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Haeeoeno docaioxncenns 6axmepiocmamuumnux
epexmie, axi docsazaromovca npu no6MopHii nac-
mepusauii 3a memnepamypu 85-90 °C npomsizom
15-20 x6unun y npucymmnocmi noeauHa4a KUCH1o.
Haegeodenuii cnoci6 o6pooxu 0ozeonse ompumy-
eamu na 94 006y 30epizanns pisenv Kowmamina-
uii Mikpoopeanizmie na pieni onoeoz0 Mikpoodio-
102iMH020 3a0pYOHEHHA KO0BOACHUX 6upodis, AKi
6UPOONAIOMBCA 0e3 NPosedeHHs nacmepu3auii.

ITiomeepoicena epexmuenicmo 3axucnux 6apep-
HUX gaacmueocmeii 6a2AMOWAPOBUX NOJIMEPHUX
Mmamepianie eupodbnuuymea TOB «Cipiyc Excmpy-
acens> (Yipaina) ons 3éepizannsa eapenux xoeoac-
Hux eupooie 0o 26 0i6. Ha nidcmaei ompumanux
danux cmabinvnocmi Mikpoobionoziunux noxas-
HUKie i 6i0N06IOHOCMI 6UMO2 OP2AHOJIENMUMHUX
nOKA3HUKIG, 6CMAHO0GILEHO MONCAUBICIL 30episa-
HA KosOacHux eupodie npomszom 35 0i6.

Haegedeno cnocoou oocsaenenmns yoeiui 6inv-
w020 MmepMminy 30epizannsa eapeHux Koe0ACHUX
eupobis, ninc mpaouuiiino pexomenodoeanuii 0ns
Ko8OacHux eupodie 3 noemMopHol0 nacmepusayi-
eto. Hagedeni pesyaomamu ompumani 0as cap-
denbox, nidodanux noemopwiii nacmepusauii npu
memnepamypi 85—90 °C npomszom 15-20 xeunumn.
Hocaidicyeani 3pasku 3anaxosyeéanu Ha mep-
MOPOPMYBANLHUX JTIIHIAX MOP2IBENLHUX MAPOK
<«Multivac»> (Himewuuna) ma <« Webomatic»> (Hi-
Mewnuna), nacmepusauis 6upoéie npogoounacs
6 ynisepcanvuiu mepmoxamepi TM <«Fessmans
supoonuymea Himewuunu.

ITiomeeposcena momxcausicmv KOMOIHYBAHHS
6 peuenmypax 00CAIOHUX 3PA3KAX NACMEPU308A-
HUX Cap0esboK AN06UMUHU, CBUHUHU, M 'ACA NMUYI,
30Kpema m'saca nmuuyi mexaniunozo 008a1106anHs:,
Oinxoeux cmaoinizamopie i meapunnux 6i1Kie Ha
0CHOBI WKYPU CBUHEU, MOTLOUHUX NPOOYKMIE i npsi-
Howie. B pesyavmami docnidsicens usnaueno, wo
copmuicmv K080ACHUX 6UPOGI6 NpuU BUKOPUCTAH-
Hi nOBMOPHOT nacmepuzauii CniibHo 3 BUKOPUC-
MAHHAM NOAUHAMA KUCHIO HA MePMIH 30epizanns
eapenux KoedacHux eupodie cymmeeozo0 6naugy
He dae

Kniouosi cnosa: eapeni xosbacui eupoou, edpex-
mueHicmo noemopHoi nacmepuzauyii, mepmin
30epieanns, m'aco kypuam-6poiaepie, naxyeau-
nsa, 6e3neunicmo, axmuericms 600u

|l =,

1. Introduction

The issue of organization and control of effective produc-
tion, delivery and sale of food products is becoming increas-
ingly important under conditions of globalization of the global
market for sale of food products through trade networks.

Today’s realities require a solution to the set of issues
aimed at retaining the quality of food products and prolong-
ing the terms of their storage.

Production of food products of animal origin limits time
possibilities for their sale in trade networks due to the presence
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of specific contaminating forms of microorganisms that can
exhibit viability over a wide range of temperature values [1, 2]
in products.

