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Summary. Purpose. Egg omelet is one of the most valuable human foods. Unfortunately, this
product is not intended for long-term storage. The purpose of the study is to establish the nature of the
influence of high-pressure processing parameters on mixed egg omelets with various fillers in order
to ensure its microbiological safety during long-term storage. The research method is high-pressure
processing of egg omelets with fillers and investigation of their microbiological safety. The process of
producing egg omelets with various fillings (cheese, bacon, fried mushrooms) for long time storage
consists of mixing the liquid chicken egg with grated or finely chopped cheese (or other ingredients),
xanthan gum, water or milk, adding spices (salt, pepper), after which the resulting mixture is packaged
in a sealed resilient packaging material; then it is heated, immersed in a working chamber, that is a high-
pressure unit. Methods. The samples were treated in the range of the following process parameters:
preliminary heating of the mixture — to 85-95 °C, pressure — 650-750 MPa, processing time is — up to
8 min. Results. As a result, the dependence of microbiological contamination of egg omelets (E. coli,
Pseudomonas fluorecens, Paenibacillus polymyxa and Listeria seeligeri) on the parameters of the
process of their high-pressure treatment (pressure value, temperature and duration of the process)
has been established. It has been suggested and experimentally established that it is expedient to
use kinetic models of the second order to describe the process of inactivation of E. coli. Dependences
for the second-order kinetic models in terms of the change in the rates of inactivation of In (k,) and
In (k,) constants on the pressure have been obtained. Conclusions. The values of microbiological
contamination (E. coli, Pseudomonas fluorecens, Paenibacillus polymyxa and Listeria seeligeri) have
been determined for long-term storage of egg omletes processed with HP.

Keywords: egg omelets with fillers, high pressure, shelf life, microbiological safety.

The statement of the problem in general
form and its connection with the most
important scientific and practical tasks.

can be recommended for use in expeditions and
hikes, difficult to access regions of the country, in
the formation of strategic reserves for the armed

Chicken eggs are one of the most valuable human
foods used in cooking of a large number of dishes,
among which the leading place is occupied by egg
omelets (EO). Unfortunately, this product is not
intended for long-term storage, it is prepared at
mass catering enterprises when ordered. At the
same time, given the high nutritional value of this
product, in case it is provided with its high food
and consumer properties for a long shelf life, it

forces and navy as well as in the egg-processing
industry, food industry and mass catering
enterprises.

Analysis of recent research and publications.
The influence of high pressure (HP) on egg protein
was first described in the work [1].

Currently, research into the production of
long-shelf omelets is being conducted in several
countries in Europe and the United States. It has
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been established that it is most expedient to use HP
to ensure the microbiological purity of the processed
products in the course of storage while preserving
the entire enzyme-vitamin complex, to develop a
process for the production of mixed egg omelets
with various fillers of a long shelf life [2, 3].

Research in this area is focused on establishing
the conditions for preserving the nutritional value
of a chicken egg treated with HP [4], studying
the changes in the physico-chemical properties
of eggs treated with HP and the kinetics of these
changes [5, 6].

Considering the fact that for consumers of egg
omelets produced with the use of HP technology
it is a relatively new product, a number of studies
are aimed at studying the consumer properties of
these products [7].

The study of the consumer market has
confirmed the prospects of using HP technologies
in the production of egg omelets with cheese both
for their subsequent long-term storage and for
use as fillers in the production of various culinary
products, such as pies [8].

In connection with the fact that when using the
technology of HP practically there is no traditional
high-temperature processing of egg omelets,
so, 1t is of undoubted interest to determine the
parameters of the process of HP processing of
egg omelets with various fillers and to study their
microbiological safety.

Formulation of the article objectives.
The purpose of the study was to investigate the
influence of the parameters while processing egg
omelets mixed with various fillings with HP in
order to ensure its microbiological safety during
long-term storage.

Statement of the main material of the study
with full justification of the scientific results
obtained. Object and subject of research. The
object of research is egg omelet with various
fillers produced for long-term storage. The subject
of the research is the technological parameters
of the process of treatment of egg omelets with
fillers with high-pressure and the microbiological
safety indicators of the received product.

