polymer films prevent the penetration of oxygen into the vacuum packaging.
Due to the vacuum plastic packaging the shelf life is increased depending on the type of
cheese from 60 to 90 days [10, 12].

Polymer film of polyvinyl chloride (PVC) is often used in the production of brined
cheese. This is explained by ease of its use, thermal stability in the temperature range (from
-10° Cto 75 ° C), the possibility of overprint, low permeability of air, steam, gas and odors;
resistance to fats and oils. Ripening of brined cheese in a film helps to reduce the cost of
labor associated with caring for cheese during ripening, the decrement of product loss. The
use of film in vacuum at cheese packaging has a positive effect on the quality of cheese and
accelerates their ripening.

The prolonged ripening and storage of cheese in brine environment is the result of the
traditional conditions of the brine cheese production in Ukraine. Although brine well
preserves the product from damage, but this method of ripening and storage degrades the
quality of cheese during prolonged staying in brine. Therefore, we conducted research on
the impact of various types of packaging on the quality of soft brine cheese.

Materials and methods

The objects of research were new soft brined cheeses: "Sample 1" - with the addition
of supplement from brown seaweed in an amount of 0.5% to weight of cheese, "Sample 2"
- with supplement of brown seaweed in an amount of 0.5% and with serum albumin in an
amount of 0.3% to weight of cheese. "Sample 3" produced by thermoacid method with the
addition of supplement from brown seaweed in an amount of 0.5% to weight of cheese.
“Control 1” - was soft brine cheese produced by the traditional method. “Control 2 — soft
brine cheese produced by thermoacid method according to traditional recipe. Soft brine
cheeses were investigated immediately after production and on 2, 3, 5, 10, 30, 45, 60 days.
Sensory evaluation of quality the new soft pickled cheeses was carried out according to the
developed by us 5-point scale. The amino acid composition - by ion-exchange liquid-
column chromatography (the amino acid automatic analyzer T 339).
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According to Table 1 brined cheese ripening research during 14 days in brine and
ripening during 45 days in the film has a positive effect on its quality.

Table 1
Organoleptic assessment of quality of soft brine cheese depending on packaging

Taste and smell Texture
Packaging Characteristics | Point {Characteristics | Point ?3
s
Control 1
The ripening in brine during 60 Pure, Satisfactory,
. 4,2 . 4,0 | 4,1
days satisfactory slightly dense
The ripening in brine during 14 Pure
days and after the ripening in : 4,5 Good 4,51 4,5
the film during 45 days good
Sample 1
The ripening in brine during 60 Pure, 45 Good 48 47
days good
The ripening in brine during 14 Pure
days and after the ripening in ll’ ; 5,0 Excellent 5,0 | 5,0
the film during 45 days excelien
Sample 2
The ripening in brine during 60 Pure, 47 Good 47 47
days good
The ripening in brine during 14 Pure
days and after the ripening in I ’ ; 4,9 Excellent 5,0 5,0
the film during 45 days excelien
Control 2
The ripening in brine during 60 Pure, Satisfactory,
. 4.4 . 4,2 4,3
days satisfactory slightly dense
The ripening in brine during 14 Pure, 4.9 Excellent 5,0 5,0
days and after the ripening in good
the film during 45 days
Sample 3
The ripening in brine during 60 Pure, 4.6 Good 4.8 47
days good
The ripening in brine during 14
days and after the ripening in | Pure, excellent | 5,0 Excellent 5,0 5,0

the film during 45 days
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Organoleptic indicators of cheeses “Sample 17, “Sample 27, “Sample 3” under study
have more scoring than those related control brined cheeses.

In the above-mentioned method of brined cheese packing the improvement of their
organoleptic characteristics as taste, smell and texture occurs. If the control cheeses are
characterized by good organoleptic characteristics after the ripening in brine during 14 days
and after the ripening in the film during 45 days, the experimental cheeses are characterized
by excellent quality.

According to Table 2 cheese, ripening in the film slightly speeds up proteolytic
processes.

Table 2
Content of free amino acids in soft brine cheese depending on packaging mg/100 g of cheese

Brine cheese
. The ripening in brine durin
Content of{lree amino The ripening in brine 14pdays %md after the #
acies during 60 days ripening in the film during 45
days
1 2 3
Control 1
Total | 65 | 85
Sample 1
Total | 240 | 300
Sample 2
Total | 245 | 300
Control 1
Total | 57 | 72
Sample 3
Total | 235 | 290

Low water vapor permeability of polymer package prevents desiccation of brined
cheese, promotes uniform distribution of moisture and table salt all over its surface. Due to
this the properties of cheese remain constant over the entire surface.

Conclusions

Ripening of brined cheese in the film contributes to lower moisture loss during
storage, which positively effects on the proteolytic processes in brined cheese [11]. The use
of plastic film for packaging of brined cheese increases the amount of lactic acid
microorganisms at all stages of its ripening in comparison with the cheese with the
traditional method of packing.

Using a combined method of packaging has contributed to increase of the content of
free amino acids. If the number of free amino acids in a raw cheese "Control 1" increased
by 19.8%, then in the brined cheese “Sample 1” under research - by 21.2%, “Sample 2” -
by 20.8%. Brined cheese “Control 2” is characterized by an increase of the content of free
amino acids by 7.7% when packing in the polymer film. However, in the raw “Sample 3”
their number increased by 22.2%. The use of a polymeric film for ripening of soft brine
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cheeses under study contributed to the increase of free amino acids by an average of 20.6%,
which had a positive effect on their organoleptic properties. Figure 1 graphically presents
the results of the research of the content of free amino acids in soft brine cheese depending
on the method of packaging.

350

300

250

200

150

mg/100 g

Free amino acids,

100

0

Control | Sample | Samplell Controlll Sample lll

O ripened in brine M packing in the polymer film

Fig. 1. Effect of packaging on the content of free amino acids of soft brine cheeses
(t=60 days,t=2...5°C))

Thus, the production of soft brined cheese is expedient using the next method of
ripening - 14 days in brine, followed packaging in a polymer film under vacuum and
storage of 45 days at a temperature of 2 ... 5° C.

Further research will be aimed at a complex estimation of quality of soft brine cheeses.
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Introduction. The modern life trend causes necessity of
formation of the profile of choux pastry products consumer
properties according to the principles: available, tasty, useful,
comfortable. Studying the properties of the fat recipe component of
the choux pastry in the conditions of technological process modeling
will allow to control and provide the obtaining of competitive
products.

Materials and methods. To evaluate the transformations that
occur in the high oleic sunflower oil-water model systems during
hydrothermal effect physicochemical research methods, namely the
determination of acid (AV), peroxide (PV) and saponification
values, were used.

Results. Obtained data confirm the growth of rate of hydrolysis
and the accumulation of free fatty acids in the oil-water model
systems due to medium’s temperature (from 20 to 100° C) and pH
increase. AV magnitude is in the range 0,22...0,41 mg KOH/g at pH
4,5, 0,19...0,34 mg KOH/g at pH 6,0, 0,32...0,38 mg KOH/g at pH
8,0. The rapid growth of peroxide values is observed due to the
temperature increase from 80...100° C and is 3,90...4,70 mmol
1/20/kg. The saponification values of model samples depends on the
medium reaction and does not change in the temperatures’ range
from 20 to 100° C. Those oil samples that were subjected to
hydrothermal treatment at the alkaline medium (pH = 8,0) are
characterized by almost unchanged acylglycerols’ composition
compared to the untreated oil and SN value of 191,006 mg KOH/g.
The SN value of treated samples is some less and amounts at pH 4,5
— 186,0£0,5; pH6 — 184,0£0,4 mg KOH/g. Thus obtained
dependences of AV, PV, SV of high oleic sunflower oil on medium
reaction of oil-water (1,0:2,5) model system and hydrothermal effect
temperature evidence of its sufficient stability. The values of these
indicators are within 0,19...0,41 mg KOH/g, 0,95..4,70 mmol
1/20/kg, 184,0...191,0 mg KOH/g, respectively.

In the oil-water model system at pH=6,0 and hydromodule
1,0:2,5 insignificant accumulation of free fatty acids and primary
oxidation products is observed, and AV and PV do not exceed 0,17
mg KOH/g and 1,55 mmol 1/20/kg respectively at 20° C.

The largest triacylglycerol oxidation rate during the first 20-60 s of
hydrothermal treatment is observed for model system with pH 8,0,
where PV increases in 2,3 times. PV increases in 1,4 and 1,2 times in
systems with pH 4,5 and 6,0.

Conclusions. High oleic sunflower oil using as a source of fat in
culinary products technology, particularly in technology of products
based on choux pastry was experimentally proved extremely
perspective.
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Introduction

In the structure of human nutrition an important place is occupied by culinary
products, among which the choux pastry products are in high demand [1-2]. Market
research has shown that the range of culinary and pastry products with choux pastry at the
domestic market is limited, the quality does not meet the requirements of today and their
production technology needs an improvement. The modern trend of life dictates necessity
of creation of a clearly formed profile of choux pastry products consumer properties, which
will meet modern requirements: available, tasty, useful, comfortable. Performing of the
aforementioned requirements will provide obtaining of the competitive products with high
quality characteristics. It is known, that the realization of technological process of choux
pastry products manufacturing is determined mainly by technical and technological
properties of the fat component. The undisputed fact is that the final product’s quality
depends on the behavior of recipe components in the technological stream. The aim of this
research was to study high oleic sunflower oil properties under the hydrothermal effect.

Analysis of scientific studies

Theoretical and practical aspects of the high oleic sunflower oil properties were
studied by such scientists as K.M. Schaich, Xiaoqing Yang, Robin A. Boyle, S.M. Ghazani,
A.G. Marangoni, Olesea Roman, G. Talbot, Bertrand Heyd, Bertrand Broyart, Roberto
Castillo, Maria Teresa Rodriguez-Estrada, Claudia Belingheria, Barbara Giussani, Antonio
Ferrillob, Elena Vittadinia, . Analyze of existing technologies of choux pastry products
determined that the fat component performs the following functions: recipe component,
softener, complexing agent, baking powder, and a source of food and nutritional value [3, 8,
12-16].

Fat component of choux pastry is an important complexing agent. It interacts with
other recipe components of the dough. By adsorbing at the surface of starch grains and
wheat protein micelles fat screens part of hydrophilic groups, preventing their interaction
with water and the formation of strong flour paste. Fat increases the plasticity of dough by
weakening the connection between protein micelles and also starch polysaccharides of
wheat flour. Found that in the process of making dough and baking it the intensive binding
of lipids occurs — more than 75% of free lipids, including 90% of glycolipids and
phospholipids and 66% of glycerides [4].

The activity of fat in the process of complexation greatly depends on its chemical
composition, so different choux pastry fat components take part in forming of the structure
of choux pastry and baked semi-finished products in different ways. Fats, that contain the
mixture of triglycerides with the following composition: saturated fatty acids — 10...20%
and unsaturated — 80...90%, show the greatest activity in interaction with flour proteins.
The vegetable oil is characterized by this ratio of fatty acids.

Fat products, which are used in technology of dough products, perform the role of
softeners of dough structure and improvers of product quality. Fats, which are included to
recipe composition of choux pastry semi-finished products, perform the similar function.
Monoglyceroles show plastic characteristic more than diglyceroles. According to the
researches of Mikhailov V.S., Chekmariova 1.B. and others the melting temperature and
physical state of fat during the dough making process largely determine the degree of
dough plasticizing.
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One of the traditional fat components in the technology of choux pastry semi-finished
product cooking is butter. Fatty acid composition of butter mainly comprises saturated fatty
acids (63...65%) - palmitic and stearic, less monounsaturated (33...34%) — oleic acid and
very small amount of polyunsaturated (1,1...3,6%) — linoleic acid. Deficiency of essential
fatty acids and high price for butter urge consumers to search for alternative replacement to
other raw material, despite butter’s high nutritional value.

In world practice, there is some production experience of floury confectionery
products with the oil addition. The use of oil allows to enrich products with unsaturated
fatty acids, primarily the essential, and to reduce its cost by excluding butter and margarine
products and attracting domestic raw materials [5-7].

S.M. Ghazani, A.G. Marangoni (Healthy Fats and Oils) discussed the main healthy
minor components present in fats and oils, as well as their fatty acids composition. The
major oils produced in the world were discussed, focusing on beneficial compounds
naturally present in these oils. The effects of refining on the removal of desirable and
undesirable minor components are also reviewed [8].

Gruner B.C. and Scherbova E.A. investigated the possibility of vegetable oil use
instead of butter in the manufacturing of choux pastry semi-finished products. The
researchers used sunflower and corn oil for this purpose. The oil pressing off didn’t occur
during baking the dough pieces. The taste and smell of cooked choux pastry semi-finished
products did not changed significantly. The specific volume of choux pastry semi-finished
products increased by 5-10% compared to the control samples, made using butter
(replacement was equivalent 1:1, i.e. excluding the content of lipids in fat products) [9].

Mikhailov V.S. and Borodina T.P. showed the influence of vegetable oil (50 to 100%)
amount on the quality of choux pastry semi-finished products [10]. In mentioned work it
was revealed that the volume of semi-finished products increases with the increasing of
vegetable oil content. However, the authors baked semi-finished products in non-traditional
way, i.e. by dough pieces portioning at the pastry sheet, but in the forms, so these data can
not be the basis for the development of choux pastry semi-finished products recipe, that
uses vegetable oil as a fat component. Seeing during the baking at the pastry sheet, i.e. with
the bigger surface of water yielding, the increase of vegetable oil amount in the dough
would lead to a sharp decrease in dough’s viscosity which would not let to obtain the semi-
finished products of satisfactory quality.

Andrews S.L., Harte J. B.( Ingredient Functionality and Dough Characteristics)
considered that fat contributes tenderness, or shortness, to pastry. 0004 Depending on the
type of pastry, the fat content can range from 25% to almost 75% of the dough. Fat
tenderizes pastry by waterproofing flour particles. The polar groups in water have an
affinity for the polar groups in both the protein and starch. Polar carbonyl groups and the
double bonds in unsaturated fatty acid moieties make it possible for fat to unite with polar
groups on the surface flour particles. The remaining portions of the fat molecule have no
affinity for the flour or water and act as a mechanical barrier, preventing contact of the
water and protein in the flour. A fat’s ability to interfere with gluten formation is 0005
known as its shortening power. Pure fats have more shortening power than do butter or
margarine which contain 16% water. Even pure fats, such as lard, hydrogenated
shortenings, and oils, exhibit different characteristics in a pastry product. Oil is more dense
than lard, which is more dense than shortening. In addition, liquid fats have more spreading
power and are able to coat flour more evenly and completely. The higher the ratio of liquid
to crystals, the greater the covering power of the fat. [17].

Analytical data showed that the studies are preliminary, it is impossible to give
scientifically grounded choux pastry semi-finished products recipe, which provides full or
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partial butter replacement with vegetable oil, on their base. However, giving preference to
vegetable oil including choux pastry semi-finished products technology will let to get a
number of advantages. Therefore, the question of butter replacement with vegetable oil in
choux pastry semi-finished products recipe is actual.

All this created the preconditions for searching for oil with the required properties.
Researchers of the Plant Production Institute nd. a. V. Ya. Yuryev of NAAS managed to
create sunflower hybrid whose oil is characterized by significantly increased oleic acid
content and has similar to olive oil properties. The high oleic sunflower oil (HOSO) use
will provide high nutritional value and oxidative stability of finished products. It should be
noted HOSO’s high ability to form complexes because of the peculiarities of the fatty acid
composition, which affects the reactivity and the ability to form complexes with starch and
protein substances contained in the dough.

Materials and methods

The dynamics of chemical reactions of high oleic sunflower oil under the conditions of
hydrothermal process was studied in the oil-water model systems with volume ratio of
1,0:0,5; 1,0:2,5; 1,0:3,0. The composition and the ratio of fat and water (hydromodule) in a
model system are chosen on the base of traditional choux pastry recipe, according to which
it is 1,0:2,1, and with less and larger part of water in the system.

To estimate changes in oil-water model systems that occur during hydrothermal effects
physicochemical research methods were used. Data of acid value (AV) showed the rate of
hydrolysis of triacylglycerol in oil. AV was determined according to standard procedure as
the number of potassium hydroxide milligrams required to neutralize free fatty acids
contained in 1 gram of oil. For what oil sample was dissolved in a neutral mixture of
ethanol with diethyl ether to further titration with alcoholic solution of potassium hydroxide
in the presence of phenolphthalein.

Determination of primary triacylglycerol oxidation products in oil was carried out with
standard iodometric method by peroxide value (PV). PV was determined by the number of
active oxygen (1/20) millimoles equivalent to I, separated from potassium iodide in glacial
acetic acid by peroxides and hydroperoxides contained in 1 kg of oil. The peculiarity of the
method was that sample after adding of the aqueous solution of potassium iodide to oil
dissolved in a mixture of glacial acetic acid and chloroform was kept for 40-60 s in the
darkness. Further formed iodine was titrated with sodium thiosulfate in the presence of
starch solution.

In order to detect the possible deepening of hydrolysis with change of acylglycerol
composition of oil due to hydrothermal influence an important for identification of fat
indicator — saponification value (SV) was studied. SV as the number of potassium
hydroxide milligrams required for saponification of acylglycerols and free fatty acids
contained in 1 gram of oil was determined according to standard procedure. Samples of oil
were treated with a solution of potassium hydroxide in ethanol and heated for 60* s in a
boiling water bath, further the sample was titrated with hydrochloric acid solution in the
presence of phenolphthalein.

The transformation of triacylglycerols of high oleic sunflower oil during hydrothermal
influence was studied at different medium reaction pH (4,5; 6,0; 8,0), temperature
(20...100° C) and the duration of the process (5, 10, 20, 40-60 s).
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The required medium reaction 4,5; 6,0; 8,0 of model system was provided by the
addition to the water of citric acid, salt, baking soda accordingly in a certain quantity to
achieve pH.

Maximum temperature and duration interval of hydrothermal exposure were chosen
according to the traditional technology of choux pastry cooking, based on the dough boiling
operation parameters (95...100° C within no more than 10-60 s).

For an objective judgment about the degree of probability of the data obtained the
mathematical treatment of the obtained results was made. The reliability of the results
obtained was determined with the help of Student's coefficients for the taken statistical
significance level of P = 0.05 and corresponding (n-1) degrees of freedom.

Results and discussion

Hydrothermal processes belong to multifactorial difficult thermal processes that
significantly affect the quality of the finished products. The dynamics of changes in the
properties of fats in the technological system under the hydrothermal treatment depends on
the temperature, time of treatment, the ratio of fat-containing products and water, i.e.
hydromodule, presence of electrolytes, alkalis, acids solutions among the other food
components [11-17].

Research results of high oleic sunflower oil physicochemical characteristics
dependence on the pH and temperature in oil-water model systems with ratio 1,0:2,5 are
presented accordingly in Fig. 1 and 2.

0,45

0,40 2

0,35 —

030 3 — //.
T

0,15

AV, mg/KOH

0,10 ‘
0 20 40 60 80 100 120
t,°C
Fig. 1. Dependence of fat’s acid value of oil-water (1,0:2,5) model systems

on the temperature of hydrothermal influence and pH:
1-4,5;2-6,0;3-8,0

The experimental data (Fig. 1) show that the acid value of samples increases with the
increase of hydrothermal influence temperature from 20 to 100° C in model systems with
acidic, slightly acidic and alkaline medium. AV magnitude is in the range 0,22...0,41 mg
KOH/g at pH 4,5, 0,19...0,34 mg KOH/g at pH 6,0, 0,32...0,38 mg KOH/g at pH 8,0.
Obtained data confirm the growth of rate of hydrolysis and the accumulation of free fatty
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acids in model systems due to medium’s temperature and pH increase. The greatest growth
occurs when hydrothermal process flows in acidic medium (1) at the temperature of 100°
C. However, in alkaline medium (3) transformation is accompanied by the accumulation of
more free fatty acids for the entire temperature range (20...100 °© C) of hydrothermal
influence.

The process of hydroperoxides’ accumulation is confirmed by the results of the study
of fat peroxide value change dynamics of oil-water model systems with ratio 1,0:2,5
respectively (Fig. 2).
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Fig. 2. Dependence of fat’s peroxide value of oil-water (1,0:2,5) model systems on the
temperature of hydrothermal influence and pH:
1-4,5;2-6,0;3-38,0

It is clear from Fig. 2 that peroxide value increases for all samples of model systems at
the investigated pH range with the temperature increase. The rapid growth of peroxide
values is observed due to the temperature increase from 80...100° C and is 3,90...4,70 mmol
1/20/kg.

The results of dependence determination of fat’s saponification number of model
systems with oil-water ratio equal 1,0:2,5 respectively on high oleic sunflower oil base on
medium reaction and hydrothermal treatment temperature are given in Table 1.

Table 1
Dynamics of the changes of fat’s saponification value of oil-water (1,0:2,5) model systems due to
pH and the temperature of hydrothermal influence

o Saponification value, mg KOH / g
Temperature ¢, ° C pH=4,5 pH=6,0 pH=8,0
20°C 186,0+0,5 184,0+0,5 191,0+0,6
40° C 186,0+0,4 184,0+0,5 191,0+0,5
80° C 186,0+0,5 184,0+0,4 191,0+0,5
100° C 186,0+0,5 184,0+0,4 191,0+06

——VUkrainian Food Journal. 2016. Volume 5. Issue 1 — 75




-Food technologies

Data from Table 1 show that the saponification value of model samples depends on the
medium reaction and does not change in the temperatures’ range from 20 to 100° C. Those
oil samples that were subjected to hydrothermal treatment at the alkaline medium (pH =
8,0) are characterized by almost unchanged acylglycerols’ composition compared to the
untreated oil and SV value of 191,0+06 mg KOH/g. The SV value of treated samples is
some less and amounts at pH 4,5 — 186,0+0,5; pH 6 — 184,0+0,4 mg KOH/g.

Thus obtained dependences of AV, PV, SV of high oleic sunflower oil on medium
reaction of oil-water (1,0:2,5) model system and hydrothermal effect temperature evidence
of its sufficient stability. The values of these indicators are within 0,19...0,41 mg KOH/g,
0,95...4,70 mmol 1/20/kg, 184,0...191,0 mg KOH/g, respectively.

Dependence of model systems fat’s AV and PV on hydromodule and pH at the
temperature of 20° C is shown in Fig. 3 and 4.
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Fig. 3. Dependence of fat’s acid value of oil-water model systems at the temperature of 20° C on
hydromodule and pH:
1-4,5;2-6,0;3-8,0

Acid value (Fig. 3) increases in all oil-water model systems with increasing of water
share that is the defining factor of oil hydrolysis deepening. Experimentally determined that
the biggest AV and accumulation of free fatty acids characterize model system with
hydromodule 1,0:3,0 at pH=8, which amounts 0,26 mg KOH/g, and the least — a model
system with ratio 1,0:0,5 at pH=6, which amounts 0,13 mg KOH/g.

Growth dynamics of peroxide value in all model systems (Fig. 4) has a similar
character. PV for systems with acidic (pH=4,5) and alkaline (pH=8,0) medium reaction
almost coincide within the limits of experimental error. Larger PV characterizes oil-water
model systems with ratio 1,0:3,0 respectively, and is: 2,15 mmol 1/20/kg at pH 4,5; 2,31
mmol 1/20/kg at pH 8,0; 1,91 mmol 1/20/kg at pH 6,0. The oil-water system with
hydromodule 1,0:0,5 respectively has the lowest PV: at pH 4,5 — 1,36 mmol 1/20/kg; at pH
8,0 — 1,39 mmol 1/20/kg; at pH 6,0 — 1,24 mmol 1/20/kg. Peroxide value increase due to
increasing the share of water in the system indicates an increase of oxidation rate of oil
acylglycerols and accumulation of primary oxidation products, mainly hydroperoxides.
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Fig. 4. Dependence of fat’s peroxide value of oil-water model systems
at the temperature of 20° C on hydromodule and pH:
1-4,5;2-6,0,3-8,0

Therefore in oil-water model system at pH=6,0 and hydromodule 1,0:2,5 insignificant
accumulation of free fatty acids and primary oxidation products is observed, and AV and
PV do not exceed 0,17 mg KOH/g and 1,55 mmol 1/20/kg respectively at 20° C.

Effect of hydrothermal influence duration at the temperature of 100° C on fat’s AV
and PV of oil-water model systems with hydromodule 1,0:2,5 at the different medium
reaction is illustrated by dependencies, shown in Fig. 5 and 6.
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Fig. 5. Dependence of fat’s acid value of oil-water (1,0:2,5) model systems on temperature
treatment duration (100° C) and pH: 1-4,5;2-6,0; 3-8,0
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Hydrothermal treatment duration increase leads to fastening of oil hydrolysis, what is
demonstrated by the AV increase in model systems. Acid value increases during 40-60 s of
hydrothermal influence at pH 4,5 in 1,4 times; pH 6,0 in 1,2 times; pH 8,0 in 1,6 times.
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Fig. 6. Dependence of fat’s peroxide value of oil-water (1,0:2,5) model systems on temperature
treatment duration (100° C) and pH:
1-4,5;2-6,0,3-8,0

The largest triacylglycerol oxidation rate during the first 20-60 s of hydrothermal treatment
is observed for model system with pH 8,0, where PV increases in 2,3 times. PV increases in 1,4
and 1,2 times in systems with pH 4,5 and 6,0.

Conclusions

It was determined that chemical transformations of high oleic sunflower oil
triacylglycerols, such as hydrolysis and oxidation, are not accelerated so significant during
hydrothermal processes in oil-water model systems with different medium reaction (pH 4,5;
6,0; 8,0). Oil reveals sufficient thermal stability and resistance to peroxidation, and
maximum AV and PV values do not exceed 0,61 mg KOH/g and 9,50 mmol 1/20/kg
respectively under the conditions of increasing of water proportion in the system (1,0:0,5;
1,0:2,5; 1,0:3,0), raising of the temperature to 100° C and thermal treatment duration to
40-60 s. Rational conditions for hydrothermal process for model systems oil-water were
determined, under which the AV and PV do not exceed 0,34 mg KOH/g and 4,10 mmol
1/20/kg respectively. According to these conditions temperature is 95...100° C, duration is
5-60 s, oil-water hydromodule— 1,0: 2,5. High oleic sunflower oil using as a source of fat in
culinary products technology, particularly in technology of products based on choux pastry
was experimentally proved extremely perspective.
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Introduction. The aim of this work was to get surface
active substances on the basis of fat and vegetable origin for
reducing their viscosity in chocolate frosts

Materials and methods. Chocolate frosts composed of
cocoa products, whey powder and fruit concentrate.
Surface-active substances obtained from waste palm oil and
fat, having got by the method of glycerolysis.

Results and discussion. Addition 0.4% of lecithin and
mixture MG, DG, TG of fat allow to decrease the viscosity
of chocolate frosts to needed characteristics (2500-
2900mPacs), but at the addition of mixture MG, DG, TG of
palm oil this result is achieved already at 0.2%.

Addition 0.4% mixture MG, DG, TG of fat allows to
reduce the viscosity of chocolate frosts with whey powder
till 2690 mPass, but adding lecithin or mixture MG, DG, TG
of waste palm oil this result is achieved already at 0.3%
SAS.

When adding 1% SAS the most reducing of viscosity
of chocolate frosts with fruit concentrate is achieved with
the usage of mixture MG, DG, TG of fat (3400mPass). With
the usage of lecithin the result was 3900mPacs, but with the
mixture MG, DG, TG of waste palm oil was 3600mPacs.

Surface-active substances reduce viscosity but don’t
influence the taste and feeling of melting in the mouth
researched items of frosts and whey powder and fruit
concentrate enriched taste and aroma of chocolate frosts.

Addition of mixture MG, DG, TG of waste palm oil and
fat made it worse the stability of chocolate frosts as to the
turning gray, especially frost with whey powder.

Lecithin and surface-active substances obtained on the
bases of waste palm oil and fat have thinning ability more
than 0.8%.

Conclusions. Surface active substances from waste
palm oil and fat, received by this method are preferably to
be used in the recipes of chocolate frosts to reduce the
viscosity qualities of the prepared product.
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Introduction

Nowadays there is a great assortment of confectionery, which is under the process of
chocolate frosting. But there is a problem of working out new recipes in order to enrich and
to improve the taste of finished articles.

By using a chocolate frosts the terms of storage of confection can be improved also as
a physical configuration with a hiding of some defects. The committing of that way provide
to cost saving in production.

To characterize the chocolate frosts they make definitions which show the rheological
properties, to be exact, its viscosity. If viscosity is rather high (more than 12 Paes), the lay
of frosts is rather thick, but if it is low (less than 2 Paes), then frosts become watery and the
layer becomes too thin. One of the main organoleptic evaluations of the chocolate frosts is
the feeling of fusibility just in the mouth, as due to it one can feel their real taste. As for
taste and aroma of the frosts it must be like original chocolate without any strange scent or
taste. Its color may be from light brown to dark brown but in harden state it may be turn
grey inside and outside.

Consistence must be at temperature 16°C — hard, but at temperature above +40°C —
fluid.

Viscosity reducing for all recipes of chocolate frosts is necessary, because it leads to
increasing the currents of frosts and in the long run, they will cover equally the
confectionery.

This process will make frosting better. These investigations are thought to develop the
recipes of chocolate frosts aiming to reduce their basic prices, but to keep their biological
value, the figures of quality and characteristics, which respond to modern standards, having
been used in food industry.

Hence of it, with a purpose of partial substitution of cocoa butter, the fruit juice is
added together with whey and surface active substances (SAS). The necessary deterioration
of viscosity is reached with (SAS in mixture) 0.4 -0.6%.

Materials and methods

To get SAS they used waste palm oil (AN=1.9mgKOH/g, IN=50.1gl,/100g, melting
point=25°C, congelation point=35°C) and fat (AN=2.0mgKOH/g, IN=33.0gl,/100g,
melting point=23°C, congelation point=28°C).

To analyze the mixtures mono-, de-, threeglicerides of fat acids were used having got
by the method of glycerolize [1], the indices of quality were given in table 1.

Table 1
Physicochemical properties SAS

Index Mixture MG, DG, TG:

Waste palm oil Fat

acidic number, mgKOH/g 7.19 8.87

peroxide number,

mmol :0/kg 50.3 49.46

iodine number,

al,/100g 53.71 43.15

melting point, °C 29 33

congelation point, °C 20 26
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The investigation was made for influence of all the mixtures (MG, DG, TG) exhausted
palm oil and fat as to the viscosity of chocolate frosts without any whey powder (2%) and
fruit concentrate (3.25%). For these investigation all the frosts were chosen in table 2.

Table 2
Recipes of chocolate frosts
Cocoa Coca Sugar Whey Fruit
Chocolate frosts butter, | powder, | powder, powder, concentrate. %
% % % % >
Without addition 18.42 42.48 39.1 — —
With whey powder 18.42 42.48 37.1 2 —
With Fruit concentrate 18.5 42.5 35.75 - 3.25

As a standard SAS was choosed a lecithin which is used in the food industry.

Results and discussion

The main criteria of chocolate frosts are their rheological properties which are under
the influence of SAS. The dependence of viscosity of chocolate frosts from content of SAS
is on the figure 1.
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Figure 1. Dependence of viscosity of chocolate frosts on the content of SAS:
1 - frost with lecithin, 2 - frost with MG, DG, TG of waste palm oil,
3 - frost with MG, DG, TG of fat

It can be observable that addition 0.4% of lecithin and mixture MG, DG, TG of fat
allow to decrease the viscosity of chocolate frosts to needed characteristics (2500-
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2900mPass), but at the addition of mixture MG, DG, TG of palm oil this result is achieved
already at 0.2%.

The results of influence of SAS at viscosity of chocolate frosts with whey powder are
at figure 2.
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Figure 2. Dependence of viscosity of chocolate frosts with whey powder on the content of SAS:
1 -frost with lecithin, 2 - frost with MG, DG, TG of waste palm oil,
3 - frost with MG, DG, TG of fat
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Figure 3. Dependence of viscosity of chocolate frosts
with fruit concentrate on the content of SAS:
1 -frost with lecithin, 2 - frost with MG, DG, TG of waste palm oil, 3 - frost with MG, DG, TG
of fat
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It is seen that with the addition of whey powder, viscosity reduces to 3200 mPaes in the
comparison with viscosity of frosts without any additions which 3300 mPaes. Addition
0.4% mixture MG, DG, TG of fat allows to reduce the viscosity of chocolate frosts till 2690
mPacs, but adding lecithin or mixture MG, DG, TG of waste palm oil this result is achieved
already at 0.3% SAS. Thus, the most effective SAS for chocolate frosts with whey powder
is mixture MG, DG, TG of waste palm oil.

The results of the investigations of dependence viscosity chocolate frosts with fruit
concentrate and various kinds of SAS are given at figure 3.

It is seen that viscosity of the frosts with fruit concentrate has increased till 4700mPass,
in comparison with viscosity of frosts without any additions. When adding 1% SAS the
most reducing of viscosity is achieved with the usage of mixture MG, DG, TG of fat
(3400mPars). With the usage of lecithin the result was 3900mPaess, but with the mixture
MG, DG, TG of waste palm oil was 3600mPass. Thus, the most effective SAS for
chocolate frosts with fruit concentrate is mixture MG, DG, TG of fat.

The organoleptic characterists are shown in table 3.

Table 3
The research of organoleptic data of chocolate frosts

Chocolate frosts Fusibility Testle Scent
Without addition:
- without SAS; average good
- with lecithin; Typical  chocolate
- with the mixture MG, frosts without any
DG, TG of waste palm | average Bitterly-sweet foreign scent
oil;
- with the mixture MG, | good
DG, TG of fat.
With whey powder:
- without SAS; average
- with lecithin; good
- with the mixture MG, Sweet with milk Typical  chocolate
DG, TG of waste palm frosts without any
oil; average foreign scent
- with the mixture MG,
DG, TG of fat. good
With fruit concentrate:
- without SAS; average
- with lecithin; good
- with the mixture MG, Typical  chocolate
DG, TG of waste palm Sour-sweet frosts without any
oil; good foreign scent
- with the mixture MG,
DG, TG of fat. good
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From given results at table 3 it is evident, that SAS reduce viscosity but don’t influence
the taste and feeling of melting in the mouth researched items of frosts and whey powder
and fruit concentrate enriched taste and aroma of chocolate frosts.

The appearance of frosty confectionery is also important. But turning grey is available,
but not desirable. That’s why it is necessary to investigate the stability to turn grey the
made chocolate frosts. The results of these investigations are at table 4.

Table 4
Stability investigation of the chocolate frosts to turn grey

Stability investigation of the

Chocolate frosts chocolate frosts to turn grey

without addition:

- without SAS; process are not done
- with lecithin; process are not done
- with the mixture MG, DG, TG of waste palm oil;

- with the mixture MG, DG, TG of fat. minor change

minor change

with whey powder:

- without SAS; process are not done
- with lecithin; minor change

- with the mixture MG, DG, TG of waste palm oil;

- with the mixture MG, DG, TG of fat. minor change

minor change

with fruit concentrate:

- without SAS; process are not done
- with lecithin; process are not done
- with the mixture MG, DG, TG of waste palm oil;

- with the mixture MG, DG, TG of fat. minor change

process are not done

From given results at table 5, is clear that the addition of mixture MG, DG, TG of
waste palm oil and fat made it worse the stability of chocolate frosts as to the turning gray,
especially frost with whey powder. It’s also established that taste, scent and melting point
of chocolate frosts in the mouth did not change after their saving.

In table 5 there are data as to the appearance and quantity SAS, effective to each
example, and to the main results of the received products.

The effect of SAS under the production of chocolate frosts is characterized also by its
thinning ability. It’s taken by the quantity of cocoa butter, necessary to reduce viscosity at
0.4% SAS [2].

The compared characteristics thinning ability of used SAS are shown in table 6.
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Table 5
The components and quality results of chocolate frosts
Index Types of SAS | Content | Viscosity, | Temperature | Temperature
of SAS, | mPa's of freezing, of fusibility,
% °C °C
Model
of frosts
without mixture MG,
addition DG, TG of 0.2 2530 23 29
waste palm oil
with whey lecithin 0.3 2940 22 33
powder
with fruit mixture MG,
concentrate DG, TG of fat ! 3400 21 35
Table 6
Thinning ability of received SAS
Types of SAS Thinning ability, %
lecithin 0.80
mixture MG, DG, TG of waste palm oil 0.85
mixture MG, DG, TG of fat 0.85

It’s clear from these figures that lecithin and SAS obtained on the bases of waste palm
oil and fat have thinning ability more than 0.8%.

The results can be related to the peculiarity of the molecular structure of palm oil and
fat. Also special is the impact of the ratio of MG, DG and TG in the SAS.

It’s evident that they are effective SAS for reducing viscosity of chocolate frosts and
give the possibility to economize nearly 1% of cocoa butter in the ready to use product.

Conclusions

The results of those investigations are shown that with addition of whey powder and
fruit concentrate the gustatory sense of made frosts is increasing. It is enriched with the
vitamins, micro-elements necessary for a man. Besides, the physical data is also is
improving. For example, frosts with whey powder the melting point is more than 33°C, and
viscosity of frosts reduce to 2940mPaes. With the addition of fruit concentrate congelation
point are reduce to 21°C. At the sometime viscosity of the frost significantly increase, that
why it’s necessary to add SAS to reduce these characteristics until 3400mPass. But the
addition of the fruit concentrate provide to eliminate the turn gray and makes tasty qualities
better and to use the lecithin, mixture MG, DG, TG of waste palm oil and fat is also good
for ready to use product.

As a SAS are need to use lecithin, mixture MG, DG, TG of waste palm oil or fat in
depending of components of final product.
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Introduction. Titanium dioxide (TiO,) has antibacterial
properties, but It has not been used for antibacterial films. It
becomes necessary to study the direction of its antibacterial
properties in packing as well as the influence of its packaging
on the quality of food.

Materials and methods. Films based on polyvinyl alcohol
(PVA) with various concentration of TiO, were studied.
Elongation, tensile strength, glass transition and melting
temperature of the films from polymer materials were defined.
Microbiological studies to establish inhibitory action of
nanodispersed TiO, powder on some pathogens were carried
out. Antibacterial properties of TiO, films were studied by agar
diffusion test.

Results and discussion. Addition of TiO, nanodispersed
powder to the film decreases its flexibility by 20-45%,
depending on the added amount, however improves its tensile
strength. Moreover, adding of TiO, powder by more than 1%
increases the tensile strength of plastic film (46,7 MPa). The
melting point (transition temperature to the viscous flow state)
(175 °C) and a glass transition temperature (78 °C) were the
best for the sample of 1% filler. The least deformation was
observed for the same sample, indicating that most interacted
system is associated with the maximum number of hydrogen
bonds. The best approach was to handle TiO, with a UV
radiation, since this way the minimum concentration (2,5 %) of
TiO, suspension was used. While not conducting UV treatment,
it was necessary to use 10 - 20% of TiO, mixture. TiO,
solutions do not suppress the action of fungi and yeast. TiO,
deposited on the film inhibits the growth of bacteria (E. coli
IEM-1, B. subtilis BT-2), growth retardation was observed.

Conclusions. Introduction of biodegradable packaging with
antibacterial properties is necessary and requires designing or
revising the existing regulatory documents. Low prices of
proposed nanoparticle additives do not significantly affect the
cost of packaging, which is extremely important in the difficult
economic conditions.
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Introduction

Active nanocomposites are polymer composites containing nanoparticles with
antimicrobial and antioxidant properties [1]. The priority types of nanomaterials to improve
the barrier properties are nanoscale titanium dioxide (titanium oxide IV), zinc oxide,
colloidal silver, nanoclay, wax and paraffin [2-4].

Titanium dioxide (TiO,) — the white dye is widely used as an additive in foods,
personal care products, cosmetics, and pharmaceutical shells. Other uses of TiO, include
antimicrobial coatings, photocatalysts for air purification and water-resistant coating of
welding electrodes and molds, paints and others. Office for Global Operations as part of the
Food and Drug Administration (FDA) has approved TiO, as a food additive (dye), provided
that the consumption does not exceed 1% of the weight of the product. Also, approved by
the FDA shell component food products E 171 — refer to the EU Food Additives (TiO,) as
white color [5].

As of today, Ukraine has an official permission to use some nanostructured food
additives in food production, synthetic amorphous silica (silicon dioxide) and titanium
dioxide [6, 7].

TiO, is used as a material for not only photocatalytic sterilization in pharmaceutical
and food industries, but addressing environmental problems through photocatalytic
decomposition of harmful organic contaminants in water and air as well as destroying a
wide range of harmful bacteria and viruses [8]. The combination of titanium oxide
treatment with ultraviolet (UV) radiation was proposed as one of the best technology
disinfectants because, unlike the others, it does not form dangerous compounds [9].

Films with TiO, are used as a self-sterilization surface due to their property to form
reactive oxygen species (ROS) when irradiated with ultraviolet light. These ROS attack
bacteria and kill them. It is a new way to enhance the bactericidal activity of TiO,-films
[10]. Bionanocomposites were developed by casting/evaporation of wheat gluten, cellulose
nanocrystals and TiO, nanoparticles. The antimicrobial activity of the coated papers,
against Saccharomyces cervisiae, Gram-negative bacteria Escherichia coli and Gram-
positive bacteria Staphylococcus aureus, was investigated and expressed in terms of
reduction % of surviving number (CFU) of the tested organisms. More than 98,5%
reduction in CFU was observed against the organisms compared to TiO,-free coated paper
[11]. A total of six different coating suspensions were prepared by mixing TiO,
nanoparticles with three different types of binders (shellac, polyuretahne, and polycrylic) at
a 1:4 to 1:16 to binder weight ratio. Bactericidal activity of these TiO, coatings against
Escherichia coli was determined at three different UV-A light intensities (0,25, 0,5 and
0,75 mW/cm?) for 3 h. The results of this study showed promise in developing durable TiO,
coatings with strong photocatalytic bactericidal property on food contact surfaces using
appropriate binding agents to help ensure safe food processing environment [12].

Analytical analysis of the literature showed that TiO, has antibacterial properties,
however studies using food and packing have not been conducted. Promising direction is to
study the antimicrobial properties of TiO, as a food packaging component and its impact on
their quality.

Materials and methods

Packaging was made from polyvinyl alcohol (PVA) with molar mass of 10350 g /
mol, apple pectin produced by «Cargill» with a degree of etherification of 66,9 % glycerol,
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and nanodispersed powder of TiO, (20-50 nm particle size, surface area — 50 + 5 m?/g,
patent PCT/US2007/025504, 06.09.2011). PVA was dissolved in hot distilled water. While
stirring on a magnetic stirrer pectin sample was added, followed by glycerol and the full
volume of TiO, suspension. To prevent the formation of air bubbles in the ready-mades
samples solutions were degassed using a vacuum. Films were then poured onto Teflon
surface and dried at 25 °C.

The physical, mechanical and thermo-mechanical properties, namely elongation (&,
%), tensile strength (o, MPa), glass transition temperature (T,, °C) and transition
temperature to the viscous flow state (T, °C) were studied. Determination of elongation
and strength of the film on the break were carried on the tensile machine F-1000 without
previous conditioning of the samples. Thermo-mechanical studies were performed by
penetration in the uniaxial constant stress mode (¢ = 0,5 MPa) on the UYP-70 M machine.
Gradual heating of the samples was carried out at a speed of 2,5 °C / min. in the
temperature range of 0 to 350 °C. Thermo-physical characteristics established by
differential scanning calorimetry (DSC) on the TA Instruments DSC Q 2000 instrument
with a heating rate of 20 °C / min. in the temperature range of 20 to 250 °C. DSC data
determined the glass transition temperature (T,) and the glass transition interval (AT), the
heat capacity jump (AC), as well as the melting temperature (Ty) and the melting enthalpy
of fusion (AH). To obtain leveling background designs and achieve equilibrium state,
samples were subjects to heating twice. Glass transition temperature (T,) was defined as a
midrange temperature of glass transition interval.

Inhibitory effect of nanodispersed TiO, powder on some bacteria (E. coli IEM-1, B.
subtilis BT-2, C. albicans D-6, A. niger P-3) was defined at the surface. In a sterile
conditions, 1 ml suspension of the specific species of microorganisms, selected and mixed
by pipette 0,1 ml and made the center of the frozen environment (for determining bacteria —
MPA, fungi and yeast — Saburo) was placed in a test tube with a solution of a certain
concentration of TiO,. Sterile spatula was rubbed across the surface of the medium in a cup,
placed in the thermostat at 30 °C (bacteria — 72 h., fungi — 5-7 days). Number of
microorganisms in 1 ml was determined by multiplying the number of colonies on the
sample dilution and dividing by the number of introduced seeds. In the absence of the cell
growth inhibition concluded on the growth of certain microorganisms [13, 14]. Definition
of antagonistic properties of TiO, film was performed by agar diffusion test. In sterile
conditions discs cut from films were imposed in the culture medium (for determining
bacteria — MPA, fungi and yeast — Saburo) and put in the thermostat at 30 °C for 24 hours
to measure the diameter of the delayed the growth of the microorganisms [14].

Results and discussion

The composition of the films, their physical, mechanical and thermal characteristics
are shown in Fig. 1-4 and Table 1.

Results in Table 1 indicate that the introduction of additional particulate filler has led
to a deterioration of elasticity, but for samples 1 and 2 % of TiO, values of elongation and
tensile strength were quite acceptable. Thus for these samples the tensile strength exceed
the strength of plastic film (46,7 MPa), Fig. 1.
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Table 1
The composition and quality of nanoparticle TiO, films

. Ingredients, % o o o
Ne PVA | Pectin Glycerol TiO, & 7 o, MPa T °C | T °C
1 60,0 | 10 30 0,0 492 68,8 54 171
2 59,5 | 10 30 0,5 268 31,4 62 182
3 59,0 | 10 30 1,0 384 48,3 78 175
4 58,0 | 10 30 2,0 380 52,7 57 179
5 56,0 | 10 30 4,0 292 38,8 54 175
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Fig. 1.

a — tensile strength (¢, MPa)
b — elongation (g, %) of films with different content of TiO,

Defining characteristics of polymeric materials such as T, and Ty is important
considering the conditions of exploitation and processing. The variation of T, of polymer
systems with the addition of fillers describes the interaction between the components. The
increase in T, is usually associated with the decreased mobility of the polymer chains and
the flexibility of the system.

Fig. 2 shows thermo-mechanical curves of samples with different contents of TiO,.
For the samples with 0,5 and 1 % TiO, (curves 2, 3) observed a decrease in strain and T,
increase, indicating the increase in the number of hydrogen bonds between the PVA, pectin
and TiO,, as well as the even distribution of filler without the formation of agglomerates.
Instead, with the content of the filler 2 and 4 % increase in distortion and T, reduction was
likely caused by aggregation of the inorganic component.

The discrepancy between the values of T, established by the methods of thermo-
mechanical analysis and DSC (Table 2), can be explained by the peculiarities of obtaining
samples and experimental procedure. Films formed from aqueous solutions, physically hold
a certain amount of solvent, which has a plasticizing effect. DSC method involves cyclic
tests, where the same sample is heated twice in the cell with its thermal characteristics
being recorded. Accordingly, the sample loses moisture during the first cycle of heating.
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Therefore, thermal characteristics recorded from the second cycles tend to be shifted
towards the higher temperatures. T, temperature in the first heating cycle was identified for
outgoing compounds only — PVA and pectin, and the results support each other: T, is 48
and 47 °C for pectin and 43 and 42 °C for the plant, according to the thermo-mechanical
analysis and DSC, respectively. The value of the melting temperature (T,,) according to
DSC and the transition temperature (T;) to the viscous state according to thermo-
mechanical analysis are also close.

Results of the study of the physical and chemical properties of the obtained films of
various compositions are shown in Fig. 3 (the first heating run), 4 (the second heating run)
and in Table 2. An analysis of the Table 2 shows that the enthalpy of fusion (AH) of all
composites is lower than the original PVA, indicating a decrease in the degree of
crystallinity of the system.
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Fig. 2. Thermo-mechanical curves of films:
1 -PVA - Pectin - Glycerol —60:10:30 (control); (2 - 5) — with the additing of TiO,: 2 - 0,5 %; 3
-1%;4-2%;5-4%
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Fig. 3. DSC thermogram of the first heating run of films:
1-PVA; 2 -PVA-Glycerol 70:30; 3 — PVA - Pectin - Glycerol — 60:10:30 (control); 4, 5 — with
the addition of TiO,: 4 -1%;5-2%
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Fig. 4. DSC thermogram of the second heating run of films:
1-PVA; 2 -PVA- Glycerol 70:30; 3 — PVA- Pectin - Glycerol — 60:10:30 (control); 4, 5 — with
the adding of TiO,: 4-1%;5-2%

Results of the research of influence of films on glass transition temperature (T,) and
melting temperature (T,,) are shown in Table 2.