For example, the recommended storage period for boiled
sausage products of the highest grade is 72 hours, and it is 48
hours for products of the first grade [1].

Search for effective ways to inactivate or reduce con-
taminated forms of microorganisms to extend the shelf life
of food products requires innovative approaches. The aim
of such innovations is to improve production technology,
preservation and storage of meat products while maintaining




their quality. Implementation of resource-saving technolo-
gies aimed at reducing of losses of full value of food products
provides a possibility to meet the needs of general population
for high-quality products of animal origin. Solving the issues
on minimization of loss of food products quality at the stages
of their obtaining along the way to consumer will always be
an important task for the food industry.

The ways to extend storage periods of sausage pro-
duction made with a use of raw materials of animal and
vegetable origin are re-pasteurization [3] and active pack-
aging elements [2, 4]. Re-pasteurization makes it possible to
achieve 45 days of storage for boiled sausages [3, 4]. It is also
effective to use multilayer polymeric materials, which can
provide conditions for re-pasteurization and provide high
barrier properties [4, 5].

Therefore, studying the possibility of an effective prolon-
gation of terms of storage of sausage products with the use of
re-pasteurization is a relevant task.

2. Literature review and problem statement

Important factors for retaining the quality and safety of
food products in the meat processing industry, in particular
sausage products, are the justification of methods for provid-
ing the abiotic processes [2]. Conservation by heating with
application of different types of heat treatment [3, 6, 7] ensures
that products are ready to use. A number of researchers rec-
ommend to use complexes of natural antioxidants [2,8,9] in
production in addition to reducing of a level of microbiological
contamination. There are studies that confirm effectiveness of
application of spice extracts [10, 11], oleoresins of spices [11, 12]
and extracts with bactericidal properties [12, 13] for obtaining
of bacteriostatic effects. However, there is a restriction on the
use of these preservatives in production of boiled sausages. It
makes impossible to achieve long shelf life without a decrease
in the product quality.

Temperature control to provide anabiosis at low plus and
minus temperatures at stages of refrigeration and storage is
also an important factor in safety of a food chain and a guaran-
tee of product quality in terms of storage [14]. A level of micro-
biological contamination decreases, but this relates more to
the storage of semi-finished products. This factor works only
at minus temperatures for sausage products. In addition, it
negatively affects organoleptic characteristics of sausages [2].

Application of packaging and storage technologies with
active packaging systems [15] are effective in modern food
production technologies. Multilayer polymeric materials,
which can increase barrier properties of protective films [16],
make possible to obtain a high level of product protection.
The type of packaging materials takes into account the stag-
es of production. It should provide efficiency of protection of
products with different types of heat treatment, in particular
with application of high pressure [16, 17], in production of
meat products. However, application of innovative methods
to bring products to readiness under the influence of high
pressure requires introduction of expensive equipment and
does not make possible to increase the shelf life significantly.
This limits its introduction to the traditional technologies of
the production of boiled sausages.

Packing materials create protective barriers to external
factors of spoiling, but they have limitations on effectiveness
of the action on a number of aerobic and anaerobic forms of
microorganisms specific to boiled sausages.

Given the specificity of background microbiological con-
tamination of raw materials of animal origin and the search
for ways to minimize it during the production process is one
of the important factors to ensure safety of meat products.

Raw materials of animal origin, primarily poultry meat,
have a specific characteristic of the chemical composition
and composition of the microflora [18, 19]. It necessary to
find ways to disinfect it with preservation of functional and
technological characteristics of raw materials [16, 19]. Such
search research aimed at reducing of the risk of microbio-
logical damage is expedient economically, because of the
significant development of resources of this type of meat raw
materials [20].

Traditionally widespread use of the boiled group of milk
products in formulations of sausage products also requires
search for methods for regulation of the microbiological
contamination of dairy raw materials [21]. It is not always
possible to realize this in production due to high energy
consumption of the methods and a need for introduction of
complex equipment. It is also important to find ways to im-
prove functional and technological characteristics of these
raw materials with various food additives and hydrothermal
treatment [22].