Used research methods and equipment,
organization of research. To investigate the
influence of HP on egg products it was developed
a process based on liquid chicken eggs for
producing egg omelets with cheese, bacon and
fried champignons for of long-term storage. The
process consists of several stages: mixing the

liquid chicken egg with grated or finely chopped
cheese (or other ingredients), xanthan gum which
gives the finished product a form-retaining
capacity, water or milk, then adding spices (salt,
pepper), as a result a given mixture is packed
in a sealed resilient packaging material, heated,
and finally placed in a working chamber — a HP
installation. The obtained product in hermetically
sealed package is intended for long-term storage;
therefore the investigation of its microbiological
safety during storage is a priority task in
determining rational parameters, both the process
of its production and the storage regimes of the
produced product.

The processing of hermetically sealed samples
of egg omelets was carried out in a high-pressure
installation (HPI) [9,10] in the range of process
parameters: preliminary heating of the mixture by
85-95 °C, pressure of 650-750 MPa, processing
time is up to 8 min.; microbiological studies were
performed on the regional sanitary-epidemiological
stations.

As a result of the fact that the product loaded
into the HP working chamber, according to the
developed technology, has a temperature of 85-
95 °C, and the subsequent increase in pressure in
the working chamber, the temperature of processing
the product with HP was 110-130 °C.

An analysis of earlier studies of the HP effect on
the microbiological purity of liquid eggs and egg
products has made it possible to determine the field
of experiment and to organize an analysis of the
results of experiments [11-21].

The culture of Escherichia coli was used to
carry out experimental studies for assessment of
the microbiological sterility of the product samples
treated with HP. The process was as follows.

The E. coli which was found in one of the
samples of a liquid chicken egg and assigned to
the group of K12DH5a was transferred to 20 ml of
standard broth and grown in a vibrating incubator
for 24 hours at 30 °C. After 24 hours of incubation,
50 ml of the suspension was transferred to 20 ml of
fresh broth, and the cultivation continued for another
24 hours. Subsequently, 1ml of a suspension of
microorganisms with E. coli was grafted to 100 ml
of the whole egg which was used in the production
of egg omelets. The initial concentration of E.
coli was approximately 107 CFU/ ml. The initial
concentration of other microorganisms used in
microbiological studies was approximately 107
CFU/ ml.
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In addition, it should be noted that some
microorganisms are sufficiently resistant to
pasteurization and are capable of spoiling the
liquid chicken egg even when stored in chilled
conditions. Thermal pasteurization often re-
duces by one or two orders of magnitude the
number of microorganisms and the liquid
pasteurized egg contains 10? or more than 10° of
microbial cells per gram. The main pathogenic
microorganisms found in pasteurized liquid eggs
are: Alcaligenes, Bacillus, Proteus, Escherichia
coli, Pseudomonas and Gram positive cocci.

The procedure for carrying out experimental
studies on the influence of the parameters in the
process of treating egg omelets included the
following stages:

1. Formation of a bank of microbiological
cultures for their subsequent introduction
into egg omelet samples.

2. Preparation of samples of egg omelets with
cheese, bacon and champignons according
to technology and introduction of a pre-
prepared microbiological culture.

3. Packing of samples of egg omelets in sterile
sealed containers and treating them at the
HPL.

4. Microbiological analysis of egg omelet
samples, both immediately after treatment
with HP and during their long-term storage
at +4+0,5 °C.

The microbiological analysis of processed
samples of egg omelets treated with HP was
performed according to the standard methods
of 1S0O-4833:2003 (Microbiology of food and
animal feeds: Horizontal method for counting
microorganisms: Method for the detection and
enumeration of colonies at 30 °C (ISO 4833:
2003, IDT)) Microbiology of food and animal
feeding stuffs — Horizontal method for the
enumeration of microorganisms — Colony-count
technique at 30 degrees C), ISO-21528-2004
(ISO 21528-1:2004 “Microbiology of food and
animal feeding stuffs — Horizontal methods for the
detection and enumeration of Enterobacteriaceae
— Part 1: Detection and enumeration by MPN
technique with pre-enrichment), ISO 4833:1991
“Microbiology — General guidance for the
enumeration of micro-organisms — Colony count
technique at 30 degrees C”, I[ISO-6579:2002-07,
I'OCT 10444.15-94 Microbiology of food and
animal feeding stuffs — Horizontal method for the
enumeration of microorganisms — Colony-count

technique at 30 degrees C, ISO-21528-2004 (ISO
21528-1:2004) For the detection and enumeration
of Enterobacteriaceae — Part 1: Detection and
enumeration by MPN technique with pre-
enrichment), ISO 4833: 1991 “Microbiology —
General guidance for the enumeration of micro-
organisms” —6579: 2002-07, GOST 10444.15-94
“Food products. Methods for determining the
amount of mesophilic aerobic and facultative-
anaerobic microorganisms” and GOST (State
Standard) 10444.12-88 “Food products. Method
for determining yeasts and moldy fungi”.