Table 2
The value of T, and T,, of films with various compositions
T, T
Composite start | mid. | end | start | max. | end | AH,
J/g

PVA 69,1 | 74,8 | 80,4 | 221,3 | 225,5 | 237,5 | 49,5
PVA - Glycerol 70:30 41,9 | 46,5 | 51,0 | 199,6 | 216,8 | 236,3 | 30,0
PVA - Pectin - Glycerol 60:10:30
without additives 66,0 | 72,0 | 78,0 | 168,5 | 188,9 | 219,3 | 18,1
with 1 % TiO, 72,5 | 80,7 | 88,9 | 182,7 | 201,0 | 225,7 | 16,4
with 2 % TiO, 75,0 | 83,0 | 91,1 | 180,3 | 197,0 | 226,0 | 10,5

Determination of the inhibitory effects of nanodispersed TiO, powder to test bacterial
cultures was determined at the surface. As objects of study used: E. coli IEM-1, B. subtilis
BT-2, C. albicans D-6, A. niger P-3. In sterile conditions, 1 cm® suspension of the specific
species of microorganisms, thoroughly mixed and selected with a 0,1 cm® (drop) pipette
and made the center of frozen environment was placed in a test tube with a solution of an
appropriate concentration of TiO, (2,5 %; 5 %; 10 %; 20 %). Sterile spatula was gently
rubbed across the surface of the medium in a cup. Cups were then placed in the thermostat
at 37° C for bacteria and 28 °C for the fungi and incubated for 72 hours for bacteria and 5-7
days for fungi [13, 14]. Research of inhibitory effect of TiO, solution to culture bacteria
and fungi are also conducted in daylight and in the thermostat with UV radiation.

The research results appear on Table 3-5.
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Table 3
Inhibitory effect of different concentrations of TiO, solution in daylight
Concentration of Total bacterial count, CFU/g
TiO,, % E. coli IEM-1 | B. subtilis BT-2 | C. albicans ]1-6 A. niger P-3
2,5 8,9x10" 9,8x10" 7,4x10° 7,2x10°
5 6,7x10° 6,9x10" 8,5x10° 3,8x10"
10 + + 4,2x10° 2,2x10°
20 + + 5,3x10° 3,4x10"
Table 4
Inhibitory effect of different concentrations of TiO, solution in UV radiation
Concentration of Total bacterial count, CFU/g
TiO,, % E. coli IEM-1 | B. subtilis BT-2 | C. albicans 1-6 A. niger P-3
2,5 + + 4,4x10° 1,2x10°
5 + + 5x10° 1x10°
10 + + 4,2x10° 5,2x10"
20 + + 5,3x10° 1,2x10°

Table 5
Inhibitory effect of different concentrations of TiO, solution in the thermostat

Concentration Total bacterial count, CFU/g
of TiO,. % E. coli B. subtilis C. albicans A. niger C

» 70 IEM-1 BT-2 JI-6 P-3
2,5 8,7x10" 9,7x10" 7,4x10° 2x10° 1,6x10°
5 4,9x10" 5,5%x10" 3,2x10° 1,6x10° 5,7x10°
10 + + 2,5x10° 1,6x10° 1,8x107
20 + + 2,7x10° 1,1x10" 2,3x10°

Note. «+» — completely overwhelming; «C» — the initial concentration of microorganisms without
TiO,.

Solutions of different concentrations of TiO, in different conditions (daylight,
thermostat 30°C, UV radiation) did not exhibit inhibitory effect on C. albicans D-6 and A.
niger P-3, since as compared to their initial concentrations (1,8x107, 2,3x10°%) significant
differences in values were not observed (Table 3-5). A small difference in values may be
due to possible sampling of TiO,, where the content differed.

Best option is handling of TiO, with UV radiation, because the minimum
concentration (2,5%) of TiO, suspension can be used this way. When UV treatment is not
possible, it is necessary to use either 10 or 20 % of TiO, mixture.

In addition, a study to determine the antimicrobial properties of TiO, films by agar
diffusion test was conducted [14]. The research results are presented in Table 6.

Table 6
Antimicrobial properties of films with TiO,
Zone delays, mm
Test culture Control Control
Sample, Sample,

sample, sample,
E. coli IEM-1 0,00 0,00 9 15
B. subtilis BT-2 0,00 4 6 7
C. albicans /I-6 0,00 0,00 0,00 0,00
A. niger P-3 0,00 0,00 0,00 0,00

Note. Control sample; Control sample,— PVA-Glycerol - Pectin —60:10:30
Sample;, Sample, — with the addition to a control sample of 1 and 2 % TiO,
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Evaluating the results (Table 6), it can be concluded that the TiO, caused in the film,

actually inhibits the growth of bacteria (E. coli IEM-1, B. subtilis BT-2), because there are
areas of stunted growth. The livelihood of fungi and yeast TiO, was not affected.

Conclusions

It is appropriate to introduce packaging with antibacterial properties that would require

designing or revising the existing regulatory documents. Proposed nanoparticle additives
are inexpensive and do not significantly affect the cost of production, which is extremely
important in difficult economic conditions.
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Introduction. In this study, the persistence and survival
of some food borne pathogens (E. coli, L. monocytogenes, S.
Typhimurium and S. aureus) in neutralized unripe grape
products (verjuice and sour grape sauce) which are
particularly rich in antioxidants and organic acids were
evaluated.

Materials and methods. The survival patterns of these
pathogens in un-neutralized unripe grape products were
determined previously. The test pathogens were inoculated in
neutralized unripe grape products at two different inoculum
doses (2 and 6 log CFU/mL) and all the samples were kept at
room temperature (approximately 25°C) for 0, 5, 15 and 30
minutes after inoculation with pathogens, separately.

Results and discussion. The presence of initial
microflora is important for food quality and safety. It was
mentioned that the unripe grape products had no competitive
microflora that could be affect the survival patterns of
inoculated pathogens. The initial cell number of E. coli, L.
monocytogenes, S. Typhimurium and S. aureus were counted
as to 2.50, 2.38, 2.52, and 2.21 log CFU/mL for low
inoculation dose and 6.00, 6.49, 6.45, and 6.57 log CFU/mL
for high inoculation dose, respectively. No viable cells were
detected in negative controls. The decreasing numbers of
tested pathogens were significant at low inoculation doses
after 30 minutes (p<0.05), while there was no significant
difference at high inoculum doses in the same treatment time
(p>0.05). The unripe grape products have self-protection
systems and they could be assumed as ‘microbiologically safe
products’ when they were contaminated with pathogens at
low levels, and it was associated with the phenolic content
they have. However, food borne pathogens, at high
contamination levels could survive in unripe grape products in
case where the acidic environment was neutralized.

Conclusions.The inhibitory activity of unripe grape
products generally based on phenolic compounds and organic
acid contents, and the organic acids and phenolic compounds
inhibit the pathogens in a synergistic way.
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Introduction

Natural products are chemical compounds or substance obtained from a living organism or
presented in nature which has pharmacological or biological activity [1]. Living organisms
produce secondary metabolites that can be used as antimicrobial agent against to food borne
pathogens [2, 3]. These secondary metabolites can be extracted from different origins as
microorganisms, animals and plants [4]. These natural antimicrobials could yield better results
than synthetic/chemical preservatives that especially have adverse effects on human health [5,
6]. The synthetic preservatives could be the reason of hives, itching, asthma, allergies, lung
irritation, tumors, antibiotic resistance in human as well as mutagenic and carcinogenic effects
on metabolism [7, 8, 9]. Therefore, natural antimicrobials, especially plants are been given more
attention in the consumers due to their properties of ensuring the food safety by preventing the
survival of pathogenic microorganisms [5, 6, 10].

In recent years there are lots of studies have been indicating the antimicrobial activity of
plant based products. These studies have been mentioned that there are over 1340 plants with
antimicrobials activities which are defined, and over 30.000 compounds have been isolated from
plants that shown antimicrobial properties [10, 11]. The plants themselves (leaves, stems, buds,
flowers, fruits, juices, seeds, bulbs and rhizomes) or the compounds held from plants (extracts,
essential oils) have been used as plant based antimicrobials to ensure the food safety in these
studies [10, 12, 13, 14]. The plant based products such as fruit and vegetables or their juices,
herbs and spices, essential oils, extracts, and fermented products such as vinegar have been used
to extend shelf life of foods with ensuring the food safety and quality [15, 16, 17].

The antimicrobial effect of fruit and vegetable juices as grape, pomegranate, noni, garlic,
lemon, unripe papaya, raspberry, black currant, gooseberry, jostaberry, radish, leek, and onion
were stated against Bacillus spp., Bacteroides spp. Citrobacter spp., Clostridium spp.,
Micrococcus spp., Mycoplasma spp., Neisseria spp., Salmonella spp., Serratia spp., Shigella
spp., Staplococcus spp., Aspergillus niger, Candida albicans, Corynebacterium xerosis,
Cronobacter sakazakii, Enterococcus faecalis, Escherichia coli, Escherichia coli O157:H7,
Klebsiella pneumoniae, Kluvyeromyces marxianus, Listeria monocytogenes, Mucor indicus,
Pseudomonas aeruginosa, Penicillium citrinum, Rhizopus oryzae, Rhodotorula rubra, and
Trichoderma reesei in various studies [18 - 31]. In addition, extensive researches have
investigated the antimicrobial mechanism of these products against food borne pathogens. The
mechanism is mainly attributed to organic acids, as well as, phenolic compounds [21, 31 - 33].
The several organic acids like benzoic, capric, fumaric, lactic, malic, tartaric, and acetic are
found in foods [17]. The organic acids inhibit the microorganism by targeting their cell wall,
membrane, metabolic enzymes, protein synthesis, and genetic material [34]. The phenolic
compounds such cinnamic acid, caffeic acid, gallic acid play an important role in antimicrobial
activity of fruit and vegetable juices [35, 36].The antimicrobial mechanisms of phenolic
compounds associate with damaging the cytoplasmic membrane, collapsing the PMF (proton
motive force), disruption of electron flow and depletion of active transport. In a result of these
factors, the cell components become coagulated [5, 37].

Unripe grape products such verjuice and sour grape sauce are acidic juices with sour flavor
[38]. Nikfardjam (2008) has studied with 7 verjuice samples obtained from different origins.
The values of titratable acidity, sugar content, and total phenolic matter ranged between 19.6-
39.6 g/L, 0.1-95.1 g/L, and 200-1330 mg/L, respectively [39]. In another research, the mean of
pH, titratable acidity, and total phenolic matter were determined as 2.94, 2.74%, and 6900 mg/L
[40]. The physicochemical and phytochemical properties, as well as antioxidant capacity of
unripe grape products which are also used as material in this study have investigated previously.
In that previous study, the mean values of pH, titratable acidity (%) and total phenol content
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were 2.42, 3.84%, 473.97 mg/L, 1.036 umol Trolox/mL (FRAP), and 0.421 umol Trolox/mL
(TEAC) [41]. The impact of unripe grape products on some food borne pathogens were also
investigated and the minimum inhibitory concentrations (MICs) of five verjuice and five sour
grape sauce samples on Bacillus cereus, Escherichia coli, Listeria monocytogenes, Salmonella
Typhimurium, and Staphylococcus aureus were determined [42]. Analyze was performed for
both un-neutralized and neutralized products to detect whether the inhibitory effect depends on
the organic acid content of the samples or not. According to the results, the antimicrobial effect
of these products is mostly related to their organic acid content. Nonetheless, the inhibitory
effect is also dependent on their phenolic compounds.

As mentioned before, there are many studies on fruit or vegetable juice about their
antimicrobial properties. The researches are mostly carried out on their original pH values to
mention their inhibition mechanisms. However, there are limited studies on the antimicrobial
effect of the neutralized juices on pathogenic microorganisms. Thus, this study was aimed to
detect inhibition effect of neutralized unripe grape products on food borne pathogen due to their
rich phenolic properties.

Materials and methods

Unripe grape products. Two kind of unripe grape products such as verjuice and unripe
grape sauce were used in this study. Five verjuices and five unripe grape sauces were tested and
the product details were represented in Table 1. The products were obtained by different
production methods as traditional, laboratory scale, and industrial. The laboratory method was
based on traditional one. The verjuice is produced by squeezing the berries, holding fresh juice
by discarding the pomace. The unripe grape sauce has a heat treatment step after extraction of
the mash. Some ingredients such as salt and/or olive oil could be added optionally before
bottling in the production of the both products. The flow diagram of the production was shown
in the Figure 1. The all of the samples were kept at -80°C until analyses and they were held at
+4°C during a night for thawing before analyzing. The samples were aseptically neutralized to
pH 7.00 (£0.20) with sterile NaOH solutions (106462, Merck, U.S.A).

Test cultures. Four different microorganisms were used for this research work as target
pathogens and they were obtained from Gaziosmanpasa University, Faculty of Engineering and
Natural Science, Department of Food Engineering, Food Microbiology Laboratory. The target
pathogens were Escherichia coli (ATCC 25922), Listeria monocytogenes (ATCC 19115),
Salmonella Typhimurium (ATCC 14028) and Staphylococcus aureus (ATCC 25923). Stock
cultures were kept at -80°C in Brain Heart Infusion Broth (BHIB, Lab M, LAB049, UK) with
20% glycerol (1.04092.2500, Merck, Germany). The stock cultures were regenerated twice in
BHIB at 37+2°C for 18-24 hours.

Preparation test cultures for inoculation. High and low inoculum doses were performed
in this research. The final inoculum dose in unripe grape products was approximately 6 log CFU
for high dose, and 2 log CFU/mL for low dose for each pathogen. In the pre-treatment, the
growth curves of target pathogens were detected for inoculating the pathogens while they were
in the exponential (log) phases of the growth. According to these results, the regenerated
cultures were incubated in BHI Broth at 37+2°C for 1-8 hours. The bacterial cultures were
diluted with 0.1% sterile peptone water (PW, Merck, 1.07224, Germany) accordingly to achieve
7 log CFU/mL for high dose and 3 log CFU/mL for low dose. The initial inoculum doses of
pathogens were counted onto Brain Hearth Infusion Agar (BHIA, Lab M, LAB 048, UK) by
spread plate method for detecting inoculation dose exactly. BHIA plates were incubated at 37°C
for 24-48 hours.
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Table 1
Details about the unripe grape product samples tested
Samples Region Varieties Ingredients Pl;/)[(i;lﬁr;n
Lo . Verjuice, Laboratory
! Tzmir city Yediveren Salt (0.4%) production
Verjuice, ..
2 Antalya city Margaz Salt (0.4%), T;iggé(t)i?;l
3 Olive oil (3%) P
Verjuice, ..
E 3 Antalya city Miiskiile Salt (0.4%), T;ig:lté(t)ircl)il
= Olive oil (3%) P
4 Ankara city Kalecik Karasi Verjuice ]gfggiiigz
. . Verjuice, Laboratory
> | Tokatcity Narince Olive oil (3%) production
Verjuice, ..
. 6 Aydm city Yediveren Salt (0.4%), T;iggé(t)i?;l
S Olive oil (3%) P
< Verjuice, ..
: 7 Aydin city Yediveren Salt (0.4%), T;iggé(t)i?;l
E Olive oil (3%) P
o 8 Tokat city American Rootstock Verjuice ]gfggiiigz
g 9 Industrial Cabernet Sauvignon, Veriuice Industrial
2 product 1 Shiraz,Merlot ! manufacturing
10 Industrial Cabernet Sauvignon, Verjuice, Industrial
product 2 Shiraz,Merlot Salt (0.5%) manufacturing

Inoculation of neutralized unripe grape samples. Firstly, nine milliliter of neutralized
unripe grape samples were poured into sterile test tubes and then one milliliter of the test culture
(at 7 log CFU/mL for high dose and at 3 log CFU/mL for low dose) was placed into the same
tube, aseptically. The test tubes were homogenized (Velp, F202A0173, Europe) at 3000 rpm for
5 seconds. So, high (6.0 log CFU/mL) and low (2.0 log CFU/mL) inoculum doses have been
achieved finally. For detecting the survival pattern of the test microorganisms, all treated
samples were kept at room temperature (approximately 25°C) during 0, 5, 15 and 30 minutes.
The viable cell numbers were established by surface plating method on BHIA right after serial
dilutions were prepared with 0.1% PW. Then, the BHIA plates were incubated at 37°C for 24-
48 hours. The pathogen cultures were assessed as positive control and the products without
pathogens as negative control.

Statistical analyses. All experiments were carried out with two replicates and two
parallels. The significant difference between the means was established by ANOVA variance
analysis and Duncan tests. The results were analyzed with the SPSS statistical package program
(SPSS 17.0 for Windows Evaluation Version, 17.0.3); SPSS Inc., Chicago, USA). Independent-
Samples T-Test was used for comparing the means of verjuice and unripe grape sauce.
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Fig. 1. Flow diagram for laboratory production of verjuice and sour grape sauce based on the
traditional methods

Results and discussions

The microbiological properties of unripe grape products which were used in this research
had been examined in the previous study. The unripe grape products were tested for
enumeration analyses of total mesophilic aerobic bacteria, total psychrophilic aerobic bacteria,
yeasts and molds, lactic acid bacteria, Bacillus cereus, Clostridium perfringens, Staphylococcus
aureus, total coliform bacteria and total fecal coliform bacteria. In the same time, the products
were also tested for the presence of Escherichia coli, Escherichia coli O157:H7, Salmonella spp.
and Listeria monocytogenes. The presence of initial microflora is important for food quality and
safety. It was mentioned that the unripe grape products had no competitive microflora that could
be affect the survival patterns of inoculated pathogens [42].

The initial cell number of E. coli, L. monocytogenes, S. Typhimurium and S. aureus were
counted as to 2.50, 2.38, 2.52, and 2.21 log CFU/mL for low inoculation dose and 6.00, 6.49,
6.45, and 6.57 log CFU/mL for high inoculation dose, respectively. No viable cells were
detected in negative controls. There was significant differences between the positive control and
treatment times in low inoculum doses (p<<0.05) while there was no significant difference in
high doses (p>0.05).These results possibly depend on increasing pathogens numbers while the
antimicrobial ingredient amount is stable. Because of the effective component is constant, the
increasing numbers of inoculated cells could not be inhibited effectively (tab. 2-5).

The neutralized products were produced a slight reduction on the number of E. coli in low
dose (p<0.05), and this reduction was continued throughout the treatment period (tab. 2). The
effect of samples 1, 2, and 4 were increased by treatment time. The differences between the
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mean values of verjuices and sour grape sauces were not significant (p>0.05). However, in high
inoculum doses the neutralized grape products had no inhibitory activity against the E. coli
during the application times.

Results in Table 3 showed that, S. Typhimurium were inhibited significantly (p<0.05) at
the beginning of treatment (0. min) by all the samples except samples 1 and 10 at low doses. The
samples 1 and 10 also had inhibitory activity by increasing application time (p>0.05). On the
other side, the neutralized products had no inhibitory activity against S. Typhimurium even after
the 30 minutes of treatment time at high doses (p>0.05). The mean values of the verjuice and
sour grape sauce were not significantly different (p>0.05).

The count results of S. aureus which were inoculated to neutralized products at low and
high doses were shown in Table 4. The inhibitory activity of neutralized products on S. aureus at
low doses were significant (p<0.05) when compared with the high doses (p>0.05).

The inhibitory activity of neutralized products against L. monocytogenes was indicated in
Table 5. Some of the samples (1, 3, 5, 7, and 8) had inhibitory activity on L. monocytogenes at
the beginning of the treatment in low doses. However, the sample 5 only had significant
differences from the positive control during the application time (p<<0.05). The inhibitory effects
of verjuices and sour grape sauces were significant only at initial application time (p<<0.05). At
high doses, samples 1, 2, 8, and 9 were shown inhibitory activity at the beginning, and after 5
minutes of treatment (p<0.05), but the inhibition disappeared by increasing treatment time. The
viable cell numbers were not significant compared to positive control after 30 minutes (p>0.05).
Also, the inhibitory effects of verjuices and sour grape sauces were not significant (p>0.05).

The survival and growth patterns of E. coli O157:H7, S. Typhimurium and L.
monocytogenes in neutralized black carrot juice (pH 7.00) were investigated during incubation
period at 4°C and 37°C for 7 days. The initial counts of E. coli O157:H7, S. Typhimurium and
L. monocytogenes were 6.25, 6.37, and 6.21 log CFU/mL at 37°C and 6.20, 6.24, and 6.16 log
CFU/mL at 4°C, respectively. All the pathogens tested were counted as less than 1 log CFU/mL
in neutralized black carrot juice samples stored at 37°C for 7 days. However, all the pathogens
could survive in the samples stored at 4°C up to 7 days and the viable cell numbers were
counted as 5.30, 4.13, and 3.12 log CFU/mL for E. coli O157:H7, S. Typhimurium and L.
monocytogenes at the end of 7" day, respectively [43]. The survival and growth patterns of S.
Typhimurium and L. monocytogenes were observed in neutralized sour orange juice during 4°C
and 37°C for 7 days. S. Typhimurium and L. monocytogenes were separately inoculated in
neutralized sour orange juice and the initial test cultures were counted as 6.26 and 6.11 log
CFU/mL for both storage temperatures. The survivor numbers of S. Typhimurium and L.
monocytogenes was not significant after 1 and 3 hours of application and was found as 5.29 and
5.76 log CFU/mL after 7 days at 4°C. However, it was detected that S. Typhimurium and L.
monocytogenes could survive - even grown - in neutralized juice sample during 1 and 2 days
incubation at 37°C. Conclusively, the numbers of pathogens was decreased to undetectable level
after 7 days [44]. Survival of S. Typhimurium and E. coli O157:H7 in neutralized black
mulberry juice was studied by Karabiyikli et al. (2012) [4]. The juice samples were inoculated
with test pathogens (6 log CFU/mL) separately and were incubated at 4°C and 37°C for 7 days.
The viable population of pathogens was increased up to day 2, and was not detected in the end
of the treatment at 37°C. However, population of both pathogens in neutralized black mulberry
juice samples was decreased slowly over 7 days. The researchers were investigated survival
pattern of L. monocytogenes in neutralized black mulberry juice in another study under the same
conditions [46]. The juices inhibited approximately 1.5 log unit cells at 37°C after 1 day
incubation, and only approximately 1 log reduction was observed at 4°C after 7 days.
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Table 2

Inhibitory effect of neutralized unripe grape products on E. coli (log CFU/mL)

Low Inoculation Dose

High Inoculation Dose

SAMPLES'
0. min 5. min 15. min 30. min 0. min | 5. min | 15 min | 30 min
2.18 1.98 1.90 1.90 5.86 5.81 5.96 6.12
1 (£0.02) | (£0.10) | (£0.00) | (£0.03) (£0.10) | (20.06) | (£0.08) | (£0.34)
Ba? Ca Cc Cbed Aa Ab Aabc Aa
2.13 2.11 1.78 1.84 5.82 5.89 5.88 5.95
2 (£0.04) | (£0.10) | (£0.07) | (£0.04) (£0.11) | (£0.11) | (20.00) | (+0.50
Ba Ba Cd Ccd Aa Aab Ac Aa
2.09 2.15 2.20 2.15 5.90 5.86 5.99 6.19
8 3 (£0.19) | (£0.09) | (£0.02) | (£0.09) (£0.04) | (20.16) | (£0.03) | (£0.34)
=) Ba Ba Ba Ba Aa Aab Aabc Aa
E 2.10 1.99 1.75 1.80 5.91 5.95 5.88 6.21
= 4 (£0.12) | (£0.02) | (+0.01) | (£0.00) (£0.25) | (20.03) | (£0.12) | (£0.07)
Ba Ba Cd Cd Aa Aab Ac Aa
1.97 2.19 2.10 2.05 5.94 5.88 5.93 5.95
5 (£0.12) | (£0.12) | (+0.01) | (£0.10) (£0.00) | (£0.04) | (20.04) | (+0.64)
Ba Ba Bb Babc Aa Aab Abc Aa
2.09 2.03 1.97 1.94 5.88 5.85 5.92 6.35
Mean | (£0.11) | (20.18) | (20.17) | (0.14) (£0.10) | (£0.11) | (20.07) | (x0.32)
X X X X X X X X
2.18 2.03 2.10 2.04 5.88 5.91 5.98 6.15
6 (£0.05) | (£0.21) | (£0.05) | (+0.08) (£0.08) | (£0.08) | (£0.02) | (+£0.50)
Ba Ba Bb Babc Aa Aab Aabc Aa
2.07 1.94 1.98 2.03 5.90 5.93 6.15 6.29
3 7 (£0.16) | (£0.09) | (£0.01) | (£0.03) (£0.19) | (£0.22) | (20.04) | (+0.50)
=) Ba Ba Bc Babc Aa Aab Aa Aa
:,f) 2.16 2.08 2.10 2.07 5.94 5.89 6.06 6.11
= 8 (£0.08) | (£0.14) | (x0.00) | (£0.05) (£0.37) | (£0.22) | (20.02) | (+0.45)
5 Ba Ba Bb Bab Aa Aab Aabc Aa
T 2.02 1.97 1.91 2.02 5.98 6.00 5.98 6.08
= 9 (£0.04) | (£0.18) | (£0.04) | (£0.18) (£0.07) | (£0.04) | (20.11) | (+0.85)
) Ba Ba Bce Babc Aa Aab Aabc Aa
E 2.15 2.11 2.14 2.15 5.99 6.07 6.09 6.22
S| 10 | (*0.12) | (£0.00) | (£0.01) | (£0.07) (£0.02) | (20.09) | (£0.14) | (£1.24)
Ba Ba Bab Ba Aa Aa Aab Aa
2.11 2.02 1.98 2.06 5.93 5.96 6.65 6.42
Mean | (+0.10) | (£0.12) | (£0.20) | (+0.08) (£0.15) | (£0.13) | (£0.09) | (+£0.60)
X X X X X X y X
Positive ( 5658)7) ( i60020 )
Control Aa Aa

'All the samples were tested as negative control before inoculation, and initial microflora
could not be detected (<1.00 log CFU/mL)
n=4, (+ standard deviation), different lowercase letters indicate differences between rows
and different capital letters indicate differences between columns (p<0.05).

*n=20, mean values of the groups, x and y letters indicate differences between rows

(p<0.05).
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Table 3

Inhibitory effect of neutralized unripe grape products on S. Typhimurium (log CFU/mL)

Low Inoculum Dose

High Inoculum Dose

SAMPLES'
0 min 5 min 15 min | 30 min | 0 min 5 min 15 min 30 min
2.13 2.11 2.05 2.03 5.38 5.82 6.36 6.15
1 (£0.10) (£0.15) (£0.15) | (£0.10) | (+0.80) | (£0.10) | (+0.45) (+0.44)
Aba? ABabcd Babc Bbce Abc Aabc Aa Aa
2.09 1.81 1.86 1.92 5.91 5.95 6.19 6.37
2 | (#0.14) | (#0.07) | (20.06) | (20.12) | (£0.47) | (£0.35) | (x0.33) | (£0.28)
Ba Ccd BCbcd | BCcde | Aabc Ac Aa Aa
2.08 2.17 2.15 2.16 5.75 5.54 6.60 6.60
8 3 (£0.18) (£0.05) (£0.04) | (£0.06) | (+0.80) | (£0.76) | (+0.48) (+0.77)
=) Ba ABab Aba ABb Aabc Aabc Aa Aa
E 2.07 1.80 1.71 1.83 6.16 5.75 6.21 6.51
214 | @013) | (20.03) | (0.18) | (20.10) | (£0.30) | (£0.54) | (20.57) | (x0.70)
Ba BCd Cd BCde Aab Aabc Aa Aa
2.12 2.33 2.10 2.07 6.42 6.55 6.48 6.56
5 | (£0.09) | (£0.31)Aabc | (£0.10) | (£0.04) | (£0.06) | (+0.08) | (£0.74)A | (20.78)
Aa d Aab Abc Aa Aab a Aa
2.10 2.00 1.97 2.00 5.927 5.72 6.62 6.85
Mean | (£0.10) (£0.20) (£0.19) | (£0.13) | (£0.56) | (£0.63) | (+0.52) (£0.55)
X X X X X X X X
2.05 1.99 2.02 1.99 6.50 6.48 6.35 6.39
6 (£0.03) (£0.18) (£0.15) | (£0.08) | (£0.19) | (£0.23) | (+0.94) (+0.88)
Ba Bbed Babc Bbed Aa Aab Aa Aa
2.18 2.09 2.12 2.11 6.18 6.35 5.71 6.10
8 7 (£0.08) | (£0.06)Babc | (£0.06) | (+0.00) | (0.10) | (£0.19) | (£0.62) (+0.31)
=) Ba d Ba Bbce Aab Aab Aa Aa
:,f) 2.16 2.00 1.80 1.74 5.13 5.48 6.36 6.51
@ | 8 |(£0.06) | (20.06) |(£0.00)|(x0.13) | (£0.32) | (£0.04) | (x0.50) | (£0.72)
5 Ba Bbed Ced Ce Ce BCbc Aba Aa
3 2.06 2.34 2.26 2.37 6.45 6.13 6.33 6.43
= 9 (£0.16) (£0.06) (£0.04) | (£0.05) | (=0.10) | (+0.85) (+0.7) (+0.9)
& Ba Aa Aba Aa Aa Aa Aa Aa
E 2.28 2.14 2.09 2.16 6.52 6.27 6.24 6.38
S | 10 | (£0.06) | (20.06) |(0.08) | (#0.01) | (£0.11) | (£0.74) | (x0.04) | (0.86)
ABa Cabc Cab BCb Aa Aab Aa Aa
2.14 2.10 2.05 2.07 6.18 6.26 6.43 6.84
Mean | (£0.10) (£0.15) (£0.17) | (£0.22) | (£0.59) | (£0.59) | (+0.68) (£0.69)
X X X X X X X X
Positive 2.38 6.49
(£0.03) (£0.25)A
Control
Aa Ba

TAll the samples were tested as negative control before inoculation, and initial microflora could not be
detected (<1.00 log CFU/mL)
n=4, (+ standard deviation), different lowercase letters indicate differences between rows and
different capital letters indicate differences between columns (p<0.05).
*n=20, mean values of the groups, x and y letters indicate differences between rows (p<0.05).
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Table 4

Inhibitory effect of neutralized unripe grape products on Sz aureus (log CFU/mL)

1 Low Inoculum Dose High Inoculum Dose
SAMPLES 0 min 5 min 15 min 30 min 0 min 5 min 15 min | 30 min
1.92 1.92 1.81 1.77 5.87 5.81 5.79 5.65
1 (£0.04) | (£0.04) | (£0.04) | (£0.00) | (20.69) | (+0.90) | (+0.48) | (£0.33)
Bc Bbce Cabc Cb Aa Aa Aa Aa
1.47 1.47 1.45 1.38 5.20 6.03 5.85 5.71
2 (£0.00) | (20.00) | (£0.21) | (#0.12) | (#0.14) | (£0.52) | (20.66) | (£0.27)
Bf Bd Bce Bce Ba Aba Aba Aba
1.65 1.69 1.73 1.65 6.03 5.99 6.15 5.75
8 3 (£0.07) | (£0.12) | (£0.05) | (£0.07) | (20.57) | (#0.42) | (20.69) | (£0.42)
5 Be Bed Bbc Bb Aa Aa Aa Aa
E 1.77 1.53 1.45 1.38 5.78 5.70 5.78 5.69
= 4 | (0.10) | (£0.08) | (0.21) | (0.12) | (x0.85) | (20.77) | (20.54) | (0.60)
Bd BCd BCc Cc Aa Aa Aa Aa
2.33 2.36 1.73 1.80 6.20 6.30 6.01 5.87
5 (£0.04) | (£0.07) | (£0.05) | (£0.14) | (20.28) | (x0.32) | (20.61) | (£0.59)
Aa Aa Bbc Bb Aa Aa Aa Aa
1.83 1.78 1.63 1.60 5.81 5.96 5.91 5.73
Mean | (+£0.30) | (£0.32) | (£0.19) | (£0.20) | (£0.55) | (£0.51) | (£0.47) | (£0.35)
X X X X X X X X
2.37 2.21 2.19 2.17 5.70 6.01 5.95 6.07
6 | (£0.01) | (£0.01) | (x0.01) | (£0.00) | (x1.13) | (20.76) | (£0.50) | (£0.55)
Ba Cab Ca Ca Aa Aa Aa Aa
2.38 2.17 2.17 2.14 6.43 6.14 6.02 5.81
- 7 (£0.04) | (£0.14) | (£0.08) | (+0.15) | (20.12) | (#0.52) | (20.35) | (£0.41)
@) ABa Bab Ba Ba Aa Aa Aa Aa
3 1.92 1.71 1.66 1.38 5.40 5.70 5.60 5.67
2 8 (£0.03) | (20.34) | (£0.42) | (20.12) | (£1.05) | (£0.59) | (£0.50) | (£0.68)
= ABc Bed Bc Bc Aa Aa Aa Aa
§ 2.17 2.20 2.13 2.14 6.24 6.24 6.26 6.10
< 9 (£0.04) | (£0.07) | (£0.02) | (£0.04) | (£0.51) | (£0.56) | (£0.65) | (£0.78)
= Bb Bab Bab Ba Aa Aa Aa Aa
E 2.30 2.22 2.21 2.17 6.45 6.26 6.32 6.05
=) 10 (£0.03) | (£0.10) | (£0.01) | (£0.14) | (£0.00) | (£0.35) | (£0.50) | (£0.42)
Ba Bab Ba Ba Aa Aa Aa Aa
2.21 2.10 2.06 2.00 6.04 6.06 6.02 5.94
Mean | (£0.16) | (£0.24) | (£0.28) | (£0.33) | (£0.70) | (£0.47) | (£0.46) | (£0.47)
y y y y X X X X
Positive 2.52 6.45
Control (£0.05) (£0.07)
Aa Aa

TAll the samples were tested as negative control before inoculation, and initial microflora could not be
detected (<1.00 log CFU/mL)
n=4, (+ standard deviation), different lowercase letters indicate differences between rows and
different capital letters indicate differences between columns (p<0.05).

*n=20, mean values of the groups, x and y letters indicate differences between rows (p<0.05).

104

——Ukrainian Food Journal. 2016. Volume 5. Issue 1 —




Biotechnology, microbiology——

Table 5
Inhibitory effect of neutralized unripe grape products on L. monocytogenes
(log CFU/mL)
. Low Inoculum Dose High Inoculum Dose
SAMPLES
0 min Smin | 15 min 30 min 0 min 5 min 15 min | 30 min
1.66 1.22 1.91 1.92 5.22 5.68 6.42 6.65
1 (#0.37) | (£0.20) | (£0.06) | (£0.10) (£0.20) (£0.08) | (£0.08) | (+0.27)
BCab Cb Aba Aba Cb Dab Aa Aa
1.61 1.72 2.05 1.26 5.80 6.27 6.02 6.60
2 | (20.29) | (20.12) | (20.01) | (*0.49) | (£0.54) | (£0.33) | (£0.99) | (x1.17)
ABab ABab Aa Bb Aab Aab Aa Aa
1.67 2.07 2.07 2.00 5.64 6.67 6.51 6.62
8 3 (£0.05) | (£0.08) | (£0.06) | (£0.15) (£0.23) (0.07) | (£0.33) | (£0.15)
=) Bab Aa Aa Aa Cab Aa Aa Aa
E 1.72 1.73 1.67 1.24 6.11 6.33 6.32 6.61
= 4 | (20.14) | (20.39) | (20.41) | (£0.39) | (£0.14) | (£0.24) | (£0.41) | (20.50)
ABab ABab Aba Bb Aab Aab Aa Aa
1.45 1.72 2.08 1.71 6.24 6.56 6.68 6.75
5 (£0.07) | (£0.29) | (£0.03) | (£0.06) (+0.47) (£0.23) | (£0.41) | (+0.40)
Bb Bab Aa Bab Aab Aa Aa Aa
1.61 1.69 1.95 1.62 5.80 6.48 6.34 6.72
Mean | (£0.19) | (£0.34) | (£0.21) | (+0.40) (£0.46) (£0.24) | (£0.63) | (£0.29)
X X X X X X X X
1.87 1.97 1.79 1.99 6.11 5.93 4.86 5.34
6 (£0.00) | (£0.21) | (£0.29) | (20.18) (£0.50) (£1.06) | (£2.69) | (£2.35)
Aab Aa Aa Aa Aab Aab Aa Aa
1.77 1.83 1.85 1.80 5.97 5.42 5.29 5.40
8 7 (#0.13) | (£0.19) | (£0.20) | (£0.14) (+0.58) (+0.17) | (£0.78) | (+0.60)
) Bab Aba Aba ABab Aab Ab Aa Aa
:,f) 1.69 2.16 1.97 2.08 5.52 6.28 6.65 6.77
= 8 (£0.07) | (£0.16) | (£0.06) | (+0.08) (£0.73) (£0.30) | (£0.33) | (+0.20)
E Bab Aa Aa Aa Cab ACab Aa Aa
T 1.90 1.87 1.83 1.84 6.41 6.39 6.50 6.76
= 9 (£0.28) | (£0.35) | (x0.18) | (%0.23) (£0.05) (£0.08) | (£0.08) | (+0.53)
) Aab Aa Aa Aa Ba Bab Aa Aba
E 2.00 1.72 2.00 2.04 6.53 6.47 6.77 6.92
S 10 | (£0.08) | (+£0.03) | (£0.08) | (£0.18) | (£0.24) | (£0.56) | (20.01) | (+0.29)
Aa Bab Aa Aa Aa Aa Aa Aa
1.84 1.91 1.88 1.95 6.10 6.17 6.15 6.30
Mean | (£0.15) | (£0.22) | (£0.16) | (£0.17) (+0.52) (+0.65) | (£1.34) | (£1.17)
y X X X X X X X
Positive | jdzoll) (ggg)
Control Aa ABa

'All the samples were tested as negative control before inoculation, and initial microflora

could not be detected (<1.00 log CFU/mL)

n=4, (+ standard deviation), different lowercase letters indicate differences between rows

and different capital letters indicate differences between columns (p<0.05).
*n=20, mean values of the groups, x and y letters indicate differences between rows

(p<0.05).
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Conclusions

As a conclusion, unripe grape products have intrinsic characteristics as low pH values,
high titratable acidities and rich phenolic content that create a hostile environment for
bacterial growth and survival. Hereby, the present study is focused on evaluating the
surviving of E. coli, L. monocytogenes, S. Typhimurium and Staphylococcus aureus in
these neutralized products at room temperature for low and high inoculum doses. Although,
statistically significant reductions were observed, the survived population is remarkable at
high doses. The inhibition effect on the tested pathogens seems to be very limited or
completely disappeared when the inoculation dose is increased. Even though, the phenolic
composition of products may be varied due to their species, regions, harvesting time and
ripening period, generally the inhibitive activity on target bacteria among the products was
not significantly different (p>0.05). Therefore, the phenolic content of the samples indicate
that these products could have antimicrobial effects on food borne pathogens — besides
organic acid compositions.
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Introduction. The aim of this study was to characterize
Lactococcus spp. isolates from pork balangu and use suitable
strain in the biopreservation of the product.

Materials and methods. Isolation of Lactococcus isolates
was carried out using traditional methods while their
presumptive identities were obtained using phenotypic
method involving biochemical reactions. Their full
identification was obtained by the use of 16S rDNA
sequencing. Production of antimicrobial agents was done by
the use of reported methods. The abilities of suitable isolate(s)
to control spoilage and pathogenic organism of food origin
were examined.

Results and discussion. Thirty four Lactococcus spp.
were isolated from pork balangu; their phenotypic
characterization revealed they were composed of seven
groups, members of which shared similar biochemical
reactions. The phenotypic identities of seven isolates of the
Lactococcus isolates, including one from each group, were
confirmed by their 16S rDNA sequencing as L. raffinolactis,
L. garviae, L. lactissubsp. cremoris, L. lactis subsp. hordniae,
L. lactis subsp. lactis, L. plantarum and L. piscium. Among
them L. lactis subsp. lactis produced higher concentration of
lactic acid (21.45 g/10” CFU) than others, and also produced
nisin (~608 bp), active against the spoilage organism of meat
Brochothrix thermosphacta. Inoculation of nisin producing L.
lactis subsp. lactis in pork balangu showed 4 log reductions in
the counts of Listeria monocytogenes and B. thermosphacta
from their initial 6 log in the meat product in situ.

Conclusion. The nisin producing L. lactis subsp. lactis
could be used in the shelf life extension of pork balangu
beyond the day of production. The Lactococcus strain could
therefore be applied as biopreservative culture to promote
safety of meat products in West Africa and other parts of the
world.
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Introduction

In Nigeria, meat is normally cut into various thin slabs, spiced and grilled over
glowing charcoals, resulting in products which are called by various names, including suya,
tsire, balangu etc, depending on the specific method adopted during preparation. One of
such popular grilled meat product is balangu, and may be produced from the muscle of
cow, mutton, lamb, chicken or other animals, although preparation from beef is common.
Balangu is a traditional Nigerian meat product, commonly prepared from raw meat,
especially beef with the addition of various spices and cooked by grilling. It is usually eaten
as delicacies and has associated sensory characteristics that play important role in its
acceptance by consumers [1]. The meat product is consumed by many people as delicacies,
mostly during leisure. Generally, producers of grilled meat products in Nigeria do not
normally exhaust their sales on the day of production, thereby leaving remains until the
second day or beyond. Unfortunately due to poor storage facilities, the remains are kept at
ambient temperature of approximately 30°C. This temperature may encourage spoilage by
opportunistic microorganisms and have adverse effect on the physicochemical properties of
the product due to deterioration by spoilage organisms. This has resulted in product’s
rejection by customers, although such has not been reported in the literature due to limited
research studies [1].

Food security, the availability of food and its accessibility to people in safe forms, has
been an important concern in most developing countries where food preservation
techniques have been very inadequate [2]. In Nigeria, this has adverse effects on grilled
meat products, especially balangu, where losses have been experienced due to poor storage
facilities[ 1]. Biopreservation refers to the extension of the shelf-life and improvement of the
safety of foods using microorganisms and/ or their metabolites [3]. One of the common
biological agents used in the biopreservation of food is lactic acid bacteria (LAB). LAB
have a GRAS (generally regarded as safe) status and have been widely used as starters in
the industrial preservation of meats [4]. LAB can secrete many antimicrobial substances
with presumptive antimicrobial effect in foods that could be exploited in preventing many
foodborne pathogens and spoilage organisms [5]. LAB are used to ensure safety, preserve
food quality, develop characteristic new flavours, and to improve the nutritional qualities of
food [6]. Many LAB cultures like Leuconostoc spp., Lactococcus spp., Pediococcus spp.,
and Lactobacillus spp. are being used in meat processing and few of these cultures could
produce bacteriocins, a useful factor which has been noted to enhance their choice as
starters [7]. The ability of LAB to inhibit the growth of undesirable bacteria has been
reported and inhibition may be due to the production of organic acids, hydrogen peroxide,
carbon dioxide, acetaldehyde, diacetyl or bacteriocins [3,8].

Some strains of LAB have been identified and used as starters in the preservation of
some meat products [5,8,9]. There is limited research studies on the Nigerian traditional
grilled meat product balangu and more efforts are required to protect consumers and ensure
safe availability of the product in promoting food security in Nigeria. The only known
study was reported by Olaoye [1] who investigated some physicochemical factors of
balangu as possible indicators of spoilage during storage. The present study therefore
reports on characterization of Lactococcus isolates from pork balangu and the use of a nisin
producing L. lactis subsp. lactis in the biopreservation of the product.
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Materials and methods

Source of materials. The pork meat used in this study was obtained from a Nigerian
retail shop in the city of Nottingham, UK. The meat samples were conveyed over ice
crystals to the laboratory in clean polyvinyl chloride (PVC) bags and stored briefly at -5°C
(Haier Thermocool, BD-66A, Westgate Ealing, London, UK) before use. Other materials
used which included ground red pepper (Capsicum sp.), ginger (Zingiber officinalis),
groundnut (Arachis hypogaea), salt and groundnut oil were all purchased from the same
source.

Bacterial strains and culture conditions. The bacteria cultures, used in challenge
experiments against the starter culture (nisin producing Lactococcus lactis subsp. lactis) in
the pork meat product in situ, included Brochothrix thermosphacta NCIMB 10018 (STAA,
oxoid; 30°C), Listeria monocytogenes NCTC 11994 (OX, oxoid; 30°C) and Salmonella
typhimurium (XLD, oxoid; 30°C) which were obtained from culture collection unit of Food
Microbiology, Division of Food Sciences, University of Nottingham, UK. Frozen cultures
were maintained in BHI broth media (Oxoid, UK) containing 20% glycerol at -80C [10].

Isolation of Lactococcus from pork balangu. Isolation of Lactococcus isolates was
done according to a modification of the method of Onilude et al. [8]. A weighed quantity
(10 g) of fresh pork meat was immersed in a sterile 10% (w/v) sucrose solution for about 7
min to stimulate LAB growth [11]. This was then homogenized in 90 ml sterile distilled
water (SDW) in standard stomacher bags (BA 6141, Seward, UK), using a Seward
stomacher (model 400 circulator, P/4/518, 50-60Hz, UK). The resultant homogenate was
made into 10 fold dilutions, 1 ml of suitable dilution was measured into sterile petri dishes
after which 10-15 ml of molten deMann Rogosa and Sharpe, MRS (~45°C; Oxoid UK) agar
was carefully poured while swirling gently. The plates were allowed to cool and then
incubated in micro-anaerobic jars (18 - 24 h, 37°C). Upon observation for growth, Gram
positive, catalase and oxidase negative colonies were picked for sub-culturing on sterile
MRS agar. Streaking of single colonies was done repeatedly to obtain pure cultures which
were examined microscopically for cell appearing as cocci in pairs or short chains, which
are characteristic Lactococcus [12]. Pure cultures of presumptive Lactococcus isolates were
kept for characterization and identification.

Phenotypic characterization and identification of the Lactococcus isolates. Seven
presumptive isolates of Lactococcus were selected based on their biochemical reactions
were characterized using API 20 Strep kit (API Systems, Biomerieux Sa, France).
Presumptive identification of the isolates was done using the results obtained in the API
website (www.apiweb.biomerieux.com).

Full identification of the presumptive Lactococcus isolates. Confirmation of full
identities of the presumptive Lactococcus isolates was carried out using PCR-16S rDNA .
DNA was extracted by a modification of the boiling method described by Suwanjinda et al.
[13]. PCR amplification was carried out with specific primers targeting approx. 390 bp of
the 16S rDNA (V4 regions) in the Lactococcus isolates. This was in a 50ul reaction
volume containing 1.25 units of 7ag DNA polymerase (ABgene, Thermo Fischer, UK),
2.5mM magnesium chloride (Promega, Southampton, Southamptonshire, UK), 0.2mM
dNTPs (Promega), 0.1ul of each reverse 5’-CCGTCAATTCCTTTGAGTTT-3" and
forward primer 5’- CAGCAGCCGCGGTAATAC-3’ [14], Sul PCR buffer and Sul of DNA
template. Volume was made up with SDW.
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Electrophoresis of the PCR products was performed on the Bio-Rad Contour-Clamped
Homogenous Electric Field (CHEF) DRII electrophoresis cell (Hemel Hempstead, UK).
Agarose gel (Biogene Kimbolton Cambs, UK), 1.5% (w/v), stained with 0.5ug/ml ethidium
bromide, was used in 1 X TAE (Tris-Acetate EDTA) buffer at 84 volts for 1.5 - 2 h. A 100
bp molecular size marker was as ladder.

Sequencing of 16S rDNA genes was done by resolving 40 ul of the PCR products in
1% Agarose gel. Amplicons were excised from gel, purified using the Wizard PCR Preps
DNA Purification System (Promega) and sent to Germany (MGW-Biotech, Germany) for
sequencing. The nucleotide sequences were used in the GenBank database using BLAST at
the website (http://www.ncbi.nlm.nih.gov/blast/) to determine the closest known relatives
of the 16S rDNA gene sequences.

Selection of starter culture. The Lactococcus isolates were tested for abilities to
produce organic acids (lactic acid and acetic acid), which is characteristic of the
fermentative ability of LAB in lowering pH of food samples and thereby creating
unconducive environment for the growth of many spoilage/pathogenic organisms. Possible
production of bacteriocin by the isolates was also evaluated in in vitro assay against
sensitive indicator organism.

Production of organic acids was tested using the method of high performance liquid
chromatography (HPLC) described by Olaoye and Onilude [15].

The modified method described by Suwanjinda et al. [13], involving overlaying of
M17 plates, containing live colonies of Lactococcus, with indicator organism (Brochothrix
thermosphacta NCIMB 10018) was used to detect antagonism of the Lactococcus isolates.
Serial dilutions were made and used to obtain plates containing 10-50 colonies of
Lactococcus on M 17 agar; the plates were carefully overlaid with test indicator strain (50 pl
of an overnight culture in 10 ml of BHI broth containing 0.7% agar). Plates were allowed to
solidify and then incubated at 30°C for 24 h. The plates were examined for presence of
zones of inhibition around the Lactococcus colonies.

The paper disc assay method [16] was also used detect antimicrobial activity of the
Lactococcus isolates against Brochothrix thermosphacta NCIMB 10018. The Lactococcus
isolates were grown in M17 broth for 24 h at 30°C. The cultures were then centrifuged at
5000 x g for 15 min (Centrifuge Falcon 6/300 series, CFC Free, UK) and the cell free
supernatants (CFS) were collected for use in antimicrobial assay.

A sterile filter paper disc (Whatman AA, 6mm, Fisher Scientific, UK) was soaked in
CEFS for 30 min, and then applied on plates previously seeded with BHI broth (with 0.7%
agar) containing 50 pl of indicator organisms. The plates were incubated overnight at 30°C
for 24 h and then observed for zones of inhibition. Clear zones extending for 1 mm or more
were considered as positive for inhibition [17].