Such studies expand possibilities of using secondary animal
raw materials in various sectors of food production [23, 24].
However, manifestation of effects of syneresis are possible in
heat treated sausage minced meat and during storage in pack-
aged products, due to the specificity of an influence on animal
and vegetable proteins and hydrocolloids [25]. Separated mois-
ture is a nutrient medium for the development of microorgan-
isms. It worsens organoleptic parameters of meat products [25].

One of the important factors, which characterizes pos-
sibility of storage of food products, is ay, the water activity
index [26, 27]. Tt gives a possibility to forecast intensity of
development of contaminated forms of microorganisms in
food products. However, there are difficulties in forecasting
of a rational shelf life without conduction of further studies
on accumulation of microorganisms in the process of storage
for boiled sausages, due to high a,, values.

The way to improve resistance to microbiological dam-
age is also re-pasteurization [2, 28]. The method gives possi-
bility to provide a shelf life of boiled sausages up to 45 days.
Producers recommend storage from 20 to 30 days [29]
for them traditionally in the case of using of multilayer poly-
meric materials.

In the case of using of multilayer polymeric materials,
there are methods applied to regulate the gas environment or
application of vacuuming [29], which reduces possibility of
development of aerobic or anaerobic forms of microorganisms.

This principle is a traditional base of possibility of exten-
sion of terms of storage of packaged products and ensuring
of preservation of their quality.

There is no data on possibility of regulation of the gas en-
vironment at the pasteurization stage for sausage products,
in particular, performing of re-pasteurization simultaneous-
ly with a use of oxygen absorbers, in accessible sources. It
is possible to get an effect of synergy of the joint action of
thermal heating and a regulator of the gas environment to
extend the shelf life of boiled sausage products.

A study into detection of synergistic effects of re-pas-
teurization simultaneously with the use of active packaging
elements on possibility to lengthen the storage period of
sausages requires determination of microbiological stability
of products during storage.



It is possible to confirm the reliability of these effects
only by providing of high barrier characteristics of multi-
layer polymer films for re-pasteurization in terms of storage.

3. The aim and objectives of the study

The objective of this study was to discover the possibil-
ity of obtaining synergistic effects of re-pasteurization and
the “active packaging” element — an absorber of oxygen to
prolong terms of storage of boiled sausages.

We set the following tasks in accordance with the objec-
tive of the study:

— investigation of the possibility of achievement of more
than 45 days of storage of boiled sausages with preservation
of their quality by means of re-pasteurization;

—determination of effectiveness of simultaneous use of
the “active packaging” element — the absorber of oxygen in
the process of re-pasteurization on microbiological stability
of boiled sausages in the process of storage;

— investigation and assessment of an influence of the grade
of boiled sausage products at re-pasteurization and re-pas-
teurization simultaneously with the oxygen absorber on
indicators of their microbiological and organoleptic stability
during prolonged storage;

—confirmation of the protective effect of multilayer
packaging polymeric materials to ensure re-pasteurization
in combination with an oxygen absorber and storage of
boiled sausage products using vacuuming.

4. Materials and methods to study the influence of
pasteurization on indicators of boiled sausage products in
the process of storage

We used samples of “Extra” of the highest grade and
“Smachny” sausages of the first grade made at Zhytomyr
Meat Processing Plant LLC (Ukraine) in accordance with
TU U 15.1-32122069-006: 2008 to study the possibility of
prolonging the terms of storage of boiled sausages.

We used different types of meat raw materials (beef, pork,
poultry meat, protein stabilizers and animal collagen-based
proteins based on skins of pigs) in formulations of experimen-
tal samples of sausages (Table 1). We used dairy products and
spices traditionally used in production of boiled sausages as
non-meat raw materials.

We used a natural sausage shell (pork bowels) for produc-
tion. Table 1 shows formulations of the sausage products.

After completion of the technological process (cooling to
the temperature of 15 °C), we vacuum-packed the experimen-
tal samples of sausages with multi-layer polymer materials
(films) manufactured by Sirius Extrusion LLC (Ukraine). We
packed samples with a use and without a use of sachet packets
of oxygen absorber manufactured by LLC “UTAK” (Ukraine)
in accordance with TU U 20.5-02070938-143: 2013.