According to the “Uniform Sanitary and
Epidemiological and Hygienic Requirements for
Goods Subject to Sanitary and Epidemiological
Supervision (Control)”, the following safety
and nutritional requirements are stipulated for
“omelets from eggs (mélange, egg powder)
natural and with the additives of vegetables, meat
products, etc., fillings including eggs™:

— QMAFAnM, CFU/g - 1-10%

— CGB (coliforms) in 1,0 g — not allowed;

— pathogenic, incl. Salmonella in 25g — not
allowed;

— S.aureus in 1,0 g — not allowed;

— Proteus in 0,1 g —not allowed.

Considering the fact that several ingredients are
used in the production of egg omelets including
milk, without its thermal sterilization, the safety
requirements for each component of egg omelet
were analyzed.

Requirements common forall theraw ingredients
making up egg omelets are the following:

— CGB (coliforms) in 0,1 g —not allowed;

— sulfite-reducing clostridia in 0,01g — not
allowed;

— S.aureus in 1,0g — not allowed;

— pathogenic incl. Salmonella in 25g — not
allowed;

— E.coliin 1g —not allowed;

— L.monocytogenes in 25g — not allowed;

— for bacon: QMAFAnM, CFU / g, not more than
1-10%

or a mixture of egg for an omelet: QMAFAnM,
CFU / g, not more than 1-10°;

for mushrooms:

— QMAFAnM, CFU / g — not more than 1-10%;
— yeast, CFU / g — not more than 1-10%;
— mold, CFU / g — not more than 1-10?

for xanthan gum:

yeast, mold, CFU / g — not more than 500 in
total;
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for raw milk of the highest grade - QMAFAnM,
CFU / g — not more than 1-10°:

the content of somatic cells in 1 cm?(g) — not
more than 4-10°;

raw milk of the 1-st grade - QMAFAnM, CFU
/ g — not more than 5-10°:

the content of somatic cells in 1 cm’(g) — not
more than 1-106;

raw milk of the 2-nd grade-QMAFAnM, CFU
/ g — not more than 4-10°:

— the content of somatic cells in 1 cm’(g) — not
more than 1-10°;

raw skimmed milk of the highest grade —
QMAFAnM, CFU / g — not more than 1-103;

raw skimmed milk of the 1-st grade —
QMAFAnM, CFU / g — not more than — 5-10°;

raw skimmed milk of the 2-nd grade —
QMAFAnM, CFU / g — not more than 4-10°.

In addition to the above indicators, the effect
of HP on three species of psychrophilic bacteria
was studied: Listeria seeligeri (Listeria innocua),
Pseudomonas fluorecens, Paenibacillus polymyxa,
which are often the cause of food spoilage when
stored in a cooled state.

The indicator of “colibacillus bacteria”
(CGB) has been chosen in accordance with the

accepted international nomenclature as it is
almost identical to the indicator of “coliform
bacteria”. The study included both citrate-
negative and citrate-positive variants of CGB,
including the following genera: Escherichia,
Klebsiella, Enterobacter, Citrobacter, and
Serratia.

All the above samples of cultures were
obtained as a result of inoculation and sub-
sequent dilution to the required concentration
of microflora samples found during various
microbiological  analyzes and  further
identified.

Statistical evaluation of the obtained re-
sults. To carry out statistical processing of the
experimental results and kinetic analysis of
the process of inactivation of Escherichia coli,
the program STATISTICA V5.5A was used.
When analyzing the dependencies obtained,
the correlation coefficient (R?), the Fisher test
(F) and the standard error (Str. Err) were
used. The confidence interval was 0,95.

Analysis of the results. Table 1 and Fig.
1-3 show the results of experimental studies
on the inactivation of Escherichia coli in egg
omelets.