To test for possible production of bacteriocin, the CFS was neutralized to pH 6.5 using
NaOH to eliminate activity of organic acids. To also get rid of influence of hydrogen
peroxide, the neutralized CFS was treated with 300 units/ml of horseradish peroxidase
(Sigma-Aldrich); this gives a crude bacteriocin used in bacteriocin assay [18] against the
sensitive indicator organism (Brochothrix thermosphacta NCIMB 10018) using the paper
disc method as previously described.

The Lactococcus isolates, that their CFS displayed antagonism against the sensitive
indicator organism B. thermosphacta NCIMB 10018, were tested for presence of
bacteriocin (nisin) encoding genes by PCR. DNA templates were obtained using the
extraction method of Suwanjinda et al. [13]. PCR reactions were same as for 16S rDNA.
The primers used include 5’-CTATGAAGTTGCGACGCATCA-3’ (Forward) and 5°-
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CATGCCACTGATACCCAAGT-3’ (Reverse), targeting the 608 bp of the nisin operon in
Lactococcus (Suwanjinda et al., 2007). The same methods as used for PCR amplification
conditions, resolving and visualization of PCR products, sequencing and identification of
16S rDNA genes were used for the nisin gene(s).

Preparation of pork balangu. The traditional technique was mimicked for
preparation of pork balangu with little modification [1]. Fresh pork meat was rinsed in
SDW and then cut into chunks (25 x 16 x 1.2 cm), each weighing about 75+2.3g. They
were allowed to drain for 15 min in clean perforated plastic containers. The entire surface
of each of the pork chunks was covered with mixed ground spices, consisting of red pepper
(23%), groundnut powder (52%), ginger (20%) and salt (5%). The spiced pork chunks were
then spread on wire gauze and grilled over glowing charcoals at 100-120°C for 30-45 min.
They were intermittently turned to ensure even cooking while groundnut oil was sprinkled
on them at regular intervals during the grilling process to simulate the traditional technique
of avoiding burning or charring [8].

Inoculation of pork balangu with bacteriocin producing Lactococcus lactis subsp.
lactis as starter culture. The nisin producing Lactococcus lactis subsp. lactis culture was
subcultured three times in M17 broth at 30°C for 24 h. Filter sterilised glucose solution (~
5% w/v final concentration) was applied to the pork balangu pieces [19] and then placed
separately in aluminium foils. Two sets (Ing-lc and N-Ing-lc) of the pork meat were
inoculated with the Lactococcus culture to about 10° cfu/g of meat, wrapped in sterile
transparent bags and incubated at 30°C for 5 days. Un-inoculated samples (Ing-cont and N-
Ing-cont) served as control. The ability of the Lactococcus lactis subsp. lactis to control Ls.
monocytogenes, Salmonella typhimurium and Brochothrix thermosphacta was tested in
challenge experiments by inoculating them separately on different sterile pork balangu
samples (Ing-lc and N-Ing-lc) at 10° cfu/g prior to inoculation with nisin producing
Lactococcus isolate. The pathogenic/spoilage organism were previously grown for 24 h in
BHI broth (Oxoid) before their application on the meat product.

Microbial enumeration of pork balangu during storage. Pork balangu samples (10
g) were homogenized in standard stomacher bag (BA 6141, Seward, West Sussex, UK)
containing 90 ml maximum recovery diluent (MRD) for 3 min at 230 rpm, using a Seward
stomacher (model 400 circulator, P/4/518, 50-60Hz, UK). One millilitre (1 ml) of
homogenate was serially diluted in 9 ml of MRD to obtain 10 fold dilutions; 1 ml of
appropriate dilutions were spread or pour plated in replicates on selected agar media. The
media used included deMan Rogosa Sharpe (MRS, Oxoid) for LAB, incubated at 30°C for
48 h; Rose Bengal Chloramphenicol Agar (RBCA, Oxoid) for yeast and moulds at 25°C for
72 h; Mannitol salt phenol red agar, MSPRA (Sigma-Aldrich, St. Louis, Missouri, USA)
for Staphylococcus at 37°C for 24 h; MacConkey Agar (Oxoid) for coliforms at 37°C for 24
h; Violet red bile glucose agar (VRBGA, Oxoid) for Enterobacteriaceae, at 30°C for 48 h;
Xylose lysine deoxycholate (XLD, Oxoid) for S. typhimurium at 37°C for 24 h; Oxford
formulation (Oxoid) for Ls. monocytogenes at 30°C for 48 h; and STAA agar (Oxoid) for B.
thermosphacta at 30°C for 24-48 h.. Emerging colonies were counted and the results
expressed in colony forming units per gram (cfu/g) of meat.

pH measurement. pH of the pork balangu samples was monitored during storage by

taking 10 g of sample and homogenized in standard stomacher bags (BA 6141, Seward,
UK) containing 100 ml SDW, using a Seward stomacher (model 400 circulator, P/4/518,
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50-60Hz, Leighton Buzzard,UK). The pH was then measured by a pH meter (pH 212
Microprocese, Hanna Instruments, USA) using the method of Marugg et al. [20].

Statistical analysis. The effect of storage time on the respective pork balangu samples
was evaluated by subjecting the data obtained on each day of storage to analysis of variance
using the statistic software, Design expert (version 6.0.6; Stat-Ease Inc., East Hennepin
Ave, Minneapolis, MN). Significant differences were determined at p<0.05.

Results and discussion

Thirty four presumptive isolates of Lacococcus were isolated from pork balangu, with
the objective of selecting suitable isolate for use as starter culture in biopreservation of the
meat product. The biochemical characteristics of the Lactococcus isolates (Table 1) indicate
the presence of seven groups, with each member having similar biochemical reactions. The
members of the groups were Gram positive cocci, appearing in pairs or short chains which
are characteristic of the genus Lactococcus [12]. The phenotypic (biochemical)
characteristics of the isolates were used in their phenotypic identification with particular
reference to the Bergey’s manual of determinative bacteriology [12]. The isolates of each
group were therefore phenotypically identified as Lactococcus piscium, L. garviae, L. lactis
subsp. cremoris, L. lactis subsp. hordniae, L. lactis subsp. lactis, L. plantarum and L.
raffinolactis respectively. Their full identifications were obtained by sequencing of their
16S rDNA genes (V4 region) that were amplified by PCR (Figure 1); PCR products of
approximately 400 bp in size were obtained. The 16S rDNA nucleotide sequences were
used in the genBank database to obtain their closest relatives. The Lactococcus isolates
showed between 99 and 100% homologies to the respective closest relatives, thus giving
acceptable full identifications [21].

500 bp <
200 bp +—

Figure 1. PCR amplification of 16S rDNA -V4 region of the phenotypically identified
Lactococcus isolates from pork balangu
1 - 100 bp DNA marker; 2, -presumptive Lactococcus piscium; 3 3 presumptive L. garviae; 4 -
presumptive L. lactis subsp. cremoris; 5 - presumptive L. lactis subsp. hordniae; 6 - presumptive L.
lactis subsp. lactis; 7 - presumptive L. plantarum; 8 - presumptive L. raffinolactis; 9 - positive control
- L. lactis NCIMB 4918; 10 - Negative control - sterile deionized water.
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Among the Lactococcus isolates, only the neutralized supernatant of L. lactis subsp.
lactis was shown to display antagonism against a nisin sensitive indicator organism B.
thermosphacta in an in vitro assay. The broth medium was neutralized in order to eliminate
the presence of organic acids which may interfere with the antimicrobial assay [13].
Additionally, the broth supernatant was treated with peroxidase enzyme to get rid of
hydrogen peroxide that may also interfere in the assay [16]. The antimicrobial activity
recorded against the indicator organism by the neutralized broth supernatant of L. lactis
subsp. lactis suggested the presence of bacteriocin encoding gene in the isolate. The
positive PCR amplification of the bacteriocin (nisin) gene of about 608 bp in the
Lactococcus isolate with specific primer was used to confirm this finding, this was similar
to those reported in earlier investigations [22,23]. Beside production of nisin by L. lactis
subsp. lactis, its ability to produce considerable quantities of organic acids, especially lactic
acid, was considered in its choice as starter culture for pork balangu. During preliminary
experiments, L. lactis subsp. lactis produced higher quantity of lactic acid (21.45 g/10’
CFU) than others, giving it an advantage as starter culture for the pork meat product. The
ability of LAB to produce lactic acid that contributes to reduction in the pH of food
products is one of the very important factor in their antagonistic activities against spoilage
and pathogenic organism [5,23,24]. The lowering of pH due to production of organic acids
can also cause characteristic changes in flavour and texture of meat products; however, this
does not normally have any adverse effect on the sensory appeal of the product [11,25].

The specific microbial organisms that were evaluated in the meat samples during
storage exhibited their defined colony characteristics on respective media; LAB as whitish
or milky; coliforms as pinkish or reddish; Enterobacteriaceae as pink; Staphylococcus had
red or yellow colourations around them; Ls. monocytogenes as black; Salmonella
typhimurium appeared as red with black centre colourations; and B. thermosphacta
appeared as straw coloured colonies. The specific organisms emerging from respective
growth media were also confirmed by PCR-16S rDNA, and their nucleotide sequences used
in the genBank database to know the closest relatives.

There was no detection of coliforms in the pork balangu samples until after 72 h of
storage (Figure 2). Lower counts of coliforms were recorded in the starter culture
inoculated samples (SCIS) compared to the uninoculated control samples (UCS),
suggesting possible inhibitory action by the starter culture. Kalalou ef al. [11 reported the
reduction of coliform counts during storage of a Moroccan fermented meat product
inoculated with LAB. In similar studies, Olaoye et al. [5] and Olaoye and Onilude [25]
reported reduction of coliforms in fresh meat inoculated with LAB starter cultures. The
researchers concluded that the use of LAB as starter culture was moderately effective for
the control of coliforms. Reduction of coliforms by the LAB cultures could be attributed to
production of antimicrobial agents by the latter [15,26]. The non-detection of coliforms in
the early period of storage in the balangu samples could be due to the lethal action of heat
on them during the grilling process.
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Figure 2. Counts of Coliforms in pork balangu during storage
Ing-lc, pork balangu containing spices and inoculated with L. lactis subsp. lactis; Ing-cont, pork
balangu containing spices and uninoculated with starter culture; N-Ing-lc, pork balangu containing no
spices and inoculated with L. lactis subsp. lactis; N-Ing-cont, pork balangu containing no spices and
uninoculated with starter culture.

From the results of counts of total bacteria (CTB), a decrease was recorded in the
SCIS compared UCS (Figure 3). While CTB decreased from the initial count of about 3.81
at 0 h to 2.84 at 48 h in the Ing-Ic samples, an increase from 3.79 to 7.88 was recorded for
the Ing-cont samples over same period. In all pork balangu samples, CTB was
comparatively lower in the SCIS than UCS, indicating the effect starter culture on the
microflora associated with the meat product. The effect could possibly be due to production
of antimicrobial agents by the Lactococcus starter culture. Similar findings have been
reported on the reduction of CTB in meat products treated with cultures of LAB [9,19,27].
Yeast and moulds were not detected in the Ing-Ic samples during storage; however, counts
(log count/g) of 3.45 and 4.82 and above were recorded from 72 h in the N-Ing-Ic and N-
Ing-cont respectively (Figure 4). Counts were generally lower in the SCIS compared to
UCS (p<0.05); increment of 3-5 log was observed in the latter samples compared to 0-2 log
recorded for the former. Casaburi ef al. [28] observed a reduction in yeast and mould counts
of Italian style sausages on storage after inoculation with LAB starter culture. In another
study, Erkmen [27] made similar observation in a Turkish sausage treated with LAB.
Similarly, Olaoye [9] reported reduction in the counts of yeast and moulds in a Nigerian
stick meat tsire inoculated with cultures of LAB during storage. The researchers concluded
that the LAB cultures reduced the growth of yeast and moulds in the meat products.
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Figure 4. Counts of yeast and moulds in pork balangu during storage
Ing-lc, pork balangu containing spices and inoculated with L. lactis subsp. lactis; Ing-cont, pork
balangu containing spices and uninoculated with starter culture; N-Ing-lc, pork balangu containing no
spices and inoculated with L. lactis subsp. lactis; N-Ing-cont, pork balangu containing no spices and
uninoculated with starter culture.
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Figure 5 presents the Ls. monocytogenes counts in the pork balangu samples during
storage. Prior to storage, the meat product was inoculated with approximately 6 log cfi/g of the
pathogenic organism to challenge the starter culture. Counts of Ls. monocytogenes decreased by
about 1.6 and 4 log at 24 h and 48 h respectively in the Ing-lc samples, and at 72 h were below 2
log. On the contrary, an increase of up to 5 log was recorded in the UCS, i.e. Ing-cont and N-
Ing-cont samples. Counts increased from 7.07 at 0 h to 11.78 at 120 h in Ing-cont, while similar
increase from 6.79 to 11.18 was recorded in N-Ing-cont during same period. Sensitivity of Ls.
monocytogenes, an important foodborne pathogen, to nisin produced by Lactococcus lactis
subsp. lactis was reported by Cintas et al. [29]. The risk of Ls. monocytogenes in causing serious
threat to food safety and health of consumers has been noted [30]. The pathogen has also been
known to contaminate meat and meat products during slaughter, processing and production
while it can also persist and grow at low pH values, at low water activity and at refrigeration
temperatures [15]. Hence the need for its control, especially by the use of biopreservative agents
is of ultimate importance in order to safeguard public health [31]. The control of Ls.
monocytogenes recorded in the fsire samples by the Lactococcus culture is therefore very
important, as no previous report is available on its control in the Nigerian traditional meat
product balangu.

The pork balangu wase also inoculated with approximately 10° cfu/g of Salmonella
typhimurium to challenge the starter culture in the meat product. The graph (Figure 6) shows
that there was about 3 log reduction in the counts of S. fyphimurium in the SCIS samples during
storage. An increase of approximately 4 log was however recorded in UCS. The antagonism
recorded against S. typhimurium, a foodborne pathogen, may be attributed to production of
antimicrobial agents, such as organic acids and hydrogen peroxide, by the Lactococcus starter
culture. The nisin produced by the starter culture may not contribute to the antagonism of the
pathogen because bacteriocins of LAB have been reported to be ineffective against gram
negative organisms [18,29].Furthermore, Brochothrix thermosphacta, a meat spoilage organism,
was inoculated at 10° cf/g of pork balangu to challenge the nisin producing L. lactis subsp.
lactis used as tarter culture during storage. Result indicates that there was reduction of about 4
log in the Ing-lc sample at 24 h, after which period the spoilage organism was no more detected
throughout storage (Figure 7). A similar observation was noted in the N-Ing-lc sample, where 3
and 4 log reductions were recorded at 24 and 48 h of storage respectively. There was however
an increase of 4 log of the spoilage organism in the UCS. The nisin produced by the L. lactis
subsp. lactis may have contributed mainly to the inhibition of the spoilage organism, as the
indicator organism is known to be sensitive to the bacteriocin. In a related study, Ercolini et al.
[32] demonstrated effective antimicrobial activity of purified nisin against B. thermosphacta in
meat during storage. Hence, the antagonistic activity of Lactococcus starter culture against this
spoilage organism in the present study could be very significant towards curtailing spoilage and
extending shelf life of pork balangu in Nigeria.

The result of pH monitored in the pork balangu samples showed that values in SCIS were
lower than 5 from day 2 of storage, unlike in the UCS where values of above 6 were recorded
(Figure 8). The decrease in pH values of SCIS may be due to production of organic acids by the
starter culture. Lowering of pH in food products inoculated with lactic acid bacteria has been
recorded by other researchers [1,5,33] and this has been noted as an important factor in the
control of undesirable microorganisms in food [34]. The reduction in pH in starter treated
samples may thus contribute to the lower counts recorded in those samples than in their
uninoculated control counterparts.

Statistically, results generally indicate that there were significant differences (p<0.05)
between pork balangu samples inoculated with nisin producing Lactococcus lactis subsp. lactis
and the uninoculated control samples.
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Figure 5. Counts of Listeria monocytogenes in pork balangu during storage
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Figure 6. Counts of Salmonella typhimurium in pork balangu during storage
Ing-lc, pork balangu containing spices and inoculated with L. lactis subsp. lactis; Ing-cont, pork
balangu containing spices and uninoculated with starter culture; N-Ing-lc, pork balangu containing no
spices and inoculated with L. lactis subsp. lactis; N-Ing-cont, pork balangu containing no spices and
uninoculated with starter culture.
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Figure 7. Counts of Brochothrix thermosphacta in pork balangu during storage
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Figure 8. pH patterns of pork balangu during storage

Ing-lc, pork balangu containing spices and inoculated with L. lactis subsp. lactis; Ing-cont, pork
balangu containing spices and uninoculated with starter culture; N-Ing-lc, pork balangu containing no
spices and inoculated with L. lactis subsp. lactis; N-Ing-cont, pork balangu containing no spices and

uninoculated with starter culture.
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Conclusion

The nisin producing Lactococcus lactis subsp. lactis used as starter culture in pork

balangu demonstrated effective control of spoilage and pathogenic organisms in the meat
product. Of most important is the control recorded against the pathogens Ls.
monocytogenes and S. typhimurium, and spoilage organism B. thermosphacta which are
commonly associated with meat products. The findings of this study may therefore be every
useful in the preservation of the product, as possible transformation into practical
applications could constitute an important approach for improving safety and availability.
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Introduction. The effect of coriander, mace and black
pepper oleoresins on microbiological stability of a cooked
poultry sausages during refrigeration storage was investigated.

Materials and methods. Cooked poultry sausages with
different part non-meat raw material were examined.
Microbiological attributes, such as Quantity of Mesophilic
Aerobic and  Facultative  Anaerobic =~ Microorganisms
(QMAFAnM),  coliforms,  Salmonella,  Sulfite-reducing
clostridia, Proteus, Listeria monocytogenes, Staphylococcus
aureus, yeasts and molds were determined methods accepted in
general lines.

Results and discussion. There was no significant difference
between initial QMAFAnM for all samples after the thermal
treatment (day 0). QMAFAnM for CO samples increase during
entire research. At the end of storage, the count was increased to
1,1-8,5x10° cfu/g and was significantly higher than the other
samples except CO0O40. The QMAFAnNM in MO samples was
initially 1,0x10'-1,5x10° cfu/g and was maintained at this level
until the seventh day of storage. However, after 13 days the
increase of QMAFAnM was significant. Sausages with BPO
showed stable meaning of QMAFAnM during storage time.
After 13 days of storage, the BPO samples contributed to
significantly lower QMAFAnM count than the CO and MO
samples. The initial population of moulds was <10 cfu/g while
on day 4 of storage a count of 2,5-7,0x10' cfu/g was recorded for
treatments with CO. MO and BO samples demonstrated stable
meaning of moulds during entire research, only on 13" day of
storage BPO100 and MOG60 samples showed 2,0x10" "and
2,5%10" cfu/g respectively. Yeasts from MO and BPO samples
did not differ after 7 d of storage, but were significantly lower
than counts from CO samples. Yeasts from CO samples
increased during entire storage. Sausages with MO showed
stable meaning of yeasts durmg storage time. Imtlal meaning of
BPOS80 yeasts was 3,0x10" cfu/g, although on 7" day of storage
inhibition of yeasts was observed. The samples with BPO and
MO had lower yeasts counts than CO samples during the entire
storage period.

Conclusions. Mace oleoresin and black pepper oleoresin
have more antimicrobial activity than coriander oleoresin. Only
black pepper oleoresin has shown antimicrobial effect during
refrigeration storage more than 10 days. In processing meat
containing products with oleoresin it’s necessary to make accent
on black pepper oleoresin addition.
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Introduction

Qualitative characteristics of meat products preservation during storage is one of
important task and is vital for meat industry.

The object of the present research was to study the coriander (CO), black pepper
(BPO) and mace (MO) oleoresins effect on the microbiological stability and the shelf-life
of a cooked chicken meat (more than 60% of meat in formulation) and meat containing
(less than 60 % of meat in formulation) products.

Spice oleoresins application for food, in particular meat products
analysis

In the last decade, chicken-based meat products have become increasingly popular
worldwide due to their high nutritional quality and low cost and are available as either fresh
or precooked (i.e. fried) chicken products, which after subsequent packaging are usually
stored under refrigeration [1]. Additionally, frozen chicken-based meat products also
available on the market include specialties such as: nuggets, meatballs, hamburgers,
frankfurters, etc. Susceptibility of chicken meat and chicken-based meat products to
microbial spoilage presents a potential health hazard, since poultry meat may harbor
pathogenic microorganisms [2].

Poultry and poultry products are a highly perishable food and their shelf-life varies
between 3 and 10 days under refrigeration. Deterioration depends mainly on the
microbiological quality of the poultry carcasses, as poultry meat offers the perfect
environment, pH, nutrients and humidity conditions for microorganism development.

The use of natural preservatives in foods has been widely accepted by consumers, who
increasingly seek for natural and healthier products, free of synthetic additives [3, 4]. In
addition, consumers are used to the presence of herbs and spices commonly added to
provide flavor and aroma in meats.

Black pepper and coriander are the most widely spread in meat products processing,
unlike mace.

The quality of black pepper depends on the contents of piperine and essential oil. Both
pepper and piperine exert liver protective action. Kaul and Kapil found that piperine
reduces in vitro and in vivo lipid peroxidation [5]. This is a very significant property, as
lipid peroxidation causes free radical production that causes tissue damage. Pepper has
antioxidant activity which is attributed to the tocopherol and polyphenol contents in pepper.
Supercritical carbon dioxide extracts of ground black pepper have been found superior in
reducing lipid oxidation of cooked ground pork [6]. The antioxidative activity of black
pepper can, at least partially, be ascribed to the presence of glycosides of the flavonoids
kaempherol, rhamnetin and quercetin [7], as well as to the phenolic amides. Nakatani ef al.
established that all the five phenolic amides present in pepper possess very good
antioxidant property, which is even superior to that of the synthetic antioxidants like
butylated hydroxy toluene and butylated hydroxy anisole [8]. Addition of pepper to foods
increases their keeping quality and prevents their spoilage, due to the antimicrobial
properties of pepper. The essential oil of pepper is found to be inhibitory to Vibrio
cholerae, Staphylococcus albus, Clostridium diphthereae, Shigella dysenteriae,
Streptomyces faecalis, Bacillus spp., Pseudomanas spp., etc. Pepper oil stopped the growth
and aflatoxin production by Aspergillus parasitics at a concentration of 0,2—1%. Pepper
leaf oil also exhibits antifungal activity.
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The ethanol extract of Coriandrum sativum leaves is an excellent antioxidant, which is
stable at high temperature and can serve as a substitute for synthetic antioxidants [9].
Further studies carried out by Melo et al. indicated that the four coriander extract fractions
obtained from the crude extract using chromatography in silica gel possessed similar
antioxidant activities, which can be measured by the B-carotene/linoleic acid system. The
antioxidant activity was due to several phenolic acids and caffeic acid, which were present
in all four fractions [10].

The greater antioxidant effect of a crude extract of coriander compared to its
component fractions suggested a synergistic action between the carotenoids. Assessment of
the total antioxidant activity of methanol and water extracts coriander leaves and stems
using an iron-induced linoleic acid oxidation model system showed that the methanol-
derived leaf extracts exhibited significantly greater radical-scavenging activity towards both
lipid- and water-soluble radicals, which was attributed to the total phenolic content [11].

Coriander has strong antibacterial activity against Staphylococcus aureus, Salmonella
typhi and Escherichia coli [12]. In 2002, a study carried out by Delaquis ef al. reported that
coriander oil strongly inhibited gram-positive bacteria (Listeria monocytogenes and S.
aureus), but had little effect against gramnegative bacteria (Pseudomonas fragi, E. coli, S.
typhi) [13].

Mace possess antioxidant properties. Checker et al. reported that the lignans present in
the aqueous extract of fresh mace also possess antioxidant properties [14]. Acetone extract
of mace-containing lignans inhibited lipid oxidation and prevented oxidative damage to
cells [15]. Mace oil is inhibitory to the growth of A. parasiticus and F. moniliforme [16]
and prevented the formation of aflatoxins.

Herbs and spices, and the oleoresins and essential oils extracted from them, are widely
recognized as powerful agents for the preservation of food quality. Spices and herbs, in
addition to contributing taste and aroma to foods, also contain a variety of bioactive
substances which are of considerable use from the standpoint of food science and
technology. These may be used singly or in combination, and some act synergistically to
control spoilage of foods [17]. Their use has been well documented in terms of their ability
to increase safety and shelf-life of pork, beef and poultry products through their
antimicrobial [18, 19, 20] and antioxidant [21, 22, 23] capacities.

Therefore, oleoresins can be considered a good choice of natural preservatives for
meat and meat products.

Oleoresin is a concentrated form of the spice containing the volatile essential oils as
well as non-volatiles such as fixed oils, antioxidants, and pigments materials.

Oleoresins contain all of the volatile and nonvolatile flavor components and the
natural antioxidants of the spices. In comparison to the ground spices, they are hygienic and
can be standardized for acceptable flavour levels by blending. Unlike the essential oils,
oleoresins contain natural antioxidants of the corresponding spices, which make them more
stable. Oleoresin contains essential oils that make up the aroma, oleoresin also contains
resins and compounds that did not volatile determine the characteristic flavor of spices.
Moreover, the resin part in the oleoresins acts as natural fixatives to more volatile
components. Oleoresins are quite concentrated and have good replacement value.

However, despite these advantages over ground spices, spice oleoresins exhibit
sensitivity to light, heat and oxygen, and have short storage lives if not stored properly.

The process used for extraction depends on the nature of vegetable matter, and
depending on its thermal instability, the operating temperature ranges from ambient to the
boiling point. Oleoresin extraction is generally done with organic solvents, such as acetone,
ethanol, methanol, hexane, ether and isopropyl alcohol. The choice of solvent affects the
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quality and quantity of oleoresin obtained. Oleoresins were used in food processing safer
extracted using ethanol solvent [24]. Extraction with polar solvents such as ethanol will be
produced oleoresin with a low fat content.

In recent years, many researchers have evaluated the antioxidant properties of
oleoresins from different spice and herbs [25, 26]. Oleoresin has been studied for its
antimicrobial activity [27, 28]. Rosemary and onion oleoresins showed antioxidant effects
in both raw and cooked irradiated pork loins. When these oleoresins were used in
combination with a-tocopherol, the antioxidant activity was more distinct in irradiated
cooked pork. Rosemary oleoresin—tocopherol had stronger antioxidant effect than onion—
tocopherol [29]. The incorporation of nanoparticle paprika oleoresin in to meat using carrier
system, demonstrated that the marinating performance and sensory acceptability of
marinated meat products can be improved and optimized by the utilization of nanoparticle
ingredients in marinating operations [30].

It appears a meat containing products with large part non-meat raw material problem
shelf-life and ensuring microbiological deterioration.

Materials and methods

The present study focused on the monitoring of the following species of micro-
organisms: Quantity of Mesophilic Aerobic and Facultative Anaerobic Microorganisms
(QMAFAnM), coliforms, Salmonella, Sulfite-reducing clostridia, Proteus, Listeria
monocytogenes, Staphylococcus aureus, yeasts and molds.

After the preparation of each chicken batter, oleoresin was added according to the
following formulations (Table 1).

Table 1
Formulation of poultry sausages with coriander, mace and black pepper oleoresins
CO | BPO| MO| CO | BPO| MO | CO | BPO| MO | CO | BPO| MO
100| 100 | 100| 80 80 80 60 60 60 40 40 40
Poultry 100 | 100 | 100 80 80 80 60 60 60 40 40 40
Soyabean 10 10 10 20 20 20 30 30 30
meal - B %) | %) | 2%) | (4%) | (4%) | (4%) | (6%) | (6%) | (6%)
Protein — — — 10 10 10 20 20 20 30 30 30
Water 30| 30 | 30 30 30 30 30 30 30 30 30 30
Salt 22| 22| 22| 22 2,2 2,2 2,2 2,2 2,2 2,2 2,2 2,2
Oleoresin | 0,1 | 0,1 | 0,1 | 0,1 0,1 0,1 | 0,15| 0,15] 0,15| 0,2 0,2 0,2
Smoke — — — 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2

Minced poultry from each treatment was formed into sausages using a meat former.
The sausages were boiled in a vessel at a water temperature of 75+1°C until a core
temperature of 71£1°C was reached. After cooling in iced water, the sausages were stored
at 5+1°C for 13 days.

Microbiological analysis of chicken sausages was carried out on days 0, 4, 7 and 13 of
storage. At each sampling day, three independent samples from three different
manufactured date for each treatment were analyzed.

10 g of each sample were aseptically placed into a stomacher bag. Afterward, 90 ml of
Peptone Saline Solution (PSS) was added and homogenized using a stomacher for 60 s at
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room temperature. Serial 10-fold dilutions were prepared by diluting 1 ml of homogenate in
9 ml of PSS.

Serial decimal dilutions were inoculated (1 ml) onto nutrient agar for QMAFAnM and
onto Sabouraud agar for yeasts and molds. Plates were incubated at 30 £ 1 °C for 72 h for
QMAFAnNM and 24 + 1 °C for 120 h for yeasts and molds.

Coliforms were determined on nutrient medium Kessler after incubation at 37+1°C for
48 hours. After that, one loop of nutrient medium was streaked onto the surface of Endo
agar and incubated at 37+1°C for 48 h.

Staphylococcus aureus was determined on Saline Solution after incubation at 37+1°C
for 48 hours. After that, was streaked on Baird Parker agar and incubated at 37+1°C for 48
h.

Sulfite-reducing clostridia were determined on Iron sulfite agar (Wilson-Blair) after
incubation at 37+1°C for 3 days.

Proteus was determined on nutrient broth. After incubation at 37°C for 48 h the one
loop was streaked on nutrient agar and incubated at 37°C for 48 h.

Presence of Listeria monocytogenes was determined by suspending 25 g of sausage
into 225 ml enrichment medium with reduced concentration of selective agents (half-Fraser
broth) with incubation at 30+1°C for 24 h. Then one loop was re-seeding in a selective
liquid enrichment medium with full concentration of selective agents (Fraser broth) and
streaked on PALCAM agar and incubated at 37+1°C for 48 h. After incubation Fraser broth
one loop was streaked on PALCAM agar and incubated at 37+1°C for 48 h.

Presence of Salmonella was determined by suspending 25 g of sausage into 225 ml
buffered peptone water followed by incubation at 37+£1°C for 20 h. Then the culture was
re-seeding on Rappaport-Vassiliadis medium and incubated at 37+£1°C for 24 h. After that,
one loop was streaked onto the surface of two selective solid media: Brilliant green agar
and bismuth sulphite agar, both incubated at 37+1°C for 48 h.

After incubation, two plates with nutrient agar and Sabouraud agar for each sampling
point were counted. Results were expressed as a number of colony forming units per gram
(cfu/g). The article contains average meaning of three independent samples from three
different manufactured date for each treatment. All plates were examined visually for
typical colony types and morphological characteristics that were associated with each
growth medium.

The lowest detection limit for QMAFAnM, yeasts and molds analysis was <10 cfu/g,
for coliforms, Staphylococcus aureus; Proteus; Sulfite-reducing clostridia; Salmonella and
Listeria monocytogenes the detection limit of which were absence in 1,0; 0,1; 0,01; 25 g,
respectively.

Results and discussion

The changes in the QMAFAnM during storage are shown in Figs. 1, 2, 3 and 4.

There was no significant difference between initial QMAFAnM for all samples after
the thermal treatment (day 0). It characterizes homogeneity of the initial condition.

QMAFAnM for CO samples increase during entire research. At the end of storage, the
count was increased to 1,1-8,5x10° cfu/g and was significantly higher than the other
samples, except CO40. It is attributable to low functional effect of this oleoresin
component.
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Fig. 1 Changes in QMAFARM in cooked poultry sausage with 100% of meat stored under
refrigeration (4+1° C) during 13 days
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Fig. 2 Changes in QMAFARM in cooked poultry sausage with 80% of meat stored under
refrigeration (4+1° C) during 13 days
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Fig. 3 Changes in QMAFARM in cooked poultry sausage with 60% of meat stored under
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refrigeration (4+1° C) during 13 days
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The QMAFAnM in MO samples was initially 1,0x10'-1,5x10% cfu/g and was
maintained at this level until the seventh day of storage. However, after 13 days the
increase of QMAFAnM was significant and was more expressive in meat-containing
samples than in the meat products. QMAFAnM shift character with MO addition shows
this oleoresin as possible bacteriostatic agent.

Numbers QMAFAnM recovered from meat and meat-containing samples treated with
MO and BPO were not significantly different from the numbers recovered from sample
with 100% meat raw material.

Mace oleoresin and black pepper oleoresin were more effective than coriander
oleoresin on reducing QMAFAnM.

After 13 days of storage, the BPO samples contributed to significantly lower
QMAFAnNM count than the CO and MO samples.

Sausages with BPO showed stable meaning of QMAFAnM during storage time, that
pointed to BPO bactericidal effect and afford its recommendation as basic component for
oleoresins mix, including meat containing products processing. It’s approved by the fact
that QMAFAnM was significantly lower for BPO40 samples as compared to all other
treatments during storage.

Of the treatments examined in the present study, black pepper oleoresin was the most
effective for the inhibition of QMAFANM during storage.

The initial population of moulds (Table 2, 3) was <10 cfu/g while on day 4 of storage
a count of 2,5-7,0x10" cfu/g was recorded for treatments with CO.

Table 2
Changes of moulds in meat products during refrigeration storage
Days of Moulds, cfu/g
storage CO100 BPO100 MO100 CO80 BPOS80 MOS80
0 <10 <10 <10 <10 <10 <10
4 2,5%10" <10 <10 5,5%10' <10 <10
7 <10 <10 <10 3,2x10° 10 <10
13 <10 2,0x10' <10 1,0x10° <10 <10
Table 3
Changes of moulds in meat-containing products during refrigeration storage
Days of Moulds, cfu/g
storage C0O60 BPO60 MO60 CO40 BPO40 MO40
0 <10 <10 <10 <10 <10 <10
4 5,0x10' <10 <10 7,0%10' <10 <10
7 3,0x10 <10 <10 <10 <10 <10
13 3,0x10 <10 2,5x<10" | 4,0x10' <10 <10

CO samples demonstrated moulds increase during storage, so coriander oleoresin did
not inhibit moulds.
MO and BO samples demonstrated stable meaning of moulds during entire research,
only on 13th day of storage BPO100 and MO60 samples showed 2,0x10" and 2,5x10" cfu/g

respectively.

The development of the yeasts for the samples is shown in Table 4, 5.
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Table 4
Changes of yeasts in meat products during refrigeration storage
Days of Yeasts, cfu/g
storage CO100 BPO100 MO100 CO80 BPO80 MOS80
0 <10 <10 <10 <10 3,0x10' <10
4 3,0x10' 10 <10 2,3x10° 2,5x10" 10
7 1,0x10 <10 <10 1,5x10° <10 <10
13 1,5x10° 10 <10 4,5x10° <10 10
Table 5
Changes of yeasts in meat-containing products during refrigeration storage
Days of Yeasts, cfu/g
storage CO60 BPO60 MO60 CO40 BPO40 MO40
0 2,0x10" <10 <10 <10 <10 <10
4 9,0x10' <10 <10 8,0x10' <10 <10
7 5,5x10° <10 <10 <10 10 10
13 5,5x10° 2,0x10" 10 3,5x10 2,5x10 <10

Yeasts from MO and BPO samples did not differ after 7 d of storage, but were
significantly lower than counts from CO samples.

Yeasts from CO samples increased during entire storage.

Sausages with MO showed stable meaning of yeasts during storage time.

Initial meaning of BPO80 yeasts was 3,0x10' cfu/g, although on 7" day of storage
inhibition of yeasts was observed.

The samples with BPO and MO had lower yeasts counts than CO samples during the
entire storage period.

Concerning yeasts and moulds, no significant differences between all treatments with
BPO and MO were observed.

Mace oleoresin and black pepper oleoresin was a lot more effective in reducing yeast
and moulds populations than coriander oleoresin.

The sample with CO showed a higher QMAFAnM, yeasts and molds count than the
samples with MO and BPO. The mentioned microbial groups are considered as spoilage
microorganism, and their presence in high amounts could affect the organoleptic properties
of the samples. The relatively high population of yeasts and molds also may cause the
formation of slime and greening on the sample surface. Therefore, it confirmed more
powerful inhibitory action of oleoresins on QMAFAnM as well as yeasts and molds
development.

In this work, the presence of coliforms, Salmonella, Sulfite-reducing clostridia, Listeria
monocytogenes, Proteus, Staphylococcus aureus were not detected in any sausage samples,
regardless of storage time (data not shown).

Conclusions
Meat and meat containing systems with coriander oleoresin demonstrated rapid
increase of QMAFAnM, moulds and yeasts during entire research, so coriander oleoresin

application in meat-containing products processing as microbial stabilizing agent is not
recommended.
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Meat systems with mace oleoresin kept microbiological stability during 10 days, meat
containing products kept microbiological stability during 8 days. That’s why for meat and
meat containing systems with mace oleoresin could be recommended shelf life 7 and 5 days
respectively.

Samples with black pepper oleoresin kept microbiological stability during all storage
time. For meat and meat containing systems with black pepper oleoresin could be
recommended shelf life 10 days.

Mace oleoresin and black pepper oleoresin have more antimicrobial activity than
coriander oleoresin.

Only BPO has shown antimicrobial effect during refrigeration storage more than 10
days.

Offered shelf life for samples containing mace and black pepper oleoresins is in accord
with trivial recommendation for cooked sausages.

In processing meat containing products with oleoresins mix inhibiting microorganisms
growth it’s necessary to make emphasis on black pepper oleoresin addition.
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Introduction. The aim of the work was to build a
mathematical model of the process of suspension filtering
on the filter with self-purifier filter element that is
designed as a cylindrical compression spring.

Materials and methods. Research of the filtering
process was performed on the filter with self-purifier filter
element. As a studied suspension the milk whey was used,
obtained in the production of cottage cheese. The
concentration of the dispersed phase in the milk whey was
defined by centrifugation of samples followed by further
drying sludge in a drying oven.

Results and discussion. The gained mathematical
model is based on the model of the filtering process with
clogging each pore with the individual particle.

The model takes into account that not all of the
dispersed phase particles that are larger than the width of
the filter holes, will clog them, but only their particle that
is directly proportional to the ratio of living area to the
total area of the filter surface.

The mathematical model allows to determine the
length of the filtering process based on the volume of
suspension, and to set the rational period between
regenerations of self-purifier filter element.

Comparing the parameters obtained by mathematical
modelling with the real process of filtering milk whey
indicates that the mathematical model adequately reflects
the separation process of suspension on the filter with
self-purifier filter element with the volume of filtrate from
0 to 5 m’ per 1 m’ filter surface - the average relative
deviation of the results obtained with the help of the
mathematical model of the experiment is 11%.

Conclusions. The mathematical model can be applied
in calculating parameters of the process of suspension
filtering on the filter with self-purifier filter element.

——VUkrainian Food Journal. 2016. Volume 5. Issue 1 — 135



-Processes and equipment of food productions
Introduction

Regimes of suspensions filtering process are due to the following main factors:
properties of the suspension, properties of the filtration surface and the design properties of
the filter. Regarding filtration properties of the sludge, the impact of both properties of
dispersed environment [1-4] and dispersion [5, 6] should be noted.

Filtering through a layer of sludge is described by Darcy [7]:

W=—-:" (1)

where W — speed of filtering, m/sec;
1o — filtering resistivity, m>;
u — dynamic viscosity of suspension, Pa-sec;
P — pressure, Pa;
h — height of sludge layer, m.
In the mathematical description of the filtering process the compressibility of the
sludge and continuity equation of the solid and liquid phase are also taken into account [8]:

ow__as

oh ot @
where € — porosity of the sludge layer;
T — duration of filtering, sec.

For consideration of sludge's compressibility the law of compression can be used under
which the infinitely small change in sludge's porosity is directly proportional to the
infinitely small change of pressure:

Oe

oP’ @)
where G — compressibility module of sludge, Pa;
e — coefficient of porosity.
Solving this equation considering filtration and compression properties of sludge is
given in the work [8]
Also [8] the work highlights the need for representation filtering equation as follows:

1 oP
W-eoc=—

— 4
ur, Ooh @

wherec — speed of the solid phase movement, m/sec.

In the work [1] it is proposed to consider the dependence of the resistivity to filtering of
the pressure filtering.
In the work [9] non-Newton properties of the dispersion phase, considering Rut's

equation are proposed:
1

dg B AR "
E{krox(V—Ve)} ’ ®
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where  q — specific volume of the filtrate obtained of the area unit of filter surface,
m’/m?;
AR — hydraulic resistance to the layer of sludge and filter surface, m™;
k — consistency index;
n — stream index of filtrate;
x —ratio of volumes of the obtained sludge and filtrate;
V — volume of filtrate, m®;
V. — equivalent volume of filtrate, during the passage of which a sludge layer
Wi}th resistance to filtering that equals resistance to filter surface may be formed,
m’.

Secure features of the filtering process are considered in the monograph [1], in
particular filtration at a constant speed, constant pressure of the process, etc.

Common to all these works is filtration with a sludge formation on the filter surface
and change of the layer of sludge's height. However, structures of filtering machines the
height of the sludge layer of which is minimal and unchanged throughout the whole process
are known. This includes filtering centrifuges with continuous diversion of sludge and
filters with self-purifier filter elements [7]. In this case, resistance to filtering, which creates
a layer of sludge, can be considered as resistance of the filter surface, and filtration process
as such that proceeds with clogging pores.

Filtering theory [7] in this case considers the following cases: filtering with clogging
every pore with a separate solid particle (complete clogging of pores) filtering with a
gradual clogging of every pore with many solid particles.

Mathematical model of filtering every pore process with a separate solid particle is
presented in the publication [7]. The author proposes to consider that on the filtration
surface with area of 1 m® is N identical cylindrical capillaries of radius r and height,
corresponding to the height of the sludge's layer. The initial speed of filtration is proposed
to be determined of the expression:

W, = AN, (6)

where W, — initial speed of filtering, m/sec;
N — number of capillaries;
A — volume of filtrate that passes through the capillaries per second, m*/sec, is
found of Hagen—Poiseuille equation:

4
4 AP. )
8uh
After passing the filtrate in the amount V the number of the clogged capillaries is the
following:
Ne=nV, ®)

where N, — number of the clogged capillaries;
n — amount of the particles of a dispersed phase in one m® of suspension that clog
capillaries, 1/m’.
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In these conditions, the dependence of filtering speed of the volume of filtrate will be
described by the equation:

W=A(N — nV) 9)

However, the formulation of the problem in this form does not allow taking into
account design features of filter and suspension.

The aim of the work was to build a mathematical model of the process of suspension
filtering with every pore clogging of the self-purifier filter element with one solid particle
in the absence of the sludge layer.

Materials and methods

The object of the research was the process of suspension filtering and theoretical
description of this process. Theoretical analysis was performed for the installation with self-
purifier filter element.

This refers to the self-purifier filter element that is designed as a cylindrical spring of
compression, the size of the gap between the turns of which corresponds to the size of the
smallest particle of the dispersed phase that should be impeded [10].

Experimental instalment with a cylindrical filter element consisted of a cylindrical
body 1 (Fig. 1), nozzles 2 and 3, supply and removal of whey respectively, guide glass 4
with a screw 5, tube to remove sludge 6, filter element 7, ring 8, electromagnet 9, shaft 10,
sludge tank 11 and measuring tank 12. Material of the filter element is stainless steel; the
gap between the turns of the filter element - 0.9 mm, the proportion of living cut - 38%.

As the pilot suspension the milk whey was used, obtained in the production of cottage
cheese in a periodic way (fat content in the finished product - 9%) using cheese-producing
baths of brand VS-5000.

Firstly a concentration of dispersed particles of protein in whey was defined. For this
case sampling of whey with volume of 500 ml was made every 3 minutes during the whole
time of pouring the whey out of the cheese-producing bath. Then all samples were poured
into one container, mixed and 12 portions of 5 ml each were selected of the total volume of
whey. Then four portions of whey were poured into four tubes, closed with rubber stoppers
and placed into a centrifuge of mark OPN-12 with plugs to center. The whey was
centrifuged for 5 min at speed of 6000 rev/min (centrifugation duration was measured from
the moment of gaining rotational speed - 6000 rev/min). After centrifugation the tubes were
removed from the centrifuge, opened and the liquid phase was poured so that only the
sludge remained in the tube. The obtained sludge was dried in the oven for 60 minutes at
the temperature of 105° C. The dried sludge was weighed. The concentration of dispersed
particles of protein in the whey was defined as the ratio of dry sludge to the volume of
whey of which it was obtained (2:10-5 m3). The experiment was repeated three times. The
concentration of dispersed particles of protein in the whey was 3.0 kg/m”.
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Figure 1. Experimental installation with self-purifier filter element
1-body; 2-3, respectively tubes of supply and removal of whey; 4-guide glass;
5-screw; 6-nozzle to remove sludge; 7 self-purifier filter element; 8-ring; 4;
9- electromagnet; 10-shaft; 11-sludge tank; 12-measuring filtrate tank.

Further purification of the whey was performed. Milk whey was given to the
experimental installation directly of cheese-producing bath (without pump) under the
pressure of 3.0 kPa. The whey through the pipe 2 was tangentially given to the glass 4.
From the glass it passed through the filter element 7. The ring 8 with periodic switch of
electromagnet 9 was moved down along the axis of the shaft 10 and thus compressed
filter element 7 that ensured its regeneration. The duration of the regeneration was 1 sec.
The sludge that remained on the filter element was transported with screw 5 into the
bottom of the body 1, where it was removed periodically through the pipe 6 into the tank
11. The filtrate was removed of the filter through the pipe 3 into the measuring tank 12.

Screw rotation rate was 9 rev/min. During the experiment every 10 sec the amount of
the sludge was fixed.

After filtering whey samples were collected out of the measuring tank 12, 5 ml each,
and according to the methodology described above, the concentration of the dispersed
phase in the filtrate was defined. It was 1.6 kg/m’.

Results and discussion

In the mathematical model developing the following assumptions were made: during
the accumulation of sludge in the gaps between the turns of the spring the capillaries were
formed, diameter of which is equal to the distance between the coils of the spring; the
height of the capillary is equal to the wall thickness of the filter element (diameter of the
coil spring); dispersed phase particles are uniformly distributed over the entire area of the
filter surface.
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It was believed that the number of capillaries N is proportional to the living cut area of
filter surface:
S
N=—-, (10)

r,

c

where S;— living cut area of filter surface, m’;
1. — capillary radius, m.

Then we assume that not all of the dispersed phase particles that are larger than the
diameter of capillaries will clog them, but only their particle that is directly proportional to
the ratio of living cut area to the total area of the filter surface. The remaining particles will
be laid on coils of the spring and will be transported by screw. Then n will be:

n=no%, (11)

where n —number of the dispersed phase particles in 1 m® of suspension that are larger than
pore diameter, 1/m’;
S — filtering surface area, m”.
We change in equation (9) W to dV/dr:

dv

—=A(N-nV). (12)
dr

We divide variables:
_a dr, (13)
A(N -nV)

AN =W,, mark An=m.
After integration of equation (13) from 0 to V and from 0 to t, with boundary
conditions V =0 and t = 10, we obtain an equation for the duration of filtering:

1 N-nV
t=7,——1In , 14
S e (14)

where 1y — duration of the filtering with a clean filter surface (none of capillaries is
clogged), sec.

Verification of the mathematical model for adequacy was performed on the example
of the process of milk whey filtering. Sequence of checking was as follows: experimental
study of the milk whey filtering process in production conditions was made; mathematical
modelling of the milk whey filtering process was performed; data obtained in the
experimental way with the appropriate calculations were compared; relative deviation of
the mathematical model from the real process of filtering was defined according to the
formula:
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J
2(x.-x)
Q=" 100%, (15)
o
=1

where Q —relative deviation, %;
X;. — experimental value of filtering duration to filtrate volume V;, sec;
Y; — calculated value of filtering duration (according to the formula (14)) for the
filtrate volume V;, sec;
j —number of measurements, j = 10.

Mathematical modelling was carried out in the following sequence.
1. Number of capillaries was defined according to the formula (10);
2. Average radius of particles larger than the diameter of the pores of the expression
was defined:

3
Z (rg,)
Tp =, (16)
&
i=1
where  r; — average radius of i-fraction of protein particles larger than the width of the
filter surface gap;
g; — share of i-fraction protein particles, %.
3. average weight of one protein particle was found:

3
mp.uv. = Zﬂ(ru.uv.):‘ pp’ (17)

where m, 5, —average weight of protein particles larger than the diameter of the pore, kg;
I'..ay, — average radius of capillaries, m;
pp — density protein, kg/m®.
4. Number of particles in 1 m® of suspension larger than the size of the pore was
defined with the help of the formula:

n, = , (18)

where my — total mass of particles larger than the diameter of the pore, kg.

5. Number of the dispersed phase particles in 1 m® of suspension that clog the pores
according to the formula was defined (11);

6. Volume of the filtrate that passes through the capillary in one second according to
the equation was found (7);

7. Length of the filter with a clean filtration surface was defined:

(19)

where F — area of filter surface, m”.
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8. Calculation of the duration of the filtering process at V.= 0, 1, 2, 3 ... 10 m’

according to the formula (14) was performed.