We subjected the packaged samples of sausages to repeat-
ed heat treatment — the short pasteurization at a tempera-
ture of 85-90 °C for 20 minutes. After re-pasteurization, we
cooled the experimental samples of sausages by cold water to
a temperature of 15 °C with further additional cooling to a
temperature from 0 to 6 °C for further storage.

We carried out the process of packaging of products
before pasteurization on “Multivac” (Germany) and “We-
bomatic”(Germany) thermoforming lines. We carried out

the pasteurization in TM “Fessman” universal thermal cham-
ber (Germany).

Table 1
Formulations of experimental samples of sausages
Type of raw materials “];::;22"}15/&;_ ;151?51;;2:{;
Non-salted raw materials, kg (per 100 kg)
Sinew free, non-fat pork 50 -
Sinew free, low-fat pork - 65
Sinew free beef of the first grade 30 -
Side sausage lard 10 -
Poultry meat - 10
Poultry meat of mechanical _ 10
boning (PMMB)
Broiler chicken fillet - -
Beef raw fat 7 —
Protein stabilizer of pig skin - 10
Non-fat dried cow milk 3 1
Mozzarella cheese - 2
Potato starch - 2
Spices and materials, g (per 100 kg of not-salted raw materials)
Cooking salt 2,500 2,300
Nitrite of sodium 5,0 5,0
“Vienna Combi” mixture of spices 1,300 1,300
“Medical” mixture of spices - 190
Ascorbic acid 100 100
ScanPro T95 - 1,000
ScanGel C-95 750
Natural shell (pork bowels) + +

We stored the samples selected for further storage of pas-
teurized high and first grade sausages and the control sample
of sausages without re-pasteurization in industrial refriger-
ators of LLC Zhytomyr Meat Processing Plant (Ukraine).
Storage conditions corresponded to a temperature of 0—6 °C
and air humidity of 75-78 % in the storage chamber. In par-
allel, we stored these product samples under the same con-
ditions at the Problem Research Laboratory of the National
University of Food Technologies (Ukraine).

We performed definition of a set of indicators in accor-
dance with regulatory requirements for the given sausage
products after completion of the technological process on
the first day of storage and on days 35, 65, and 94 of storage.

We carried out investigation of quality and safety indi-
cators by microbiological indicators in accordance with the
requirements of TU U 15.1-32122069-006: 2008.

We applied three- and four-time repeatability of indica-
tors control to evaluate the indicators in the course of the
study. The confidence probability was P=0.95 for determi-
nation of the statistical error.

We determined organoleptic parameters, moisture con-
tent, indicators of microbiological safety and the value of wa-
ter activity (a,) in sausage products during the storage period.

We determined the moisture content by the method of
drying by difference of mass [30] in the samples of sausages.

We monitored microbiological parameters of sausage
products in accordance with the normative requirements of
TU U 15.1-32122069-006: 2008 by standard methods:

— We determined the amount of MAFAM and CFU (col-
ony-forming unit) in 1g in accordance with DSTU ISO 4833-



2: 2014 Microbiology of a food chain. Horizontal method for
counting of microorganisms [31, 32];

— Sulphitraucuronic clostridia, in 1 g according to GOST
9958-81;

— Staphylococcus aureus, in 1g according to GOST
10444.2-94;

— Escherichia coli group bacteria, in 1 g according to GOST
9958-8;

— Pathogenic microorganisms, including Salmonella, in
25 g in accordance with DSTU ISO 6579 Microbiology of
food products and animal feed. Method for detection of Sal-
monella [33];

— Listeria Monocytogenes, in 25 g of product according to
DSTU ISO 11290-1: 2003 Microbiology of food products and
animal feed. Horizontal method for detection and counting of
Listeria monocytogenes. Part 1. Detection method [34].

We determined a,, water activity at a Hygrolab-2 device
(Rotronic, Switzerland) at the room temperature with an accu-
racy of 1.5 %, 0.3 °C 0.005 units. Aw + 1.5 % of the value.

We performed assessment of the correspondence of organ-
oleptic parameters to requirements of TU U 15.1-32122069-
006: 2008 for experimental samples of sausages in terms of
storage on a five-point scale [30].