Table 1
The results of experimental studies on the inactivation of Escherichia coli
in egg omelets and cheese samples treated with HP
Temperature 110°C
650 MPa 700 MPa 750 MPa

T, c* Ig(N/N)** T,C Ig(N/N,) T,C Ig(N/N,)

0 0 0 0 0 0

30 -0,55 30 -0,62 30 -1,52
60 -0,89 60 -0,89 60 -3,12
120 -1,52 120 -1,99 120 -2,99
180 -2,09 180 -2,48 180 -4,62
240 -3,18 240 -3,13 240 -5,48
300 -3,49 300 -3,78 300 -5,79
360 -3,65 360 -4,44 360 -6,62
420 -4,49 420 -5,25 420 -7,21

Temperature 120°C
650 MPa 700 MPa 750 MPa

T,C Ig(N/N)) T,C Ig(N/N)) T,C Ig(N/N))

0 0 0 0 0 0

30 -0,65 30 -0,68 30 -1,10

60 -1,04 60 -1,49 60 -2,00
120 -1,82 120 -3,42 120 -3,97
180 -3,12 180 -4,68 180 -5,12
240 -4,62 240 -5,31 240 -5,73
300 -4,958 300 -6,22 300 -6,56
360 -5,85 360 -7,36 360 -7,42
420 -6,49 420 -8,00 420 -7,85
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Contin. of table 1

Temperature 130°C
650 MPa 700 MPa 750 MPa
T,C Ig(N/N,) T,C Ig(N/N,) T,C Ig(N/N,)
0 0 0 0 0 0
30 -0,85 30 -1,31 30 -1,99
60 -1,68 60 -2,24 60 -3,18
120 -2,97 120 -3,71 120 -4,44
180 -4,32 180 -4,80 180 -5,82
240 -5,94 240 -6,36 240 -6,65
300 -6,56 300 -7,26 300 -7,50
360 -7,15 360 -7,59 360 -7,99
420 -7,59 420 -8,00 420 -8,00

* 7 is processing time, ¢,
** N, — initial concentration of microorganisms;
N is the final concentration of microorganisms.

—+—650 MPa
—=—700 MPa
750 MPa

Fig. 1. Experimental points of decrease in the relativeconcentration
of Escherichia coli at 1= 110°C

—e— 650 MPa
—=— 700 MPa
750 MPa

Fig. 2. Experimental points of decrease in the relative concentration
of Escherichia coli at = 120 °C
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Fig. 3. Experimental points of decrease in the relative concentration
of Escherichia coli at t = 130°C

Inactivation of microorganisms under HP, as
well as denaturation of proteins, is often described
by kinetic equations of the first order, as a result a
logarithm of the concentration of microorganisms
surviving after pressure treatment decreases
linearly with increasing processing time ¢ as—kt,
where £ is the constant of inactivation rate.

- ﬂ =kN (1)
dt
where N — the number of viable organisms;
k — the constant of inactivation rate.
The integral equation (1) taking into account
the initial conditions N=N at t = 0 was presented
in the form:

N
In(—) = —k
n(NO) t )

Equation (2) suggests a linear dependence of
N on t on a semi-logarithmic scale and it was
expressed in terms of the decimal logarithm:

]_ﬂ(i) =2,303 log(i) . 3)
NO ND

The inactivation rate constant (k) is the most
commonly used term to describe the thermal
inactivation of microorganisms.

The literature often contains data with
significant linear variations which are usually
described by a combination of two first-order
reactions as a two-phase kinetics with different
inactivation rates [22, 23]. The two-phase
kinetics is often found both for vegetative and
spore forms of bacteria. In such cases, the slope
of the logarithm of the concentration over time

is observed, the rate of drop for small and large
values for 7 is k, and k, respectively, and more
often, k, > k,. A similar form of inactivation
curve indicates the existence of a small part of
the population with increased resistance to high
pressure.

The analysis of the results of the experimental
studies made it possible to fix the decrease in the
relative concentration of the coliform depending
on the parameters of the process.

Similar studies were carried out for samples
of egg omelet with bacon and mushrooms, which
resulted in the determination of the parameters in
the process of egg omelets treatment with HP to
ensure the microbiological safety of the product
for a long period of storage:

An analysis of the experimental data (Table 1)
on the coliform inactivation shows that at given
parameters of the process it is advisable to use
a two-phase model of the first order to describe
the kinetics of the coliform inactivation. This
model consists of two parts which follow an
independent kinetics of the first order (Fig. 4).