Comparison of the data obtained by mathematical modelling with the real filtering
process of milk whey (figure 2) shows that the mathematical model adequately reflects the
process of suspension separation on the filter with self-purifier filter element with the
specific volume of filtrate up to 5 m’/m? - the average relative deviation of the results
obtained with the help of the mathematical model of the experiment is 11%. With further
increase of the specific volume of the filtrate the relative deviation of the mathematical
model increases.

As the concentration of dispersed particles in suspension remains stable and the
number of unclogged filter openings is inversely proportional to the volume of filtrate, at a
constant speed of filtering the process of clogging is eventually accelerated. So, the lines
showing the filter length dependence on the volume of filtrate are of non-linear character
(figure 2).

10000

8000 Y

6000 /
7/
/( / pe 1

4000

Duration of filtering 1, sec
-\
N

2000 o i s

0 1 2 3 4 5 6 7 8 9 10

Volume of filtrate V, m®

Figure 2. Dependence of filtering milk whey duration filtrate on the volume of
filtrate for 1 m” of filter surface:
1 — experimental data; 2 — calculation according to the formula (14).

Conclusions

The proposed mathematical model of suspension filtering process with every pore
clogging of self-purifier filter element with a separate particle at absence of sludge layer
allows to predict the duration of filtering depending on the volume of the obtained filtrate
and to set a rational value of regeneration period of the filter element.

The mathematical model adequately reflects the separation process of suspension on
the filter with self-purifier filter element with at the volume of filtrate from 0 to 5 m’ per 1
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m” of filter surface - average relative deviation of results obtained with the help of the
mathematical model of the experiment is 11%.

It can be used in calculation of the regeneration process of self-purifier filter element

and when designing new filter installations.

10.
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Introduction. The main part of wastes from the
sunflower oil production is sunflower ash that contains
useful substances. The aim of the work to determine kinetic
laws of the process of obtaining complex organic-mineral
granulated fertilizers using the sunflower ash.

Materials and methods. Dehydration and granulation
of liquid heterogeneous systems that contained mineral,
humic substances and sunflower ash were held in the
fluidized bed apparatus equipped with a special gas
distribution device for creating a jet-pulsating mode of
fluidization by supplying gas heat carrier.

Results and discussion. A stable kinetics of granulation
process of the humic-organic-mineral fertilizers which
contain K:N:Ca:P:Mg:S:Hum.=23:9:5:2:6:15:2 with a
coefficient of granule formation y>90% was achieved with
an average meaning of the heat carrier temperature
difference at the entrence to the granulator and in fluidized
bed AT=117°C. The obtained (resulting) product has a
spherical shape, a uniform distribution of components at the
micro level throughout the volume of granules, strength
6>35 Newtons per granule that is more than 3 times higher
than standard indicators. An increasing of the
average specific load of bed's surface by moisture
divided by the efficient temperature difference
Ay =0,006+0,0066 kgmoisture/(m2~h~deg) was achieved when
applying a jet-pulsating hydrodynamic mode of fluidization.

The research results can be applied when creating an
industrial equipment for production of humic-organic-
mineral fertilizers with the use of mineral and organic
nutrients. The use of sunflower ash in creating of new
humic-organic-mineral fertilizers will provide rational usage
of natural resources with the preservation of natural food
chain and will improve the environmental safety as a result
of recycling of wastes from fat and oil production.

Conclusions. The developed method allows to utilize
wastes of sunflower oil production by their use in the
producting of new complex humic-organic-mineral
fertilizers.
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Introduction

A dynamic development of food industry is accompanied by increasing of food
products realization volumes, among which fat and oil industry occupies a special place [1]
and is focused on the production of sunflower oil and allied products. Sunflower occupies
more than 90% of the total oilseeds production in Ukraine and at least 10% of the sowing
areas structure [2].

By-product of sunflower oil production is an oil meal and an oil cake that constitute
17-20% from the initial seed weight. However, in order to reduce an energy costs by the
past 10 years almost all large oil and fat combines and oil-extraction plants of Ukraine have
implemented technology of husk burning and pellets or briquettes from it, which is 80% or
312 tons per year.

Nevertheless, the quantity of residues (ash) after husk burning reaches up to 10% of
the total volume - 31.2 thousand tons per year [3], which contains useful substances.

Thus, from an environmental point of view, the need for rational utilization of
sunflower ash arises. The main components that belong to its composition, constitute
95.67% of the total mass, table 1, the rest (4,33%) are Zn, C, Co, Mn, Fe, Mo [4].

Table 1
The chemical composition of sunflower ash
Chemical compounds K,O CaO MgO SO, P,Os
wt.% 31,40 19,07 18,58 13,68 10,94

Presence of potassium and phosphate components deficiency in soils, which increases
significantly while growing sunflowers and ether-oil crops, stipulates an advisability of ash
returning to an agricultural cycle in form of fertilizers. Moreover, a large removal of
nutrients from the soils causes the necessity in restoration of their fertility. Therefore, one
of the ways of using wastes from oil and fat industry after burning is the creation of
organic-mineral fertilizers, into which structure nitrogen containing components and humic
substances are additionally included.

There are known methods of a sunflower ash water solution granulation in rotating
drum granulators [4-7]. However, the lack of nitrogen-containing components and humic
substances reduces the effectiveness of of their use.

The firm "Ecoplant” [8] has organized a production of complex granulated fertilizers
by pressing mixture, which is composed of sunflower ash, ammonium sulfate and humic-
containing substance (brown coal). However, in this case the components distribution
occurs at the macro level and the final product has a low strength and great ability to
clumping. Furthermore, the addition of water causes the formation of calcium hydroxide,
which reacts with ammonium sulfate or with carbamide and causes an intensive allocation
of ammonia.

As world practice shows, the compensation of the soil fertility losses by means of
using the mineral fertilizers with an increasing number of active substance up to 500 kg per
hectare does not give desired results [9-12]. Therefore, the use of organic-mineral and
especially humic-organic-mineral fertilizers, which contain nutrients of an organic origin
refers to an effective ways of soil fertility preservation [13].
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Materials and methods

To create a composite humic-mineral fertilizers containing NPK, macro and micro
impurities of mineral and humic substances a method of obtaining solid humic and mineral
fertilizers by dehydration of composite liquid systems in a fluidized-bed apparatus is
developed [Patent of Ukraine 4465 IPC C05 G 1/01. A method for production of granulated
organic-mineral fertilizers].

Thanks to a specially developed method and construction of the granulator realization
of the granulation mechanism with a layer structure ensures a uniform distribution of
mineral and organic components throughout the volume of granules [14].

The aim of experimental researches is determination of conditions of sunflower ash
utilization and kinetic regularities of the process of obtaining granulated comprehensive
organic-mineral fertilizers.

For studying the kinetics of a granule formation process was created the sample of an
experimental-industrial ~ equipment with a  chamber of granulator size
AxBxH = 0,1x0,3x1,5 m (Fig. 1), that was equipped with a special gas distribution device
with sizes AXB = 0,1x0,3 m for creating a jet-pulsating regime of fluidization. [Patent of
Ukraine 84680 IPC BO1 J 8/44. Section of the fluidized bed apparatus].

Fig.1. Scheme of the process in chamber of the granulator:
I —inlet heat carrier; II — outlet heat carrier;
III — initial solution; IV — granulated product;
1 — chamber of granulator; 2 — gas distribution device (GDD); 3 — dispergator;

As the heterogeneous liquid phase a water solution of ammonium sulfate (AS) with
impurities of humates (H), sunflower ash (SA) and bentonite (B) was used.

All of the experiments were performed by the condition of keeping a constant bed
mass in the chamber of granulator and was expressed by hydraulic resistance of bed
APy.;~=1962 Pa (£50) which was fixed by indications of a differential manometer. Every
excess of a granular material was unloaded from the bed of granulator.
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An interaction of AS with a Ca(OH), compound (which is formed when adding water
to SA) in the initial solution causes the allocation of ammonia. To prevent this a certain
amount of an acid must be added to it for the formation of useful calcium compounds.
Beside this, in order to reduce deposition rate of the suspended particles of SA to the initial
solution is added 15% of bentonite. Ratio of mass percent of dry components in the
solution is [SA]:[AS]:[B]:[H]=25,6:21,4:1,5:1,0. The component composition of inlet
liquid systems for dehidratation in apparatus with a fluidized-bed are given in Fig. 2.

‘ | |
O Water OWater
SA SA
B B
| | Hum. m Hum.
| | | |
0 20 40 60 0 10 20 30 40 50
% %
a b

Fig. 2. Diagrams of the component composition of composite liquid systems:
a - research Nel; b - research Ne2

Solids content in a liquid phase is determined by rheological properties of the initial
solution and ensuring of the layering mechanism of granule formation with "onion"
structure [15, 16].

From the point of view on dehydration efficiency of the process a water content must
be reduced to its minimum (<40%), but in this case there are difficulties with realization of
the layering mechanism of granulation. Therefore, the influence of this parameter will be
more thoroughly investigated in subsequent experiments, associated with development of a
special unit of entering the initial solution.

As an initial granulation centers were used the granules with equivalent diameter
D, = 23 mm consisting of ammonium sulfate with impurities of humic
substances [17].

Initial working solution III was injected in the fluidized bed by mechanical
dispergator 3. Heat carrier temperature at the entrance to granulator (T, ) was maintained
at the range T, =200+10°C. The temperature of a layer of granular material (T,.;) was
fixed by an electronic potentiometer and was holding in the set range Tj.q = 96 + 4°C by
injecting of a liquid phase III.

The coefficient of granule formation (y) was calculated by the equation, %:

V= Gyl Ggp100%,

where G,,,, G, — productivity by a granulated product and by dry substances which are
enjected to the apparatus with a liquid phase III respectively [18], kg/h.
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Estimation of efficiency of the granule formation process when applying the
hydrodynamic regime of fluidization is a value of specific load of the surface of bed by
moisture [19] divided by the useful temperature difference (AT), Kgoss:/(m*h-deg):

A/: Gmoist./(ﬁred AT),

where G, — moisture consumption enjected to the apparatus with an initial working
solution III, Kkg,.ix/h; fres — the total surface of a bed of granular material, m’;
AT=T,,,-Tpeqs — the useful temperature difference, °C.

A generalization of results of an experimental researches was carried out as a
dependence of the coefficient of granule formation (y) from the complex APy./(g-D.) and
from the number of fluidization (K,) — y=AAPs../(g D.); K,), which allows to identify
areas of rational realization of the process.

Results and discussion

Dynamics of changes of the equivalent diameter of granules D, is shown in Fig. 3.

4,0  De, mm
3,8 OR

OR: || ORs

6% 0 & 9

36 "
34 )

<

3,0 X
2,8 o3

2,6
’ <
2492 4 Ne1

Ne2

|
I

A

3,2 ) " I?
|
|
|
I

0,0 0,5 1,0 1,5 2,0 2,5 3,0
1,h

Fig. 3. Dynamics of changes of the equivalent diameter of granules D =f (7):
OR;, OR;, OR; — marks of the recycle ijection

When injecting a 40% initial water solution (research Nel) there was a gradual increase
of the granules diameter from D.~=2,43 mm to D.=3,15 mm with a growth rate

+i}—D=O,35 mm/h, time 0,00<z<1,83 h, which indicates a stable kinetics of granule
T

formation, Fig. 3.

The layering mechanism of granule formation confirmed by the dynamics of changing
of mass percent of certain fractions Fig. 4. Namely, in the considered time range a decrease
of fraction +2,0 mm is accompanied by a corresponding increase of the next fraction by
size —+3,0 mm.
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Fig. 4. Dynamics of changing in mass content percent of certain fractions
x~f () with the size of granules: 1 —+1,0 mm; 2 — +2,0 mm; 3 — +3,0 mm; 4 — +4,0 mm;
OR;, OR;, OR; — marks of the recycle ijection

Injection of the outer recycle (OR) for stabilization of the dispersed composition at
7= 1,0 h (Fig. 3, 4) resulted the temporary increase of mass percent of the fraction +2,0 mm
at 7 = 1,17 h (OR;). However subsequently, after 7 = 1,17 h and to completion of the
research Nel there was an increase of mass percent of fraction +3,0 mm to 70%, and the
content of the fraction +2,0 decreased to 20%, Fig. 4. This gradual transition of granules
from the smaller fractions to bigger ones demonstrates the layering mechanism of granule
formation and the absence of crushing granules.

After =1,83 h D, was instantly changed to 3,23 mm by injection of the outer recycle.
A 50% initial water solution was injected for dehydration (research Ne2). However, further
there was a gradual increase of the granules diameter from D, = 3,23 mm to D, = 3,49 mm

'D . . .
with a growth rate +f{— = 0,389 mm/h, time 1,83< 7 <2,50 h, that increased proportionally
T

with increasing concentration of the initial solution. After injection of OR, at time
7 = 2,50 h was observed insignificant decrease of D, to 3,45 mm was observed by
increasing of a mass percent of fraction + 2,0 mm. A disperse composition of granules
stabilized after = 2,66 h to D, = 3,45 mm.

The feature of a granule formation process is that it was achieved a coefficient of
granule formation y>90% (Fig. 5) while was applying the jet-pulsating regime of
fluidization with the number of fluidization K,,<1,43 (Fig. 6).
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Fig. 5. Dynamics of changes of granule formation coefficient y=f(7)
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Another advantage of application of the fluidization technology is possibility of
injecting a heat carrier into the working area with a high temperature, which significantly
exceeds the melting point of ammonium sulfate.
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Puc. 6. Dynamics of changes of the number of fluidization K,=f (1)
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Dynamics of changes of a heat carrier temperature at the entrance to the apparatus, in a
fluidized bed of granular material and the efficient temperature difference are shown in

Fig. 7.
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Fig. 7. Dynamics of temperature changes in the granulator:
1-T,,. (temperature of heat carrier at the entrance to granulator); 2 — T,,,; (temperature in a
fluidized bed); 3 — AT (an efficient temperature difference (AT=T,,.- Ts.s))-

The obtained values of the average specific load of the surface of bed by moisture
divided by the efficient temperature difference 4~0,006+0,0066 Kgmoist/(m*h-deg) confirm
the effectiveness of the applying of a jet-pulsating regime of fluidization (Fig. 8). However,
it is necessary to repeat researches in future to confirm the results obtained in the research
Ne2 in which the maximum value 4 is almost 2 times higher than a value thet ware
obtained for the ordinary bubbling fluidization regime [20].

0,7

0,6

0,5 5

0,4

A; 102, (kg/(m 2-h-deg)

03— o

0,2 Ne1

i
!
|
!
I
1
o Q
771\77‘:77,
|
|
!
0,1 }
!
!

0,0
0,0 0,5 1,0 1,5 2,0 2,5 3,0
7,h

Fig. 8. Dynamics of changes of the average specific load of the surface of bed by moisture
divided by the efficient temperature difference 4,=f{(t):
line 4B — the maximum value of this parameter obtained for the bubbling regime of
fluidization

A generalization of results of experimental researches was carried out as a dependence
v = flAPyi/(g' De); K,,), which allows to identify areas of rational realization of the process

(Fig.9).
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701,18

Fig. 9. Experimental dependence y = f{AP,,,/(g'D.); K,, )

Thereby, values of the coefficient y=>90% achieves at 90<APy../(g-D.)<115 with
2,43<D.<3,15 mm (research Nel) and 68<AP;../(g D.)<75 with 3,2<D.<3,5 mm (research
No2) with value of the number of fluidization 1,2< K,<1,4.

A general view of the humic-organic-mineral fertilizers which contain
K:N:Ca:P:Mg:S:Hum.=23:9:5:2:6:15:2 is shown in Fig. 10. A granular product has a
spherical shape 2+4% and strength 6>35 Newtons per granule.

The granule cut is given in Fig. 11, which confirms the layering mechanism of granule
formation

|(\)H\‘IIII|1I.I\\III|I2H\‘\HI|E"IIIHII!TI1H\|

Fig. 10. A general view of the Fig. 11. The granule cut
humic-phosphorus-calcium-nitrogen-potassium
fertilizers with a stimulating action which contain:
K:N:Ca:P:Mg:S:Hum.=23:9:5:2:6:15:2

In Fig. 11 is distinctly pronounced the center of granulation 1 (a nitrogenous-humic
composite) with "onion" structure, around which is formed a multilayer structure from the

new material 2 in the coaxial form.
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Conclusions

The technological parameters of a stable kinetics of granulation process of the
complex humic-organic-mineral fertilizers with a coefficient of granule formation y>90%
are established.

The obtained (resulting) product has a spherical shape with an equivalent diameter
D~1,2+4,5 mm, a uniform distribution of components at the micro level throughout the
volume of granules and strength 6>35 Newtons per granule that is more than 3 times higher
than standard indicators.

Applying of the jet-pulsating hydrodynamic mode of fluidization allowed to increase
an average specific load of the surface of bed by moisture divided by the efficient
temperature difference to 4,= 0,006+0,0066 kgmo,-s,,/(mz'h'deg), that allows to determine the
area of an efficient mass transfer process.

For the first time completed studies for the first time allowed to determine the
conditions of a sustainable process kinetics of the wastes recycling from the enterprises of
fat and oil industry of Ukraine by continuous dehydration and granulation of fertilizers with
set properties, obtained by dehydration of highly concentrated water solutions of sunflower
ash and ammonium sulphate with impurities of humic substances.
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Introduction. The article deals with the possibility of
osmotic pressure environment to act as a factor that, in certain
quantities causes bacteriostatic effects and provides information
about the strength of cell membranes and mechanisms of
interaction with the environment. Experimental studies to
determine the action of osmotic pressure environment at the level
of lethal effects on different physical interactions.

Materials and methods. Research performed at chamber
vacuum packing machine Easy PACK (Germany). The
temperature environments in all cases were kept with the
restriction on the maximum value t < 38 °C, which excluded
lethal effects on this indicator. Vacuum pump composed
laboratory facility provided residual pressure in the vacuum
chamber at 0,002-0,004 MPa, corresponding to boiling
temperature range environments ~ 20 ... 30 °C. Therefore, the
initial ambient temperature t;,) < 15 °C boiling point not taken
place, and the transition to the initial ambient temperature of 20
<tan < 38 °C provided the boiling adiabatic mode.

Results. It is known that exposure of yeast in the water
accompanied by increased physical pressure in the cells at the
osmotic pressure of the cell sap. Transferring in osmotically
active yeast solution leads to a reduction of physical pressure,
which should be appropriately reflected by vacuuming.
Increasing the osmotic pressure of the solution reduces the level
of lethal effects of vacuuming, but nevertheless a significant
impact on the achievement of the organization lethal effects
adiabatic boiling environments. The influence of the level of
lethal effects on microorganisms indicators such as exposure time
environment and the dynamics of change of pressure in the
vacuum chamber, the amount of solids in the environment and
the importance of temperature conditions, and the presence or
absence of boiling adiabatic environment under vacuuming.

Conclusions. Vacuuming biological environment by
reducing the constant saturation gas liquid phase creates
limitations in the mass transfer between microbiological cells and
environment, and level of limits depends on the osmotic pressure
of the solution. Achieved possibility of lethal effects on
microorganisms accompanying the food environment, due to the
aggregate impact of osmotic pressure and vacuuming.
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Introduction

A large number of food and drink to some extent be attributed to the solutions. Last
importance of the existence of biological systems, since power transfer biological objects
made food components in solution.

The main properties of solutions based on experimental studies and focuses on the
phenomenon of osmosis - the penetration of the solvent into the solution through a
semipermeable barrier (membrane), impermeable to solute, the solution when it is separated
from the pure solvent [1-4].

Osmosis phenomena play an important role in the life of flora and microorganisms,
because cell membranes are easily permeable to water and almost impermeable to
substances that are part of the cell sap. Penetrating into the cell water creates increased
pressure in their shell and stretches, keeping them in a state of stress.

The typical protoplasmic cells derived from bags, that are filled with aqueous solutions
of various substances (cell sap). The magnitude of the osmotic pressure determined by the
equation Van't — Hofa

n
P, =—RT, 1
v (M

where n - number of moles of solute in a volume V of the solution; R - universal gas
constant; T - absolute temperature.

Osmotic pressure of the cell sap on the border of the water is between 0,4 - 2 MPa. In
solution with a high osmotic pressure of the cell loses water protoplasmic sac. This
phenomenon is called plasmolysis and in this state is achieved bacteriostatic effects.

As the osmotic pressure acts as a factor which, in certain quantities causes
bacteriostatic effects, it is advisable to stay on the strength of information on the
mechanisms of cell membranes and interactions with the environment.

Among the microorganisms that accompany microbiological and food production
include yeast, mold, actinomycetes and bacteria. The dimensions of the cells typically 0.5 -
10 microns. In general, the construction of cells of animals, plants and microorganisms are
the same and the environment protected cell membrane.

The cell wall of yeast, for example, is about 15% of the mass of the cell and its
thickness of 400 nm. The structure of the cell membrane are protein-polysaccharide
complexes and lipids. Approximately 70% of the dry weight of the cell membrane of yeast
polysaccharides mankan up and glucan. It polysaccharides play an important role in
maintaining its mechanical strength.

The effects of osmotic pressure on microorganisms recorded in different technologies
and therefore made some adjustments in manufacturing processes. Thus, the increase in
osmotic pressure of the solution leads to increased levels of molecular diffusion of water
from the microbial cells or vice versa, which eventually leads to equilibrium at a new level.

Therefore, it is logical for research to determine the action of osmotic pressure on the
media level for lethal effects of different physical effects.

Materials and methods
Among the planned vacuuming was attributed liquid media (water, beer, wort, sugar

solutions) with microorganisms. This was provided for the possibility of vacuuming
without boiling environment and adiabatic mode boil. The temperature environments in all
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cases were kept with the restriction on the maximum value t < 38 ° C, which excluded
lethal effects on this indicator.

Organization experiments without boiling and boiling media carried out by different
initial temperature environments. Vacuum pump composed laboratory facility provided
residual pressure in the vacuum chamber at 0,002-0,004 MPa, corresponding to boiling
temperature range environments ~ 20 ... 30 ° C. Therefore, the initial ambient temperature
tiny < 15 © C boiling point not taken place, and the transition to the initial ambient
temperature of 20 <t < 38 ° C provided the boiling adiabatic mode.

Results and discussion

It is known that exposure of yeast in the water accompanied by increased physical
pressure in the cells at the cellular osmotic sap. Transferring in osmotically active yeast
solution leads to a reduction of physical pressure, which should be appropriately reflected
by vacuuming.

Generalized experimental results are presented in table. 1.

The table shows that increasing the osmotic pressure of the solution reduces the level
of lethal effects of the evacuation, which in this group of experiments continued for 10
minutes. However, a significant impact on the achievement of the organization lethal
effects adiabatic boiling environments.

Studies have shown that the level of lethal effects influenced by such factors as
exposure time environment in a vacuum chamber and dynamics of change of pressure in
the vacuum chamber of the maximum to minimum values. Summary data of this series of
studies given in the table. 2.

Table 1
The results of studies to assess the lethal effects of vacuum
= =
_eS |22 z _eS| 22 z
SE5g | =& e |E5¢g| £ E 2
E R 0 £ 'g < = - 28 o £ g < = .
Environment E 5 g RCE= s 8 E5E| E°E s £
v & 5 Qo E = -2 o &5 2 g = i
= £ C 8 5 E-= =g 2| &5 E
= 35 -] v v = 3= -] o @
S| EF 2 S| ES 2
= =
Without boiling adiabatic With adiabatic boiling
Water +yeast 15 0,002 75 38 0,002 90
15 % sugar
solution in water 15 0,002 50 38 0,002 70
+ yeast
20 % sugar
solution in water 15 0,002 30 38 0,002 60
+ yeast
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Table 2

Impact assessment and evacuation time dynamics pressure changes in the level of lethal effects

. The initial Time Dwell time in | The level of
Environment
temperature pressure a vacuum the lethal
environment, °C reduction, ¢ chamber, ¢ effects, %
Water +yeast 8 90 60 20
Water +yeast 8 90 120 30
Water +yeast 8 90 1200 100
Water +yeast 8 15 10 95
Water +yeast 8 15 30 100
Water +yeast 8 15 60 100

Stabilized at 8 ° C reference temperature environments provided no adiabatic boiling.
However, from the table 2 shows a significant effect of reducing the rate of pressure from
the start of vacuuming until its completion at the level of lethal effects.

The following table 1 and 2 summarizes the results of studies make it possible to
assess the impact of the choice of parameters. This does not exclude the presence of mutual
influences of factors and the transition to a comprehensive assessment advisable to look
towards multivariate experiment.

The list of important factors and the lower and upper levels shown in the table. 3.
Matrix plan that complies presented in table. 4.

Table 3
Unit of levels ‘ The
Parameter Code interval of
measurement lower null upper .
variation
The. initial temperature oC z ] 23 38 15
environment, t
Concentration of solids % Z 0 7,5 15 7,5
Dywell time in a C | 10 | 605 | 1200 595
vacuum chamber, T
The rate of change of
pressure in the vacuum MPa/s z, | 0,0001 | 0,0003 | 0,0005 | 0,0002
chamber, d% .

Research performed at chamber vacuum packaging machine Easy PACK firm
WEBOMATIC (Germany), and the results determine the levels of lethal effects are
presented in table 4.

Mathematical processing of experimental results presented in the form of equation (2).
Data processing research based on methods of mathematical statistics, the use of which is
possible under the assumption that the results have a normal distribution.

¥ =64,812+7,937z, 7,687z, +17,312z, - 0,187z, +

+2,9375z,z, +2,31252,z, + 4,18752,z, = 7,6875z,z;, +
+3,56252,z, +2,31252,2z, +2,9375z2,2,z, +1,6875z,z,z, —
—-1,43752,2,2z, +2,9375z2,2,z, + 2,937z,2,2,z,

)
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Table 4

Ne |z | z, | z3 | z4 | zo | The level of the lethal effects, %
1 - - -] -]+ 50

2 |+ - - |+ 60

3 -+ ] - -+ 40

4 |+ |+ -1-1+ 50

5 - -+ - |+ 95

6 | + | - | + + 100

70 -]+ +] -+ 60

8 |+ |+ |+ | - |+ 65

9 - - -+ |+ 30

10 | + | - + | + 50

1| -1+ -1]+1|+ 40

|+ +]-|+]+ 60

13 | - -+ |+ |+ 95

4|+ -+ ]+ |+ 100

50 -|+|+|+]+ 45

6|+ |+ |+ |+ ]+ 97

Equation (2) shows that the most effective towards achieving the lethal effects of a
factor z; - exposure time biological system in a vacuum chamber after reaching the final
pressure. At that time exposure in the vacuum chamber is the most effective factor indicates
a correlation coefficient of z; (equal to +17.312). The physical nature of the impact of this
factor explains the complex causes, among which include the change in the rates of mass
transfer processes, especially CO,.

In connection with the above it must be concluded that the decrease in osmotic and
physical pressure of cell sap should lead to a decrease in lethal effects, ceteris paribus. To
achieve these pressure reducing cell sap possible by increasing the osmotic pressure of the
solution. In table 4 can be seen that the double effect of osmotic pressure of the sugar
solution (factor z,) largely eliminates the effect given by the violation rate mass transfer
processes.

This is underlined by the fact that in all the experiments in which the concentration of
sugar is highest, lethal effects are significantly reduced, which also corresponds to a
correlation coefficient of z,, even -7.687.

Only in those experiments where a combination of the maximum and minimum factor
73 7, lethal effects close to 100%.

Assessment on the impact factor z; leads to the conclusion that increasing the osmotic
pressure of the environment in which microorganisms are, creates a barrier to achieving
lethal effects.

Another factor influencing the intensity towards achieving lethal effects in
experiments determined the initial temperature environment (factor z;). The correlation
coefficient of this factor amounts to +7.937. Turn to steam experiments (table 4), which
differ only in the upper and lower levels of the factor z; (experiments 1-2; 3-4; 5-6 ...). Ata
time when there is adiabatic boiling, increment of lethal effects is about 10%.

The results for the aggregate impact of these factors enable prediction and delineation
of areas obtained using scientific information.
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Vacuum packaging of food products is carried out by the relevant standards
parameters and generally such factors as the osmotic pressure of the solution is stabilized.
Among the parameters controlled with the related temperature, level of residual pressure
vacuuming and the exposure time vacuumed environment.

Information obtained in experiments gives reason to explain instability results in the
lethal effects for vacuum processing, such as drinking water. The vacuum and the delay
time so stabilized system should be well-defined. However, one should not neglect the
opportunity to organize adiabatic boiling the treated environment.

In experiments conducted by the time determined initial boiling adiabatic energy
potential of the medium, which was largely temperature. Similar conditions occur and when
the vacuum packaging products.

Definitely increase the level of state aseptic products meet increasing initial
temperature. However, this figure for each product in some way regulated.

As for the vacuum aseptic water treatment exists conditional restrictions related to
energy consumption for a given initial temperature.

The share impact of adiabatic boiling point as compared to the vacuuming and the
exposure time can be increased by external supply of heat to the treated environment and
continued so time point.

Using vacuum processing to achieve aseptic condition in some way limited production
capacity given packaging for products, but in terms of technological processing of these
limitations are removed.

Adiabatic boiling in conjunction with vacuuming relate to purely physical factors that
rightfully belong to environmentally friendly technologies.

It is on this basis must find a way to microbiological purity of drinking water as a
general and special software. Other points of application of vacuum technology with
elements of adiabatic boiling is the production of beverages, juices, compotes.

The results of experimental studies clearly indicate a reduction of lethal effects with
increased osmotic pressure environments. This is a strengthening effect the transition to a
medium boil adiabatic regime that derives its vacuuming. The explanation of these factors
needs to develop relevant hypotheses.

Painting intracellular structures in a solution of methylene blue indicates that there is a
destruction of cytoplasmic and cell membranes. It could happen for two groups of factors,
which include internal and external influences. Among the outer include pressure,
temperature, cavitation modes adiabatic boil and even geometry volume, which are located
environment. The latter is due to the fact that the residual pressure in the vacuum chamber
and the height of the column with the environment can be commensurate and the resulting
destabilized adiabatic boiling in full.

Adiabatic boiling is active displays on the various components of the solution are,
however, cells of microorganisms thermodynamic parameters of the medium is not
achieved. This is due to the fact that physical pressure cell sap equal to its difference in
osmotic pressure and the osmotic pressure of the medium can far exceed the physical
pressure in the vacuum chamber. The latter leads to the conclusion that in such
circumstances the establishment of the solvent vapor phase in the middle of the cell is
impossible.

But with the approach of osmotic pressure and cell sap environment is expected to
reduce the physical pressure in the cells. Thus we can say that with the decrease of osmotic
pressure environment (down to zero for distilled water), the possibility of the formation of
vapor phase reduced, and in some limiting value m, vapor phase formation becomes
impossible.
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But are among the factors operating in the cell sap dissolved gases. Liquid
environment saturated with dissolved gases, among which include nitrogen and carbon
dioxide. The level of saturation with the law meets Henry.

Active reduce the pressure in the vacuum chamber reduces physical pressure in
microbiological cell so disturbed equilibrium. This should lead to rapid selection of the gas
phase, enhance mass transfer for CO, and additional internal pressure in the cells.

These internal factors, such as creating a vapor phase and the allocation of dissolved
gases may occur in parallel or the first may be missing. Therefore, a relatively small
osmotic pressure environments involving increased physical pressure in microbial cells
predominant influence of dissolved gases.

Thus, by dissolving gases (most convenient CO,) significantly expands the range of
variation of pressure and physical phenomena that accompany them.

Conclusions

1. Vacuuming biological environment by reducing the constant saturation gas liquid
phase creates limitations in the mass transfer between microbiological cells and
environment.

2. Level restrictions mass transfer processes and state of microbial cells depends on the
osmotic pressure of the solution.

3. Limitation of metabolic processes in cells and in the "cell-environment" due to
osmotic pressure in the last, leads to an increase protective function and bacteriostatic
effects. Due to the increase in osmotic pressure of the solution and the migration of
water from the cell sap physical pressure in the cells decreases and decreases the
solubility of gases in the sap. The result is a restriction of lethal effects.
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Introduction.  Within  long  vertical boiling tubes
thermohydrodynamic processes in liquid film take place at a regime
with cycling mixing of the film by the powerful waves. The existing
Heat Transfer models of such phenomena do not take info account
such processes.

Materials and methods. The heat transfer and hydrodynamic
processes that take place in down flowing film of water and sugar
solutions at the regimes of evaporation from the interface have been
studied. There were developed mathematical models, which then
were compared with the result of direct experimentation of heat
transfer in tubes at the regimes of solutions concentrations.

Results and discussion.A mathematical model of heat transfer
in laminar, heated to the saturation temperatures liquid films with the
developed wavy structures on the firee interface have been
developed. The model takes into consideration cyclic relaxation of
transient temperature field which happens right after the passage of a
powerful big wave. The developed mathematical model describes the
time history of the two dimensional temperature fields as a function
of the Peclet number and the core characteristic of the wavy motion
(the length of big waves). Based upon the proposed model a set of
correlations have been obtained. These are proposed as a means for
the generalization of heat transfer experimental data, obtained within
the experimental studies of liquid films, heated to the saturation
temperatures and evaporating from the interface. A generalized
equation has been derived, which can be used for the calculations of
Heat Transfer Coefficients (HTC) to the saturated sugar solutions
liquid films. This equation contains wavy characteristics of down
flowing films and valid within the range of parameters characteristic
for the sugar industry evaporators, namely: concentrations—
0...70 % dry matter; liquid mass flow rate density—0.01x10"
3...0.6x10° m%sec, the Peclet number range — 400...25000. The
mathematical model of the temperature field cyclic relaxation turned
out efficient for generalization of heat transfer experimental data not
only laminar, but turbulent liquid films either, despite of the fact that
the transport equations do not contain turbulent characteristics.

Conclusions. A correlation between the liquid film wavy
structure with the heat transfer has been established. The correlation
is based upon the model of temperature field cyclic relaxation after
passage of big waves. The respective correlations have been
presented.
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Introduction

A wavy structure is being formed on the interface of the liquid film down flowing over
the vertical surface even at a lowest density of liquid flow rate. At a distance to2...2.5 from
the liquid film inlet a so called regime of the wavy motion saturations takes place [1]. This
regime is characterized by a completely structure of big waves which move on the interface
at a so called “bulldozer” regime. On top of this, big waves even in case of viscose
concentrated solutions contain a swirl [2]. Therefore, their movement on the surface entails
to the intensive mixture of liquid and, respectively, if accompanies by a noticeable
deformation of velocity and temperature profiles, and thus by equalization of the
concentrations over the film thickness. Studies into the wavy structures of liquid films — as
an adequate form of liquid film movement is important and becomes a point of interest for
many modern foreign publications [3...12]. It is clear that within the time period between
the passage of two consecutive big waves a transient process of temperature and velocity
fields relaxation takes place. It is quite natural that exactly this process has a decisive
influence on the heat transfer. This statement corroborated by the deviation of the heat
transfer coefficient curve from the Nusselt line [13]. The fact that the said deviation
happens at laminar regime of film flow substantiates a decisive effect of the interface wavy
structures on the film heat transfer.

A major number of theoretical studies dedicated to the film wavy motion [14...16]
directed at the aspect of the development and structures of regular waves. The portion of
these waves on the length of heat transfer tubes of industrial evaporator is small when
compared to the regions at which big waves take place. A big number of scientific
publications aimed at the studies of heat transfer in down flowing films, the effect of wavy
structures upon the heat transfer have being taken into account indirectly by the turbulence
parameters and liquid film interface shear stress. A majority of experimental results
obtained with evaporating films heated to the saturation temperatures at the conditions
which model industrial evaporators [17...19]. The obtained data therefore contain
information of the heat transfer at the simultaneous action of a number of influencing
factors. It is impossible to separate the effect of some individual factor in these conditions.
That is why the existing correlations for the calculations of heat transfer coefficients to the
saturated liquid films in industrial evaporators are sufficiently limited within the range of
regime parameters in which the process had been modeled. Similarly, the said correlations
are limited in terms of the geometry of the experimental unit. The proposed project is aimed
at the development of the theoretical description of temperature field relaxation which takes
place in the film after passing of a big wave.

As a result of this, an interrelation between the liquid film wavy structure with the heat
transfer at a regime of liquid film evaporation from the free interface is established.

Materials and methods

A direct experimentation of heat transfer in down flowing liquid films heated to the
saturation temperatures with sugar solutions as model liquids has been carried out at the
experimental unit with the independent formation of phases’ mass flow rates and heat flux.
The main core of the experimental unit was represented by a stainless still pipe with the
inside diameter of 20 mm and 1.8 m long. The experimental tube was separated into the
initial 1.5 m stabilization section and 0.3 m measurement section. The down flowing of
water (sugar solutions) film has been formed by means of overflowing over the tube’s
upper rim. In the event of steam-liquid flow modeling, dry saturated steam has been
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supplied in co-current regime. The liquid falling film has been heated by dry saturated
steam which was supplied into outside heating sections attached to the experimental tube.
The heating chambers were designed in a such way as to provide an individual heating of
the stabilization section and the experimental one. The said sections were hooked up to the
individual vacuum-condensation sections which allowed for the keeping of different
pressures in each chamber. Such arrangement allowed also maintaining vacuum down to
0.8 bars and thus, vary the temperature head between the heating steam temperature and
evaporation temperature. Special probes for taking samples of liquid to determine its
concentration and measurements of temperatures were positioned directly after the
measurement section. A detailed description of the experimental unit is given in [21] and its
schematic is given in fig.1.

Results and discussions

The model of temperature field relaxation has been designed aiming at the following:
to develop an analytical expression for the calculation of heat transfer to the liquid film,
containing a sought parameter, which can be determined by the comparison of experimental
data with those found analytically.

Thus, the developed expression could be used for the generalization of the
experimental data, obtained within a wide range of regime parameters, and for the
engineering calculations of heat transfer coefficients, either.

The main suggestions of the development of the proposed model are following: the big
waves rolling over the liquid film surface are associated with the vortexes, which mix the
liquid in the film; therefore we assume that right after the passage of a strong wave the
velocity profile will be constant and the temperature profile is curved in a such way, hat the
bulk of the liquid will have temperature equal to the saturation temperature, but the layers
adjacent to the wall will be heated and assume the wall temperature.

This mode of velocity distribution will keep existing along the first regime of flow. At
the same time there will be the development of temperature field in the liquid film. It is
clear, that since a bulk of the liquid will have the temperature equal to that of saturation,
there will be no temperature gradient on the liquid film interface and thus there will be no
evaporation on this section. Along with the liquid film movement the development of the
temperature field will take place. The temperature front will move gradually from the
heated wall towards the film interface. Than the time will came when the sensitive
temperature gradient appears on the film interface. This moment signifies the beginning of
the second regime. This period we assume that the velocity profile keeps parabolic and
constant. And the further development of the temperature field takes place. Within this
period of flow the heat flux on the wall will go down and that on the interface goes up, until
the temperature profile becomes linear. Despite this simplification this model looks quite
reasonable, because the relative lengths of the mentioned above regimes is quite small,
especially of the first one, and heating of the film until it starts evaporate takes very short
time due to the small film thickness. It is worth mentioning that these suggestions allowed a
significant simplification of the differential equations describing heat transfer. Thus, the
suggestions of the constant value of mean film velocity within the two regimes permitted to
substitute the temperature-time derivatives by the temperature-longitudinal distance
derivatives. The model developed under such suggestions might be turned as a quasi-
transient.
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Fig.1. Scheme of the experimental stand:

1,6,15,41,47,53 — manometer; 2,42,48,54 — vacuum manometer; 3,39,45 — sensor for vacuum
control; 4,40,46,52 — sensor for pressure control; 5,9 — collector flow control; 7,16 — heat exchanger;
8,26,32 — tank; 10,11,21 — diaphragm; 12,13,22,43 — differential pressure gage; 14,30 — sampler; 17 —
gage probe; 18,23,24,25,28,29 — hotwell; 19,20 — condenser; 27 — pump; 31,33 — vacuum pump; 34 —
tank for sampling; 35 — tank of solution’s temperature measurement on the exit of pipe; 36 — module
analog input 7018P; 37 — module 7520; 38 — computer; 44,50 — heating chamber; 49 — equaling tank;
51 — separator of heating steam; 55 — experimental pipe; 56 — top chamber.
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Fig. 2. Model of liquid film structure:
a — temperature and velocity distribution before a strong wave passage
b — after.

According to the fig. 2b which depicts the moment right after the passage of big wave
2

assuming the constant velocity distribution which is u = & , the heat transfer equation in

3v

the dimensionless form can be written as:

00(n.§) _ 4 0°0(n.£) )
o0& Pe on*

t ) -1 . .
here0(n,£) = & — dimensionless temperature; ¢

t,— temperature of wall and

e

w 1

. . x . . o
saturation, respectively; Tl=§a§ =§_ dimensionless crossways and longitudinal

. 44, 4u 34 o .
coordinates; Pe=—>= uso — the Peclet number; 6 = 3j— v_ liquid film thickness;
a a g

A, — volumetric flow rate; a — temperature conductivity; v — cinematic velocity.
The solution of(1) with boundary conditions:

00608 _ o o

0(0,0)=0, 6(0,£)=1, 6(1,0)=0, o

will be

166 ——Ukrainian Food Journal. 2016. Volume 5. Issue 1 —



Processes and equipment of food productions

Q(n,f)zerfc(%\/%} 3)

The profile(3) will be developing until a significant temperature gradient on the
interface, appears which corresponds to the & .Further on, as a result of evaporation, the
temperature of the film surface will remain constant. In this case the temperature, which
corresponds to the equation (3) at& =& will be

9(n,§m)=erfc[% QLJ @

The curve (4) represents a limiting case, after which the boundary conditions (2)
become meaningless. Thus the first regime ceases to exist and the second regime begins. As
it was mentioned above for the second regime, we assume a parabolic velocity distribution.
Then, the heat transfer equation will read:

} 00(n, o°0(n,
g5 (277_772) (TI g)z (77 é)’ (5)

2va o0& on’

and the boundary conditions

n=0,¢9 = 1;n=1, —=0. (6)

Substituting the left side of (5) by the mean velocity value, one obtains

g8 b 5 00(n.g)  g5°200,(S) Pedd, (&)
2va;[(2n ") o "Tava3 o 4 ot

b

and the equation (5) can be rewritten as:

Pect,(£)_20(n)
4 0 on’

. (7
Double integration of (7) with boundary condition (6) yields

00 2
PRI

From the equation for mean temperature value

1 1 69
0, = H(n,c’f)—u(_n)dn= 9(17,5)(277—772)36177=1——Pe—“”(§)
J u ) 2 10 ¢

b
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taking into account, that£ =0, 6, =0 one obtains
10
6 =l-exp| —¢&|. 9
- p( Peéj ©)
Substituting derivative of (9) by¢ into (8), one obtains limiting temperature curve
até =¢&,
5 10 n’
O(n.& V="exp| ——& || L-—n |+1, 10
(m:6,)=7 p( Peémj[2 nj (10)

The coordinate£, can be found from (10) at a condition, that até=¢& the

dimensionless temperature equals 0 (6(1,&,)=0)
£ =0,0223Pe (11

Within the region & > £ the liquid temperature on the interface remains constant, since

evaporation takes place.
There fore the boundary conditions (6) will change in to

and the initial conditions at & = & will be as for equation (10).

Integration of (7) with the boundary conditions (12) yields

Pe 08,,(S
9("’§)=?e ag()

0, (S)

0
In order to find the derivative"av—

(n*-n)-n+1. (13)

, we determine a mean temperature within the
region& > &

| 26
9"”(5)49("’5)(2”"72)%‘1”=%_$Pe aavag(é—)- (14)

This, in turn, yields

3 320
0 =>+Cexp| ———¢& |. 15
w3 xp( 7Pe§J (15)

The integration constant C can be determined from the initial condition (10). Having
determining the mean temperature 8, = até =¢&

0,00 (&) =j€(n,ém)(2n—n2)§dn =1—exp(—%ém}
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and substituting this expression into (15), havingd, in mind that{ — & , we obtain the

constant C
5 10 320
C=|=——exp| —— exp| — .
(8 p( Pec’fmn p(weéfmj

3 (5 10 320
o =5+ (5ovl et oo Gt -9) 1o

Substituting a derivative of (16) by & into (13), one obtains a temperature distribution
inthe filmat £ > &

H(mc'f)={4—7()e><p(—%éfmj—2—ﬂe><p(%(ém—é)j(nz—n)—nH. (17)

Thus obtained temperature profiles calculated by the equations (3, 10, 17) are given
at fig. 3

Then

1,0Q
3
0,6 a0
N\ 5
A
0,2 /\§
2 NS\ h

0,2 06 1,0

Fig. 3. Dimensionless temperature distribution across the water film as per
(3,10, 17) at t= 100 °C; T, =0,510" m’/c; &, =267 ;

1- &£ =167, equation(3);2- £ =&, equation(10); 3 - £ =367 ;4 £ =467 ;
5-&=767,3,4,5—equation (17).

The heat flux on the wall (77 = 0 ) within the region & > & is obtained from (17)

t,—t do t,—1t || 40 10 25 320
=) 17w )= - - - +1
9, (f),,:o 5 dn,, 5 {{ Z exp( o fmj = }exp(ﬂge (&, 5)} }

(18)
and within the region & <& from (3)

t,—1, do t,~4 [P
0,(8), = Ao Al

5 dn,, 264x\ €& 1
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As stated above, a cyclic process of heat transfer in the liquid film is subdivided into
two characteristic zones: the first oneé <&~ which is characterized by the gradual
development of the temperature field until the temperature curve riches limiting curve & . It

has been mentioned that within this region only heating at the liquid bulk in the film takes
place. Since there is no temperature gradient on the interface in this region there is no
evaporation from the film. Further on within the regioné > ¢~ the linearization of the

temperature profile takes place. Here the process keeps going at a constant temperature on
the interface. Respectively, we con determine the values of mean temperature fluxes within

these regions(&, —&,), (&, —¢,,)
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where& —-& = r3 is dimensionless distance between the consequent peaks of big waves;

L, -1is distance between the consequent peaks of big waves.
Thus &, determines the depth of the temperature profile “lowering” right after the
passage of a big wave. The lower value of £, the bigger will be temperature gradient and,

respectively, the lower deviation of the temperature curve depicted on fig. 3.

The length of big waves on the surface of water films according [20] within the Re
numbers range 40...400, remains constant at the level of 100...120 mm and at further
growth of Re number to 4000 gradually increases to the value of 140 mm at a distance
approximately 2.4 m from the film distributor.

Therefore, the mean temperature flux could be given as a mean weighted
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and the Nusselt number will be determined as:
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where o = D ,Nuzg.
t —t A

w i

The temperature of interface surface ¢, is determined as the saturation temperature at a

mean liquid concentration in the film.
Comparison of the calculated by (23) Nusselt numbers with the experimental data of
heat transfer to the saturated liquid films of water and sugar solutions [13] allows to

determine the value of &,
£ =43Y+0,2at Y <0,115
E =1150Y"" -133,at Y > 0,115, (24)
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The generalization of experimentally obtained heat transfer coefficients to the water
and sugar solutions up to the concentration of70 %(v =3,77-10° m* /sec) at free flowing
down films with the results of calculations are given on fig. 4.
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Fig. 4. Comparison of experimentally determined heat transfer coefficient to water and sugar
solutions at free flowing down over the vertical surface films at a regime of evaporation from
the interface with the calculated values. The lines are calculated as per (23, 24) at 120 mm.

1 — water, 2t = 100 C; 2 — sugar solution, DM =30 %; 3 —40 %; 4 —50 %; 5— 60 %; 6 — 70 %.
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As it might be seen from the fig.4, the calculations as per (23, 24) closely correlate the
experimental data within the volumetric flow rates from 0...6x10* m%sec. It is worth
mentioning, that the close correlation takes place not only within the laminar regime of
flow, but also in the turbulent region despite the fact that, whilst deriving the model the
parameters of turbulence were not explicitly taken into consideration.

Conclusions

The proposed model of heat transfer with the cyclic relaxation of temperature field in
the down flowing liquid films adequately displays the physical processes that take place.
Particularly the proposed model allows to interpret the deviation of the experimental data
on heat transfer within the laminar flow regime from the theoretical Nusselt curve.

It has been proven that the proposed model can be successfully applied the
generalization of experimental data of heat transfer to the down flowing liquid films of
water and viscose water solutions at a regime of evaporation from the free surface.

Equates(23, 24) are recommended to be used for the engineering calculations of heat
transfer coefficients to the liquid films of water and sugar solutions in the regimes of
industrial multi-effect industrial evaporators within the wide range of liquid mass flow
rates.
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Introduction. The prediction of occupational risks and
making the conditions for the prevention of injuries based on it
is one of the promising scientific directions of the workplace
safety development in industry, as it is directly connected with
the manufacturing process.

Materials and methods. The investigation was performed
on the basis of the following methods: the methods of statistical
analysis of accidents that occurred in the food industry within
the last decade for the determination of tendencies of
traumatism; the method of regression analysis; the method of
principal components; the expert evaluation method for
improving the method of prediction of injury risks; the method
of apriori ranking of factors in the processing of the results of
expert grades.