5. Results of studying the effect of pasteurization on the
quality of sausage products in the process of storage

According to the conducted research plan for control sam-
ples of sausages pasteurized with and without an absorber of
oxygen, we determined the following parameters at the stages
of storage: a level of microbiological contamination, a value
of moisture content, a,, a change in organoleptic parameters,
including the presence of syneresis (separation of moisture) in
packed sausages.

Fig. 1, 2 show examples of “Extra” highest grade sau-
sages and “Smachny” first grade sausages at the end of
storage for 94 days.

These sausages were made at Zhytomyr Meat Processing
Plant (Ukraine) under TU U 15.1- 32122069-006: 2008 and
were pasteurized in packaging with and without a sachet of
oxygen absorber.

The pasteurized sausages met the requirements of TU U
15.1.-32122069-006: 2008 by organoleptic parameters. The
use of multi-layer polymeric materials produced by Sirius Ex-
trusion LLC (Ukraine) ensured hermeticity of the investigated
samples (Fig. 1, 2) and absence of the syneresis effect — separa-
tion of moisture from sausages into a package. This proves that
there were no significant changes in the quality of sausages

subjected to re-pasteurization during storage up to 94 days.
The stability of organoleptic parameters was consistent with
the data on microbiological stability of sausages given below.

a b
Fig. 1. Physical appearance of pasteurized first grade sausages:
a— with oxygen absorber; b— without oxygen absorber

a b

Fig. 2. Physical appearance of pasteurized highest grade
sausages: a— with oxygen absorber; b— without oxygen absorber

Tables 2—5 show the results of microbiological studies of
samples of sausages at storage stages.

We can see from Tables 2, 3 that the control samples of
sausages met the requirements of normative documents mi-
crobiological indicators until day 35. This indicates the high
barrier of used packaging materials.

The control samples (not pasteurized sausages) of both the
high and the first grades did not meet the regulatory require-
ments for boiled sausages by the general content of MAFAM
(Table 4) on day 65 day of storage. Therefore, we did not in-
vestigate non-pasteurized samples of sausages on day 94 day
of storage according to microbiological parameters of Table 5.

Table 6 shows the values of moisture content and a,, wa-
ter activity index of the samples of pasteurized sausages at
the storage stages.

Table 2

Background values of microbiological contamination of sausage products on the first day of storage

Samples of MAFAM, | Sulphitraucuronic | St.aureus, Escherichia coli group Pathogenic m/o, includ- | L. monocytogenes,
sausages CFUin1g | clostridia,in1g inlg bacteria,in 1 g ing Salmonella, in 25 g | in 25 g of product
Sausages without pasteurization
Sausages 1g 4.5101 not detected | not detected not detected not detected not detected
Sausages h/g 3.5:10! not detected | not detected not detected not detected not detected
Pasteurized sausages without oxygen absorber
Sausages 1g 5.0-10" not detected | not detected not detected not detected not detected
Sausages h/g 4.5:10"! not detected | not detected not detected not detected not detected
Sausages pasteurized with oxygen absorber
Sausages 1g 3.5:10" not detected | not detected not detected not detected not detected
Sausages h/g <10 not detected | not detected not detected not detected not detected