The surviving microorganisms during ¢ are
the sum of the separate parts:

N(®)=N,(1) +N,(1) . “

The analytical solution of the above equation
is presented as:

N =N(f e ™+ (1-f) e™), (5)

where N is the initial number of microorganisms
and f is the initial proportion of the first part (N /N,).

ISSN 2518-7171. HaykoBwui BicHMK [NonTaBcbKoro yHiBepcuTeTy ekoHoMiku i Toprieni. 2017. Ne 1 (83).



30

IHHO8aUitiHI mexHonoail xap4osux 8UpobHUUME

| part

ke

.

11 part

Fig. 4. Typical curve of two-phase inactivation

Each part of the inactivation model is ex-
pressed as:

('ﬂ\[l -
e kN (2), , (6)
N1(0)=No:
dN, =
e ~k, N, (7), Na(0)=No2 (7

where N, N, — the number of microorganisms in
the first and the second part;

7 — the time of processing;

k, and k, — a constant of inactivation rate.

The dependence of the inactivation rate
constants on pressure was analyzed using the
Arrhenius-type model. The dependence of
pressure and inactivation rate constant k was
described by the following equation (8):

[ dln k] AV
&P ). RT °
where £ is the first-order inactivation rate constant
incl;

P is the pressure in MPa, AV* is the visible
activation volume in M3 mol;

®)

R is the gas constant 8,314-10¢ -m*> -MPa
mol!-K;

T is the temperature in Kelvin degrees, K.

Equation (8) shows that the dependence of In

(k) on pressure at constant temperature is .

RT

In connection with the fact that the second-order
kinetic model cannot be adequately estimated
by a linear model, a nonlinear estimation was
performed using piecewise linear regression and
the values of the points of breaking the curves of
the second order were obtained (Table 2).

As a result of the experimental data statistical
analysis, the inactivation process of the E. coli for
all its parameters was described by the following
function:

yv=a+c(x—=b) x<b
yv=a+d((x—-b) x>b -

described by a straight line with a slope

)

Table 2 shows the numerical values of the
coefficients of the model for different values
of the process parameters and the statistical
characteristics of these dependencies.

Table 2
Results of statistical processing of experimental data
Pressure MPa | a [ c [ d | binflectionpoint | R? | Fstat | Strerr
Temperature 110 °C
650 MPa -3,005 -0,0121 -0,0074 240 0,987 188.,9 0,185
700 MPa -1,877 0,0152 -0,0108 120 0,99 772,1 0,106
750 MPa -4,476 0,0224 -0,0101 180 0,94 39,5 0,930
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Contin. of table 2

Pressure MPa | a [ c [ d [ pinflectionpoint | R> | Fstat | Strerr

Temperature 120 °C

650 MPa -4,341 -0,0183 -0,012 240 0,99 319,94 0,219

700 MPa -3,498 -0,0304 -0,015 210 0,99 624,38 0,190

750 MPa -4,157 -0,0346 -0,013 120 0,99 732,61 0,170
Temperature 130 °C

650 -6,913 -0,0223 -0,0053 300 0,99 315,94 0,262

700 -6,543 -0,0255 -0,0085 240 0,99 249,24 0,303

750 -6,092 -0,0296 -0,0093 180 0,96 162,72 0,579

Fig. 5 shows graphical relationships that correspond to the data in Table 2.

Ig(N,)

0 %
AN

= ] !
750MPa, 120°C
-6 |-750MPa, 130°C
700MPa, 130T

o7 ! I
650MPa, 130°C

650MPa, 110T

700MPa, 110C | 750MPa, 110T

650MPa, 120T

S T00MPa, 120T

=

-8

0 50 100 150

200

250 300 350 400

Fig. 5. Graphic dependencies of reduction in relative concentration of the coliform bacteria
in the samples of egg omelets with cheese

Mathematical description of the process of
inactivation of the coliform at different values
of the process parameters has been obtained and
analyzed the dependence of the inactivation rate
constants of In (k) and In (k,) on the pressure for
the functions described by the kinetic models of
the second order of (Fig. 6).

Graphic interpretation of the dependence
of the constant rate of reactions on the process
parameters (pressure and temperature) presented
in Fig. 6 allowed to analyze the dynamics of the
constant reactions rate at different phases of the
process.