Results and discussion. Because of the performed
investigation, the technique of increasing the occupational safety
in the food industry was developed on the basis of the prediction
of occupational injury risks. This technique is of great
importance for preventing dangers and hazards with the aim of
providing favorable working conditions, precluding failures and
preventing occupational diseases and accidents. One of the most
promising scientific directions of the safety development in the
manufacturing process is the prediction of occupational injury
risks, directly connected with the manufacturing process, and
making the conditions for preventing traumatism basing these
predictions. The results of the comparative analysis of
retrospective prediction according to the methods of regression
analysis (prediction) and the improved method of combined
prediction based on the method of principal components
combined with the expert evaluation method indicate that the
statistical prediction of the number of injured employees at the
food industry enterprises shows larger deviations from the actual
number of injured employees (the standard error equal to 2.53)
than the combined prediction (standard error equal to 0.85).
Thus, it is possible to conclude that, on the average, the
efficiency of prediction increases by 60% due to the combination
of the method of principal components with the expert
evaluation method.

Conclusions. The scientific results of the investigations are
a contribution to the development of theoretical and applied
fundamentals of labor protection in the part that concerns
diagnostics, prediction, modeling of extreme situations, and
evaluation of their consequences.
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Introduction

The basic equipment of the food industry of Ukraine is predominantly morally and
physically obsolete, and its operation time is already 1.5-2.5 times greater than its design
life. More than 50% of employees work under the conditions that do not comply with the
occupational safety norms and regulations. At the workplaces of food enterprises, increased
level of noise and vibration is registered, illumination and microclimatic parameters do not
comply with the sanitary requirements. Mandatory medical inspections are often performed
formally and incompletely. A substantial level of traumatism, occupational deceases and
accidents with severe and lethal consequences are the consequence. Within the last decade
(2005-2014), more than 9.5 thousands of employees of the food industry were injured at
enterprises, and 633 of them had a lethal outcome. All these facts indicate that the state of
labor protection in the food industry of Ukraine cannot be considered as satisfactory [1].

Development of the level of safety of the manufacturing process is connected with
substantial costs of its re-equipment, retraining of personnel, and introduction of modern
systems of manufacture control. In this case, the contradiction appears that may lead to
increase of occupational injuries. It is connected, on one hand, with the necessity of
occupational safety development, necessarily reducing to additional expenses at the above-
listed works and to the products’ manufacturing cost increase. On the other hand, a
decrease in the productions expenses may lead to the increase of occupational traumatism.

As there is the substantial number of scientific sources that consider the problem of
organization of occupational safety and prevention of traumatism, however, most of them
do not include deep investigation of the problem of complex development of the
occupational safety and analysis of the occupational injuries in the food industry [6-10].

One of the promising scientific directions of the safety of the manufacturing process
increasing is the prediction of occupational risks directly connected with the manufacturing
process and making the conditions for the prevention of injuries on its basis. Analysis of the
existing risk prediction methods enables us to draw the conclusion on the necessity of
improvement for most of them, with the aim to adapt them to the features of enterprises of
the food industry and to make complex evaluation of risks of occupational injuries at the
enterprise.

Thus, the scientific-applied problems of developing a technique of increasing the level
of occupational safety in the food industry based on the prediction of risks of occupational
injuries are to be solved.

The aim of the investigation is to increase the efficiency of the preventive measures of
occupational injuries at enterprises of the food industry due to the on-line prediction of
injury risks.

To achieve the set aim, the following tasks of the investigation were specified.

1. To perform the statistical analysis of accidents in the food industry.

2. To develop methods of investigating the cause-and-effect relations of the injury
processes in the food industry.

3. To improve the methods of predicting the risk of occupational injuries.

4. To investigate the cause-and-effect relations that lead to injuries in the food industry
and the influence of preventive measures on them.

5. To develop algorithms of functioning of the information-analytic system for the on-
line analysis of work conditions in the industry, determine the rational directions of
preventive measures of occupational injuries, and justify the organizational measures of
labor protection.

The object of investigation is the prediction methods of occupational injury risk at
enterprises of the food industry.
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Materials and methods

In the work, we used the following methods of investigation: the method of statistical
analysis of accidents that occurred in the food industry between 2003 and 2011 for the
determination of tendencies of traumatism; methods of regression analysis for the
evaluation of the cause-and-effect relations of injury processes; the method of principal
components for the determination of the main factors of injury of the employees in the food
industry and the prediction of injury risks; the expert evaluation method for improving the
method of prediction of injury risks; the method of & priori ranking of factors in the
processing of the results of expert grades. Moreover, the experience of accidents analysis in
branches of economy both in Ukraine and abroad was taken into account.

Results of discussion

Basing on the analysis of the statistics of occupational injuries in the food industry of
Ukraine between 2003 and 2011, the existing methods of injury prediction were analyzed,
and the problems of the investigation were stated.

The process of improving the functioning of the system of labor protection control
(SLPC) calls for the rational organization and well-organized cooperation of experts and
heads of all structural divisions of the enterprise, and for the efficient cooperation with the
industry and corresponding state organs. The analysis and prediction of indices of the state
of labor protection is the important function of labor protection control. Thus, the question
of how to form an SLPC that will consider the problem of labor safety at the enterprises of
the food industry complexly, with regard for its future state, arises.

The situation of taking a decision in the SLPC on reducing the level of occupational
injuries is determined by the tuple {X,Y,Q,R,Z,S,E,C, T} , where X is the set of
information data used in the formation of managerial decisions; Y is the set of indices
proceeding from which the level of occupational injury is evaluated; Q is the set of
managerial decisions admissible within the framework of the specified type of the problem,;
R is the formalized rule of choosing a managerial decision from the set of possible
decisions; Z is the set of restrictions; S is the set of possible states of the external medium;
E is the set of expected results of alternative managerial decisions realization; C is the cost
of injury preventive measures; 7 is the time factor.

The results of execution of the managerial decision in the time interval ¢+ A¢ depend
on the values of the set of indices proceeding from which the state of labor protection is
evaluated in the previous time interval and managerial decision is taken:

yira f([Xt_”At;Xt},Z,St,Q,C) ) (1)

One of the promising scientific directions of increasing the general level of safety of
the manufacturing process is the prediction of risks of occupational injuries Y"** and

making the conditions of injury prevention based on these predictions. The labor protection
control is aimed at minimization of risks. The mathematical expression for choosing an
optimal decision from the set of possible ones has the form

Giss = 4,07 =min (™), VY <Y, € <Gy, (2)
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where ¢;;, is the optimal managerial decision; y*™, y;™ are, consequently, the predicted

and limiting (specified) values of the injury index at the moment t+Ar; C,,C; are,

consequently, the predicted and limiting (admissible) expenses for the realization of the

preventive measures of injuries. The values 7™, y7™* will determine the degree of

occupational injury risk at an enterprise.

The analysis of the existing methods of risk prediction enables us to draw the
conclusion about the necessity of their improvement with the aim of their adaption to the
features of enterprises of the food industry and complex evaluation of the risks of
occupational injuries at the enterprise, which determines the necessity to solve the urgent
scientific-applied problem of the development of a technique for increasing the labor safety
in the food industry basing on the prediction of risks of occupational injuries.

To improve the methods of prediction of occupational injury risks in the food industry,
a general model of risk [2] and a method of determination of the cause-and-effect relations
of the phenomenon of occupational injuries [2] were developed, and the methods of labor
protection control based on combined predictions of risks [2-3] were improved.

In general, the risk of occupational injuries can be determined as follows:

R=YSP. (3)
i=1

where S, are consequences of an accident; P, is the probability (frequency) of accidents; n

is the number of accidents.

For the analysis of the direct cause-and-effect relations that take place in a process of
injury, we used a scheme of an accident emergence represented by the statistical data on the
direct causes of occupational injury (Fig. 1) [3].

Cause of an —»| Typeofeventthat || Industrial injury,
accident, 71, led to injury, B, R;;

Fig. 1. The scheme of the emergence of an accident represented by statistical data on direct
causes of occupational injury

For the calculation of conditional probability, the Bayes formula is used

P(B,)P(I,)
p.(8)= L )
2P
i=l
The matrix of injury risks in the industry is calculated by formula (4):
Ri’ 141 Ri’ 241 Ri’ 1641
Ri’ 142 Ri’ 242 7 Ri’ 1642
R’ff I ’ ®)
Ri’ 1415 Ri’ 2415 Ri’ 16415
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where R; R; .15 are the values of injury risks for binary complexes “cause of injury

Lilsees
risk — type of injury event”; i =1,...,16 is the number of the main causes of injury in the
industry I7;, which, at present, is fixed in the valid classification of the form of mandatory
statistical accounting No. 7-tnv; j=1,...,15 is the number of the main types of injury
events.

For the prediction of occupational injuries in the work, we used the method of principal
components, as a minimum error of prediction is provided due to its main properties. For
example, let the initial investigated p -dimensional vector of observations X be replaced

\T
by the vector Z = Z(]),Z(Z),...,Z(p )} of smaller dimensionalit ’, in which each
y y P

component is a linear combination of p initial (or auxiliary) features without too much
information loss. The informativeness of the new vector Z depends on the measure, to
which p’ introduced auxiliary variables make it possible to “restore” P initial features
with the help of corresponding linear combinations z" , z? yeees z”) 1t can be imagined

that the error o of prediction of X from Z will be determined by the residual dispersion
matrix of the vector X after subtraction of the best prediction from Z from it, i.e., by the

P P
matrix A = lAijJ, where Al.j =E{| x® —Zbﬂz(” x —Zbﬂz(” ) Here,
= =

J .
Zbﬂza) is the best prediction xVin the least-squares sense at the components
I=1

Z(]), z? ,...,Z(p ). The error of prediction of X from Z is given as a certain defined function

of the elements of the matrix A = [Ai]}, ie, O = f(A), Wheref(A) determines a

certain criterion of prediction quality.
The following measures of prediction error can be used:

l.f(A)zTr(A) =A; +A, +...+A, on the basis of the trace of the matrix
A:lAijJ;

pp
ZZA; on the basis of the Euclidean norm of the matrix

i=1 j=l

2./ (8)=]a]=

A=Al
It was proved that both measures simultaneously attain their maximums if only

the first pvprincipal components of the vector X are chosen as z" R z® yeens zt?) , and the

value of the prediction error G = f(A) is explicitly expressed in terms of the last p — p'
eigenvalues of the initial covariance matrix C or approximately in terms of the last p — p'

eigenvalues 7\4Pv+],...,7\4 of the sample covariance matrix 7 constructed from the

p
observations X, X,,..., X, . In particular,
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for f(A)=Tr(A):0 = AT A ety

for f(A)=|A|: o= \/Azp,ﬂ + lzp,ﬂ +.+ A7

Thus, basing on the methods of regression and component analysis, the model of
occupational injury risk is formed. It complexly relates the probability of emergence of the
accident to the frequency of emergence of accidents in the industry for the whole range of
reasons.

In the work, we improved the combined method of principal components and the
regression analysis on principal components, with the linear model in the form

R=b,+bY, +bY,+..+bY, +¢, (6)

where R is the dependent index or a characteristic of the process or phenomenon
investigated, Y, is the value of the first principal components for the objects of

investigation, kK =1,2,3,..., p; b,...b, are the coefficients of the regression equation; &,

is the normally distributed random quantity with a zero average and variance.

The necessity of improvement is caused by the correlation of indices, which
determines the poor conditionality of the system of normal equations for the determination
of the regression coefficients and by the presence of errors, which causes the shift of
estimates. To prevent the indicated disadvantages, it is proposed to improve the combined
method of regression analysis on principal components basing on the expert evaluation
method usage, with the aim to evaluate the significance (weight) of each factor
(component) and the consistency of opinions of experts (Table 1).

Table 1
Matrix of results of expert estimate of indices
Factors / components
Experts X X, T X;
1 a, ap, e e a,;
2 ay, ay, e e a,;
J aj a a;

Further in the work, the methods of labor protection control based on the combining of
the statistical analysis, expert evaluation with ranking of factors and combined prediction of
risks of occupational injuries are considered. In the work, we propose an algorithm of
formation of decisions (Fig. 2) about organization and providing safe work conditions
basing on the risk prediction, where the main stages of the process of decisions formation
on the basis of combined prediction of risks are presented.
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Organizer of the expertise

(persons who take decisions (PTD), i.e., the client and

v
Formulation of aim of the expert survey
(persons who take decisions (PTD))
v
Selection and confirmation of the main composition of
the working group (WG)

v

Theoretical justification of factors-causes of labor safety

v
| | | I | | |
© - © = — Q
5 SRR & 3 5 2
w = - S+ 2 > 83 B
NS ) S % S 5 8% B %
= 2 £< © 2 g <
o 8 3 g s 3 %
o [t o @ @
I I [ [ | [ I
v

Priori analysis and drawing-up of a list of evaluated
factors (X4, Xz, X3, X4, X5, Xe, X7)
v
Development of questionnaires and inquiry schedules
v

Formation of expert groups (EG)
in accord with their competence

A

v
[ l |
Representatives of Engineering and Scientific and technical
the labor protection technical personnel personnel
I I |
v

Formulation of the problem for the expert group (EG)
(by the client and executor)
v
| Expert survey (the first round and second round) |
v
| Collection of results for the prediction of injury risks |
v
Correction of the collective opinion of groups based on
the objective analysis
v
| Evaluation of the degree of consistency of opinions of experts lLP

yes ¢

Computer analysis of the expert grade, interpretation
(processing) of obtained results of the WG and selection of
the most significant indices for the PTD
v
| Formation of decisions on increasing the level of labor |
v
| Formation of results of the expert survey |

A

Checkout of the
competence of experts

Fig. 2. Algorithm of formation of decisions on the organization and ensuring of safe working
conditions based on the prediction of risks
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Applying the models and methods developed using data for the period between 2001
and 2012, we investigated the statistics of occupational injuries with the methods of
regression analysis, construction of multifactor regressive models and performed combined
prediction for the period between 2012 and 2013.

Basing on the corresponding time series, mathematical models of trends and
predictions of the future behavior of time series were constructed. In the Fig. 3, the
dynamics of the number of injured employees for the different types of events is shown for
an example. The dynamics of the number of injured employees for different professions
and different shops was determined analogously. The mean error of prediction is equal to
10-12%, indicating the applicability of the proposed approach to the prediction of the
dynamics of time series of occupational injury [4].

20
9
g 18 >4 1
K
5 16
14 ,
12 - Ot 1

o R S By N =

ST~ s
> o, - N . (y/ 3
6 oL \r</ - '?'\\* "'"’7 //
i"" \o/ | A //
4 /\\ N -~ I~ 4_.-¢
Al
2 |« \./
0
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Years
——— 1 - Fall of injured person — —O—— 2 - Action of moving objects
—a— 3 - Action of harmful substances - =4 - Fall of objects

Fig. 3. Dynamics of the number of injured employees for different types of events
Fall of injured person:
y=10,0062x" - 0,1014x> + 0,5894x + 7,6667, R?=0,885
Action of moving objects:
y=-0,0061x" +0,1455x> - 0,9962x> + 1,8522x + 7,6061, R2=0,7172
Action of harmful substances:
y=0,0105x" - 0,1888x> + 1,0734x + 2, R2=0,8256
Fall of objects:
y=0,0289x’ - 0,549x” + 3,5282x + 2,2576, R? = 0,8474
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To evaluate the efficiency of predicting the level of injuries basing on the method of
combined prediction, we compared the prediction grades using multifactor models of the
dependence of the number of accidents on the causes-factors that led to accidents, and the
dependences of the number of accidents on the types of events that led to accidents.

A=-0,06112+0,6754X,+0,8718X , +1,5954X,, -0,8534X , +0,2794.X ; +
+0,2953X,, +0,3732X,, +0,3609.X , +0,4207X , +0,7141.X ,

Errors of the prediction with this combined model are equal to 0.43—1.11%, which is a
better result than those obtained individually from each of the previous models.

It is reasonable to complement the methods of the combined prediction by the refined
grades based on expert evaluation, the aim of which is to refine the influence of the factors
on the occupational injuries. With the results of processing, we constructed diagrams of
ranks, which refine the values of the factors of influence on the occupational injuries (Fig.
4). Professions most susceptible to traumatism, causes of intentional violation of safety
requirements, potential causes of traumatism, factors that cause injuries during the
technological process performance, factors of the most dangerous (in terms of injury)
equipment, and labor protection measures were investigated analogously.

T I8k

X1 X2 X3 X4 X5 X6 X7
Factors

Fig. 4. Diagram of ranks of production and technical factors

Then we performed the general evaluation of the efficiency of the proposed theoretical
results and justified measures and means for preventive measures of risk of occupational
injuries.

The results of the comparative analysis of the retrospective prediction by the methods
of regression analysis (prediction) and the improved method of combined prediction based
on the method of principal components in combination with the expert evaluation method
are shown in the Fig. 5.
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Fig. 5. Comparison of statistical and combined predictions of risk of occupational injuries in the
food industry

As we see in the Fig. 5, the statistical prediction of the number of injured employees at
enterprises of the food industry shows larger deviations from the actual number of injured
employees (standard error equal to 2.53) than the combined prediction (standard error
equal to 0.85). Thus, it can be concluded that, on the average, the efficiency of prediction
increases by 60% due to the combination of the method of principal components with the
expert evaluation method.

Basing on the obtained theoretical and practical results, in the work we justified
measures and means for preventive measures of risk with the help of its prediction, and
developed a project of a complex of means of automation of labor protection control for the
food industry, which consists of two software tools: “Automated system of accounting,
analysis, and evaluation of accidents at enterprises of the food industry” and “Control of
knowledge on labor protection of production personnel” [5].

Conclusions

As a result of the performed investigations, we have developed a technique for
increasing the level of labor safety in the food industry basing on the prediction of risks of
occupational injuries, which is of great importance for prevention of dangers and hazards
with the aim of providing favorable work conditions, preventing failures and precluding
occupational diseases and accidents.

One of the promising scientific directions of enhancing the safety of the manufacturing
process is the prediction of risks of occupational injuries, which is directly connected with
the manufacturing process, and making the conditions for preventing traumatism using
these predictions. The analysis of the existing risk prediction methods enables us to draw
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the conclusion that they need improvement with regard for the features of the food industry
and complex evaluation of risks of occupational injuries.

For the first time, the model of risk of occupational injury in the food industry has
been developed. This model is based on taking into account complex influence of the whole
range of manufacturing and socioeconomic factors on injuries and constructed on the
fundament of a scheme of an accident emergence, in which each fact of the accident is
related to the prerequisite of its emergence. The indicated approach enables us to carry out
an analysis of direct cause-and-effect relations that take place in the process of injury and to
reveal both main and hidden causes of occupational injuries, and types of events that lead to
an accident.

The combined method of regression analysis on principal components has been
improved. In contrast to the existing method, it additionally includes the results of
refinement of the main influence factors taken from the expert evaluation method, which
makes it possible to use it for predicting injury risks in case of the substantial correlation of
the initial statistical data and insufficient conditionality of the system of normal equations
in the determination of regression coefficients and in case of presence of errors in the
determination of the initial indices and a shift of grades of traumatism.

The methods of labor protection control have been further developed basing on the
combination of statistical analysis, expert evaluation with ranking of factors and combined
prediction of risks of occupational injuries with the realization of the algorithm of
formation of propositions to the improvement of the work conditions at enterprises of the
food industry. Thus, it becomes possible to develop managerial decisions on providing safe
work conditions for the personnel employed in the food industry on the basis of objective
prediction of risks.

The proposed technique for increasing the level of safety in the food industry basing
on the prediction of risks of occupational injuries formed the base of the algorithm of
monitoring of causes and circumstances that lead to occupational injuries in the food
industry and of the informational support formation for personnel training on urgent
problems of labor protection. On the base of the indicated technique, recommendations
were created on the analysis of the causes and circumstances that lead to injury of an
employee at a specific working place and on the complex of the most reasonable
antitraumatic measures was determined.

The developed models and methods have new and novel properties and make it
possible to increase the efficiency (precision) of prediction, on the average, by 60%, based
on the combination of the method of principal components with the expert evaluation
method, which enables us to increase the total efficiency of preventive measures of
occupational injuries at enterprises of the food industry, on the average, by 18-23%.

The scientific results of the investigations are a contribution to the development of
theoretical and applied fundamentals of labor protection in the part that concerns
diagnostics, prediction, and modeling of extreme situations, and evaluation of their
consequences. The results of the investigations have been introduced at a number of
enterprises of the food industry.

A wide range of problems on the development of the methods of determination of the
cause-and-effect relations of occupational injuries, prediction of risks and development of
efficient measures for improving the system of labor protection control in the food industry
can be promising directions of further investigation.
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Introduction. The article presents outputs of a trial
which discovered consumers” opinions on food quality
labels in the Czech Republic and their influence on
shopping behaviour in the process of purchasing foodstuff.

Materials and methods. Questionnaire research is a
basis for further research realized in 2016. In the trial, 36
respondents over 18 years of age were interviewed in front
of grocery stores in the period from December 2015 to
January 2016, their distribution roughly corresponded the
Czech population sample. Individual semi-structured
interviews were used where the respondents answered a set
of 13 questions.

Results and discussion. Three most influential factors
that affect consumers shopping food are price in the first
place, origin of the product in the second, and its appearance
as third. However, more accurate results will appear with a
higher number of respondents in further research. So far the
trial leads to the conclusion that quality labels are not the
key factor having significant influence on shopping
behaviour. In naming quality labels, Klasa appears to be the
most recognized label of quality and shows the highest
awareness. Other featured labels were Cesky vyrobek and
Bio. Nevertheless, consumers do not have an accurate
understanding of quality labels meaning in general. In 95%
of cases, the respondents agree that labelled products meet
their expectations, but only 58% consider labelled products
to have higher quality. Almost 61% of the respondents agree
that quality labels are trustworthy, and 72% of the sample
are willing to pay extra money for labelled food products.

Conclusion. About two thirds of consumers trust
quality labels and nearly three quarters are willing to pay
more for labelled products than unlabelled.
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Introduction

After lifting food quality standards in 1993, quality of numerous products has decreased
without attention on the side of the consumers. Gradually, information began appearing that it is
necessary to monitor composition of products as they actually might not contain what they
should. The problem was and still remains that while shopping consumers do not want to spend
time reading unclear and often confusing information on composition of the products which is
usually even missing at over-the-counter sale. Therefore, it is common that consumers purchase
spurious products where name and packaging play the key role, not the actual composition or
nutritional value.

Over time, price has become guidance for quality of food products. But nowadays even
that is no guarantee for quality or content of the ingredients expected by the consumers. On the
one hand, some product quality indicators are improving, on the other hand, use of substitutes in
foodstuffs is growing. Quality labels the number of which is growing rapidly on the market are
supposed to resolve the issue. These labels should guarantee quality of products in terms of
composition, place, or method of production, and should help consumers choose fine quality,
unadulterated food.

Due to the fact that quality is gradually becoming a significant factor in the choice of food
by more and more consumers, quality labels are gaining importance as well. They are
substantial not only for consumers but also manufacturers who are able to attract attention or
differentiate from the competition thanks to products which meet the parameters for obtaining
such label of quality.

Theoretical background

Quality labels, or the so called utility signs, are graphic symbols that appear on a product,
its packaging, or enclosed information materials. They inform about particular parameters of a
product (packaging), or its use [1]. They are a tool to reassure consumers about the quality
through certification. Specific labels only cover certain aspects of quality. It means that the
market offers product or service quality labels.

Quality labels can help producers to communicate their products with the value-adding
characteristics, highlight the specific character of their products, and stimulate consumers’
interest in such products. [2]

According to [3] there is great diversity within quality labels. Symbols are divided into
several categories which may overlap with one another. Those are related to:

- Industry (sector) - e.g. HORECA Select,

- Working conditions - e.g. Fairtrade, Oké bananas,

- Production conditions - e.g. FSC certification, Rainforest Alliance,

- Recycling and organic products - e.g. Eco-O.K.,

- HR policies - e.g. Investor in People,

- Product - e.g. Klasa.

All utility signs are segmented in higher detail by [1] according to the following criteria: in
terms of severity, content, extent, and geographic perspective.

There is no doubt that quality labels have undeniable importance for producers as well as
consumers. To consumers they provide certain assurance as products marked by such labels
must meet the established standards and requirements. They also contribute to simpler
orientation on the market and help choose a quality product or service with minimal risk.
Currently, one of the assumptions about today’s consumer behaviour is the fact that people are
increasingly buying products not because of their parameters but for the personal value they
represent. Products are often evaluated according to their specific qualities (not the main benefit
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it should deliver), but the so called enhanced product (a set of intangible elements which bring
the perceived advantage to the consumer, e.g. image, service, consulting, etc.). Quality labels are
part of the enhanced product which influences consumer behaviour. [4], [5]

Contribution of brands for manufacturers is often far greater than benefits for consumers.
Quality labels can serve as an effective marketing tool which leads to an increase in sales (after
being marked with a brand logo) and raise in awareness among consumers. Brands are therefore
considered an important tool for manufacturer’s sales support. The survey conducted by Focus
Agency for an expert periodical Marketing Journal shows that 81% of companies see the main
benefits of using quality labels in the expected increase in consumer confidence. Another benefit
is the aforementioned increase in revenues and a way to differentiate from competition. Also,
39% of companies perceive quality labels as a guarantee of production stability and high quality
of its products. [6], [7]

These labels can be an important factor in consumer choice. Consumers may prefer a
product from a certain geographical area simply because they believe it to be better, or they may
prefer a product from their own region or country due to consumer ethnocentrism, i.e. their
loyalty to the region/country and their preference to support the local economy. [8]

Czech food market is flooded by a large number of quality labels which should function as
a guide for consumers and at the same time guarantee quality and origin of products. Consumers
may encounter labels used exclusively for food products (eg. Klasa or Regionalni potravina), or
labels given in other product categories (eg. CZECH MADE or Cesky vyrobek).

Methodology

This paper aims to (1) identify the main factors in decision-making while purchasing food
and their order stated by the respondents, (2) discover knowledge and recognition of quality
labels that appear on the Czech food market, and (3) gain respondents' opinions on food
products marked by quality labels.

The presented study is a trial for the research on quality labels. In the trial during the period
from December 2015 to January 2016, 36 respondents were interviewed distribution whom
roughly corresponds the distribution of the monitored categories of the population sample. The
survey sample consisted of residents of the Czech Republic over 18 years of age addressed in
front of grocery stores. The interviews were recorded for qualitative evaluation. Based on the
information obtained from the trial study, the questionnaire will be adjusted for final interviews.

The research technique used were individual semi-structured interviews, the respondents
answered a set of 13 questions with closed and open-ended answers and scales. Representative
technique was used for the selection of respondents, namely simple random selection where
respondents were interviewed in front of a grocery stores. The questions were focused on the
attitude of respondents towards purchasing food labelled by quality labels and their knowledge
of quality labels placed on food sold in the Czech Republic. Further segmentation questionnaire
contained questions on household size, total net income of the respondent's household, the
highest educational attainment of the respondent, and zip code for region identification. The aim
of the survey was to get the majority of responses from women who have higher influence on
shopping behaviour of food and stronger decision-making power than men. The respondents
were willing to answer questions, and no significant number of respondents who would be
reluctant to participate in the questioning was registered. The obtained data were then processed
and classification of the first and second degree was conducted, followed by correlation analysis
and hypotheses testing.

Previously conducted interesting researches describe the situation in the Black Sea area
using critical analysis [11] and [12].
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Table 1

Quality labels used in the Czech Republic

Logo Name Characteristics
KLASA Label awarded by the Ministry of Agriculture
to food and agricultural products of finest
(/ quality.
KLASE
‘ Cesky vyrobek — Products must be manufactured in the Czech
guaranteed by Republic and must contain a certain share of
< Federation of the Food Czech ingredients. The label is awarded by
Cesky vyrobek & Drink Industries of Federation of the Food & Drink Industries of
GARANTOVANO the Czech Republic the Czech Republic.
Potravinafskou kemorou CR
Cesky vyrobek (belongs | Label for both food and non-food products
to the Cesky vyrobek whose production company is owned by
fund) Czech citizens and revenue is not transferred
= _® outside the country. Label is awarded by
(:‘ESKY Cesky vyrobek fund.
VYROBEK
Cesky vyrobek (belongs | Designation of safe products manufactured in
to Cesky vyrobek Ltd.) | the Czech Republic (where employees are
Czech). The label is granted by Cesky
vyrobek Ltd.
CESKY VYROBEK
Czech made The label which is part of the state program

Ceska kvalita reflects that the quality of
designated goods and services has been
objectively verified by a third party. This
label is awarded by SdruZeni pro Cenu Ceské
republiky za jakost.

BIO — a product of eco
agriculture

Nationwide trademark for organic food given
awarded by organizations entrusted by the

Ministry of Agriculture.

BIO in EU EU logo for organic packaged foods, which
was introduced by the European
Commission.

Ekologicky Setrny Goods and services that are proven

vyrobek environmentally and consumer health

(Eco-friendly product)

friendly, label is granted by the Ministry of
the Environment.
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Regionélni potravina
(Reginal food)

Label awarded by the Ministry of Agriculture
to finest-quality agricultural products that win
in regional competitions.

Vim, co jim
(I know what I eat)

Designation of nutritionally balanced food
granted by the non-profit organization Vim,
co jim a piju.

Zdrava potravina
(Healthy food)

Labelled food must not contain controversial
additives, artificial flavourings and E-
additives, is awarded by Zdrava potravina.

Certified e-friedly food
(CEFF)

Food products without preservatives,
artificial colourings and flavours, the label is
awarded by an independent institution.

Chranéné zemé&pisné
oznaceni

(Protected geographic
trademark)

Designation of an exceptional agricultural
product or foodstuff from a given region /
location. At least one phase of production -
production, processing, or preparation must
take place in the designated area. Awarded by
the European Commission.

Chranéné oznaceni
pivodu

(Protected origin
trademark)

Designation of an exceptional agricultural
product or foodstuff from a given region /
location. All stages of production must take
place in the designated area, it also applies to
ingredients. Awarded by the European
Commission.

Zaru€ena tradi¢ni
specialita

(Guaranteed traditional
specialty)

Agricultural product or foodstuff produced or
manufactured for at least 30 years specific
nature of which is recognized by the EU.
Awarded by the European Commission.

FAIRTRADE

Fair Trade

A certification system for products from the
countries of the Third World where consumer
buying this product helps disadvantaged
producers (mainly from the Third World
countries). Managed by Fairtrade Labelling
Organisation International.

Source: [9], [10]
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Results and discussion

Responses were distributed evenly within the sample according to the number of
members in the households, as well as in the category of total monthly net income of the
households. In the category of gender a higher proportion of women was reached, which is
advantageous as in most families women take decisions on food purchase. Unequal
representation was achieved in the category of age where almost over 41% of respondents
fall into the age group of 20-29 years. The territorial distribution of the respondents is that
nearly 64% of respondents come from the Central Bohemian Region, the rest of the
respondents from the regions of Olomouc and Plzen. Thus it is possible to say that the
inquirers managed to ensure representation of respondents living in large cities and near
such cities who usually have different lifestyle and therefore distinct shopping behaviour
from people living in rural areas.

Table 1
Sample characteristics

Number of | 1 8,3 % Total up to 10 000 CZK 16,7 %
household | 2 22,2 % monthly net 10 000 —20 000 CZK 19,4 %
members 3 22,2 % income of 20 000 —30 000 CZK 27,8 %
4 22,2 % households 30 000 —40 000 CZK 13,9 %
5 25 % 40 000 — 60 000 CZK 11,1 %
over 60 000 CZK 11,1 %
Education | Primary 11,1 % Age 20 -29 years 41,7 %
Secondary | 16,7 % 30 — 39 years 19,4 %
Secondary | 44,4 % 40 — 49 years 19,4 %

(higher)

College 2,8 % 50 — 59 years 11,1 %

University | 25,0 % 60 years and more 8,3 %
Gender Female 63,9 % Region Central Bohemian 63,9 %

Male 36,1 % Plzen 2,8 %
Olomouc 33,4%

In the ranking of the factors that most affect food purchase, an earlier assumption was
confirmed that price is the main criterion. Each respondent was asked to state three factors
that most influence their purchase of food and, in addition to price, respondents placed great
emphasis on the origin of products (whether it is a Czech or foreign products and whether it is
a regional product, or a product imported from a greater distance).

Moreover, the demand for regional foods and specialties is powered by the growing
consumer interest in product attributes such as origin, sustainability, traceability, and
authenticity. [13]

Among other qualities, appearance of the product was considered important. Other
factors that placed on the first to fifth position were quality, composition of the product, taste
(which is the most subjective criterion), and recommendation. Quality label placed 7th in case
of the first factor, 10th as the second factor, and 3rd in stating the third factor. This means that
quality label is not one of the main selection criteria for the respondents.

There are some important factors driving consumers to buy or not to buy their local food
products. These factors can be food quality, costs, lifestyle, and motivation to support local
economic growth. In terms of food quality, local foods are believed to be a fresh due to the
fact that they are grown near the consumer and distributed within a shorter transportation

distance [14].
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Table 2
Order of factors with most influence on food purchase
First factor Second factor Third factor
1 Price Price Price
2 | Origin Origin Appearance
3 | Quality Composition Quality label
4 | Composition | Appearance Composition
5 | Taste Other Recommendation
6 | Appearance Recommendation | Quality
7 | Quality label | Habit Freshness
8 | Habit Freshness Taste
9 | Freshness Taste Shelf-life
10 | Other Quality label Appearance

The tests made on rank correlation (Kendall’s tau) did not confirm dependency
between the order of the factors cited meaning that it is impossible to say unequivocally
which factor respondents generally consider as the most important as there is no trend of a
single factor appearing on the first place. Values of Kendall’s tau varied from -0.433 to
0.06 and are statistically significant at a significance level of o = 0.05.

Like in the previous question on factors influencing food purchases, respondents were
asked to name three quality labels they know. This confirmed the earlier assumption that
Klasa holds the leading position on the Czech food market as the majority of respondents
named it as the first option. Many respondents were not able to name a second label,
however, Cesky produkt, Bio, and the response “Other” appeared among the answers. The
respondents also named brands that do not belong among quality labels — e.g. private labels
of retail chains. Therefore it is possible to conclude that the concept of quality labels is
unclear for many respondents and, despite repeated campaigns to promote recognition and
knowledge of quality labels, consumers are still unsure about what such labels represent. As
the second option respondents named Cesky produkt, Regionalni potravina, and Zdrava
potravina. It is also interesting that some reported Chranéné zemépisné oznaceni a
Chranéné oznaceni ptivodu as the second and third answer since those labels are not often
known among Czech consumers.

Table 3
Order of labels by awareness
First label Second label Third label
1 | Klasa Other Regiondlni potravina
2 | Cesky produkt | Cesky vyrobek Other
3 | Other Chranéné zemépisné oznaceni Chranéné oznaceni ptivodu
4 | Bio Regiondlni potravina Cesky produkt
5 Cesky produkt
6 Zdrava potravina

Even in this case the conducted rank correlation tests (Kendall’s tau) did not confirm
any dependency between awareness rankings of quality labels, which means that it is not
possible to say unequivocally which labels are more significant than others, except for the
Klasa label whose position is exceptional. Values of Kendall’s tau vary from -0.501 to
0.229 and are statistically significant at a significance level of a = 0.05, at the same time
there is no visible trend.
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Another aim of this paper was to find out opinions of the respondents on food products
marked with quality labels. It is noteworthy that 94.4% of respondents rather agree that
labelled foodstuffs meet their expectations, but only 58.3% of respondents consider these
products actually better (13.9% absolutely agree and 44.4% rather agree) while 30.6% of
respondents were neither concurring nor dissenting. Similarly, the respondents answered
questions on whether the labelled products are trustworthy where 61.1% of respondents
agree with such statement (19.4% absolutely agree and 41.7% rather agree) which may
seem interesting for food producers who endeavour to obtain some of the quality labels.
Willingness to pay extra money for the labelled food products was confirmed by 72.2% of
the respondents which shows a positive trend that consumers are willing to pay more for
products which are marked with quality labels and which are expected to have higher
quality than unlabelled products. These findings may also be confirmed by one-sample t-
test the value of which reached t = 0 at a significance level of o= 0.05.

Table 4
Respondents’ opinion on labelled food products

1 2 3 4 5 T-test value

Do food products marked with quality labels 0 94,4156 |0 0 Sig=0,T=
meet your expectations? 53,09

In your opinion, are labelled food products of 13,9 | 44,4 | 30,6 | 2,8 | 2,8 | Sig=0,T=
better quality? 15,43

In your opinion, are quality labels trustworthy? | 19,4 | 41,7 | 22,2 | 83 | 2,8 | Sig=0,T=
13,36

Are you willing to pay more for labelled than 278 | 44,4 | 139 5,6 | 2,8 | Sig=0,T=
unlabelled products? 12,21

Note: 1 — absolutely agree, 2 — rather agree, 3 — neither agree nor disagree, 4 — rather disagree, 5 —
absolutely disagree

Conclusion

Based on the trial of quality labels where 36 respondents were interviewed several
conclusions can be drawn. In identifying three factors that most affect consumers while
shopping food, an aforementioned assumption was confirmed that the most important factor
is price. However, the assumption cannot be unequivocally confirmed at this stage of the
research. More accurate results will appear with a higher number of respondents and
statistically significant correlation. In the opinion of consumers the second most important
factor after price is origin of the food, where in addition respondents care what country a
product comes from and, in case it is a domestic product, from which region. The third
most influential factor according to the gathered information is appearance of the products.
Visual characteristics therefore play an important role in food selection. It is also necessary
to mention other factors which occurred on various positions from first to fifth, those are:
quality, composition of the product, taste, and word of mouth or recommendation. Based on
all the previously mentioned information it is possible to conclude that quality labels are
not one of the key factors in food selection and thus do not have significant influence on
consumer behaviour.

Respondents were also asked to name three labels of quality, most frequently they
named Klasa as the first label. Based on the results of this study, Klasa seems to have the
highest awareness on the Czech market. Other labels featured on the first place are Cesky
vyrobek and Bio. In addition, respondents also named brands which are not considered
quality labels but private labels of retail chains. Several respondents were unable to name
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any brand of quality. These facts reveal that brand awareness of quality labels in the Czech
Republic is generally not high. Such labelling thus has low significance and consumers do
not have an entirely clear and accurate idea of what quality labels mean.

The final part of the study examined consumers’ views on food products marked with
quality labels. Nearly 95% of the respondents rather agree that labelled foodstuffs meet
their expectations, while only 58% of consumers actually consider labelled products to have
higher quality in comparison with conventional products. As for the question whether
quality labels are trustworthy, 61% of those surveyed responded approvingly, while 19%
absolutely agree and 42% rather agree with this statement. At the same time, 72% of the
respondents are willing to pay more for the labelled food products than for those unlabelled.
In conclusion, approximately two thirds of consumers trust quality labels and almost three
quarters are willing to pay extra money for such labelled products. However, somewhat
paradoxically, the awareness of these labels and their meaning is not high. Therefore, the
question remains whether and what actual value labels of quality have on the food market
in the Czech Republic.

Acknowledgement

The research was supported by grant F2/94/2015 Analysis of quality labels utilization in
the Czech food market and efficiency of campaigns supporting them of Faculty of
International Relations, University of Economics, Prague.

References

1. Velgovska S., Marhounova M. (2005), Marketingové pojett znacky, VSB-TUO, Ostrava.
Veléovska S., Sadilek T. (2014), Analysis of quality labels included in European Union quality
schemes, Czech Journal of Food Sciences, 32(2), pp. 194-203.

3. Van Tulder R., Van der Zwart A. (2006), International business-society management: Linking
corporate responsibility and globalization, Routledge, Oxon.

4. Turéinkova J. (2007), Chovani a rozhodovani spotiebitele, MSD, Brno.

5. Klanova E. (2013), Jak funguji znacky kvality? Prioritu ma zkuSenost s vyrobkem, Retail Info
Plus, 3(5), pp. 14-15.

6. (2013), Focus Agency. Prizkumy. Available at: http:/ www.focus-agency.cz/

7. (2014), Chaos za stovky milioni. Znacek kvality je na ceském trhu pfilis. In: iDnes.cz, available
at: http://ekonomika.idnes.cz/chaos-v-ceskych-znackach-kvality-do4-/ekonomika.aspx?c=
-/ekonomika.aspx?c=A140120_133534_ckonomika_fih

8. Verbeke W. et al., (2012), Consumers’ awareness and attitudinal determinants of European
Union quality label use on traditional foods, Bio-based and Applied Economics, 1, (2), pp. 213-
229.

9. (2012), Pruvodce svétem potravin. Bezpecnostpotravin.cz, available at:
http://www.bezpecnostpotravin.cz/

10. (2013), Eagri. Potraviny, available at: //eagri.cz/public/web/mze/potraviny/

11. Mnerie D., Gaceu L., Gubenia O., Shamtsyan M., Birca A. (2015), Critical Analysis of the
Reflection by the Resources Quality Agro-Livestock in the Labelling of Generated Foodstuff,
Actual Tasks on Agricultural Engineering, Opatija, pp. 879 — 884.

12. Mnerie D., Gaceu L., Gubenia O., Shamtsyan M., Birca A., Mnerie G.V. (2016), Comparative
Study on the Evolution of the Food Labelling Quality in Some Countries in the Black Sea region,
Journal of Hygienic Engineering and Design, 1(14), pp. 60 — 65.

13. Teuber R. (2011), Consumers' and producers' expectations towards geographical indications:
Empirical evidence for a German case study, British Food Journal, 113(7), pp. 900-918.

14. Arsil P, Li E., Bruwer J. and Lyons G. (2014), Exploring consumer motivations towards buying
local fresh food products: A means-end chain approach, British Food Journal, 116(10), pp.
1533-1549.

194 ——VUkrainian Food Journal. 2016. Volume 5. Issue 1 —



—— Abstracts
AHoTaiil

XapuoBi TexHonorii

BB nonepenaHnoi MikpoXBHIL0BOI 00pO0OKH HACIHHA PiNaKy HA CKJIaJ i AHTHOKCHIAHTHI
BJIACTHBOCTI NPECOBOI PinmaKoBoi oii

1 2 1 1
Tamapa Hocenko', Ipuna Jlesuyk”, Bonomumup Hocenko', Tamapa Kopomrok
I- Hayionanvnui ynisepcumem xapuogux mexnonoeit, Kuis, Yxpaina,
2 - Jlepoicague nionpuememso « Vkpmemmecmemanoapmy, Kuis, Yipaina

Beryn. [locnikeHo BIUIMB MONEPEAHbOI MIKPOXBHIBOBOI 0OpOOKHM piNakoBOro HaciHHA Ha
BUXIi/l IPECOBOI 0J1ii, 3HAUCHHSI KUCIIOTHOTO Ta IEPOKCHIHOIO YHCIIA, KUPHOKUCIOTHUH CKIIaJ], BMICT
y Hilt pocdopoBMiCHUX CrIONIYK, TOKODEPOIiB, KAPOTHHOIAIB i CTIHKICTD 10 OKMCHEHHS.

Marepiasu i meroau. 3HaueHHs NEPOKCUIHHMX Ta KHCIOTHHX 4YHCE] BCTAHOBIIOBAIH 3a
nonomororo MerontiB [IUPAC. Bumicr 3aranbroro docdopy i kapoTuHoifiB BU3HAa4aIM CEKTPOdOTO-
METPUYHUMH METOZlaMH, CKJIAJl XMPHHMX KHCIOT 1 BMICT ToKo(eponiB — XpomarorpadidHUMH
MeTomaMu. TpHBaNiCTh 1HAYKIIHHOIO TIepiofly OKHCHEHHs OJii pO3paxoBYyBAIM 3a KpPUBOIO
OKHCHEHHSI, 1HII[IiI0BaHOTO 2,2-2a301300yTHPOHITPLIOM.

PesyabTaTh i 06roBopennsi. [lepeBaroro MikKpoXBIJIHLOBOTO HarpiBaHHs € BUCOKA IIBUJIKICTH
3pOCTAaHHS TEMIIEpAaTYpH 1, SIK HACHiZOK, BMCOKAa MIBUJKICTH 3MEHIIEHHS BOJOIOCTI MaTepiaiy.
Bomnoricts HaciHHA pinaky 3menmryBanachk Bin 13,0 no 7,2 % nporsrom 10 ta 30 XB yHacmizok
MIKpOXBHJIBOBOIO Ta 3BHYalHOrO HarpiBaHHA BiANOBiJHO. BcraHoBiIeHO, MO B pe3yibTaTi
THoNepeIHBOI MiKPOXBMIILOBOT 0OpOOKH PilaKkoBOro HACIHHA BHXiJ IPecoBOI OJii 30i/bliyBaBcs Ha
16—90 %. OcHOBHMM HapaMeTpoM, IO BU3HAYAB BHXiJ HpecoBoi oiii, Oyiaa BONOricTh HACIHHA
micis 00poOku. Buxin npecoBoi oiii i3 HACIHHA 3 OJHAKOBONO BOJOTICTIO 30iibIyBaBcs Ha 16 % 3a
BUKOPHUCTaHHsI MiKPOXBHJIbOBOI 0OPOOKH HaCiHHS.

OneprkaHi naHi CBiYaTh, 1O >KUPHOKHCIOTHUM CKJIa[ OJii HE 3a3HaBaB 3MiH YHACIiJOK
MIKpOXBHJIbOBOI 00poOKkM HaciHHA. [Ipore ouis, ozmeprkaHa micias Takoi oOpoOKM HACiHHS, Maia
HIDKY] 3HAYEHHS KUCJIOTHOrO ¥ IEPOKCHAHOro 4ucia, Oiibll BHCOKME BMIcT 3aranpHoro ¢ocdopy,
ToKO(epoiB i KapoTHHOIAIB. [TiIBUIIIEHHS OKUCHIOBAJIBHOI CTaOLILHOCTI OJIIT MiCi MiKPOXBHIIBOBOI
00poOKM HACiHHS MiATBEP/UKEHO 30UIBIIEHHSAM TPUBAJIOCTI Iepiofy I1HAYKLIT OKMCHEHHS,
iHiLilioBaHOrO 2,2-2301300yTUPOHITPLIOM. [HAYKIIHHUI 1epiof OKMCHEHHS KOHTPOJBHOTO 3pa3ka
omii craHoBUB 27 XB, TOI SIK OJIii, BUJIY4EHOI 13 HACIHHS MiCIsI MiKPOXBUIILOBOI 00OpOOKH, — IOHA/
90 xB.

BucHoBku. IlomepenHs MikpoxXBuiIbOBa 0OpoOKa pilnakoBOro HaciHHA MoOxe Oyru
OKHCITFOBAJIBHOI CTiHKOCTI.

KiouoBi ciioBa: mikpoxsunvosa 06pobia, pinax, onis, OKUCAEHHs, CIIUKICNb.

BB TenioBoi 00po0kH aHTHOKCHIAHTAMH HA YTHJII3a1i10 AKTHBHUX )OPM KHCHIO
BIIPOJOBK 30epiranns coI01KO0r0 nepuro

Ouecs Ipicc
Taspiticokuii OepoicasHull acpomexnono2iynuil ynigepcumem, Menimonono,
Yxpaina

Beryn. Ilonpy Bu3HaHYy €(heKTHBHICTD TEIUIOBMX OOPOOOK Ta aHTHOKCHIAHTIB JUISl 3MEHIICHHS
OKHCHOT'0 TOIIKO/DKEHHS 1HIYKOBAaHOTO OXOJIOJDKEHHSM, iX CyMICHHH BIUIMB IIiJ 4Yac 30epiraHHs
COJIOZIKOT'O TIEPIIIO B IbOMY aCIIeKTi HE PO3TIIIaBCsL.

Marepiaau i meromn. ITnoxu nepmro Hikita F1 ta I'epkynec F1 3 momepenHboro TeIoBoro
00pOOKOI0 KOMITO3HIIIE€I0 aHTHOKCHAAHTIB 30epiranu pu 7 + 0,5 °C. BMicT MajoHOBOro mianbaeriny
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(MJA) BusHavyanu TioOApOITYpOBUM MeTONOM. AKTHBHICTH cymepokcumauemyrasu  (COJI)
BH3HAYaIM 3a I 3JATHICTIO iHTIOyBaTH peakiifo aBTOOKUCICHHsS aJPEHATIHYy 3 MOAMQIKaIi€ro y
YacTHHI MiATOTOBKH cHpoBHHH. AkTHBHICTH nepokcumasu (I10) ta karanasu (KAT) Busnayanm
TUTPYBaHHSM HEPO3KJIAJICHOI0 3AIMILIKY HEPOKCHUY BOZHIO.

PesyanpTatn i oGroBopennsi. be3 1omaTkoBHX 3aXOmiB  3amo0iraHHS — XOJOJOBUM
TIOIIKO/DKEHHIM, Ticis 24 ni6 30epiraHHs ypaKEHHMH € TpPEeTHHA IUIOAIB Iepmio. Y IUIOAIB 3
TEIUIOBOI0 OOPOOKOI0 KOMITO3MIIE€I0 aHTHOKCU/IAHTIB XONONOBI JIeheKTH 3’SABIIAIOTHCS JMie Ha 21
100y He3aJIe)KHO BiJ| JOCHTIPKYBaHOTO TiOpumy. XOJIOI0BI TpaBMU CKOpO4yroThCs B 3,9...4,5 pasa
HOPiBHAHO 3 IIofamMu 6e3 00poOku. Iij yac 30epiraHHs HepLEo IPH TeMIIepaTypax, BUIMX 3a MOpir
YyTJIMBOCTI 10 X0JoAy, piBeHb M/JIA mocriitno 3pocrae. Teriopa 00poOka aHTHOKCHAAHTAMH 3MIHIOE
muHaMiky MJIA mioniB nepio. [lo 12 no6u 30epiraHHs piBeHb NMEPEKHMCHOrO OKUCIIEHHS JIIiiB B
00po0IIeHNX 3pa3kax 3aJMmaeThest crabimbHuM. Ha ko)kHOMY HacTyrmHOMY eTarti 30epiraHHs piBeHb
MJIA 36inbmyerbest Ha 5...15 % 3anexHo Bix ribpuny. Ha 18 noOy (BTpara ToBapHOi sKOCTI
KOHTPOJIbHUX 3pa3KiB) piBeHb MJIA B 06pobiienux riopax ckiazae B 1,7...2 pasu. TeruioBa 00poOka
AQHTHOKCHIAHTaMH CHOBUIBHIOE IIBHUIKICTh aeaktuByBanHs COJ] Ha 25 %, KAT nHa 30..50 %.
AxruHicts 10 mpu 30epiraHHi Nepiuio IMOCTYIIOBO 3HMXKYETbCS JIO MOMEHTY BTPAaTH TOBapHOL
SKOCTI, a Hajani 3pocrae. B 00pobienux mioznax 3pocranHs akruBHocti [10 BinOyBaeTbes Ha 12 11i6
Ii3Hille, HXK Yy KOHTPOJbHHUX BapiaHTax. MDK aKTHBHICTIO JIOCHI/DKyBaHUX (DEpPMEHTIB i BMiCTOM
MJIA BcTanoBIIeHO TicHI obepHeHi 3anexHocTi (r=-0,81...~-1), 1m0 cBiTINTH NPO X AHTUOKCHUAAHTHI
¢byHKLI.

BucHoBkn. CronydeHHS TemuoBoi oOpOOKM W aHTMOKCHIAHTIB JUIS IATOTOBKU IEPILIO IO
30epiraHHs miaBuILye eQeKTUBHICTh (yHKIIOHYBaHHS CHCTEMM YTHIi3alil akTUBHUX (OpPM KHCHIO,
1110 103BOJISIE MiHIMI3yBaTH MOIIKOKEHHS XOJIOIOM.

KiouoBi cinoBa: 36epicanns, nepeysb, anmuoxcudanmu, 06pooxa.

Po3ciloBaHHsI 1a3epHOro BUNPOMiHIOBAHHS YaCTHHKAMH MOJIOKA
IOpiii [ocynin
Hayionanvnuii ynieepcumem 6iopecypcie i npupodokopucmyeanns Yepainu, Kuis, Ykpaina

Beryn. OCHOBHOIO METOIO JaHO CTaTTi € TEOpeTHYHE W EKCIICPHMEHTAJIbHE IOCIIiKEHHS
PO3CIIOBaHHS JIa3€PHOTO BUIIPOMIHIOBaHHA YacCTHMHKAMHU MOJIOKA 1 aHA3 XapakTepy pO3IOAilLy
YaCTUHOK MOJIOKAa 3a PO3MipaMH 3aJIeXKHO BiJI KOHIIEHTpalil Ta HAarpiBaHHsA 3pa3KiB YIPOIOBX
TEXHOJIOT'1YHHX IPOIIECIB.

Marepiayu i meroan. OOroBoprOIOTECS TEOPisl PO3CIIOBaHHS CBITIIA 1 3AIEXKHICTh KoedilieHTa
PO3CiIOBaHHS BiJl JOBKMHM XBWJI CBIiTJIa 1 IapaMeTpiB YacTHHOK MOJOKa. EkcriepumeHTanbHe
JIOCHII/KEHHST PO3CIIOBaHHSA CBITJIA YaCTKaMM MOJOKa Oyllo BUKOHaHO 3a JIOHNOMOIOI ()OTOHHOIO
KopeJsiniiHoro cekrpomerpa 4700c.

Pe3ysabraT i 00roBopeHHs. Po3risnarorses pi3HI TUIM PO3CIIOBaHHS, TaKi SK PO3CIIOBAHHSA
Penest i Penes-I'anca, aHomanbHa audpakimis, a TakoX BiJIOBiTHI KOS(IUIEHTH pPO3CIIOBAHHS.
Jlocmimkeni ricrorpaMu posmomily posMmipiB wactuHOok possexenoro (C < 107 %) moroka
(temmeparypa 25 © C) i 3pa3kiB MoJoOKa 3 piHHUM BMictoM xupy (4,2 %; 5,2 %; 7,4 % npu
temreparypi 20 © C i 7,4 % npu temmnieparypi 50 °C), a Takox 3aJI€KHICTh IHTEHCHBHOCTI PO3CISTHOT'O
CBITJIA BiJI KyTa CIIOCTEPEKEHHSI.

MeToz po3citoBaHHS CBiTJIa MOXe OyTM BUKOPHUCTaHUWM Ul aHAJIi3y BIUIMBY BMICTY MOJIOKA i
TEXHOJIOT'IYHHX MPOLECIB, SIKi ITOB’s3aHi 3 HarpiBaHHsAM (HacTepu3alii, CTeprIIizaliii, roMoreHisamii)
Ha PO3IOJILI YACTHHOK MOJIOKA 33 PO3MipaMH.

BucHoBku. Po3citoBaHHS J1a3epHOI0 BUIIPOMIHIOBAHHS € NI€PEIOBUM METOJOM, KU MOXe OyTH
BUKOPHUCTAHUH JUIi BHU3HAYEHHS XapakTepy PpO3IOIUy 4YacTOK MOJIOKa 3a po3Mipamu. Merox
XapaKTepU3yeTbCS BHUCOKOIO TOUHICTIO, HEPYWHIBHOIO Ji€f0 1 He BHMarae KajuiOpyBalbHHX
CTaHJapTiB.

KiouoBi ciioBa: monoxo, sicup, kazein, cuposamxa, 6i10K, 1a3ep, BURPOMIHIOBAHHSL.
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Bucokuii THCK y TEXHOJIOTISIX MOJIOKA | M’ SIKOr0 CHpPY

Banepiii Cykmasos', Bikropis Kiiko®
I - [lonmaecvkuii ynieepcumem exonomiku i mopeieni, [lonmaea, Yxpaina
2 - Hayionanvnuii ynieepcumem xapuosux mexwonoeii, Kuis, Yxpaina

Beryn. YV crarTi A0CHIIKEHO BUKOPUCTAHHS TEXHOJIOTIT BUCOKOTO THCKY B MOJIOKOIIEPEPOOHIH
MPOMUCIIOBOCTI, 30KpeMa OOIPDYHTOBAaHO palliOHaJIbHI IapaMeTpd OOpOOKH BHCOKHM THCKOM
BITYM3HSHOI MOJIOYHOI CUPOBUHH IIPY BUPOOHUIITBI MOJIOKA IIMTHOT'O Ta M’SIKOT'O CHPY.

Marepianu i meroan. OO €KTH JOCHIIKEHHSA: MOJIOKO, 00pOOieHe BUCOKMM THUCKOM, CHp
KUCJIOMOJIOUHHH, BUPOOJIEHHMH 13 3aCTOCYBAaHHAM BHMCOKOIO THCKY. MiHepalnbHHIl CKiIaj MOJIOKA i
CHpPY KHCJIOMOJIOYHOT'O BU3HAYAIH METOJOM aTOMHO-a0COpOIiifHOI criekTpodoToMeTpii Ha aTOMHO-
abcopbuiitnomy crnekrpodoromerpi «C-115 ITK», peonoriyni BIacTHBOCTI CHpY BU3HA4alId Ha
€JICKTPOMEXaHi4Hill yHiBepcanbHiii BunpoOyBanpHiH MammHi SANS CMT2503 BupoOHMITBA
«Shenzhen SANS Testing Co. Ltd. ».

Pesysbratn i oOroBopeHHs.. BcTaHOBIGHO MeXaHI3M BIUIMBY THCKY, TEMIIEparypH i
TpUBAIOCTI 0OPOOKM Ha MIKpO(IIOpPY BUXiIHOI CHPOBHHHM Il BUPOOHULITBA MOJIOKA ITUTHOI'O Ta CHPY
M’SIKOT0, BU3HAUCHO MapaMeTpu oO0poOKH, sKi 3a0e3nedyloTh e(heKTHBHY iHAKTHUBAMLIIO MiKpO(IopH
BITYM3HSHOI MOJIOYHOI CHPOBHHHU.

Busnaueno panionanbHi napamerpu 00poOku: 11 Monoka — tuck 300—330 MITa, 40—45 °C,
TpuBaticTh BUTpEMKH 30-60'c; mim cmpy — THck 450—580 MIla mpu Temmepatypi 18°C i
TpuBasocTi 06podKu 20—30-60" c.

Ipwu ouiHLi $i3UKO-XiMIYHUX ITOKA3HUKIB MOJIOKA i CUPY MOPIBHAHO 3 KOHTPOJIBHUMH 3pa3KaMu
BCTAQHOBJICHA HE3HAuHa 3MiHa BMICTy 3arajpHoro OiJIka, >KHpY, JIAKTO3M 1 MacoBOI YaCTKU CyXHX
PEYOBUH.

BmicT OCHOBHHX BiTaMiHIB y MoJoOLi 1 M’SIKOMY CHpi CBIIYMTh HPO iX MaKCHMalbHe
30epekeHHs. Y Mouoli, 0OpoOJIeHOMYy BHCOKMM THCKOM, 30epiraeTbcsi B 4—6 pasiB Oijblie
KUPOPO3UMHHUX 1 2—3 pa3u Oinbllle BOJOPO3UMHHMX BITAMiHIB, HDK Yy IacTepU30BAHOMY,
BHTOTOBJICHOMY 32 TPaHLIiHOI0 BUCOKOTEMIIEPAaTYpHOIO 00p0o0OKo0. YV M’SIKOMY cHpi 30epeKeHICTh
BiTaMiHiB B 1,5—2 pa3u Ounblie, Hi’k BUPOOJICHOMY 3a TPaJHILIHHOI TEXHOJIOTIEL.

3a 6aJ0BOIO OLHKOK CEHCOPHMX XapAaKTEPUCTHK HAWBHIII IOKa3HUKHM OTPUMANIU IPOIYKTH,
BHpOOJIEHI 13 3aCTOCYBaHHIM TEXHOJIOTii BUCOKOIO THCKY: MOJIOKO — 98,6 Gana, M’ sikuid cup — 96,4
6ana. Ilporsrom 30epiraHHs BHpakeHI O3HAKM IICYBaHHA B KOHTPOJIBHUX 3pa3KaXx MOJIOYHHX
HPOAYKTIB 3’ABWINCSA 3HAYHO IIBMIIIE, HDX Y JOCHIJHUX 3pa3Kax, L0 € HACIiJKOM aKTHBHOCTI
(bepMeHTIB MIKPOOPTaHI3MiB, SIKi BHKUIIML.

BucnoBku. TexHonorist BUpOOHHIITBA MOJIOKA 1 M’SIKOrO CHpY i3 3aCTOCYBaHHSM BHCOKOTO
THCKY JI03BOJISE 3a0€3MEYUTH MiKpOOiOJOriuHy CTEPWIIBHICTh INPOAYKTIB, 30UIBIIMTH X TepMiH
30epiraHHs, MaKCUMaJIbHO 30eperTH pepMEeHTHO-BiTaMiHHHUI KOMILIEKC BUX1IHOI CHDOBHHH.

Kuiro4oBi ciioBa: muck, monoko, m’aKuii cup.

BruinB nakyBaHHsI Ha IKiCTh M SIKMX PO3CLIBHHMX CHPIB, popTH(]iKOBaHNX 100aBKOI0 3 MOPCHKHX
BOJOpOCTeil

Haranist Ps64yenxo
Hayionanvnuii ynieepcumem xapuosux mexwnonoeii, Kuis, Yxpaina

Beryn. Metoro CTaTTi € AOCIIJDKEHHS BIUIMBY Pi3HHMX CIIOCOOIB NaKyBaHHS 1 30epiraHHs Ha
CIIOXKMBHI BJIACTHBOCTI M’SIKMX pPO3CUIBHUX CHUpiB, (OpTH(IKOBaHMX H00aBKOIO 3 MOPCHKUX
BOJIOPOCTEH, a TAaKOX 3MiHHM iX SIKOCTi y mporieci 30epiraHss. 3a JOIMOMOTrO0 30aradeHHs] M’ SKUX
PO3CUTBHUX CHPIB 010JI0T1YHO aKTHBHUMU JI0OABKaMH Ha OPTaHIYHO 3B’s3aHHUI MO MOXKHA 3a1100irTH
HecTadi Hoay B Xap4yBaHHi Jtoaunu [1—3].

Marepiayu i meToau. O6’exTamu JociimkeHb Oyiu HOBI M’sKi po3cinbHi cupu: “3paszok 17 —
3 JoaBaHHsIM 2100aBKM 3 Oypoi Bomopocti y kinbkocti 0,5 % no macu cupy; “3paszok 2” — 3

——VUkrainian Food Journal. 2016. Volume 5. Issue 1 — 197



—— Abstracts

OJJHOYACHHMM JIOZaBaHHAM 100aBkH 3 Oypoi Bomopocti y kimbkocti 0,5 % i1 anpOymiHHOT Mach
OTpHMaHOI 3 MiJCUPHOI chpoBaTku y Kijbkocti 0,3 % 1o macu cupy; “3pa3ok 3” BHTOTOBJIECHHI
TEPMOKHUCIIOTHIM CIOCOOOM 13 JIofaBaHHsIM J100aBKH 3 Oypoi BomopocTi y kinbkocti 0,5 % o macw,
cupy; “KonTpons 17 M’kuii — po3cinbHUil cup, BUTOTOBJIEHUH TpaguiiiHuM MeronoM; “KonTtpoins
2” — pO3CUIbHUI CHpP, BUTOTOBJICHUH TEPMOKHCIOTHUM CIIOCOOOM 3a TPaJULIiHHOI pelenTypor. Y
IPOLIECi AOCIIVKEHb BUKOPHCTAHO 3arajbHONPUHHATI Ta Cy4acHi iIHCTPYMEHTAJIbHI METOAH.

OpraHonenTu4yHy OLUHKY SKOCTI HOBMX M’SKHUX pPO3CUIBHHUX CHpIB 3JiliCHIOBaIM 3a
PO3po0IICHOI0 HAMU 5-0aJI0BOIO IIKAJIOK0, aMiHOKHMCIIOTHHI CKJIaJ] BU3HAYAIH METOIOM 10HOOOMIiHHOT
P1AMHHO-KOJIOHKOBOI XpomaTorpadii (aBromaTHaHMi aHai3aTop amiHokucior T 339).

Pe3ysbraTh i 00roBopeHHs. AHaii3 BIUIMBY ClIOCO0Y NaKyBaHHS Ha 3MiHM IOKa3HUKIB SKOCTI
rOTOBUX BHpPOOIB Mij 4ac 30epiranus 3a Temneparypu 2...5 °C nporarom 60 ni6 minreepaus, 110
MaKyBaHHsI PO3CUIBHOTO CHPY Ta JI03piBaHHS YIPOIOoBXk 14 11i6 y po3coii 3 mogaIblinM IaKyBaHHSM i
30epiraHHsAM y noniMepHuX nakerax “Capan” HO3MTHBHO BIUIMBAa€ Ha HOro skicTb. SIkuio y cupi
“KonTpoib 1” KiJbKICTh BUIBHUX aMiHOKHCIOT 3011bimiack Ha 19,8 %, To y JOCHiIHUX PO3CUIBHUX
cupax “3pasok 17 - mHa 21,2 %, “3pazok 1” - Ha 20,8 %. Poscinbamii cup “Kontpoms 2”
XapaKTepu3yBaBcs 301IbLICHHSAM BMICTY BUIBHUX aMiHOKHCIIOT Ha 7,7 % Ipu NaKyBaHHI B IOTIMEPHY
ILTiBKY, BOAHOYAC y cupi “3pa3ok 3” 1x KuIbKicTh 30inpmmnack Ha 22,2 %. Takuii crioci6 30epiraHHs
PO3CUIBHUX CHpIB CIIOBUIBHIOE IIPOLEC BTPATH BOJOTH, CHpuse iHTeHcH(ikauii Hporeonizy Ta
301IBLIIEHHIO BMICTY BIJIBHMX aMiHOKHCIIOT, 1110 TO3UTUBHO BIUIUBAE HA OPraHOJICNITHYHI IIOKA3HUKH.

BucHoBku. OTpuMaHi pe3ynbTaTH CHPSAMOBaHI Ha BJIOCKOHAJIEHHS CIOCOOY J03piBaHHS Ta
[IAKYBaHHS M SIKMX pO3CUIbHMX cupiB (oprudikoBaHMX H00aBKOIO 3 MOPCBKHX BOIOPOCTEH,
MOKPAIIEHHS X CHOKMBHUX BJIACTHBOCTEH.

KiouoBi cnoBa: naxysanns, 36epicanns, sakicme, po3cii, cup.

BuB4enHs1 BjJacTHBOCTei 011l COHAIIIHMKOBOI BUCOKO0/1EIHOBOI0 THITY 32 YMOB
TiAPOTEPMiYHOro BILIMBY

Anwona Jlixtsips, Hatans ®enak, Hatans Mypiukina
Xapkiscokuii Oepoicagnuil yHieepcumem xapuyeanns ma mopeieni, Xapxis, Ykpaina

Beryn. CyuacHuii TpeHI XKUTTS 00YMOBIIIOE HEOOXiHICTh POPMYBaHHS NPODITIO CHOKUBUUX
BJIACTHBOCTEH BHpPOOIB 13 3aBapHOTO TICTa 3a MPHUHIMIIOM: JTOCTYITHO, CMAdHO, KOPHCHO, 3pYy4YHO.
BuBueHHs BIIACTMBOCTEH JKMPOBOTO DELENTYPHOrO KOMIIOHEHTY 3aBapHOTO TiCTa B yMOBax
MOJICIIIOBAaHHSl TEXHOJIOIIYHOrO IMPOLECY JO03BOJIMTH 3a0€3MEUUTH OAEPXKAHHS KOHKYPEHTO-
CIIPOMOXKHOT IPOYKIIii.

Marepianu i meroau. s OLIHKM NEPETBOPEHb, sIKi BiIOYBAIOThCS B MOJEIBHHX CHUCTEMAax
BHCOKOOJIETHOBA COHSIIHUKOBA OJif-BOA MPOTATOM TiAPOTEPMIYHOrO BIUIMBY, 3aCTOCOBYBAJIH
(i3UKO-XIMIYHI METOIH JOCII/KEeHb, a camMe: CTaHIapTHI METOIUKH BH3HaueHHs kuciorHoro (KY),
nepoxcunoro gucen (ITH) ta yucna ommnenns (HO).

Pe3yabraTh i 06rosopennsi. OrpyMaHi 1aHi HiATBEPKYIOT 3pOCTaHHS LIBUJIKOCTI TiApOi3y
1 HAKONMYEHHSI BIIBHUX XKUPHUX KUCIOT y MOJIENBHUX CHCTEMaXx ONis-BOIa BHACIIZIOK ITi(BUICHHS
temreparypu (Bix 20 mo 100° C) ta pH cepemoBuma. 3a pH 4,5 Benmnumna KUY 3Haxomurtbcs B
iarepsaini 0,22...0,41, pH 6,0 — 0,19...0,34, pH 8,0 — 0,32...0,38 mr KOH/r. CtpimMke 3pocTaHHS
3Ha4YEeHb MEPOKCHAHOIO YMCla CIIOCTEpiraeThes 3a miABHIIEHHS Temneparypu jpo 80...100 °C i
cranoButsb 3,90...4,70 mmois 1/20/kr. 3pa3ku oimii, 10 3a3HAN TiPOTEPMIUHOIO BIUTMBY 3a JTYXHOI
peakuii cepenosuma (pH=8,0) xapakrepHu3yroTbCsl MPAaKTHYHO HE3MIHHUM CKJIAZIOM AIWITIIIEPOIiB
TIOPiBHSHO 3 HeoOpobieHoto omieto 1 3HaYeHHsM YO, sike cranoBuTh 191,006 mr KOH/r. Bennunna
YO o06pobiieHnx 3pa3KiB Jenio MeHIIa i cTaHoBUTH 3a 3HaueHb pH 4,5 — 186,0+0,5; pH 6 — 184,0+0,4
mr KOH/r. Orpumani 3anexsocri K4, ITH, YO onii cOHAIHMKOBOI BUCOKOONETHOBOI Bii peakiii
CepesioBUIa MOZIENbHOI cucremu omis-Bopa (1,0:2,5) 1 Temneparypu TifApOTEpMiYHOrO BILIUBY
cBiuaTh Hpo ii JOCTaTHIO CTaOUIBHICTh. 3HAUCHHA LMX IIOKA3HUKIB 3HAXOIATBHCI Yy MeExkKax
0,19...0,41 mr KOH/r, 0,95...4,70 mmonb 1/20/kr, 184,0...191,0 mr KOH/r BiamoBigHo.
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VY MmonenbHii cucremi onig-sona 3 pH=6,0 i rinpomonynem 1,0:2,5 cocrepiraerbesi He3HaYHE
HAKOIMYEHHs BUIBHUX )KUPHHUX KHUCIOT 1 IEPBUHHUX NPOAYKTIB OKHCHEHHS, a BenuanHu KUY i ITY 3a
20° C ne nepeButytots 0,17 mr KOH/r 1 1,55 mmons1/20/xr BignosinHo. [potsirom nepmmx 20-60 ¢
IiIpOTEPMIYHOrO BIUIMBY HaiOinplla IBUAKICTh OKMCHEHHS TPHALMJIIIIILEPONB CIOCTEpPIracThes
it monensHOi cucremu 3 pH 8,0, B sikiid IT4 3pocrae y 2,3 pa3za. Y cucremax 3 pH 4,51 6,0 IT4
3pocracy 1,41 1,2 pasa.

BucnoBkH. ExcriepuMeHTaIbHO TOBEIEHO NEPCIEKTUBHICT BUKOPHUCTAHHS OJIi1 COHSITHUKOBOT
BHCOKOOJIETHOBOTO THIIy SIK JUKEpeNna JKHUPYy B TEXHOJNOTIAX KyIiHapHOI HPOAYyKLii, 30Kkpema
TeXHOJIOril BUpOOiB Ha OCHOBI 3aBapHOIO TiCTa.

Kuro4oBi ciioBa: conawinuk, onis, 6ucoKOHYKI€iHO8UI, 3a6apHe micmo.

BB ckiiagy mIOKOJIaJHUX IJ1a3ypei Ha iX BJIACTHBOCTI i BHKOPHCTAaHHS B Xap4oBiii
NPOMHUCJIOBOCTI

. 1 ‘o 2 1

Mapis 3emensko , Banepiit Mank®, Oner Ueppakos

1 — Vxpainucoxuii Oeparcasnuil Ximiko-mexnonoiunuil ynisepcumem, [Jninponempogcwk, Yrpaina
2 — Hayionanwvnuii ynisepcumem xapuoeux mexronoeiu, Kuis, Ykpaina

Beryn. Metoro 10CHI/DKEHHS € Olep)KaHHs ITOBEPXHEBO-aKTUBHUX PEUOBMH Ha OCHOBI XKHPIB
POCIIMHHOTO 1 TBAPUHHOTO ITOXO/PKEHHS JUISl 3HIKEHHS B’ I3KOCTI IOKOJIAIHOI Ti1a3ypi

Marepiayu i meroau. IllokonaznHi rnasypi, 10 ckiany SKUX BXOIUTb, OKPIM KaKao-TIPOILYKTiB,
cyxa MOJIOYHA CHpOBaTKa Ta (QpYyKTOBHI KoHIEHTpaT. [loBepXHEBO-aKTHBHI PEYOBHHH OIEp)KaHi 3
BiJIIPaLlbOBAHOI HAJIEMOBOI OJIif Ta CBUHSYOTO KHPY METOJOM TJIIEPOITi3Yy.

Pe3yabTaTn i ooroeopennsi. {logapanus 0,4 % nemutuny i cymimi ML, T, TT' cBunsgoro
JKUPY JO3BOJMJIO 3HU3UTH B’SI3KICTh IIOKOJNAIHOI TIJIasypi 1o ontumaibHOro piBHs (2500—
2900 mlITaec), a mpu nomasanui cyminmi MI, JII, TI" mamsmoBoi oiii Takuil MOKa3HHUK JIOCSTAEThCS
ke npu 0,2 %. Honmasanus 0,4 % cymimi MIT, 1T, TT CBHHSYOrO XHpY JO3BOJMIO 3HH3HTH
B’SI3KICTh IIIOKOJIAAHOI Ij1a3ypi 3 JoJaBaHHsIM MOJIOYHOI cupoBaTku 10 2690 mllaec, a mpu gogaBaHHI
neuutudy ado cymimn MIT, I, TT' BignpaiboBaHoOl MajabMOBOI OJIii TaKWil MOKAa3HUK JOCATAETHCS
ke mpu 0,3 % IIAP. Ilpu nmomaBauui 1% ITAP HaiiOinbline 3HIKEHHS B’SI3KOCTI IIa3ypi 3
JIoJaBaHHAM (D)PYKTOBOI'O KOHIIGHTPATy OyJ0o JOCATHYTe 3 BuUKopucTaHHaM cyminni MI, AT, TT
ceuHsyoro xupy (3400 mllasc). 3 BUKOPUCTAHHIM JICIIUTHHY TOCTIKYBAaHUN MOKa3HUK nocsar 3900
mllaec, a 3 cymimmo MIT, I, TI" BianparpoBaHoi maasMoBoi oiii ckiaaB 3600 mlIlasc. Bukopucrani
[TAP 3HIKYIOTH B’S3KiCTh, alle HE BIUIMBAIOTh HA CMak, 3amax i BIIYYTTA IUIaBICHHS B POTI
JIOCITI[DKYBAaHUX 3pa3KiB TJa3ypi, a cyxa MOJIOYHA CHPOBAaTKa 1 ()PYKTOBHI KOHIICHTPAT 30araTwiu
CcMak 1 apomar ImokonaaHux raasypeit. Jlonasanus cymimi MIT, I, TT" BignpamboBaHoi maaibsMOBOL
oJtii 1 CBUHSYOrO KUPY IMOTIPIIWIO CTIHKICTh HIOKOJNAIHUX TJIa3yped 10 «ITOCHUBIHHSI», OCOOJIMBO
riasypi 3 CyXOK MOJIOYHOK cupoBaTkoro. Jlemurun 1 ITAP, orpuMaHi Ha OCHOBI BiAITPalibOBaHOI
aJIbMOBOT OJ1i1 1 CBUHSAYOTO XKUPY, MAIOTh PO3PIKYBaJIbHY 3/1aTHICTb, sika nepesutiye 0,8 %.

BucnoBku. [loBepXHEBO-aKTHBHI PEYOBHHH, OTPHMaHi Ha OCHOBI BiIIpanbOBaHOi MalbMOBOI
OJii Ta CBHHSYOTO JKHPY, NOLIJHHO BUKOPHUCTOBYBAaTH B pELENTypax IIOKOJAgHOI TIia3ypi Ui
3HIDKEHHS B’SI3KOCTI TOTOBOTO ITPOJYKTY.

Kiouosi ciioBa: [14P, wiokonad, enasyp, 6 ‘askicno.

AnTHOaKTepianbHi OiogerpagadenbHi NIIBKH J1JIsi XapYOBUX NPOAYKTIB
. 1 1 1 . . 1
Amnacracig Yopna', Oxcana Hlynera’, Jlapuca ApcenseBa’, Haramis I'peripuak’,
1 - 2 s . 2 2
Karepuna 3yceko ', Cepriii Pa6os”, Cepriii Koounincskuii”, JTroqmuna I'onuapenko
I - Hayionanvnuii ynieepcumem xapuosux mexnonoziu, Kuis, Yxpaina
2 - Incmumym ximii eucokomonexynapuux cnonyk HAH Vkpainu, Kuis, Ykpaina
Beryn. Hdiokeun turany (TiO,) Mae aHTnOaKTepianbHi BIACTHBOCTI, ajle HE BUKOPHUCTOBYETHCS

JUIE  CTBOPEHHsSI aHTHOaKTepialbHMX IUIBOK. HeoOXimHMM € HampsM JOCHiKeHb HOro
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aHTHOAKTepiaJIbHUX BIACTUBOCTEH y CKJIaJll IaKyBaHb, a TAKOXK BILUIMBY TAKOTrO NAKYBAaHHS HA SIKIiCTb
Xap4yOBUX MPOAYKTIB.

Marepianu i meronu. [locmipKyBany IDTIBKM Ha OCHOBI momiBiinoBoro cnmpry (IIBC) 3
pisHor0 KoHueHTpauiero TiO,. BusHauanu BiJHOCHE IIOJOBXKEHHS, MIIHICTb IIPH PO3PHBI,
TEMIIepaTypy CKIYyBaHHS Ta IUIABJICHHS IUIIBOK 3 NojliMepHHX MarepianiB. Kpim Toro, npoBoamiu
JIOCHI/DKEHHS. 3 BHM3HA4YeHHsA iHriOyrouoi nii HaHomucnepcHoro mopowmky TiO, Ha neski
MIKpOOpraHi3MH IMOBEPXHEBHM METOJOM Ta BHU3HAUCHHS AHTHUMIKPOOHHX BJIACTHBOCTEH IUIIBKH 3
TiO, MerooM arapoBUX JUCKIB.

Pe3ysabraTn i o0roBopeHHsi. BBeleHHS OIATKOBO JI0 IUTIBKM HAHOAMCHEPCHOIO IOPOLIKY
TiO, noripiuye enacT4HicTb IIBKKM Ha 20—45 % 3a5eHO Bif 101aHOI KiJbKOCTI, ajie MoKpalye ii
MinHicTs Ha po3puB. [Ipu nonasanHi nopouky TiO, Ginbme 1 % MinHICTS HAa PO3PHUB HEPEBUILLyBaIa
MIIHICTh ToJieTwiIeHoBoi wiiBku (46,7 MIla). Temneparypa miaBienus (tekydocri) (175 °C) i
curyBanHs (78 °C) Haiikpamia uis 3paska 3 1 % HaroBHIOBaYa, JUIsl HBOT'O 3K CIIOCTEpiraay HaiMeHITy
nedopmMariio, Mo CBIAYUTH PO YTBOPEHHS HAHOUTBII 3MINTOI CHCTEMH 3 MaKCUMAaJIBHOIO KiJIbKiCTIO
BOZIHEBUX 3B’s3kiB. HalontumanbHimmMm BapianToM € o0poOnenHs TiO, Y®-BUIPOMiHIOBaHHAM,
aJ/DKe TaKMM YMHOM MOYKHA BUKOPHCTOBYBAaTH MiHIMaJIbHY KOHLEHTpalito (2,5 %) cycnensii TiO,.
Sxmo obpobnenns Y@ He npoBoauThCs, TO HEoOXinHUM € BukopucTtanHst 10—20 % cymimi TiO,.
Pozunnn TiO, He npurHiuytoTh aAito rpudis i apixmkiB. TiO,, HaHeceHMH Ha IUIBKY, NPUTHIYYe
po3BuToK Oaktepiil (E. coli IEM-1, B. subtilis BT-2), Takox cnocrepiraeTbcst 3aTpuMKa pocry.

BucnoBkn. BrpoBamkenns OiomerpafabenbHOro IakyBaHHS 3 aHTHOAKTEpiaIbHUMH
BJIaCTHUBOCTSMU € JOLUIBHUM, OJHAaK HOTpeOyBaTHME pO3poOieHHs abo meperismny iCHYRUol
HOPMaTHUBHOI JIoKyMeHTauil. HeBHUcOKa BapTicTh 3aIPOIIOHOBaHOI HAHOAUCHEPCHOI JI00aBKU CYTTEBO
He BIUIMHE Ha cO0iBapTiCTh IaKyBaHHS, 110 BKPail BAXIIMBO B CKIAJHUX €KOHOMIYHUX yMOBax.

KitiouoBi ciioBa: 6iodecpadabenvricms, niieka, ynakogkda, HAHOKOMNO3UM, 0iOKCUO MUMany.

bioTexHonoris, Mikpo6ionoris

Brnuius oJieope3uniB Ha Mikpo0ioJ1oriyHy cTadlIbHICTH BAPEHUX COCHCOK 3 M’sica
HOTHI

Amnaroniit Ykpainens, Bacwis [aciunwmii, FOumist XKenynenko, CiTinana 3aakosa
Hayionanvnuii ynieepcumem xapuosux mexnonociu, Kuis, Yxpaina

Beryn. BusHavanu BIUIMB 0JI€OPE3HMHIB KOpiaHIpPY, MYCKaTHOTO IBITY Ta YOPHOIO
MEPII0 HAa MIKpOOIOJIOTriuHy CTaOUIBHICTh BapeHHMX COCHCOK 3 M’sica NTHIN IPOTITOM
OXOJIOJKEHOT 0 30€piraHHs 3 METOI0 BCTAHOBJICHHSI TEPMiHIB ITPUAATHOCTI.

Marepianun i meromu. [locmiKyBanu BapeHi COCHCKM 3 M’sca NTHIN 3 Pi3HOIO
YaCTKOIO HeM’SICHOI CHUpOBHHH. MiKpoOioJOriyHi IOKa3HWKM, a caMe: KUIbKICTbh
Me30(iTbHUX aepoOHMX 1 (akyabTaTHBHO-aHaepoOHHX MikpoopranizmiB (MADAHM),
6akrepii rpynu kumkoBoi nmanndku (BI'KII), matorenna ¢opa, B Tomy uncii Salmonella,
cyabdiTpenykyroui kioctpunii, Proteus, Listeria monocytogenes, Staphylococcus aureus,
TUTICEHEeB1 rprudY Ta APIK/PKI, BU3HAYAIN 3arajbHOIPUHHATHMU METOAMH.

PesyabraTtu i o6rosopennsi. 3uaueHnss MADAHM HecyTTeBO Bipi3HSIOCS IS BCiX
3paskiB ofpa3y micist TepMooOpodku. MADAHM s 3pa3KiB 3 OJIEOPE3MHOM KOpiaHIpy
3pOCTaNId MPOTATOM YChOTO JOCHikeHHsA. Hanpukinii 30epirands 3HadeHHs MADAHM
nocsrano 1,1-8,5x10° KYO/T i 6yi10 3Ha4HO BHIIMM MOPIiBHSHO 3 iHIIMME 3pa3KaMH, KpiM
CO 40. ITouarkoBi 3nHaueHHs MA®AHM i 3pa3kiB 3 OJICOPE3NHOM MYCKATHOTO LBITY
cranoButu 1,0x10'-1,5x10* KYO/r i 6ynn crabinsHuMu mpotsrom 7 [HIB 30epiraHms.
Ipore micast 13 ni6 30epiranns BinOysocst crpiMke 3pocTaHHs. COCHCKH 3 0JEOpE3MHOM
YOPHOTO TEPIIO JEMOHCTPYBaIU CTabuIbHI 3HaYeHHS MA®AHM mpoTaroM ychoro
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nepiony mocmimkensb. Ilicns 13 mi6 30epirannHs 3HaueHHS MA®AHM 1 3paskiB 3
OJICOPE3MHOM YOPHOI'O IMEPI0 OyJIM 3HAYHO HIDKYI MOPIBHSHO 31 3pa3kaMU, SAKi MICTATh
OJICOPE3MHM KOpiaHIPY Ta MYCKaTHOro IBITy. IloyaTkoBa KiNBKICTh ILTICEHEBUX T'PHOIB
6yma <10 KYO/r, na 4 o6y 3Gepiramust mocsaria 3uadenns 2,5—7,0x10" KYO/r mns
3pasKiB 3 OJIECOPE3NHOM KOpiaHAPY. 3pa3ku 3 OJEOPE3MHOM MYCKAaTHOT'O IBITY Ta YOPHOT'O
MIEpII0 AEMOHCTPYBAM CTaji 3HAUEHHs IUTiCEHEBUX TpuOiB, ynie Ha 13 100y 30epiraHHs
st 3pa3kiB BPO100 ta MO60 mOKa3HUKU CTaHOBHIU 2,0><101 Ta 2,5><l()l KYO/r
BiAnoBigHO. KiNbKicTh APLKIDKIB IS 3pa3KiB 3 OJEOPE3MHOM 1 YOPHOrO IMEpI0 HE
Bifpi3Hsutacs micis 7 1i6 30epiranHs, mpoTe Oyia 3HAYHO HUYKUOIO TIOPIBHSHO 31 3pa3Kamu,
SKI MICTHJIM OJIeOpe3uH Kopianapy. KinbkicTh OpIXIDKIB Ul 3pa3KiB 3 OJIEOPE3MHOM
KOpiaHJpy 3pocTaja MpOTAroM YChOro mepiony mociijkeHHs. COCHCKH 3 0JEOpEe3MHOM
MYCKaTHOT'O IBITY AEMOHCTPYBAJIM CTaOLIbHY KIIBKICTh JPIXKIB MPOTATOM 30€piraHHs.
[ouaTKoBe 3HAYECHHS MOKa3HuKa 11t BPOSO cranosuio 3,0x10' KYO/r, mpote Ha 7 106y
30epiraHHs CHOCTEpirajocsi MpHUrHiYeHHS pocTy. KinbKicTh ApDKMKIB IS 3paskiB 3
OJIEOPE3UHOM YOPHOTO IEPI0 i MYCKAaTHOI'O LBITY OYyJIM HW)KYa MOPIBHSHO 31 3pa3KaMmu,
SIKI MICTHJIM OJIEOPE3UH KOpiaH/pY MPOTATOM YChOIr'O 30€piraHHsi.

BucnoBku. Oneope3rHH MYCKaTHOr'O IBITY Ta YOPHOrO MEPIIO MAlOTh OUIBIIY
AHTHMIKpOOHY aKTHBHICTh IOPIBHSIHO 3 OJICOPE3MHOM KopiaHmpy. bakrepiambHuii edekt
pu TepMiHi 30epiranHs Ounbire 10 10 BUABISIE JIMIIE OJICOPE3UH YOPHOTO TEPIFO, TOMY
NpU BUPOOHMITBI M’SICOMICTKMX TPOJYKTIB 3 BHKOPHCTaHHSIM OJICOPE3MHY HEOOXIIHO
Ha/IaBaTH TIepeBary oJe0pe3ruHy YOPHOTO MEPIIO.

KurouoBi ciioBa: cocucka, m’sico, nmuysi, oneopesun, 30epicanmsi.

Mpouecu i o6nagaHHA Xxap4yoBUX BUPO6GHULTB

MarteMaTH4YHe MOCTIOBAHHS MpoLeCy po3dileHHs cycneH3ii Ha QlIbTpi i3
€caMO04YHCHUM GIILTPYBAJBLHUM eJIeMeHTOM

Mapis lInnkapuk, Oner Kpaseup
TepHoninbcoruil HayioHanbHull mexniuHuil yuisepcumem imeni 1. ITynos, Tepnonine, Yxpaina

Beryn. Meroto  gocnipkeHHss € 1moOyJoBa MaTeMaTHYHOI MOJelNli  IpoLecy
¢inbTpyBaHHs cycneH3ii Ha (UIBTPI i3 caMOOYUCHUM (UIBTPYBAILHUM EIEMEHTOM, IO
BUKOHAHUH Y BUTJISI IIMJTIHAPUYHOI IPY>KUHH CTUCKY.

Marepianu i meTomu. JlociimkeHHs npouecy QpiIbTpyBaHHS NPOBOIWIN Ha BLIBTPI 13
CaMOOYUCHUM (DIIBTPYBAIBHUM €IEMEHTOM. SIK JOCITiIHY CYCIIEH3il0 BUKOPHCTOBYBAJH
MOJIOUHY CHUPOBATKy, OTPHMaHy NpU BUPOOHHIITBI CHPY KHCIOMOIIOYHOro. KoHneHTparito
JucnepcHoi (ha3u B CHPOBATILI BH3HAYAIM NUISIXOM LEHTPU(YTyBaHHS MPOO 3 MOJANIBIINM
BHCYIITYBaHHSM OCaJly B CYIIMJIbHIN madi.

Pe3yabraTu i 06roBopenns. OTpuMaHa MaTeMaTHYHA MOJIENb IPYHTYETHCS HA MOJIEINI
npotiecy (GiabTpyBaHHS 13 3aKYIIOPIOBAHHSAM KOXKHOI TIOPH OKPEMOIO YACTHHKOIO.

VY Mopzeni BpaxoBYEThCS, IO HE BCI YaCTUHKU JUCIEPCHOI a3y, po3Mmip SKUX
MepeBHILYE LIMPUHY (IIBTPYBAIBHUX OTBOPIB, OyAyTh iX 3aKylmoproBaTH, a JIHIIE iX
YacTKa, L0 MPSMO MPOIMOPIiHHA BiMHOIIEHHIO IUIONII XHBOTO Iepepidy M0 3arajbHoi
wronli GiabTPyBaIbHOI OBEPXHI.

MaremaTtuuHa MOJENb JI03BOJISIE BH3HAYAaTH TPUBAJICTH mpolecy (QiIbTpyBaHHS 3
ypaxyBaHHAM 00’€My CYCIEH3il Ta BCTaHOBJIIOBATH pAaIliOHAJBHUNA TIEPION Mixk
pereHeparisiMi CaMOOYHCHOTO (PUIBTPYBAILHOTO €IEMEHTA.
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[opiBHsHHA TapaMmeTpiB, OTPUMAHHMX NULIXOM MAaTEeMaTHYHOT'O MOJENIOBAaHHS 13
peanbHUM TIporiecoM (iNbTpYBaHHS MOJIOYHOI CHPOBATKM CBIAYMTH, IO MaTeMaTH4Ha
MOJIETIb aJIEeKBaTHO BiloOpakae Mpolec po3aiIeHHs cycrieH3ii Ha (iIbTpi 13 CaMOOYUCHUM
DinbTpyBaTEHUM eleMEHTOM pu 00°eMi GinbTpaty Bix 0 10 5 M° Ha 1 M* (inbTpyBanTEHOI
noBepxHi. CepenHe BiJJHOCHE BIIXWIEGHHS pE3YJIbTATiB, OTPUMAHHX 3 JIOIOMOTOIO
MaTeMaTU4HOI MOJIEI BiJl eKCIIEPUMEHTY, CTaHOBUTH 11 %.

BucnoBkn. MarematuuHa Mojenb MoKe OyTH 3acTocoBaHa IPH PO3PAXYHKY
mapameTpiB  mporiecy  (QUIBTpYBaHHSA  cycmeH3ii Ha  (QUIBTpI i3 CaMOOYHCHHM
(INBTPYBANTBEHIM EIIEMEHTOM.

KnrouoBi cnoBa: @inempysanns, cycnensia, nopu, 3aKynopro6anHs, Kaniisapu,
pezenepayisi.

Kinernuni 3akonoMipHOCTI Nponecy rpaHy/10yTBOpeHHsI KOMILUIEKCHAX I'YMiHOBO-OpIraHo-
MiHepaJIbHUX J00PHB y IPaHYJIATOPI 3 MCEBA03PiIKEHHM HIApOM

Spocnas Kopuienko, Cepriit [aiinaii, Anppiii Jlrobexa, Onexcanap MapTusiok
Hayionanvnuii mexuiunuii ynieepcumem Yxpainu "Kuigcokuii nonimexuiunui incmumym”, Kuig,
VYkpaina

Beryn. OcHOBHY 4acTHHY BiAXOZiB BUPOOHMLITBA COHSIIHMKOBOI OJii CKJIaJa€ COHSIIHMKOBA
3014, fKAa MICTUTh KOPHCHI pPEYOBMHH. METOK JOCHI/DKCHHS € BH3HAYEHHS KiHETHYHHX
3aKOHOMIpPHOCTEH IPOLECY OAEPKaHHSI KOMIUIEKCHUX I'DaHyJIbOBaHHX OpraHO-MiHEpaIbHUX 0OpHB
13 BUKOPHCTaHHSM 30JIM COHSIIHHKA.

Marepiayu i MeToau. 3HEBOAHEHHS I I'paHYIALISA FeTEPOreHHUX PIJKUX CHCTEM, L0 MiCTHIN
MiHepaJbHi, TyMiHOBI PEUOBHHHU Ta COHSIIHMKOBY 301y, IIPOBOMIINCS B arapari 3 ICeBIO3PiIKEHUM
IApOM, CIOPSAKEHUM CIIELialbHUM Ta30pO3NOAUIBHUM IIPUCTPOEM JUIS CTBOPEHHS CTPYMEHEBO-
IYJIbCALIFIHOTO PeKUMY MCEBJIO3P1IKEHHS IIPH T1iJIBEJICHHI HAarPiTOro ra30BOro TEILIOHOCIS.

Pe3yabraTh i o6rosopennsi. CTiliKy KiHETHKY IPOLECY TPaHYIOYTBOPEHHS I'yMiHOBO-OpIraHoO-
MiHepanbHuX 100puB ckiany K:N:Ca:P:Mg:S:I'=23:9:5:2:6:15:2 i3 koedillieHTOM rpaHyJI0yTBOPEHHS
w>90 % HmOCSATHYTO TpW CepeAHbOMY 3HAUSHHI PI3HUII TEMIeparyp TEIUIOHOCISI Ha BXOAI B
rpanyistop ta y mapi AT=117°C. Opepxanuii npoaykr mae cdepornoniory ¢opmy, piBHOMipHE
PO3IOAITIEHHS! KOMIIOHEHTIB Ha MiKpOpIBHI 110 BCbOMY 00’€Mi rpanyi, MinHicTs 6>35 H Ha rpanyimy,
mo Ounpll HDK y 3 pa3su IepeBHllye HOPMAaTMBHMH mokazHuMK. [Ipu peamizauii crpymMeHeBo-
ITyJBCAIIITHOTO T1IPOJMHAMIYHOIO PEKUMY IICEBIO3PIPKEHHS JOCSITHYTO 301IbIICHHS TIPUBEAEHOTO
[IMTOMOIO HABAHTA)XKCHHs IIOBEPXHI MLIapy 3a BOJIOTOKO, BIJHECEHOrO /O KOPHCHOI pi3HHMII
temneparyp — A~0,006-0,0066 KFBOH'/(MZ‘FOZ[‘Fpa}Z[).

PesynbraTté nociikeHb MOXKYTh OYTH 3aCTOCOBaHI IIPM CTBOPEHHI IPOMMCIOBOrO 00J1a HAHHS
JUIsl BUPOOHULITBA I'yMiHOBO-OpPraHO-MiHEpaIbHUX TOOPHUB 13 BUKOPHCTAHHIM I10)KUBHUX PEUOBUH
MiHEpaJbHOrO ¥ OPraHiYHOro MOXO/KEHHS. 3aCTOCYBAHHS COHSIIHUKOBOI 30JM IPH CTBOPEHHI
HOBHX I'yMiHOBO-OPraHO-MiHEPaIbHUX HOOPUB 3a0€3MeUnTh PallioHaIbHE BUKOPUCTAHHS IIPUPOIHUX
pecypciB 31 30epekeHHsIM IIPUPOJIHOTO JIAHIIOra XapuyBaHHS Ta MOKPALIUTh SKOJIOriuHy Oe3leKy B
pe3yabTaTi yTHii3anii BiIX0/iB MacI0KHPOBOrO BUPOOHHIITBA.

BucHoBku. Po3pobienuii cnoci6 103BoJIs€ yTHIII3yBAaTH BiIXOQW BUPOOHHMITBA COHSAIIHUKOBOI
omii IUIIXOM BHMKOPHCTAHHSA iX IIPU BUIOTOBIECHHI HOBMX KOMIUIGKCHHUX TI'yMiHOBO-OpIraHoO-
MiHepalbHUX T0OpUB.

KiiouoBi ciioBa: kinemuxa, 006pugo, nces003piodcents, 2panyisyis, 2ymam, 301d, Ymuiizayis.

BnumBu 0CMOTHYHHX THCKIB cepeI0BHII HA PiBeHDb JIETAJILHAX e(heKTiB B yMOBax
BAaKYYMYBaHHS

Harania Tkauyk, Onexcanzp llleBuenko
Hayionanvnuii ynieepcumem xapuosux mexwnonoeii, Kuis, Yxpaina
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Beryn. IIpoBeneHo excneprMeHTalbHI JIOCTIDKEHHS 3 BH3HAYEHHS [iI OCMOTHMYHHX THCKIB
CepeIOBUII Ha PiBEHb JIeTalIbHUX e()eKTIB 3a Pi3HUX (i3MYHMX BILUIUBIB.