Table 3 presents the results of experimental
studies of the influence on the parameters of the
process of egg omelets treatment with HP on
the maintenance of microbiological sterility in
relation to such microorganisms as mesophilic
aerobic and facultative anaerobic microorganisms
(QMAFAnM); pathogenic microorganisms inclu-
ding salmonella; Psychophilic bacteria Listeria
seeligeri (Listeria innocua), Pseudomonas fluo-
recens, Paenibacillus polymyxa.

The analysis of the presented results allows
to state that these process parameters provide the
necessary level of sterility of the product.
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n(k)
-3,0
ak (120
-3,3 - - = |
| Wk (130°C)
-4.0
0k (110°C)
— A Ak,(120°C)
-4,5 A '
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-2,3
650 700 730 P, MPa
Fig. 6. The dependence of the inactivation rate of In (k,) and In (k)
constants on the pressure
Table 3
Values of microbiological contamination in egg omelets
samples at different values of the processing parameters
Process parameters CGB Pathogenic incl. . .
Temperature, | Pressure, Time of | (coliforms) | Salmonella in S.alllrg lg m Pr%teiugs m QMCAF%Z] M,
° MPa processing,c| inl,0g 25¢g ’ ’
EOCh.
121 | 700 | 420 | wd* | n/d nd | nd n/d
EOB
121 | 700 | 420 | nd | n/d | od | nd | n/d
EOCham.
121 | 700 | 420 | wd | n/d | nd | nd | n/d

*n/d — not detected.

Thus, for the first time, we have obtained
functional dependences of the change in the relative
concentration of E.coli in the treatment of EO
with HP with different process parameters. It was
first proved experimentally and explained that for
different parameters of processing, it is expedient
to use kinetic models of the second order.

The dependences of the change of the
inactivation rate constants In (k) and In (k)
depending on the pressure for kinetic models of
the second order have been obtained. The values
of microbiological insemination of E. coli were
determined depending on the parameters of the
processing the egg omelet with high pressure as
well as the technological parameters of the process
that ensure the microbiological safety of the egg
omelet in relation to Pseudomonas fluorecens,
Paenibacillus polymyxa and Listeria seeligeri.

The samples produced at the process parameters
of 700 MPa— 121 °C— 6 min were used to study the
dynamics of microbiological safety indicators of
EO samples with cheese, bacon and champignons
processed with HP under storage. The test
specimens were stored in a sealed package in
which they were treated with HP at a temperature
of 4+0,5 °C with a relative humidity of 85 % to
88 %. The repetition of measurements at this
point is threefold. Monitoring of microbiological
parameters was carried out every 30 days of their
storage. The repetition of measurements at this
point is threefold. Analysis of microbiological
safety according to the above 5 indicators showed
that during 6 months of storage in the samples of
EO were not detected: CGB (coliforms) in 1,0 g,
pathogenic including Salmonellain 25 g. S.aureus
in 1,0 g. Proteus in 0,1 g. At the 5th and 6th
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months of storage were discovered QMAFAnM,
CFU/g in the amount of 1-10° u 1-10* which is
significantly lower than the allowable values
for this indicator. Also, psychophilic bacteria of
the species Listeria seeligeri (Listeria innocua),
Pseudomonas  fluorecens and Paenibacillus
polymyxa were not detected.

Conclusions on the indicated problems
and prospects of further research in this
direction. The conducted studies allowed to
determine the dependence of microbiological
insemination (E. coli, Pseudomonas fluorecens,
Paenibacillus polymyxa and Listeria seeligeri)
of EO on the parameters of the process of their
HP treatment (pressure, temperature and duration
of the process). For the first time, the fact that it
is expedient to use kinetic models of the second
order to describe the process of inactivation of
the E. coli has been proposed and experimentally
established. The dependences of the change of
the inactivation rate constants In (k) u In (k) on
the pressure of kinetic models of the second order
have been obtained. The values of microbiological
contamination (E. coli, Pseudomonas fluorecens,
Paenibacillus polymyxa and Listeria seeligeri)
have been determined for long-term storage of
egg omletes treated with HP.