Marepiayu i Mmerogu. JlocnikKeHHS BUKOHYBAJINCh HA KaMEpHii BaKyyMITaKyBaJIbHIN MallliHi
Easy PACK ¢ipmu WEBOMATIC (Himeuunna). Ilpu mpoMy Temmeparypd CepepoBHII B yciX
BUIA/IKaX BUTPUMYBAINCS 3 OOMEXKEHHSIM 110 MAKCUMaJIbHUM 3Ha4eHH:IM t < 38 °C, 1o BUKII0YaIIO
netanbHl epeKkTH IO LbOMY IIOKa3HHMKY. Bakyym-Hacoc y ckiaji J1abopaTOpHOi yCTaHOBKH
3a0e3redyBaB 3aJMIIKOBUI TUCK y BakyyMHil kamepi Ha piBai 0,002—0,004 MIla, mo BiamoBinae
niamazoHy Temreparyp KumiHHS cepenoBun] ~ 20...30 °C, ToMy 3a NOYaTKOBHX TEMIIEpaTyp
cepelloBull ty) < 15 °C KuIiHHA He Bif0YyBaNOoCs, a MEPeXij] 10 NOYaTKOBUX TEMIIEPaTyp CEPEIOBHIL
20 <t <38 °C 3abe3neuyBaB peXUM aiabaTHOrO KUITIHHA

Pe3ysbraTn i 0o0roBopeHHsi. Binomo, 110 BUTPUMKA IPiXIDKIB y BOII CYHNPOBOMKYETHCS
MBUIIEHHSIM B KJIITHHaX (DI3MYHOrO THCKY Ha PiBHI OCMOTHYHOIO THCKY KIITHHHOTO COKY.
INepenaBaHHs APIXKIB B OCMOTHYHO AKTUBHUH PO3YMH IIPU3BOJUTH JIO 3MEHIIEHHS (i3MIHOrO
THUCKY, 110 IOBUHHO MAaTH BiANOBIJHE BiIOOPaXKEHHS 3a BaKyyMyBaHHs. 3OUIBILICHHS OCMOTHYHOI'O
THCKY PO3UHHY 110CNIa0II0€e piBEeHb JieTalIbHUX €(eKTiB Bijl BAKYyMYBaHHs, ajle Pa3oM 3 TUM CYTTEBUH
BIUIMB Ha JIOCSTHEHHS JIETAIbHUX e(DeKTiB Ma€e opraHizallis afiabaTHOro KHUITIHHS CepeIOBHILL.

BusHaueHo BIUIMB Ha piBeHb JICTAIbHUX €(EeKTiB MO MIKpodIopi TaKMX NOKAa3HUKIB, K 4yac
BUTPUMKHU CEPEIOBHIIA Ta AMHAMIKA 3MiHM THCKY Y BaKyyMHill kaMmepi, KiJIbKICTb CyXMX PEUOBHH y
CEepEeIOBUILIl Ta 3HAYCHHsI TEMIEPAaTypPHUX PEXUMIB, & TAKOXK HasABHICTh UM BiJCYTHICTb a]1iabaTHOro
KUITIHHS CePEJIOBUIIA 32 YMOB BaKyyMYBaHHSI.

BucHoBku. BakyymyBaHHs 0i0J0riuHOro cepellOBHINA 3a PaxyHOK 3HIDKCHHS CTaJIUX
HACHYEHHS Ta3aMH DiMHHOI (pa3h CTBOPIOE OOMEKEHHA B MacoOOMiHI MiK MikpoGionoriyHMMU
KJIITHHAMH 1 CepeNoBUIIEM, a PiBeHb LIMX OOMEKEHb 3aJIEXKUTh BiJl OCMOTHYHOI'O TUCKY PO3UHHY.

JlocsrHyra MOMJIMBICTh OTPHMAaHHS JICTaNbHUX €(eKTiB MO MiKpodopi, W0 CYHpOBOMXKYE
Xap4oBi CEepeJIOBHUINA, 32 PAXYHOK CYKYITHOCTI BIUIMBIB OCMOTHYHHX THUCKIB i BAKyyMYyBaHH:L.

KiouoBi ciioBa: cepedosuuye, sakyymysantis, Kiimuna, KURIHHA, MIKPOOP2AHI3M.

MopesnroBaHHS TeII000MiHY y BIIbHO CTIKaI04YMX JIAMiIHADHHX ILTIBKAX 3 PO3BHHEHOI0
XBHJIBOBOIO CTPYKTYPOIO B PE:KMMi BUNIAPOBYBaHHS 3 BiJIbHOI NOBepPXHi

Banentus Ilerpenxo, Muxona Ipsnko, Spocnas 3acsansko, Mapis MuponHuk
Hayionanvnuii ynieepcumem xapuosux mexwnonoeiu, Kuis, Yxpaina

Beryn. YV 0BrUX BepTHKAlNbHMX KHUIISATHIBHHX TPYOaxX TEIUIO-TiJpOIMHAMIYHI IpOLECH B
IUIiBKax BigOYBAalOTbCA B PEXUMI LMKIIYHOIO IEPEMIlllyBaHHA BEIMKMMH XBWIAMH, IO He
BiZIOOpaXEHO B ICHYIOUMX MOJIEIISIX TeIUIO0OMiHY B ILTiBKaX.

Marepiaau i meroan. J{ocmiKylOThCS TEIUIO-T1IPOJMHAMIYHI HPOIECH B IUIIBKax BOAU Ta
L[yKPOBHX PO3YMHAX Y PEXKHUMI BHUIIAPOBYBAHHSA 3 BUIBHOI MOBEPXHI METONAMH MAaTeMaTHYHOIrO W
(bi3M4HOrO0 MOJIEINIIOBAHHS Ha MOJEJIBHUX YCTAHOBKAaX 3 BITBOPEHHAM PEabHO IUIMHHUX IPOLECIB
TEIUI000MiHY B TpyOax IpU KOHLIEHTPYBAHHI PO3YMHIB.

Pe3yabraT i odrosopennsi. PospoOiena mMoznens TeruiooOMiHy B JIaMiHApPHHX, JIOTPITHX IO
TEMIIepaTypyd HACUUYCHHS IUIBKAX PIIMHH 3 PO3BMHYTOI XBHWIIBOBOIO CTPYKTYPOIO SIK IMKJIIYHOIO
IpOLIeCy pellaKcalii HeCTaliOHAPHOrO TEMIEPaTypPHOrO IIOJS IiCIsl MPOXOMXKEHHS BEIUKHX XBUIIb.
MaremaTH4Ha MOZIENb OIMCYE IPOLEC PO3BUTKY JBOBUMIPHOIO TEMIIEPATYPHOIO MO 3AJIEXHO BiJ
yucina [lexkne Ta XapakTEPUCTHKH XBHJIBOBOTO PYXY — IOBXKHHM BEIMKUX XBWIb. Ha OCHOBI
3aIPOIIOHOBAHOI MOJENi OTPUMaHI KOpeLii, sSKi HMPOMOHYIOThCS JUIS y3arajJlbHEHHS JaHUX 3
TEIUIOOOMIHY B JOrPITHX [O TEMIIEpaTypu KHIIIHHS IUTIBKAaX y PEXKUMi BUIAPOBYBaHHS 3 BiNBHOL
noBepxHi. HajgaHo ysaranpHiOroue piBHSAHHA JUI PO3PaxyHKY IHTEHCHBHOCTI TEIUIOBiAZadi M0
HACHYEHMX IUTIBOK IIYKPOBHX PO3UMHIB, SKE MICTUTh XBHJIbOBI XapaKTEpPUCTHKHU IUIIBKOBOI Tedii, B
Jiana3oHi 3MiHM PeXXHUMHHMX I1apaMeTpiB, XapaKTepHUX Ul POOOTH BUIIAPHUX YCTAHOBOK I[yKPOBOI
IIPOMHCIIOBOCT, a came: KoHIeHTpawii Bix 0 1o 70 % , minsHocti spomenss Bix 0,01 107 10 0,6 107
m?/c, ancen Iexe Bix 400 10 25000. MareMaTHuHa MOJETs LHKIITHOL penakcaii TeMIepaTypHoro
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IOJIsL BUSIBUIIACh €(DEKTHBHOO JUISl y3araJbHEHHs JaHUX 3 TeIUIOOOMiHy He TiNbKHM JlaMiHapHHX, a i
TypOy/IEHTHHX IUIIBOK, HE3BaKalOUM HA BIJCYTHICTh Yy PIBHAHHAX II€PEHECEHHS HapaMeTpiB
TypOy/IEeHTHOCT.

BucHoBku. BcTaHOBIIEHO 3B’ 430K XBHIIBOBOI CTPYKTYPH IUIIBKM 3 1HTEHCHUBHICTIO TEINIOOOMIHY
Ha OCHOBI MOJeNl TEIUI00OMiHY 3 LMKIIYHOK PEJIaKCalli€lo TeMIIEpaTypHOro IO B PE3yNbTaTi
MIPOXOJDKEHHS BEJIMKUX XBUIIb, HaJ[aHI BIAIIOBIHI pO3paXyHKOBI CITiBBIIHOIICHHS.

KuiouoBi cioBa: nuieka, xeuni, mennioodmin, memnepamypa, npoghine, UNApPo8YEaHHsI.

be3neka XUTTERIANIbHOCTI

Higeuimenns piBHs Ge3neKy Npani B Xap4oBiil MPOMHUCIOBOCTI 3 ypaxXyBaHHSIM PH3UKO-
Opi€EHTOBAHOrO Miaxony

Ounpra €srymenxo, Anuna Cipuk, ITerpo IToponsko
Hayionanvnuii ynieepcumem xapuosux mexwonoeii, Kuis, Yxpaina

Beryn. OHuM i3 NEpCneKTHBHUX HAYKOBUX HAIPSAMKIB IiJABUIIEHHS PiBHA Oe3Neku Ipaui Ha
BUPOOHUIITBI € NPOrHO3yBaHHS NPO(QECIHHUX PU3MKIB, O310CEpesHbO IOB’A3aHOr0 3 IMPOLECOM
BHUPOOHUIITBA, 1 CTBOPEHHS Ha Or0 OCHOBI YMOB JUIsI IPO(IIAKTUKY Ta 3alI00iraHHs TPaBMaTH3MY.

Marepianu i meroau. JlocinikeHHs NPOBEJEHE HAa OCHOBI METOJy CTAaTUCTHYHOI'O aHalli3y
HEI[ACHUX BUIIAJKIB, SIKi BUHHKIIM B Xap4yOBiii rajysi 3a OCTaHHE JCCATHPIYYS;, METOLY PErpeciiiHOro
aHali3y, METOAYy TOJIOBHUX KOMIIOHEHT; METOJy eKCIIEPTHHX OLIHOK; METOLy aIlpiOpHOro
pamxyBaHHS (hakTOpiB IpK 00POOLI PE3yIbTATIB EKCIIEPTHUX OLIIHOK.

Pe3ysbraTn i 00roBopeHHsi. Y pe3ynbTari NPOBEICHUX [OCHIIIKEHb CTBOPEHO METOIUKY
IiBUINEHHS piBHA Oe3leku mpaui B XapuoBi ramy3si Ha OCHOBI IIPOrHO3YBAHHS pPH3HKIB
BUPOOHHUYOr0 TPABMATU3MY, SIKA MA€ CYTTEBE 3HAUCHHS JUIs 3a100iraHHs HeOe3IeK i IIKiUIMBOCTeH 3
METOI0 3a0€3MeUeHHs CHPHMATIMBUX YMOB Ipalli, HEJOMYLIEHHS aBapiii i ycyHeHHs npodeciiHux
3aXBOPIOBAHb 1 HellacHMX BUNAJKiB. OfHUM 3 NEPCHEKTHMBHUX HAYKOBUX HANPSIMKIB IiJIBUILCHHS
Oe3neku BUPOOHMLTBA € MPOTHO3YBAaHHS PHU3UKIB BHPOOHMYOrO TpaBMaTuU3My, Oe3rocepeHbO
II0B’S3aHOTO 3 MPOLIECOM BHPOOHULTBA Ta CTBOPEHHS YMOB YHHUKHEHHS TPaBMaTU3My Ha OCHOBI
TaKUX MPOTrHO3iB. Pe3ynpTaTy NOPiBHAIBHOTO aHAIII3y PETPOCIIEKTUBHOIO IPOrHO3YBAHHS METOIAMU
perpeciiiHoro anainizy (IpOrHO3y) W YIOCKOHAJICHHM METOAOM KOMOIHOBaHOTO IPOrHO3YBaHHS Ha
OCHOBI METOJly T'OJIOBHHX KOMIIOHCHT y IIO€[HAaHHI 3 METOZIOM EKCIIEPTHOI'O OLIHIOBAHHS CBiI4aTh
Ipo Te, L0 CTaTHCTUYHE IIPOrHO3YBAHHSA KUIBKOCTI TPaBMOBaHMX Ha IiANPHEMCTBAX Xap4OBOI
MPOMHUCIIOBOCT] IOKa3ye Oinblli BiAXWICHHA BiA (JaKTHMYHOI KIJIBKOCTI TpPaBMOBAaHUX oOci0
(cepenmnbokBagpaTHuHa  NOXuMOKa  JOpiBHIOE  2,53), HDK KOMOIHOBaHE  IPOrHO3YBaHHS
(cepennbokBagpaTnaHa noxuOka ckiagae 0,85). TakuM 4MHOM, MOXKHA 3pOOHWTH BHCHOBOK IIPO
ITiIBUILEHHS €()eKTUBHOCTI MIPOrHO3YBaHHS y cepeiHboMy Ha 60 % 3a paxyHOK NOE€JHAHHS METOIY
TOJIOBHUX KOMIIOHEHT 3 METOJIOM €KCIIEPTHOI'O OLiHFOBaHH.

BucnoBku. Po3poGnieni mMozeni Ta METOIM MalOTh SKICHO HOBI BJIACTUBOCTI 1 JIO3BOJISIIOTH
MiBUIIUTH €PEeKTUBHICTb (TOYHICTH) NPOTHO3YBaHHS y cepeHboMy Ha 60 % Ha OCHOBI NOE€IHAHHSA
METOly TOJOBHHX KOMIIOHEHT 3 METOJIOM EeKCIEPTHOIO OIIHIOBAHHA, L0 HaJa€ MOXIIMBICTH
MBUIIUTH 3arajbHy e()eKTUBHICTh NPO(MINAKTUKM BUPOOHMYOrO TPABMATHU3My Ha IiJIPUEMCTBAX
Xap4oBOi IIPOMUCIIOBOCTI Yy cepesiHboMy Ha 18 —23 %.

KitiouoBi ciioBa: Oesnexa, npays, mpasmamusm, pusux.
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AHHOTAIIMU

MuwyeBble TeXHONOrnmn

Bimnsinue npeaBapuTe/IbHOM MUKPOBOJIHOBOI 00pa0OTKH ceMsIH palca Ha COCTaB U
AHTHOKCHIAHTHBIE CBOKCTBA NIPECCOBOI0 PAICOBOI0 MacJja

1 2 1 1
Tamapa Hocenko', Mpuna Jlepuyk”, Bnagumup Hocenko', Tamapa Kopomtox
I - HayuonanwsHulil yHusepcumem nuujesvix mexronozutl, Kues, Yxkpauna,
2 - I'ocyoapcmeentoe npednpusmue « Yxkpmemmecmcemanoapmy, Kues, Yxpauna

BBenenue. lccienoBaHO BIMSHUE IPEIBApUTENbHOM MMKPOBOIHOBOH 00pabOTKH
CeMSIH parica Ha BBIXOJ] IIPECCOBOTO Macia, 3HAYCHHS KHCIOTHOTO M IEPOKCHIHOIO YHCET B
HEeM, OKMPHOKHCIOTHBIH  COCTaB, couepkaHue  (ochopoconepikanux  COCAUHCHHUI,
TOKO(EPOIIOB, KAPOTUHOUIOB U €I0 CTOMKOCTh K OKUCIIEHUIO.

MarepHanabsl 1 MeTOAbl. 3HAYCHHS NEPOKCUIHBIX U KHUCIOTHBIX YUCEN YCTaHABIMBAIIH
meromamu IUPAC. Conepxanue ooOmiero ¢ochopa ©  KapOTHHOHIOB  ONPEACISUIH
CIIEKTPO(OTOMETPUYECKIME METOIAMH, COCTAB )KUPHBIX KUCIOT U COAEPKaHHE TOKO(EPOIOB —
XpoMarorpaduueckuMi MeToiaMu. JTUTETbHOCTh MHAYKIMHHOIO MepH 0f1a OKHUCICHUS Macia
PaCCYHUTHIBAIIN 110 KPUBOI OKUCIICHUS, THUIMHPOBAHHOIO 2,2-a30M300yTUP OHU TPHIIOM.

Pe3ynbTaThl M 06cy:kneHne. [IpenMyniecTBOM MUKPOBOJIHOBOTO HarpEBAHUS SIBISICTCS
BBICOKAsi CKOPOCTh YBEIIMYCHHS TEMIIEPATYPhI M, KaK CIICICTBHUE, BBICOKAsh CKOPOCTb CHIDKCHHS
BJIQ)KHOCTH MaTepuana. BiaxxHocTh cemsiH parica cHmxkanack ot 13,0 10 7,2 % B teuenne 10 u
30 MuH BCleACTBUE MUKPOBOJIHOBOIO U OOBIYHOI'O HAIPEBAHUSI COOTBETCTBEHHO. Y CTAaHOBJICHO,
9TO BCIEICTBHE IIPEIBAPUTEIBEHOH MHUKDPOBOIHOBOH OOpPaOOTKH pAICOBBIX CEMSH BBIXOA
mpeccoBoro Mmacna ysenuuuBaics Ha 16—90 %. OCHOBHBIM NapaMeTpOM, ONPEACIAIOIINM
BBIXOJI IPECCOBOI0 Macia, ObljIa BIaXXHOCTh CEMSH IOCIIE MIPEABAPUTENLHON 00padoTKH. Bbixon
[IPECCOBOr0 Macja U3 CEMSH C OIMHAKOBOH BIAa)KHOCTbIO YBeIMYMBaiCS Ha 16 % mpu
UCIIOJIB30BAaHUH MHUKPOBOIHOBOIT 00PaOOTKHU CEMSH.

IMony4eHHBIC NOAaHHBIC CBHACTENIBCTBYIOT, YTO JKHPHOKHCIOTHBIH COCTaB Macna He
H3MEHSUICS BCIIEICTBUE MUKPOBOJIHOBOM 00paboTku ceMsH. OJHAKO Maciio, MOJTY4EeHHOE MOocIie
Takoi OOpabOTKM CEMsIH, XapaKTepH30BAIOCh Oollee HU3KMMH 3HAYCHUSIMH KHCIOTHOTO H
MIEPKCUAHOTO YUCEJ, BBICILIUM coziepxaHueM o01ero gocdopa, TokopeposioB 1 KapOTHHOUIOB.
YBenu4YeHHe OKUCIUTENbHON CTaOMIIBHOCTH Macia I10cjie MHUKPOBOJIHOBOM 0OpabOTKM ceMsH
MOATBEPXKJICHO Oojiee  BBICOKOW  JUIMTENBHOCTBIO — NEPHOJAa  HMHAYKIMHA  OKHCICHUS,
WHUIUUPOBAHHOTO  2,2-a30M300yTHPOHUTPHIOM. VIHAYKUMOHHBII TEpHOI  OKHCICHHUS
KOHTPOJBHOIO 00pasla Macia COCTaBWI 27 MUH, TOAA KaK Macia, HM3BJIEYEHHOro IOoCie
MUKPOBOJIHOBOI 00paboTku ceMsiH, — 6omnee 90 MuH.

BriBoanl. [IpenpapuTensHas MEKPOBOJIHOBAsE 00pabOTKa PAaNiCOBUX CEMSH MOXKET OBITh
WCIONB30BaHA U1 yBeldW4eHHs A(P(EKTUBHOCTH MPECCOBOrO M3BJICYCHHS Macia, ero
OMOJIOrMYECKOH IIEHHOCTH U OKHUCITUTENIBHON CTOHKOCTH.

KiioueBble ci10Ba: MukpogonHosas obpabomxa, panc, Macio, OKUCIeHue, CHouKoCmb.

Bumsinue TenjioBoii 00padoTKN AaHTHOKCHIAHTAMH HA YTHJIN3AIUIO
AKTUBHBIX ()OPM KHCJIOPOA MPH XPAHEHUH CJIATKOTO0 IMepua
Onecs [Ipuce

Taspuueckuii 20cy0apcmeeHHblll azpomexHOI02U4ecKull ynugepcument,
Menumonons, Yrpauna
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Beenenme. HecMorpss Ha mnpusHaHHYIO 3()(GEKTHBHOCTH TEIUIOBBIX O0OpabOTOK M
AQHTHOKCHUIAHTOB JUISl YMCHBIICHUS OKHCIMTEIBHOTO MHOBPEKACHUS HHIYIUPOBAHHOTO
OXJIaXJICHHEM, HX COBMECTHOE BIIMSHHE BO BPEMs XPaHECHHS CJIaJKOrO IepIia B TOM acCIIeKTe He
paccMaTpUBaoCh.

Marepuansl u Metoabl. Ilnoasr nepua Hukuta F1 u I'epkynec Flc npenBapurensHOi
TEIUI0BOI 00paboTKOM KoMIo3uLmeil anTuokcuaanToB xpanwiu npu 7 + 0,5 © C. Coxeprxkanue
MaJIoHOBoro auansreruna (MJZA) ompepensiu THOOApOUTYPOBBIM METONOM. AKTHUBHOCTh
cynepokcunaucmytaszsl (COJl) ompenensuin 1Mo €€ CrnocoOHOCTH HMHIHOMPOBATH PEAKIIHIO
AYTOOKHCIICHUS aJpeHANMHA ¢ Monudukanyeil B 4YacTH MOATOTOBKU CHIPbs. AKTHBHOCTB
nepokcugassl (IIO) u xaranasel (KAT) onpenensyin TUTPOBaHHUEM HEPA3JIOKEHHOTO OCTATKa
HIEPOKCHUIA BOJOPOJIA.

Pe3ynbTaThl U 00cy:k1eHne. be3 npuMeHeHus JOMOIHUTEIIBHBIX Mep TIPH XpaHCHUH Ieplia
rociie 24 cyTok TpeTh BCEX IUIO0B IMOBPEXIAETCA XOI0A0M. Y IUIOAOB € TEIUIOBOH 00paboTKOM
KOMITO3MIMEH AHTMOKCHAAHTOB MOBPEXKJCHUS XOJNOAOM IMOSBISIOTCS TONBKO Ha 21 cyTku
HE3aBUCHMO OT HCCllelyeMoro rudpuaa. XonooBble TpaBMbl cokpatatores B 3,9 ... 4,5 pasa no
CpPaBHEHUIO C IUTogaMu 0e3 00paboTku. Bo Bpems XpaHeHHs mepla IMpu TeMIIepaTypax BhIIIE
[I0pora YyBCTBUTENBHOCTH K X00Ay, ypoBeHb MJIA mocTosiHHO pacteT. TemnoBast oOpaboTka
AQHTHOKCHIaHTaMH MeHsieT quHaMuKy MJIA mmonos meprna. Jlo 12 cyrok XpaHEHUsS YPOBEHb
MIEPEKUCHOT0 OKHCIICHHS JIMIHUIOB B 00paboTaHHBIX oOpasuax ocraercs crabuibHbIM. Ha
KaXJIOM CJIEAyIoLleM JTame XpaHeHus ypoBeHb MJIA yBennuuBaerca Ha 5 ... 15 % B
3aBUCHUMOCTH OT Tubpuna. Ha 18 cyrku (moTepst TOBapHOTO KauecTBa KOHTPOJIBHBIX 00pa3IioB)
ypoBeHb MJIA B oOpaboranHHbIX miogax Hwke B 1,7 .. 2 pa3a. TemnoBas oOpaborka
AQHTUOKCHJAHTaMU 3aMelyisieT ckopocTh uHakTuBuposanusa COJl Ha 25 %, KAT Ha 30..50 %.
AxtuBHOCTb 10 npH XpaHeHUH Iepla MOCTSIICHHO CHIKACTCSI 10 MOMEHTA IIOTEPH TOBapHOTO
Ka4ecTBa, a IOTOM Bo3pacTaeT. B 00paboTaHHBIX Iioaax pocT aktuBHocTH I10 npoucxonur Ha
12 cyrok mo3ke, 4eM B KOHTPOJBHBIX BapHaHTaxX. MexXIy aKTHBHOCTBIO HCCICAYEMBIX
(depMeHTOB W comepkaHueM MJIA  ycTaHOBJIEHBI TeCHbIC OOpaTHBIC KOPPEISLHMOHHBIC
3aBucumoctu (r = -0,81 ...=-1), 4T0 CBUAETENBCTBYET 00 MX AHTHOKCUAAHTHBIX (QYHKIIMSAX.

BriBoabl. Coderanue TeruioBoH 0OpaOOTKH W aHTHOKCHIAHTOB UL ITOJATOTOBKH IepHa K
XPaHEHHIO TOBBINIACT 3(P(HEKTUBHOCTD (HYHKIMOHUPOBAHUS CHUCTEMbl YTHIM3AIMH AKTHBHBIX
(bopM KHCIOpoa, YTO MO3BOISCT MUHUMU3UPOBATH MOBPEKICHHS XOJIOIOM.

KuioueBblie ¢j10Ba: xpanerue, nepey, aHmuoKcuOaHmsl, oopabomxa.

PaccenBanue JIA3€PHOI'o U3JIy4YCHUS YaCTUIIAMHU MOJIOKA

IOpuii Ilocyaun
Hayuonanvrulii ynusepcumem 6uopecypcos u npupooononvszosanus Yxpaunsl, Kues, Yxkpauna

Beenenue. OCHOBHOWM  I€nbl0  JAQHHOW  CTaThbU  SIBISIETCS  TEOPETHYECKOE U
9KCIIEPUMEHTAJIBHOE HCCIIEOBAHUE PACCEUBAHUS JIA3€PHOr0 M3JIy4€HHs YAaCTUL[AMU MOJIOKA U
aHallM3 XapakTepa paclpeleNeHHus 4YacTHUI] MOJIOKa IO pa3MepaM B 3aBUCHUMOCTH OT
KOHIICHTpAllMU U HarpeBa o0paslioB B X0JI€ TEXHOIOI HYECKHX ITPOLIECCOB.

Marepuanbl u Meroabl. OOCY)XIAalOTCSI TEOpUsl PACCEUBAHUS CBETa U 3aBHCUMOCTh
ko3bbuLUeHTa pacceMBaHMs OT JUIMHBI BOJHBI CBETa M IIapaMeTpPOB YacTUIl MOJIOKA.
DKCIEepUMEHTATIBHOE UCCIIEI0BAaHUE PACCEMBAHUS CBETA YaCTULAMH MOJIOKA OBLJIO BBITOIHEHO C
IIOMOIIBIO (JOTOHHOTO KOPPENALMOHHOI0 ciekTpomerpa 4700c.

Pe3syabTarhl M 00cy:kaeHHe. PaccMaTpuBalOTCs pa3IMyHbIe TUIIBI PACCEUBAHUS, TAKHE KaK
paccenBanue Penes m Poanes-lI'anca, aHoManbHas IuQpakius, a TakKe COOTBETCTBYIOLIME
Kk03bbHULUEHTh! paccenuBaHus. MccnenoBaHbl IHCTOrpaMMbl PACIIPEAENeHUs pPa3MePOB YacCTHIL
pas6asnensoro (C < 107 %) momoka (temneparypa 25 © C) 1 06pasIoB MONOKA ¢ PasIHIHbIM

206 ——Ukrainian Food Journal. 2016. Volume 5. Issue 1 —



—— Abstracts

cozpepxkanueM xupa (4,2 %; 5,2 %; 7,4 % npu temneparype 20 ° C u 7,4 % npu temnepaTtype
50 °C), a Takxe 3aBUCUMOCTb HUHTEHCUBHOCTH PACCESHHOIO CBETA OT yIjla HaOJIIOAECHUS.

Mertoz paccenBaHusl CBETa MOXKET ObITh HCIIONB30BAaH IS aHAJIM3a BIMSHUS COIECPIKAHUS
MOJIOKa ¥ TEXHOJOTMYECKHX IIPOLIECCOB, KOTOpPBIE CBA3aHbI C HAarpeBaHUEM (IIacTepHU3aLUH,
CTepWIN3aluy, TOMOTreHU3alMsl) Ha PaclpeelIeHUe YaCTUL] MOJIOKa 110 pa3MepaM.

BeiBoabl. PaccenBanye 1a3epHOro U3JIy4EHUs! SIBJISCTCS NEPEAOBBIM METOAOM, KOTOPBIH
MOXET OBIThb MCIOJNB30BAaH AJsI ONPENENCHUs] XapakTepa paclpeleseHUs YacTUIl MOJIOKa IO
pasmepaM. MeToJ XapaKTepU3yeTCsl BHICOKOM TOYHOCTBIO, HEpa3pyLIAOIIUM ASHCTBHEM U HE
TpeOyeT KaTMOPOBOYHBIX CTAHAAPTOB.

KiroueBbie cj10Ba: MOJIOKO, XKHp, Ka3€HH, CBIBOPOTKA, OETIOK, J1a3ep, U3JIydEHHE.

Bbicokoe 1aBjieHHE B TEXHOJOTMsIX MOJIOKA M MATKOI0O CbIpa

. 1 o
Banepuit Cykmanos ', Bukropus Kuiiko
1 - Ilonmasckuii ynugepcumem 3KOHOMUKY u mopeoenu, Ilonmaea, Ykpauna
2 - HayuonanvHolll ynusepcumem nuwyesblx mextonozutl, Kues, Yxpauna

Beenenne. IIpencraBieHHas paboTa MOCBSIICHA HCIOIb30BAHHIO TEXHOJOIMH BBICOKOTO
JaBJICHHUS B MOJIOKOIEpepadaThBaroNIeil MPOMBIIUICHHOCTH, B YaCTHOCTH OOOCHOBAHHIO
paLMOHATIBHBIX TAPaMEeTPOB 00PAOOTKU BEICOKHM JaBICHHEM MOJIOYHOT'O CHIPBS IIPH IPOH3BOJICTBE
MOJIOKA ITUTEEBOIO ¥ MATKOTO ChIpa.

Martepnansl H MeTOAbl. OOBEKTHI HCCIICIOBAHUS: MOJIOKO, 00paOOTaHHOE BBICOKUM
JIaBJICHHUEM, CBIp, IPOU3BECHHEIN ¢ mpuMeHeHneM BJI. MuHepasbHBIA cOCTaB MOJIOKA M ChIpa
ONpenesiid  METOAOM  aTOMHO-a0COpPOLMOHHOW  crekTpodoroMepur  Ha  aTOMHO-
abcopbumonHoM criektpodoromerpe «C-115 ITK», peonoruueckre CBONCTBA ChIpa OMPEACIISIIN
Ha 9JIEKTPOMEXAHUUYECKOM yHUBEpCaJdbHOM HcHbITaTedbHOM MammHe SANS CMT2503
npousBoacTea «Shenzhen SANS Testing Co. Ltd. ».

Pe3ynbTarel W 006CY:KIeHHe. YCTaHOBIGH MEXaHM3M BO3JCHCTBHS  JIABJICHHS,
TEeMIIEpPaTypbl U HPOAODKHTEIBHOCTH 00pabOTKM Ha MHKPO(IOPY HCXOTHOTO CBHIPbS UL
MPOM3BOJICTBA MOJIOKA MHTHEBOIO M ChIpAa MSTKOTO, ONpEACNICHBI MapaMeTpsl 00padoTKH,
KOTOpBIE 00ecreynBaoT S(GOEKTUBHYI0 WHAKTHBALMIO MHUKPOQIIOPEI MOJOYHOTO  CBHIPBSL
OrnpezesneHsl palMoHaIbHbIE TapaMeTpbl 00paboTku: it Mojoka — nasieHue 300—330 Mlla,
40—45 °C, NpooIKUTeTbHOCTH BhLAepKKH 30-60'c; s chipa — nanenne 450—580 MITa npu
temnepatype 18 °C u npomomkurensHocTH 06pabotku 20—30-60" c. Ipu ouenke (u3MKO-
XUMUYCCKUX IIOKa3aTeNedl MOJIOKa M ChIpa IO CPAaBHEHUIO C KOHTPOJBHBIMH 0Opa3laMu
YCTQHOBJICHO HE3HAYUTEIIbHOE H3MEHCHHE COACpXKaHWs oOIlero Oenka, >KHpa, JIAKTO3Bl H
MaccoBOH 1onH cyxux BemiecTB. CoepikaHue OCHOBHBIX BUTAMHHOB B MOJIOKE M MSTKOM CBHIPE
CBHCTENBCTBYET 00 MX MaKCHMaJbHOH COXpaHsAeMOCTH. B Moioke, 00paboTaHHOM BBICOKHM
JIaBJICHUEM coxpaHsercs B 4—6 pa3 Ooublie >KUPOPacTBOPUMBIX M 2—3 pasza Ooiblie
BOJZIOPACTBOPHMBIX BHTAMHHOB, YeM B IIaCTEPH30BAHHOM, HM3TOTOBJICHHOM C HPHMCHCHHEM
TPaJIMIHOHHONA BEICOKOTEMIIEPATypHOH 00pabOTKH. B MSIKOM ChIpe COXPaHHOCTh BUTAMHHOB B
1,5—2 pas3a Oonble, 4eM IPOM3BEACHHOM IO TPaJUIIMOHHON TexHomoruu. CorinacHo 6aioBoi
OLICHKE CCHCOPHBIX XapaKTEPUCTHK BHICOKUE OKA3aTEIN MOTYYIH IPOLYKTHI, TPOU3BEICHHEIC
C MPUMEHEHUEM TEXHOJIOTMU BBICOKOT'O JaBJICHHS: MOJIOKO — 98,6 6aruia, msarkuii ceip — 96,4
Oamma. B mepmon XpaHeHUs BBIPOKCHHBIC NPU3HAKM MHOPYM B KOHTPOJBHBIX 00Opasiax
MOJIOYHBIX IIPOIYKTOB IIOSBHIMCH 3HAYUTENILHO OBICTpEE, YeM B ONBITHBIX 00pa3nax, 4ro
SIBJIICTCS CIICICTBUEM aKTHBHOCTH (DePMEHTOB BEDKMBIIMX MUKPOOPTaHU3MOB.

BriBoabl. TeXHOJIOTHS MPOU3BOACTBA MOJIOKA M MSTKOTO ChIpa C MPUMEHEHNUEM BBICOKOTO
JIaBJICHMS TI03BOJISIET 00CCIICYUTh MUKPOOUOIOIHYECKYIO0 CTEPUIIEHOCTD MIPOAYKTOB, YBEIHYUTh
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HX CPOK XpaHCHUS, MAKCUMAIBbHO COXPAHHUTh (EPMEHTHO-BUTAMUHHBIA KOMIUIEKC HCXOTHOIO
CBIPBSI.
KuroueBbie ci10Ba: dasnerue, MOIOKO, MASKULL CbIp.

Bimmsinne ynakoBKH Ha Ka4eCTBO MATKHX PacCOIBHbBIX CHIPOB, GopTH(HIIPOBaHHBIX
A00aBKOI U3 MOPCKHUX BOAOPOC.Ieii
Hatanus PsiGuenko
Hayuonanvuwiii ynusepcumem nuwesvix mexnonoauti, Kues, Yxpauna

Beenenne. llenbro craThy SIBISIETCS HCCIICOBAaHUE BIMSHHSA Pa3IMYHBIX CIOCOOOB
YIAKOBKM M XpaHCHHMS HA IOTPEOMTENBCKHE CBOMCTBA MSTKHX PAacCOJBHBIX CBHIPOB,
(bopTrhHUIMPOBaHHBIX T00aBKOH ¢ MOPCKUX BOAOPOCIEH, a TakKe M3MEHECHHS MX KayecTBa B
nporecce xpaHeHUs. C IOMOIIBIO O0OramieHHs MSTKHX PACCOJBHBIX CHIPOB OHOJIOIMYECKH
AKTUBHBIMH J00aBKAMH OPTaHUYECKH CBS3aHHBIM HOOM MOXKHO IIPEIOTBPATUTH HEJOCTaTOK
1o/ia B MUTaHUHU YeoBeka [1-3].

Marepnansl 1 MeTonbl. OOBEKTaMU HCCICIOBAHUN OBIIIM HOBBIC MATKUE PAacCOIbHBIC
ceipbl: “Obpa3ser 1” ¢ nobaBnennem 100aBku ¢ Oypoit Bopopociu B konmuectse 0,5 % k Macce
ceipa; “OOpazeny 2” ¢ OJHOBPEMEHHBIM J00aBiieHHMEM J00aBKM ¢ Oypoil BOJIOpPOCIH B
konmuectse 0,5 % ¥ anbOyMUHHOI MacChl, TOTYYSHHOH C IOICBHIPHON CBIBOPOTKH B KOJIMYECCTBE
0,3 % x Mmacce ceipa; “O6pazer] 3” M3roTOBIIEH TEPMOKUCIOTHBIM CIOCOOOM C J100aBIeHHEM
J06aBku ¢ Oypoii Bogpopocinu B konuuectBe 0,5 % k macce cbipa; “KonTponps 17 — mMsarkui
PacCOBHBIA CHIP, M3TOTOBJICHHBIH TPaJUIHOHHBIM MeTonoM; “KoHTpomb 2” — paccoNbHBIH
CBIp, W3TOTOBJICHHBIH TEPMOKHCIOTHBIM  CIIOCOOOM MO  TPaAMLIHOHHOA  peLentype.
OpraHoJenTHYECKYI0 OLCHKY KayeCcTBAa HOBBIX MSTKHUX PACCONBHBIX CHIPOB OCYIIECTBIISUIH IO
pa3zpaboranHOl Hamu S5-OanbHOW IKajge. AMHMHOKHCIOTHBIM COCTaB ONpPENENsUIM METOIOM
MOHOOOMEHHOH JKHIKOCTHO-KOJIOHOYHOH XpomaTorpaduu (aBTOMATHYECKHH aHAIU3aTOp
amuHokucaor T 339).

Pe3ynbTarsl U o0cy:kaeHue. PedynpraThl aHanuza crioco0a yNakOBKM Ha HW3MEHEHUS
IokazaTeneil kayecTBa IOTOBBIX M3JeNui mpu TemiepaTrype 2 ... 5 °C B TeueHue 60 cyrok
CBHACTENBCTBYIOT O TOM, YTO CO3PEBAaHHE PACCOIBHOrO CHIpa B TeUeHUE 14 CyTOK B paccolne ¢
MOCTICAYIOIICH YIAaKOBKOH M XpaHCHHEM B IIOJMMEPHBIX Nakerax «CapaH» IOJOKHTEIBHO
BIMsAET Ha ero kadectBo. B ceipe “KonTponb 17 Konn4ecTBo CBOOOAHBIX aMHUHOKHUCIOT
yBennumiachk Ha 19,8 %, B onbITHBIX pacconbHbIX chipax “Obpazen 1” — Ha 21,2 %, “Obpazen
2” — Ha 20,8 %. “KoHtponp 2” XapakTepu3OBaJICs yBEIMYEHHEM COJEpKaHUS CBOOOIHBIX
aMUHOKUCIIOT Ha 7,7 % Ipu ynakoBKe B ITOJMMEPHYIO IUIEHKY. B T0 e Bpems B cbipe “O6pazen
3” ux KoiaM4ecTBO yBenuuminock Ha 22,2 %. Takoil cmoco® XpaHEHHs pacCOIbHBIX ChIPOB
3aMeIsIeT IPOLIeCC IIOTEPH BJIard, CIIOCOOCTBYET HHTCHCH(HMKAIMY MIPOTEOIN3a U YBEIHICHHIO
CONlepIKaHUs. CBOOOHBIX AMHHOKHCIIOT, YTO IOJIO)KUTEIBHO BIMSET Ha OPraHOJCHTHYCCKUE
MOKa3aTeH.

BriBoabl. [lonmydeHHbIC pe3yiabTaThl HANpPAaBICHBI HAa COBEPLICHCTBOBAHME CIrocoda
CO3pEBaHMsI M YIAKOBKM MSTKHX pACCONBHBIX CHIPOB, YIAYYIICHHE HMX IOTPEOUTEIBCKUX
CBOMCTB.

KiioueBble ci10Ba: ynakoeka, xparnenue, Kauecmeo, paccoi, cuip.

H3yuenue cBoiicTB MacJia IOACOIHEYHOI0 BHCOKOO0JICHHOBOI0 THIIA B YCJIOBUAX
THAPOTEPMHYECKOro BO3/1elCTBUS

Anena Jluxtsps, Hatanss @enak, Hatanbs MypnbikuHa
Xapvrosckuil 20cy0apcmeeHHblIl YHUsepcumem NUmManus u mopeoeiu, Xapokos, Yxpauna
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Benenne. CoBpeMEHHbBIN TPEH/I KHU3HU O0YCIOBIMBACT HEOOXOMUMOCTh (POPMHUPOBAHNUS
npoduiis MOTPEOUTENHCKUX CBOMCTB HM3JCIHIA M3 3aBAPHOTO TECTa MO MPUHIUIY: TOCTYITHO,
BKYCHO, MOJIE3HO, YA00HO. V3ydeHne CBONCTB )KUPOBOTO PEIEITYPHOrO KOMITIOHEHTA 3aBaPHOT0
TecTa B YCJIOBHSAX MOJICIMPOBAHUS TEXHOJOTMYECKOrO TPOIEcca IMO3BOMUT YIPABIATh H
00ecneynTh MoayIeHHEe KOHKYPEHTOCTIOCOOHOM MPOAYKIIUH.

Marepuanbl H MeTOABL. J[1s OICHKM TMPeoOpa3oBaHHid, KOTOpPBIE MPOUCXOIST B
MOJICTIBHBIX ~ CHUCTEMax  BBICOKOOJNCHMHOBOE  MOJCONHEYHOE  MAacClio-BOja B TEUCHHE
THAPOTEPMUYECKOrO BO3ICHCTBUS, MPUMEHSIIH (HHU3UKO-XUMHICSCKUE METO/IbI MCCIACIOBAHUH, a
MMEHHO CTaHIapTHbIC METOJMKU ompeneneHus kuciaotaoro (KY), mepokcuanoro (ITH) uucern,
yucia ombuierus (HO).

Pesyabrarel W oGcyxkaeHue. I[lomydeHHbIC MaHHBIC TOATBEPXKIAIOT BO3pACTAHHE
CKOPOCTH THIPOJU3a W HAKOIUICHHE CBOOOMHBIX KHMPHBIX KHCIOT B MOJCIBHBIX CHCTEMax
Maclio-BoJia BelieAcTBUE noBbieHus remneparypsl (ot 20 go 100° C) u pH cpeast. [Ipu pH 4,5
BennunHa KY Haxoaurcs B unrepsane 0,22...0,41, pH 6,0 — 0,19...0,34, pH 8,0 — 0,32...0,38
mr KOH/r. CtpemutenbHOe BO3pacTaHWE 3HAYCHHI TMEPOKCHIHOTO YHCNa HAOMIoJaeTcs IMpu
noBbinieHnd temieparypbl 70 80...100° C u coctaisiet 3,90...4,70 mmonb 1/20/xr. O6pasiisl
Maclla, TOJIBEPTHYThIE THIPOTEPMHUUYECKOMY BO3ACHCTBHIO B mienoyHoi cpene (pH=S,0),
XapaKTepU3YIOTCSA MPAKTUYECKH HEU3MEHHBIM COCTABOM AlWITJIMICPONIOB B CpPaBHEHHE C
HeoOpaboTaHHbIM MacioM U 3HadeHueM YO, cocraBmsonmM 191,006 mr KOH/r. Benuduna
YO obpaboraHHbIX 00pa3lioB HECKOJIBKO MeHbIIas u cocranisier npu pH 4,5 — 186,0+0,5; pH 6
— 184,0+0,4 mr KOH/r. Tlonyuennsie 3aBucumoct KUY, ITH, YO wmacrma MOJCOTHEYHOTO
BBICOKOOJIEMHOBOTO OT DEaKLMU Cpeibl MOJEIbHOW cucTteMbl Macino-Boxa (1,0:2,5) u
TEeMITepaTypbl THUAPOTEPMUYECKOTO BO3JCHCTBUS CBHICTEIBCTBYIOT O €€ JIOCTATOYHOM
CTaOMIBHOCTH. 3HAYCHMS STHX TOKaszatenei Haxomsatces B uHrepBane 0,19...0,41 mr KOH/T,
0,95...4,70 mmons 1/20/kr, 184,0...191,0 mr KOH/r coorBeTCcTBEHHO.

B monensHO# cucreme macno-soga ¢ pH=6,0 u rugpomonynem 1,0:2,5 naGmromaercs
HE3HAYHUTEIbHOE HAKOIUICHHE CBOOOMHBIX JKHUPHBIX KHCIOT W TEPBUYHBIX MPOIYKTOB
okucienus, a BenmmumHel KUY u IIY mpu 20°C we mnpesbmuator 0,17 mr KOH/r n
1,55 mmonb1/20/kr  cootBeTcTBeHHO. B Teuenne mepBbix 2060 ¢ THAPOTEPMUYECKOTO
BO3JICHCTBHSL HaWOOJIbIIAs CKOPOCTh OKHCICHHS TPHALMJITIUICPOIOB HAOMI0MaeTCs s
MopenbHoU cuctemsl ¢ pH 8,0, B koropoii IT4 Bo3pacraer B 2,3 pa3a. B cucremax ¢ pH 4,5 1 6,0
ITY Bospacraer B 1,41 1,2 pa3za.

BbIBOObI. JKCIEPUMEHTATIBHO JOKa3aHa MEPCIEKTHBHOCTh HCIONB30BaHUS —Macia
MOJICOJTHEYHOIO0 BHCOKOOJICUHOBOIO THIA B KAa4yeCTBE HCTOYHMKA JKHPAa B TEXHOJIOTHSIX
KYJHHAPHOH MTPOIYKIIUH, B TOM YHCIIC TEXHOJIOTHUH U3/IC/INI HA OCHOBE 3aBapHOTO TECTA.

KioueBble ci10Ba: n00Coanyx, Macio, 8biCOKOHYKICUHOBbIL, 3A6APHOE MECHO.

Biusinue cocTaBa HIOKOJAIHBIX IVIa3ypeil Ha MX CBOMCTBA M MCIIOJIb30BAHNE B
NHUIIEBOil MPOMBIIIJIEHHOCTH

Mapus 3emenbko' Banepnii Mank’, Oser I—IepBaKOB1
1 - Vkpaunckuii 2ocyoapcmeeH bl XUMUKO-MEXHOI0SUYeCK ULl YHUBEpCUmen,
Jlnenponempoeck, Ykpauna
2 — Hayuonanvusiil yHugepcumem nuwevix mexuonoautl, Kues, Yxpauna

BBenenue. llenpto paboThl OBUIO MMOJyYEHHE MOBEPXHOCTHO-aKTHBHBIX BEIIECTB Ha
OCHOBE JKHPOB pAaCTUTEIBHOIO M JKUBOTHOIO NPOUCXOXKICHHS MJISi CHHKEHUS BS3KOCTH
IIOKOJA/IHBIX TIa3ypent

MarepuaJsbl u Metoasl. [1lokonanHbie T1a3ypy, B COCTaB KOTOPBIX BXOAMT, KPOME KaKao-
MPOJYKTOB, CyXasi MOJIOYHAsI CBIBOPOTKA U (PPYKTOBBII KOHIICHTpAT. I[0BEpXHOCTHO-aKTHBHBIC
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BEIIECTBA TMOJIYYCHBl M3 OTPAaOOTAHHOrO MAJIBMOBOIO Macia M CBHHOTO SKHPa METOIOM
TJIMLEPOIIH3a.

Pe3yabrarsl u oocyxaenue. Jlodasienue 0,4 % neuntuna u cmecu MI, /I, TI” cBuHoro
JKHpa TMO3BOJMJIO CHU3HMTh BS3KOCThH IIOKOJAJHOW TIa3ypH 0 ONTUMAaTbHOrO ypoBHs (2500-
2900 wmllasc), a npu nobasnenun cmecu MI, JII', TI' manpmMoBOro macia Takod IOKasarTelb
nocruraercs yxe npu 0,2 %. Jlobasnenue 0,4 % cmecu MI', JII°, TI" cBUHOrO XHpa Mo3BOJISIET
CHU3UTh BA3KOCTh LIIOKOJIaJHOM Ia3ypy ¢ 100aBIEHUEM MOIOYHOH ChIBOPOTKH A0 2690 mIlasc,
a nipu godasnennu genutuHa win cmecu MI, I, TT™ otpaGoTaHHOr0 ajlbMOBOrO Maciia TaKou
nokazarens jpocturaerca yxe npu 0,3 % ITAB. Ilpu noGasnennun 1 % I[TAB nHaubonbiiee
CHIDKCHHME BSI3KOCTH TJIa3ypu C J00aBieHHEM (PYKTOBOrO KOHIIEHTpaTa JOCTHIajoCh C
ucnonb3oBanueM cmecu MI,, JI', TI' cBunoro xwupa (3400 mllaec). C wucnonb3oBaHueMm
JICLIUTHHA UccaenyeMblid nokaszarenb aocturain 3900 mllasc, a co cmecero MI, AT, TI
orpaboraHHoro naieMoBoro Macia cocraBuin 3600 mllaec. Mcnonb3oBanueie [TIAB cHmxkaroT
BS3KOCTh, HO HE BIMSAIOT Ha BKYC, 3alax W OUIYIICHHE IUIABJICHHS BO PTY HCCICAYEMBIX
00pasIoB II1a3ypH, a CyXas MOJIOYHAS CHIBOPOTKA M (PPYKTOBBIN KOHIICHTPAT 00OTaTHIN BKYC U
apomar mokonaaHeix riazypeil. Jlo6asnenne cmecu MI', I, TI' orpaGoTaHHOr0O NajabMOBOTO
Macjia ¥ CBUHOTO JKHpPa YXYAIIMIO YCTOHYMBOCTH HIOKONAIHBIX TIa3ypedl K «IOCEICHHUION,
0COOEHHO IJIa3ypH C CyXOil MOJNOYHOM chIBOpOTKOH. Jlenntun u ITAB, nony4yeHHbIE HA OCHOBE
0TpabOTaHHOTO MAJbMOBOIO Maclia W CBHHOTO JKHpPa, UMEIOT PadKIKAIONIYI0 CIOCOOHOCTH
Boime 0,8 %.