Further research is advisable to focus on the
study of the consumer properties of egg omelets
produced with using HP.
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(eenuduHa 0aeneHusi, memnepamypa u npodomkumensHocms rnpoyecca). Memoduka uccnedoea-
Hus. O6pa3uybl obpabambigarnu e duarna3oHe makux rnapamempos ripouecca: rpedsapumeribHbil Ha-
epee cmecu — 0o 85-95 °C, 0aeneHue — 650-750 Mlla, spemsi obpabomku — 00 8 MuH. Pe3ynibmamebl.
Brniepebie npednoxeH U 3KkcrepuMeHmarsbHO ycmaHoeneH mom ¢ghakm, 4ymo 0715 orucaHus rnpouecca
UHaKmueauuu Kuwe4yHoU nanodyku uenecoobpasHo ucronb308amb KUHemMuYyeckue Mooenu emopo-
20 ropsidka. YcmaHoeneHbl 3agUCUMOCMU USMEHeHUs] KOHCmaHm cKkopocmu uHakmusayuu In (k)
u In (k,) 8 3asucumocmu om eesu4UHbI 0aeneHus Ofis KUHemuyecKux modesnel 6mopoeo rnopsioka.
Bb1800bI. [losyyeHbl 3Ha4YeHUsT MUKPObUOooasu4eckoll 0bceMeHeHHOCMU SIUYHbIX OMiiemos, obpa-
bomaHHbIx 8bicokuM dasneHuem E. coli, Pseudomonas fluorecens, Paenibacillus polymyxa u Listeria
seeligeri npu ux 0numMesIbHOM XpaHeHuU.

Knroueenbie csioea: siudHble OMIembl C HANOMHUMENSMU, CPOK XpaHeHUs], MUKpobuonoauyeckasl
b6e30nacHoCMb, 8bICOKOE OasrieHue.

B. O. CykmaHo8, doKmop mexHi4HUx HaykK, rnpoghecop; H. B. NepmaH, doueHm; . A. MupoHoe,
KaHOudam mexHiyHux Hayk (Buwul Has4anbHuUl 3aknad Ykooncninku «llonmascbkul yHisepcumem
eKOHOMIKU | mopeieniy); A. A. Manaw, kaHOudam mexHiyHUx Hayk (lTonmascbKkuli mexHiKym xap4o-
8UX mexHoroeill HauioHanbHO20 yHigepcumemy xap4yos8ux mexHorsoeit). Brnnue napamempie npo-
uyecy o6po6Ku sieyHUX omMsiemie eUCOKUM MUCKOM Ha ix Mikpob6ionoziyHy 6e3ne4yHicms.

AHomauisi. Mema pobomu — ompumaHHs 3anexHocmeli MikpobHoeo obcimeHiHHs (E. coli,
Pseudomonas fluorecens, Paenibacillus polymyxa i Listeria seeligeri) se4Hux ommemis i3 pizHuUMu
HarlogHto8a4aMu 8id napamempis rpouyecy ix 0bpobKu 8UCOKUM MUCKOM (8eriuduHa mucky, memnepa-
mypa ma mpuesanicms npouecy). Memoduka docnidxeHHs1. 3pa3ku 0bpobrisnu e diarnas3oHi makux
napamempis npouecy: nornepedHil Haegpie cymiwi — 0o 85-95 °C, muck — 650-750 Mlla, yac 06pobKu
— 00 8 x8. Pesynbmamu. Yrepuwe 3arporioH08aHo i eKcriepuMeHmarbHO 8CmMaHO8/1eHO moli ghakm,
wo 015 onucy rnpouecy iHakmueauil KUWKOBOI nanu4yku OouUiIbHO 8UKOPUCMO8Y8amu KiHemMuyYHi Mo-
0Oerii Opy2020 MopsiOKy. YCmaHo8IeHo 3anexHocmi 3MiHu KoHcmanm weudkocmi iHakmueauii In (k) i
In (k,) 3anexHo 8id eennu4uHU MuUcKy 01si KiHemuyHUx Modernel Opy2020 nopsioky. Bucnoeku. Ompu-
MaHO 3Ha4eHHsI MIKpOOHO20 OBCIMEHIHHST SEYHUX oMriemis, 06pobrieHuUX 8ucokumM muckom E. coli,
Pseudomonas fluorecens, Paenibacillus polymyxa i Listeria seeligeri 3a ix mpuganozo 36epieaHHS.

Knrouyoei croea: sse4Hi omnemu 3 HarogHoea4amu, mepmiH 36epieaHHs, MikpobionoziyHa b6earne-
Ka, sucoKul mUuckK.
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