BoiBoabl. [ToBepXHOCTHO-aKTHBHBIC BEIIECTBA, MOJYYCHHBIC HA OCHOBE OTPaOOTAHHOTO
MaJbMOBOTO Macja ¥ CBHHOTO JKUPA, IEIECO00Pa3HO UCTIONb30BaTh B PELIENITYPaX HIOKOIATHON
rJIa3ypy JUIs CHIOKEHHUS BSI3KOCTH FOTOBOTO MPOIYKTA.

KuroueBbie ciioBa: [14B, wokonao, enasyps, 6313K0cmo.

AHTnﬁamepnanLHme 6nopa3naraeMue IUICHKH JIA ITMIIEBbIX MPOAYKTOB

Amnacracus I-IepHaf{l, Okxkcana Hlym)ral, Jlapuca ApCGHBeBal, Hatanps Tpempqaxl, Exatepuna
3ycpko', Cepreii PsiGos”, Cepreii KoGbimmuckuii’, Jioamuia [oHuapeHKo”
Hayuonanvnvuii ynusepcumem nuwyesvlx mexronoauil, Kuee, Yxpauna
Hucmumym xumuu 8blcoKoMoneKyIapHuix coedunenutl HAH Ykpaunvl, Kues, Yxpauna

Beenenue. /luoxcun tutana (TiO,) obnanaer aHTMOAKTEpHAIbHBIMU CBOWCTBAMH, HO HE
UCIIONIb3YyeTCsl Al CO3JaHHUs aHTUOAKTEpHalbHBIX IUIEHOK. HeoOXomuMbIM — sBiseTcs
HCCIIE0BaHUE €TO aHTUOAKTEpUAIbHBIX CBOICTB B COCTaBE YIAKOBKH, a TAKXKE BIUSHUE TaKOH
YIMAaKOBKH Ha Ka4ECTBO MMHUIIEBBIX TPOTYKTOB.

Marepuanbl U MeToAbl. VccienoBanu IUIEHKM HAa OCHOBE IOJIMBUHUIIOBOTO CHHMPTa
(IIBC) c¢ pasnuuHOi KoHueHTpauueid TiO,. Onpenensyiy OTHOCUTENbHOE YIJIMHEHHUE,
[IPOYHOCTh TIPHU pas3pblBe, TEMIIEPATYpy CTEKIOBAHUS M IUIABJIEHMS IUICHOK U3 MOJMMEPHBIX
MaTepuanoB. MUKpOOHUONIOTHUECKUE HCCIEJOBAaHUS [0 YCTAHOBJICHHIO HHIHOUPYIOLIEro
JIeWcTBUS HaHomucrepcHoro mnopomka TiO, Ha HEKOTOpbIE MAaTOr€HHbIE MHUKPOOPTaHU3MBI
[IPOBOJMIIN TIOBEPXHOCTHBIM METOOM. AHTHOAKTepHUalIbHBIE CBOMCTBA MiieHKH ¢ TiO, nzyuanu
METOJIOM arapoBbIX IUCKOB.

PesyabTarbl M o0cy:kaeHue. BpeneHue AONOMHUTENBHO K IUIEHKE HAHOIMCIIEPCHOTO
nopomka TiO, yXyamaer 31acTU4HOCTb IWIeHKU Ha 20—45 % B 3aBUCUMOCTH OT 100aBJIEHHOI'O
KOJIMYECTBa, HO YJYYIIAeT €€ MPOYHOCTh Ha paspbiB. IIpu mobGasienun nopomka TiO, Oonee
1 % Macc. IpOYHOCTH Ha pa3phlB MIPEBbIIIANIA IPOUYHOCTh MOMUITUICHOBOH IeHKH (46,7 MIla).
Temmieparypa ruiaBnenus (tekydectd) (175 °C) u crexnoBanus (78 °C) nyqmas uist odpasua c
1 % HamonHuTeNs, U HETo ke HaOMIoJaiIl HauMEHBIIYI0 e OpMaLIo, YTO CBUIETENbCTBYET
00 oOpa3zoBaHUM HauOoOJNee CIIUTOM CHCTEMBI ¢ MAaKCHUMAJIbHBIM KOJIMYECTBOM BOIOPOIHBIX
cBsizeil. CaMbIM ONTUMAaJIBHBIM BapuaHTOM siBiisieTcs: o0paborka TiO, Y®-uznydyeHueMm, Belb
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TakuM 00pa3oM MOXKHO UCIIONIb30BaTh MUHMMAJIBHYIO KOHIEHTpanuto (2,5 %) cycnensuu TiO,.
Eciu obpabotka YO He NpOBOAUTHCS, TO HEOOXOAUMBIM sBIsleTCA ucnonb3oBanue 10—20 %
cmecu TiO,. PactBopsl ¢ TiO, He mopaBnstoT neiictBue rpuboB u napoxokeil. TiO,, HaHEeCEeHHBIN
Ha IUIEHKY, NojaBiseT pasButue Oakrepuil (E. coli IEM-1, B. subtilis BT-2), naGmonaercs
3aJiepKKa pocTa.

BuiBoabl. Buenpenue OuopasnaraeMoil yMakoBKM € aHTHOAKTEpUaIbHBIMU CBOMCTBaAMU
Lesecoo0pas3Ho, OfHAKO TpeOyeT pa3paboTKU WM IEepecMOTpa CYLIECTBYIOIEH HOPMaTHBHON
JIOKyMeHTalluu. HeBbIcokasl 1ieHa MpeioKEeHHON HaHOAUCIEPCHON 100aBKH CYIIECTBEHHO HE
MOB/IUSAET Ha CEOECTOMMOCTb YINAKOBKH, YTO KpailHe Ba)KHO B CJIOXKHBIX SKOHOMHUYECKHX
YCIIOBUSIX.

KiioueBble ciioBa: Ouopasiazaemocms, NIA€HKA, YNAKOGKA, HAHOKOMNO3UM, OUOKCUO
Mumana.

BuoTtexHonorusi, MMKpobuosnorua

Bausinue 0JICOPE3UHOB HA MHKpOﬁHOﬂOFl/I‘leCKyIO CTa0WIBHOCTDH BapeHbIX COCHUCOK C
MsCa NITHIBI

Amnaronuit Yxpaunen, Bacunuii [Tacuunsiit, FOmus XXenynenko, Cetnana 3ajakoBa
Hayuonanvnwiii ynueepcumem nuwegvix mexnonozuil, Kues, Yxpauna

Beenenue. Onpezensiiv BIMSHUAE OJIEOPE3MHOB KOpPHAHApa, MYCKaTHOTO IBETa W
YEepHOI'0 NepIia Ha MUKPOOUOIOTHYECKYI0 CTa0MIBbHOCTh BAPEHBIX COCUCOK M3 MSICA MTHIIBI
BO BpeMsl OXJIaJUKEHHOI'O XPaHEHHSI.

Matepuanbl u MeToabl. VccienoBany BapeHbIe COCHCKU M3 Msica ITUIIBI C Pa3HBIM
KOJIMYECTBOM HEMSICHOTO ChIpbsl. MHUKpOOHONIOrHYECKHEe T[I0Ka3aTeNnd, a WMEHHO:
KOJIMYECTBO Me30(WIBHBIX a3poOHBIX U (paKyIbTaTHBHO-aHadPOOHBIX MHKPOOPTaHU3MOB
(MA®DAHM), Gakrepun rpynmsl kuinedyHod manouku (BI'KII), matorenas ¢iopa, B Tom
yncie Salmonella, cynspuTpeayupyonme Kioctpumun, Proteus, Listeria monocytogenes,
Staphylococcus aureus, TecHeBble TPUObI W JPOXOKU, ONPENESUTH OOIIEHPHHSATHIMH
METOJIAMH.

PesynbtaTel u o0cyxaenue. 3HaueHus MADPAHM He3HAUUTEIHHO OTIUYAINCH
UIsE BCeX 00pasmoB cpasy mociae TepMooOpabotku. MADAHM mis o0OpasiioB ¢
OJICOPE3UHOM KOpHaHJpa YBEJIHMYUBAINCH HAa MPOTSHKEHHU BCETO MCCiIeoBaHus. B koHie
xpanenus 3HaueHne MAD®AHM pocrturano 1,1-8,5% 10° KOE/T 1 6bUIO 3HAYNTEIHHO BBILIE
[0 CpaBHECHHIO C JApyruMu obpasmnamu, kpome CO 40. Havyaneuble 3HaueHuss MAD®AHM
IUTsE 00pasIoB ¢ OJICOPE3MHOM MYCKATHOTO IIBETAa COCTABILUIN 1,0x10'-1,5%x10* KOE/r u
ObUTH CTaOMIBHBIMU Ha TIPOTSDKEHUH 7 CyTOK XpaHeHus. OHako rocne 13 cyTok XpaHeHHs
MPOU30IIEeNl  CTpeMUTEIbHBIH  pocT. COCHCKM C  OJEOpEe3WHOM YEpHOro mepua
JIEMOHCTPUPOBAIN CcTaObmwibHOe 3HaueHHe MA®DAHM Ha NPOTSHKEHHH BCEro IEpHOa
uccnenosanuii. [locme 13 cyrok xpaHeHus 3HaueHnss MADAHM s 0Opas3noB c
OJICOPE3UHOM YEPHOro Mepla ObUTM 3HAYMTEIHbHO HWXKE MO CPaBHEHHIO C 00pa3liamw,
KOTOpBIE COZAEpXKaJll OJICOPE3MHBl KOpWaHIpa M MYCKaTHOro IBera. HavanbHoe
KOJIMYECTBO IIecHeBbIX rpuboB cocraBmwiio <10 KOE/r, Ha 4 cyTKM XpaHEeHHUs! JOCTHUTIIO
3HaueHns 2,5-7,0x10' KOE/r i 06pasios ¢ 01e0pe3HHOM MYCKATHOrO 1Beta. OGpasIbl ¢
OJICOpE3UHAaMU MYCKaTHOI'O IIB€Ta W YEPHOrO0 Nepua JAEeMOHCTPUPOBAIH CTAOMIBHOE
3HAYCHHUE IS TUICCHEBBIX TPUOOB, TONBKO Ha 13 cyTku XpaHeHus mjs oopasnoB BPO100 u
MO60 mokasaTeaud COCTaBUIU 2,0><10l i 2,5X101 KOE/r coorBerctBenno. Komnuectso
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JIpOXOKEH Ui o0pas3loB € OJEOpe3WHaMH MYCKAaTHOrO I[BETa M YEpHOTO Iepla He
OTJINYAJIOCh TMOce 7 CYTOK XpaHEHHs, OJHAKO ObUIO 3HAYMTENLHO HUXKE B CPaBHEHUH C
oOpaslamu, KOTOpHIE COJEpXKaJIM OJIeOpe3rH KopuaHzapa. KoaudecTBo ApoxoKed s
00pasloB C OJICOPE3MHOM KOPHAHApa YBEIWYHMBAIOCH Ha IMPOTSHKEHHUH BCETO IEpUOAa
uccnenoBanuii. COCHUCKM C  OJICOPE3MHOM MYCKAaTHOIO I[BeTa JEMOHCTPUPOBAIIH
CTa0MJIbHOE KOJIMUECTBO NPOXOKEH Ha MpOTSHKeHMHM XpaHeHus. HawanbHoe 3HaveHHe
nokasarens w11 BPO80 cocraBmmo 3,0x10' KOE/r, omsako Ha 7 CYTKH XpaHEHHs
HaOMOqaNIoCh yrHeTeHne pocta. KommdecTBo aposokeil Ui oOpaslioB C 0JEOpE3MHOM
YEpHOI'0 TepIia ¥ MYCKaTHOTO IIBeTa ObUTO HIDKE B CPABHEHHHU C 00pa3liaMHt, COACPKAIUMHK
0JICOpE3UH KOPHAHIPa, Ha MPOTSHKEHUH BCETrO UCCIIEOBAHMS.

BouiBoabl. Oneope3uHbl MYCKaTHOTO I[BETa M YEPHOTO Meplia UMEIOT OOJIbLIYIO
aHTUMHUKPOOHYIO aKTHBHOCTh B CPAaBHEHHH C OJICOPE3MHOM KopuaHipa. bakrepuanbHbINA
a¢dexT npu cpoke xpaHeHus Oombine 10 CYyTOK MPOSBISIET TONBKO OJCOPE3MH YEPHOTO
nepia, NOTOMY IPH IPOHM3BOJACTBE MSCOCOAEPKAIIUX TMPOJAYKTOB C HCIONB30BAHUEM
0JIEOP3WHOB HEOOXOUMO HCIIONIB30BAThH OJIEOPE3UH YEPHOTO TEepIIa.

KaroueBsle cioBa: cocucka, msico, nmuyd, 01eo0pe3ut, XpaneHue.

Mpoueccbl n 060pyaoBaHME NULLEBbIX NPOU3BOACTB

MartemaTHnueckoe MO€/JIMPOBaAHMUE Mpouecca pa3jicJicCHUA CYyCIIEH3UHU HA (l)l/l.]'llsze C
CaMOOYMIIAI0 LIIUM CH (l)I/IJIprleIHPIM 3JIEMECHTOM

Mapus Hlunakapuxk, Oner Kpaser
Tepnononvcxuil HAYUOHATLHBIN MeXHUYecKull yHusepcumem umenu U. Ilynos

Brenenue. llenpio paboThl OBLIO MOCTpOSHHE MAaTEMaTHYECKONW MOJENHU Ipolecca
¢uIbTpanMK CyCneH3ur Ha (UIBTPE ¢ CAMOOYHILIAIONIIMMCS (DUIIBTPYIOUIEM 3JEMEHTOM,
KOTOPBIN BBITIONHEH B BUE HWIMHIPUUECKON NPY>KUHBI COKATHSI.

Matepuanbl u Metonbl. lccnenoBanue mporecca (GuibTpaluu NPOBOJWIN Ha
¢unpTpe ¢ caMoOOYMIIAIOUIMMCS  (UIBTPYIOIIEM  JJIeMEHTOM. B kauecTBe
HCCIIE0BATENbCKON CYCIIEH3UH HCIIOIb30BAIM MOJIOUHYIO CHIBOPOTKY, NMOJIYUYEHHYIO HpHU
MPOU3BOJICTBE TBOpora. KoHIeHTpamuio aucriepcHod a3kl B CHIBOPOTKE OMpENeIIsuIn
IyTEeM LEHTPUPYTHPOBAHUS MIPOO C MOCICIYIONIUM BBICYIIMBAHUEM OCaKa B CYIIMIBHOM
mkady.

PesynbtaTsl M o0cyxnenune. I[loqydueHHas MaTeMaTH4eckasi MOJIENIb OCHOBBIBAETCS
Ha MOJIEJIH Iporiecca (PIIbTPAIMH C 3aKyITOPUBAHUEM KayKIOU TIOPHI OTACIBHOMN YaCTUIICH.

B Mojenu y4uThIBaeTCs, YTO HE BCE YACTHUIIBI AUCIEPCHOMN (ha3bl, pazMep KOTOPBIX
MIPEBBIIIACT IIHUPUHY (PHUIBTPOBAIBHBIX OTBEPCTHH, OYAyT MX 3aKyIIOpHUBAaTh, a TOJIBKO HUX
4acTh, MPSMO MPOIOPIMOHAIBFHA OTHOIICHHWIO IUIOMAAM KHBOTO CEUYCHHSA K OOmmIei
Iomaau GUIBTPYIOIICH MTOBEPXHOCTH.

MateMaTuueckasi MOJENb MO3BOJISET OMNpPEAeNATh MPOAOJKUTENBHOCTh Ipoliecca
GWIbTpaluK, WCXOAS M3 O0beMa CYCICH3MM, W YCTAaHABIHUBATH ONTUMAJIBHBIA ITEPHO
MEXY pereHepalusIMi CaMOOUHINAIOIIETOCs (PHIBTPYIOIETO AIIEMEHTA.

CpaBHeHUE MapaMeTPOB, MOJYUEHHBIX ITYTEM MaTeMaTH4YEeCKOro MOJEIUPOBAHMUS, C
peabHBIM TIPOIECCOM  (DMIIBTPOBAHHMSI MOJIOYHON CHIBOPOTKH CBHICTEIBCTBYET, HYTO
MaTeMaTH4ecKass MOJeNIb aJeKBAaTHO OTpakaeT IMpOLecC pa3fesieHus CYCIIEH3UH Ha
(GUIBTPE C CAaMOOYHUIIAONIMMCS (PUIBTPYIOMM DJIEMEHTOM IIpu o0beme ¢uinbTpara ot 0
0 5 ™ ma 1 M’ ¢wibTpyromieii mopepxHocTH. CpenHee OTHOCHTEIBHOES OTKIOHCHHE
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pe3yNbTaToB, IOTYYEHHBIX C IIOMOLIbI0O MAaTEeMaTHYECKOW MOJENH, OT JKCIIEpUMEHTa
cocraBisteT 11 %.

BoiBonbl. MartemaTuyeckass MOJEIb MOXeET OBITh INPUMEHEHa IIpU pacyere
napameTpoB Tpolecca (UIBTPOBaHUSI CYCHEH3WHM Ha (QUIBTPE C CaMOOYMIIAOIIAMCS
(UIBTPYIOIINM SIIEMEHTOM.

KnroueBble cioBa:  guivmposanue,  cycnensus,  YKVNOPKU, — KANULIADYL,
pezenepayusl.

KuHeTuuyeckne 3aK0OHOMEPHOCTH IIPoLecca I'PAHY/I000pa30BaAHUSI KOMILIEKCHBIX
T'YMUHOBO-0PraHO-MHHEPAJILHBIX Y100peHUil B I'PAHYJISITOpPE ¢ IICeBJ00KHKEHHBIM CJI0eM

Spocnas Kopuuenko, Cepreii I'aitnail, Aunpeit JIro6ska, Anexkcanap MapThIHIOK
Hayuonanvnwiii mexnuueckuti ynugepcumem Yxpaunvr "Kuesckuti nonumexuuueckuti uncmumym"

Beenenne. OCHOBHYIO 4acThb OTXOJOB IPOM3BOJCTBA IIOJCOJHEYHOrO Macjia COCTAaBIISCT
MOJICOJTHEYHAsT 30J1a, KOTOpas CONICPXKUT IIOJIC3HBIC BemiecTBa. llenmpio paboThl sBiIsETCS
onpeneseHHe KHHETMYECKMX 3aKOHOMEpPHOCTEH mporecca IOIYYeHHS  KOMIUICKCHBIX
IPaHYJIMPOBAHHBIX OPraHO-MHHEPAIBHBIX Y0OPEHNUHT C UCIIONB30BAHUEM 30JIbI ITOICOTHEYHHKA.

Marepnansl 1 MeToabl. OOC3BOXKMBAHUE M IPAHYISINS TETEPOrCHHBIX JKHIKUX CHCTEM,
COJICpIKAIMX MHUHEpaJbHBIC, TYMHHOBBIC BCIICCTBA M IOJACOJHEYHYIO 301y, HPOBOAWINCH B
ammapare ¢ MCEBIO0KIKCHHBIM CJIOEM, OCHAIICHHBIM CIICHUAJIBHBIM Ia30paclpeieIUTeIbHBIM
YCTPOWCTBOM I CO3IaHMS CTPYHHO-IYJIBCALIMOHHOTO PEXHMMA IICEBIOOKIKCHUS TPH
HOJIBE/ICHIH HATPETOr0 ra30BOr0 TEIUIOHOCHTEIIS.

Pe3ynbTarhel W o0cyKIeHHe. YCTOWYMBYIO KHHETHKY IpOLecca TPaHyJI000pa3oBaHUS
I'YMUHOBO-OPraHO-MHMHEPAIbHBIX ynoOpenuil cocraBa K:N:Ca:P:Mg:S:I'=23:9:5:2:6:15:2 ¢
ko3 unmentom rpanynoodpazoBanus >90% AOCTUTHYTO NMPU CPEIHEM 3HAUEHHU PA3HOCTH
TEMIIepaTyp TEIUIOHOCHTEN Ha BXoie B rpanymstop u B cinoe AT=117°C. TlomydeHHbIH
npoaykT umeer cdepoobpasHyro (GopMy, paBHOMEpHOE pAaCIpPEAC/ICHUEe KOMIIOHEHTOB Ha
MHKpPOYPOBHE 110 BceMy 00bEMY IpaHyi, IPOoYHOCTh 6>35 H Ha rpanymy, uro Gonee uem B 3
pa3a IpeBBINIACT HOPMATHBHBIM IOKasarenb. [Ipu peaiu3aluyl CTPYHHO-ITYIbCALIOHHOTO
THAPOJMHAMUYECKOTO PEKHMa IICEBJOOKIIKCHHUS JOCTUTHYTO YBEIMYCHUE IIPHUBECHHOM
yICNBHOW HAarpy3KM IIOBEPXHOCTH CIIOS IO BIlare, OTHECEHHOrO K IIOJNE3HOW pa3sHOCTU
temmneparyp — 4/~0,006+0,0066 Krm,/(Mz'qac-r“pa)l). Pesynbrathl uccinenoBaHuid MOTyT OBITH
NPUMEHEHB! TIPH CO3JaHUM IIPOMBIIUICHHOIO O0OPYMOBaHMS Ul NPOU3BOACTBA T'YMHUHOBO-
OpraHO-MHHEPAJBHBIX YIOOPEHUH C UCIONB30BAaHUEM MHTATEIBHBIX BEIIECTB MUHEPAIBHOTO U
OPraHMYeCKOro MPOUCXOKACHUS. I[IpUMEHEHHE MOICOIHEYHON 30JIBI HPH CO3JAHUM HOBBIX
I'YMHHOBO-OPTaHO-MHMHEPAIBHBIX ~ YIOOPEHHH O0CCHEYHT pAlMOHANIBFHOEC HCIOJIB30BaHUC
HPUPOIHEIX PECYPCOB C COXPAHCHUEM NPUPOIHON LENMU MUTAHUS U YIYYIIUT KOJIOTHYECKYIO
0e30IaCHOCTh B PE3YJIbTAaTe YTHIN3AUUH OTX0I0B MACIOKHUPOBOrO IIPOU3BOJICTBA.

BriBoabl. PaspaboTaHHBI CHOCOO TO3BOMSIET YTHIN3UPOBATH OTXOIBI HMPOM3BOJCTBA
MOJICOJTHEYHOTO Maclia ITyTeM HCIIONb30BAHMS IIPH HM3TOTOBJICHHM HOBBIX KOMIUIGKCHBIX
T'YMHHOBO-OPraHO-MHHEPAIBHBIX yIOOPCHUIA.

KimoueBsbie cioBa: kunemuxa, yoobpeHue, nce000diCUdiCeH e, SPARYIAYUA, 2yMam, 3014,
YIMURU3ayus.

Biausinne ocMOTHYECKHMX JABJICHUH CpeJl HA YPOBEHb JIeTAIBHBIX 3¢ eKkToB
MHKPOOPTaHU3MOB B YCJIOBUSIX BAKYYMHUPOBAHUS

Haranus Tkauyk, Anexcanap IlleBueHko
Hayuonanvrulii ynusepcumem nuujegvlx mexronozutl, Kues, Yxpauna
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Beenenue. IIpoBeneHbl 3KCIIEPUMEHTAIBHBIE HCCIIENO0BAHUS IO ONPENETICHUIO JEHCTBUS
OCMOTHYECKUX JlaBJICHUIl cpensl Ha YpOBEHb JIETalIbHBIX 3(P(EKTOB Ipu pasnuyuHbIX
¢busnuecKux BO3AEHCTBUSIX.

Marepuajbl 1 MeTobl. VccnenoBaHus BRIIONHSUIUCH HA KAMEPHOH BaKyyMyHaKOBOYHOM
mamuHe Easy PACK ¢upmet WEBOMATIC (I'epmanus). Ilpu 3ToM TemmepaTypsl cpen BO
BCEX CJIy4yasix BBIIECPXKUBAJIUCH C OTPaHUYEHUEM IO MAaKCUMaJlbHBIM 3HaueHusM t < 38 °C, uto
UCKIIIOYaNo JieTalbHble 3G@¢eKTsl 0 3TOMY IOKas3arelo. Bakyym-Hacoc B cocTaBe
J1a00paTOPHOM YCTaHOBKM 00€CIEUHBaJl OCTATOYHOE JABJICHUE B BAKYYMHOH KaMepe Ha ypOBHE
0,002-0,004 MIla, yTO COOTBETCTBYET Iuana3zoHy Temmeparyp kumnenus cpen ~ 20..30 °C,
MO3TOMY IIPU HayalbHBIX TeMIepaTypax cpen t, < 15 ° C kuneHue He UIMeNO MECTa, a MePeXo
K MCXOZHBIM Temrepatyp cpen 20 <ty < 38 °C obecreunBa pexuM aauabaTHOro KUMEHUsL.

Pe3syabTarhl M 00cyskaeHUe. VI3BECTHO, YTO BBIIEPIKKA IPOXOKEH B BOJE CONPOBOKAACTCS
[IOBBIIIEHUEM B KIETKaX (DU3UUECKOTO [aBJICHUS HAa YPOBHE OCMOTHYECKOTO JaBJICHUS
KJIEeTOYHOro coka. llepemada Ipoiokedl B OCMOTHMYECKM AKTUBHBIH PAacTBOp MPUBOAUT K
YMEHBLIEHUIO (U3HMYECKOrO JABIEHUS, YTO JIOJKHO UMETh COOTBETCTBYIOLIEE OTPAXKEHUE IPU
BaKyyMHPOBAaHHU. YBEIWYEHHE OCMOTHUYECKOIO [IaBJICHUS pPAcTBopa oOCIa0IseT YpOBEHb
JeTanbHbIX 3(PQEeKToB OT BakyyMHpOBaHMS, HO BMECTE€ C TEM CYLIECTBEHHOE BIIMSHUE Ha
JIOCTIDKCHHE JICTANbHBIX J((eKToB uMeeT opraHu3anus aauabdaTHOrO KHIICHUS Cpe.
OmnpeneneHo BIMSHAE HA YPOBEHb JICTAIBHBEIX 3(Q(EKTOB M0 MUKPOGIIOpE TaKHX IOKa3aTenei,
KaK BpeMs BbIJIEP)KKM Cpelbl W JAMHAMUKA WM3MEHEHMs [aBJICHUs B BaKyyMHOH Kamepe,
KOJIMYECTBO CYXUX BEILECTB B CPEIE U 3HAUCHUS] TEMIICPATYPHBIX PEKUMOB, a TaKKe HaJIUUUE
WIN OTCYTCTBUE aiMabaTHOrO KUIIEHUS CPEAbI B YCIOBUSIX BAaKYyMHPOBAHHUS.

BeiBoabl. BakyymupoBaHue OHONIOIMYECKOH Cpelbl 3a CUYET CHIDKEHUS IOCTOSHHBIX
HACBILICHUS Ta3aMd OKUAKOH (a3el CO3JaeT OrpaHWYEHHsS B MAacCOOOMEHE MEXIy
MHUKpPOOHOJIOIMYECKUMHU KJIETKAMH M CPElOi, a YpOBEHb 3THX OIPAHUYCHUM 3aBUCUT OT
OCMOTHYECKOTO IaBJIEHUS pacTBOpA.

JlocTurHyTa BO3MOXKHOCTH IMOJIYYCHHUS JIETANbHBIX 3Q(EKTOB MO MHUKpodIope, KOTopas
COIPOBOXKAACT MUILEBBIE CPEABL, 32 CUET COBOKYITHOCTH BO3JEHCTBUIl OCMOTHYECKHUX JaBIECHUN
1 BaKyyMUPOBAHUSL.

KimoueBslie ciloBa: cpeda, 6axyymuposatiie, KiemKa, Kunetie, MUKpoOp2aHusm.

MopaenupoBaHue Tenyi000MeHa B CBOOOHO CTEKAIOLIUX JAMUHAPHBIX IIJIEHKaX €
Pa3BUTOIi BOJIHOBOIi CTPYKTYPOIi B pesKuMe UCTIapeHusI O CBOOOIHOI MOBEPXHOCTH

Banentun Ilerpenxo, Hukonaii Ipsiako, SIpocnas 3acsnbko, Mapust MuponHuk
Hayuonanvrulii ynusepcumem nuujegvix mexronozuti, Kues, Yxpauna

BBenenue. B 1IMHHBIX BEPTUKAIBHBIX KUISITWIBHBIX TPyOaxX TEIUIO- THAPOAMHAMUYECKUE
MPOIIECChl B IUICHKAX NPOTEKAIOT B PEXUME LUKIMYECKOr0 €€ MEepPeMElIMBAaHUS OOIbIIUMHU
BOJIHAMH, YTO HE OTPAXKEHO B CYLIECTBYIOIIUX MOEISAX TEIUIO0OOMEHA B IJICHKAX.

MarepuaJjbl 1 MeTObI. VccienyroTes Tero- ruipoAMHAMIYECKUE MPOLIECCH B IJICHKaX
BOJIBI M CaxapHBIX PAacTBOPAaX B PEXKUME HCIAPEHUSI CO CBOOOMHOW MOBEPXHOCTH METOJAMHU
MaTeMaTHYeCKOro M (U3UYECKOro MOJICIMPOBAHMS Ha  MOJEJBHBIX  YCTaHOBKaX C
BOCIIPOU3BEICHUEM pEaJbHO H3MEHSIOIUXCS IPOLECCOB TeIIooOMeHa B Tpybax Ipu
KOHILIGHTPUPOBAHUU PACTBOPOB.

Pesynbrarel u o0cyxaeHue. Pa3paboraHa Mozenb TeruiooOMeHa B JIAMUHAPHBIX,
JIOTPETHIX 10 TEMIIEPATyphbl HACBHIIEHUS IUIEHKAX )KHIKOCTH C Pa3BUTOH BOJIHOBOW CTPYKTYpPOi
KaK LUKJINYECKOro Ipolecca pellakCcallii HECTAlMOHAPHOI'O TEMIIEpaTypHOro IO Iocie
MPOXOXKACHUST OONBLIMX BOJMH. MaremaTuueckass MOJAEIb OINUCBHIBAET IIPOLECC Pa3BUTHS
JIBYMEPHOTO0 TEMIIEpaTypHOrO MOJs B 3aBUCUMOCTH OT 4ucia llekie W XapaKTepUCTHKH

214 ——VUkrainian Food Journal. 2016. Volume 5. Issue 1 —



—— Abstracts

BOJIHOBOT'O JIBXKEHUSI — JIIMHBI OOJIbIINX BOJIH. Ha OCHOBE mpeiioxkeHHONH MOJIENHU MOTy4EHBI
KOpPEJIALMHY, KOTOPbIE TPEeAIaraloTcs i 00001IeH s JaHHBIX 10 TEIUIO0O0OMEHY B IOTPETHIX 10
TEMIIEpaTypbl KHUIEHUS IUICHKaX B pPEXKHME HCIApeHUsT CO CBOOOJHON IOBEPXHOCTH.
[IpenocraBneno oOoOmiatomee ypaBHEHHWE Ui pacuera HHTEHCUBHOCTH TEIUIOOTAAYM K
HACBIIICHHBIM IUIEHKAM CaxapHbBIX PacTBOPOB, KOTOPOE COJECPKHUT BOIHOBBIE XapaKTEPUCTHKH
IUICHOYHOTO TEYEHUS, B JHMAla30HE W3MEHEHUsS PEKUMHBIX MapaMeTpoB, XapaKTEPHBIX s
paboThl UCTIAPUTENBHBIX YCTAHOBOK CaXapHOW MPOMBIILICHHOCTH, @ UMEHHO: KOHLEHTPALUU OT
0 1o 70 %, mnotHocTH oporenus ot 0,01 10° o 0,6 10° MZ/C, yucen Ilexne ot 400 mo 25000.
MartemaTrueckas MOZENb LHUKIMYECKOW pellakcallii TEeMIIEPaTypHOro IOJisi OKasajlach
¢ dexTBHONW Ui 00OOLIEHHs JaHHBIX IO TEIUIOOOMEHY HE TOJNBKO JIAMUHAPHBIX, a |
TypOyYJIEHTHBIX IUICHOK, HECMOTpPsS Ha OTCYTCTBHE B YpPaBHEHHUSX MepeHOca MapaMeTpoB
TypOyJIEHTHOCTH.

BbiBoabl. YcTaHOBIEHAa CBSI3b BOJHOBOW CTPYKTYpPbl IUIEHKHM C HMHTEHCUBHOCTHIO
TEII000MEHa Ha OCHOBE MOJIENH TEIUI000MEHa ¢ HUKIMYECKOW penakcaiuueld TeMIepaTypHoro
Mojisi B pe3ynbTaTe IMPOXOXKAEHHUS OONBIIMX BOJH, IPEIOCTABICHBI COOTBETCTBYIOIINE
pacueTHbIe COOTHOUICHUSI.

KuroueBblie ¢J10Ba: nieHKa, 60HbL, MENI000MeH, memMnepamypa, RPog@uib, Ucnapexue.

be3onacHoCTb KU3HeAEATEIbHOCTH

IToBbiIeHHe ypoBHS 0€30MACHOCTH TPYAA B MUILEBOIi NPOMBILIJIEHHOCTH € Y4eTOM
PUCK-OPHEHTHPOBAHHOTIO MOAX0AA

Onmnera EBtymenko, Anuna Cupuk, Ilerp I[lopoxsko
Hayuonanvrulii ynusepcumem nuujegvlx mexronozuti, Kues, Yxpauna

Beenenue. OgHMM M3 IEPCHEKTUBHBIX HAy4YHBIX HANpPaBJICHUN IIOBBIICHUS YPOBHS
6e30MacHOCTH TpyJa Ha TPOMU3BOACTBE SIBIAETCA IPOrHO3MPOBAHUE MPO(ECCHOHANBHBIX
PHCKOB, HETIOCPEICTBEHHO CBA3aHHOTO C MPOLIECCOM MPOU3BOACTBA, U CO3/1aHUE HA ETO OCHOBE
yCI10BUH JUIs TPOGMIAKTUKY U IPEAOTBPALLEHUS TPaBMaTH3Ma.

Marepnansl u MeToabl. VccnenoBaHue NpoBeAEHO HA OCHOBE METOA CTaTUCTHYECKOTO
aHalM3a HECYACTHBIX CJIy4yaeB, KOTOPble BO3HHKIM B IHIIEBOM OTpaciM 3a IOCIENHEe
JIECATUIIETHE; METOJa PETPECCHOHHOrO aHallu3a; METoJa TNaBHBIX KOMIIOHEHT; METoja
9KCIIEPTHBIX OLIEHOK; METOJa aIllpUOpHOr0 paHXHupoBaHus (akTopoB Ipu obpaboTke
PE3YJIBTATOB AKCIEPTHBIX OLEHOK.

PesynbTarel u o0cy:xmeHue. B pesynbrate NpoBeNEHHBIX HCCIEAOBaHMI co3laHa
METOJMKA IIOBBIIEHUS YPOBHS O€30MacHOCTM TpyJa B IIMIIEBOM OTpacid Ha OCHOBE
[IPOrHO3MPOBAHUS PUCKOB IPOU3BOICTBEHHOI'O TPaBMAaTH3Ma, KOTOpas UMEET CYLECTBEHHOE
3HAUYEHHE JUIS IIPENOTBPALIECHHS ONACHOCTEH C 1ieblo o0ecreueHus OnaronpuaTHBIX yCIOBUN
TpyJa, HEJOMyIlIeHue aBapuil U yCTpaHeHUs NPOQecCHOHANBHBIX 3a007€BaHUN U HECUACTHBIX
ciyqaeB. OAHMM M3 MEPCIEKTHBHBIX HAayYHbIX HAIPaBJICHUM IOBBIIEHUS O€30MacHOCTU
[IPOU3BOJCTBA SIBJIAETCSI INPOTHO3UPOBAHHE PHUCKOB IPOU3BOACTBEHHOTO TpaBMaTHU3Ma,
HETMOCPEJCTBEHHO  CBSI3AHHOTO € MPOIECCOM  MPOU3BOJACTBA M CO3JaHME  YCIOBHH
[IPEOTBPAIlEHUs] TpaBMaTH3Ma Ha OCHOBE TAaKUX IIPOTHO30B. Pe3ynbTaThl CPaBHUTENBHOI'O
aHalN3a PETPOCNIEKTUBHOIO MIPOTHO3UPOBAHHS METOAMU PErPECCHOHHOr0 aHan3a (porHo3a)
1 yCOBEPIIEHCTBOBAaHHBIM METOZOM KOMOMHUPOBAHHOIO IIPOTHO3UPOBAHUS, Ha OCHOBE METOMA
[JIAaBHBIX KOMIIOHEHT B COYETAHUM C METOJIOM 3KCIEPTHOM OLIEHKHU CBUJIETENILCTBYIOT O TOM, UTO
CTaTHUCTUYECKOE MPOrHO3UPOBAHUE KOIMYECTBA TPABMUPOBAHHBIX HA MPEANPUATUSIX MUIIEBOH
[IPOMBIIIJIEHHOCTH  II0Ka3bIBAaeT OOJbLIME OTKJIOHEHHS OT (aKTUUECKOI0 KOJIMYECTBA
TPaBMHUPOBAHHBIX (CPEAHEKBaJpaTUUIHAs IOIPEIIHOCTh paBHa 2,53), yeM KOMOMHUPOBAaHHOE
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—— Abstracts

[IPOrHO3MpPOBaHue (CpeAHeKBaLpaTU4yHas HorpemHocTs cocrasisger 0,85). Takum obOpaszom,
MOXKHO C/IeNIaTh BEIBOZ O TIOBBINICHHH () ()HEeKTHBHOCTH MPOrHO3MPOBaHMS B cpeaHeM Ha 60 % 3a
CYET COYETAHMS METO/Ia TIIABHBIX KOMITOHEHT C METOIOM SKCIIEPTHOM OLICHKH.

BriBoabl. Pa3paGoraHHbIE MOZIENM M METOABI MMEIOT Ka4eCTBCHHO HOBBIC CBOWCTBA M
[I03BOJISIOT MOBBICUTH 3((EKTUBHOCTH (TOUHOCTH) NPOrHO3MPOBaHUE B cpeaHeM Ha 60 % Ha
OCHOBE COYCTaHUS METOJa IVIABHBIX KOMIIOHEHT C METOJOM O3KCIICPTHON OLICHKH, YTO JAeT
BO3MO)KHOCTh ~ ITOBBICHTh  O0IIYI0 3((EKTHBHOCT NPO(QWIAKTUKH HPOU3BOJICTBEHHOIO
TpaBMaTU3Ma Ha NPENIPHUATHAX MUIIEBOM NPOMBIIUIEHHOCTH B cpeHeM Ha 18—23 %.

KuroueBbie ciioBa: Oezonacnocms, mpyo, mpasmamusm, pUck.
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Instructions for authors

Dear colleagues!

The Editorial Board of scientific periodical
«Ukrainian Food Journal»
invites you to publication of your scientific research.

Requirements for article:

Language — English, Ukrainian, Russian

Size of the article — 8-15 pages in Microsoft Word 2003 and earlier versions with
filename extension *.doc (!)

All article elements should be in Times New Roman, font size 14, 1 line intervals,
margins on both sides 2 cm.

The structure of the article:
The title of the article
Authors (full name and surname)
Institution, where the work performed.
Abstract (2/3 of page). The structure of the abstract should correspond to the structure
f the article (Introduction, Materials and methods, Results and discussion, Conclusion).
Key words.
oints from 1 to 5 should be in English, Ukrainian and Russian.
The main body of the article should contain the following obligatory parts:
Introduction
Materials and methods
Results and discussing
Conclusion
e References
If you need you can add another parts and divide them into subparts.
7. The information about the author (Name, surname, scientific degree, place of work,
email and contact phone number).

NTLQ AW~

All figures should be made in graphic editor, the font size 14.
The background of the graphs and charts should be only in white color. The color of

the figure elements (lines, grid, text) - in black color.

Figures and EXCEL format files with graphs additionally should submit in separate
files.

Photos are not appropriate to use.
Website of Ukrainian Food Journal: ~ www.ufj.ho.ua

Extended articles should be sent by email to: ufj nuft@meta.ua
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IIIanoBHi KoJeru!

Penakuiiina xojeris HaykoBoro nepioguunoro Buaanusa « Ukrainian Food Journaly
sanporrye Bac 1o myOmikariii pe3yabTaTiB HAyKOBHX JOCIIIKCHb.

Bumorn 1o opopmiieHHs cTaTei

MoBH cTateii — aHIITIHChKA, YKpaiHChKa, pOCifiChKa

PexomennoBanuii o0csr crarti — 8-15 cropinok hopmaty A4.

CraTTsl BUKOHYEThCS B TEKCTOBOMY peaakTopi Microsoft Word 2003, B ¢opmari *.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 craTtti (iM’s Ta mpi3BHIIE NOBHICTIO, pukna;: Jleauc O3epsiHKO).
4. Yemanosa, 6 axiil sukonana poboma.
5. Anorarist. O00B’I3K0Ba CTPYKTYpa aHOTAIIIi:

. Beryn (2-3 pagxn).

«  Marepianu Ta Mmetoau (10 5 psAAKiB)

«  PesynbraTi Ta 00roBOpeHHs (IiB CTOPIHKM).

«  BucnoBku (2-3 psiaxm).
6. Kirtouosi cioBa (3-5 ciiB, ajie He CIIOBOCIIONYYEHB ).

IIyHkTH 2-6 BUKOHATH aHIIilCHKOI0, YKPATHCHKOIO TA POCiliCbKOI0 MOBAMH.

7. OcHOBHHII TEKCT cTaTTi. Mae BKIIIOYATH Taki 000B’SI3KOBI PO3ILIH:
« Beryn
«  Marepianu Ta METOIH
«  PesynbraTi Ta 00roBOpeHHs
. BuchHoBku
. Jlireparypa.
3a HeoOXiHOCTI MOXKHA JIOAABATH iHIII PO3/iIM Ta PO30MBATH IX Ha IiIPO3ALIH.

8. ABTopchka moBinka (IIpi3Buie, iM’st Ta 10 6aTHKOBI, BUSHUI CTYIiHb Ta 3BaHHS, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi aHi aBTOpa, 10 AKOTO 32 HEOOXITHOCTI Oy/e 3BEepTATUCH PENAKIIis KYpHAITY.

PucyHkn BHKOHYIOThCS sikicHO. CKaHOBaHI PUCYHKM He NpPHUHMAaOThbCs. Po3Mip Tekcry Ha
pucyHkax moBuHeH Oyru cmiBpo3mipuum (!) Texcry crarri. @otorpadii 0OaxkaHo He
BHKOPHUCTOBYBATH.

®oH rpadikis, miarpam — nuie 6inuit. Komip enemenTiB pucyHky (niHii, ciTka, TeKCT) — YOpHHI
(ue cipuii).

Pucynxu ta rpadiku EXCEL 3 rpadikamMu 101aTKOBO HOJAIOTHCS B OKpeMHX (aiiax.

CkopoueHi Ha3Bu (DI3MYHUX BEJUYMH B TEKCTI Ta Ha rpadikax INO3HAYAIOTHCA JATHMHCHKUMU
niTepamu BianoBinHo 1o cucremu CL

B crnucky sitepaTypu NOBHHHI IepeBakaTH CTarTi Ta MoHOrpagii iHO3eMHHX aBTOpIB, SKi
omybnikosasi micis 2000 poky.
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IIpaBuna odgopmiieHHS CHUCKY JiTepaTypH

B Ukrainian Food JournalB3sito 3a OCHOBY 3araJlbHONPHIHSTE B CBITI CIIpOIIEHE
oopMIIEHHST CITUCKY JIiTepaTypu 3rigHo craHmapty Garvard. Bcei eneMeHTH TOCHIaHHS
PO3ILIAIOTHCS JIMIIE KOMAMM.

1. [TocunaHHs HA CTATTIO:
ABTopu A.A. (pik Buaanns), Ha3pa 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.

IMocuiianHs Ha eJIeKTPOHHUIA pecypc:

BukoHyeTbCsl aHAJOTiYHO TMOCWIIAHHIO Ha KHUTY abo crartio. Ilicns odopmiteHHs
JAHUX TPO MyOJTiKaIlito MUIITYTHCS clI0Ba available at: Ta Bka3yeThCs CIEKTPOHHA aapeca.
[puxnaau:
1. (2013), Svitovi naukovometrychni bazy, available at:
http://www]1.nas.gov.ua/publications/q_a /Pages/scopus.aspx
2. Cheung T. (2011), World's 50 most delicious drinks [Text], available at:
http://travel.cnn.com/explorations/drink/worlds-50-most-delicious-drinks-883542

Crcok  niteparypu  OpOPMIIIOETBCS  JIMIE JIATHHHULEK. EJEMEeHTH CIUCKy
YKpPaiHChKOIO Ta POCIHCHKOK MOBOIO MOTPiOHO TpaHcmiTepyBaTH. s TpaHciiTepamii 3
YKpaTHCHKOI0 MOBH BHKOPHCTOBYETHCS MACIIOPTHUI CTaHAAPT, a 3 POCIHCHKOI - CTaHAapT
MB/] (B 1ux craHmapTax BUKOPHCTOBYIOTHCS CHMBOJIH JIMILE aHTITIHCHKOro andasity, 6e3
XBOCTHKIB, ariocTpodiB Ta iH).

3pyu4Hi caiiTi 115 TpaHcaiTepanmii:

3 ykpaincekoi MoBH - http://translit.kh.ua/#lat/passport

3 pociticbkoi MOBH - http://ru.translit.net/?account=mvd

JonaTkoBa indopmanisi Ta npukiiag opopmJeHHs CTATTI — HA CAMTI

http://ufj.ho.ua

CTaTTs HAJACUJIAETHCS 32 eJIEKTPOHHOI0 anpecoro: ufj nuft@meta.ua
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VK 663/664
Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi cTarTi, KOPOTKi
ITOB1IOMJICHHS, OTJIAZOBI CTaTTi, HOBUHHU Ta OTJISIH JIITEPATYPH.

Tematuka nmyouaikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis Iporiecu Ta 00aTHAHHS

XapuoBa XiMis HanorexHosorii

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHS

®di3uvHI BIACTHBOCTI Xap4YOBUX ABTOMATH3AIIIs TPOIIECIB
MIPOIYKTIB YnakoBKa Juisi Xap4OBHX MPOIYKTIB
SIkicTh Ta Oe3reka XapuoBUX HMPOAYKTIB 310poB's

IepiognuHnicTh BUXOAY KypHAJTY 4 HOMEpPH Ha PiK.

PesynpraT JOCHiKEHb, TPENCTABICHI B JKypHalli, NOBHHHI OYTH HOBHUMH, MaTH
YITKUH 3B'A30K 3 XapyoBOIO HAYKOK 1 TMPEACTaBISATH IHTEPEC IS MIXKHAPOIHOTO
HAyKOBOTO CITIBTOBAPHCTBA.

Ukrainian Food Journal iHmekcyeTbcs HAyKOMETPHYHHUMHU Oa3aMH:
Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichsWeb (2013)
Global Impact Factor (2014)
Online Library of University of Southern Denmark (2014)
CABI full text (2014)
Directory of Research Journals Indexing (DRIJI) (2014)
Universal Impact Factor (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH PLUS) (2014)
Directory of Open Access Journals (DOAJ) (2015)
InfoBase Index (2015)

Penensisn pykommcy crarri. Martepianu, npencraBieHi s IyONliKyBaHHS B
«Ukrainian Food Journal», npoxoasits «IlonsiiiHe ciine perieH3yBaHHS» BOMa BUYCHUMH,
MPU3HAYEHUMH PENAKI[IIfHOI0 KOJIETI€I0: OIMH € YJICHOM PENKOJIerii 1 OAWH He3aJeKHUN
YUEHHH.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1[0 POOOTA HE € MOPYIICHHM OY/b-
SKHX aBTOPCHKMX IIpaB, Ta BiJIIKOJOBYIOTh BHIABIIO MOPYIIEHHS JaHOi TapaHTil.
OnyOnikoBaHi MaTepianu € npaBoBoto BiacHicTio BuaBng «Ukrainian Food Journaly,
SIKIIO HE Y3TOJDKEHO 1HIIE.

MoniTuka axagemiunoi ermku. Penakuis «Ukrainian Food Journal» xopucryerbes
MpaBWJIaMHM aKaJIeMiuHOi eTHKH, BHKIaZeHuUX B pobori Miguel Roig (2003, 2006)
"Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A guide to
ethical writing” . Pemakiiis mpomoHye aBTopaM cTaTel i peleH3eHTaM MpsIMO CIIiayBaTH
LLOMY KEPIBHHUITBY, 00 YHUKHYTH IOMHJIOK y HaYKOBI# JIiTepaTypi.

IHCTPYKUIT ANA aBTOPIB Ta iHIIAa KOpHCHA iH(pOpMAIis pO3MillleH] Ha CaiTi

http://ufj.ho.ua
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