Microbiological indicators of sausage products on day 35 of storage

Table 3

Samples of MAFAM, | Sulphitraucuronic | St.aureus, Escherichia coli group Pathogenic m/o, includ- | L. monocytogenes,
sausages CFUin1g | clostridia,in1g inlg bacteria, in 1 g ing Salmonella,in 25 g | in 25 g of product
Sausages without pasteurization
Sausages 1g 6.4-10% not detected | not detected not detected not detected not detected
Sausages h/g 4.5:10° not detected | not detected not detected not detected not detected
Pasteurized sausages without oxygen absorber
Sausages 1g 1.1-102 not detected | not detected not detected not detected not detected
Sausages h/g 9.0-10! not detected | not detected not detected not detected not detected
Sausages pasteurized with oxygen absorber
Sausages 1g <10 not detected | not detected not detected not detected not detected
Sausages h/g 5.0-10" not detected | not detected not detected not detected not detected
Table 4
Microbiological indicators of sausage products on day 65 of storage
Samples of MAFAM. | Sulphitraucuronic | St.aureus, Escherichia coli group Pathogenic m/o, includ- | L. monocytogenes,
sausages CFUin1g | clostridia,in1g inlg bacteria,in 1 g ing Salmonella, in 25 g | in 25 g of product
Sausages without pasteurization
Sausages 1g 8.3:10% not detected | not detected not detected not detected not detected
Sausages h/g 2.1-104 not detected | not detected not detected not detected not detected
Pasteurized sausages without oxygen absorber
Sausages 1g 2.1-102 not detected | not detected not detected not detected not detected
Sausages h/g 1.3:102 not detected | not detected not detected not detected not detected
Sausages pasteurized with oxygen absorber
Sausages 1g 1.5:10! not detected | not detected not detected not detected not detected
Sausages h/g 9.5:10" not detected | not detected not detected not detected not detected
Table 5
Microbiological indicators of sausage products on day 94 of storage
Samples of MAFAM, | Sulphitraucuronic | St.aureus, Escherichia coli group Pathogenic m/o, includ- | L. monocytogenes,
sausages CFUin1g | clostridia,in1g inlg bacteria, in 1 g ing Salmonella, in 25 g | in 25 g of product
Sausages pasteurized without oxygen absorber
Sausages 1g 2.7-102 not detected | not detected not detected not detected not detected
Sausages h/g 2.1-102 not detected | not detected not detected not detected not detected
Sausages pasteurized with oxygen absorber
Sausages 1g 3.5:10 not detected | not detected not detected not detected not detected
Sausages h/g 1.2:10° not detected | not detected not detected not detected not detected
Table 6
Indicators of water activity of pasteurized sausage products during storage
Day 35 Day 65 Day 94
Samples of sausages
Moisture content, % a, value Moisture content, % a, value Moisture content, % a, value
Sausages pasteurized without oxygen absorber
Sausages 1g 67.60+0.21 0.964 67.70£0.25 0.965 67.68+0.25 0.971
Sausages h/g 72.70%0.27 0.959 72.60%0.021 0.966 72.68%0.24 0.977
Sausages pasteurized with oxygen absorber
Sausages 1g 67.65+0.23 0.964 67.60+0.22 0.961 67.61£0.23 0.969
Sausages h/g 72.70+0.27 0.963 72.65+0.22 0.970 72.67%0.26 0.973




In the process of storage of packed pasteurized highest
quality sausages, the moisture content of the samples varied
within the statistical error, which indicates the constancy of
the storage conditions of the investigated samples.

The a,, values for the samples of pasteurized sausages with-
out oxygen absorber during storage increased in the range of
0.73 % for the first-grade sausages, and in the range of 1.88 %
for the highest-grade sausages.

For pasteurized sausages with oxygen absorber, the in-
crease in a,, value did not exceed 0.6 % for the first-grade sau-
sages and 1.1 % for the highest-grade sausages. This indicates
a higher stability of boiled sausage products pasteurized with
the oxygen absorber.

Thus, we confirmed the efficiency of the use of the oxy-
gen absorber during pasteurization for sausages pasteurized
by a value and by the value of MAFAM.

6. Discussion of results of studying the influence of
pasteurization modes and compositions of formulations
on parameters of boiled sausages products

An analysis of the results of background microbiological
contamination of sausage products with different types of
heat treatment (Table 2) and the same indicators for day 35
of storage (Table 3) confirms the established feature.

Sausages without pasteurization and sausages pasteur-
ized without oxygen absorber showed synchronous increase
in microbiological contamination on day 35. For the control
sample, this indicator made up 6.4-10% of the amount of M A-
FAM (the first grade) and 4.5-102 (the highest grade). For
the sausages pasteurized without oxygen absorber — 9-10!
and 1.1-102, respectively.

For the highest-grade sausages pasteurized with ox-
ygen absorber, the background value was less than 10 of
the amount of MAFAM, and it was 50 of the amount of
MAFAM for the highest grade sausages and, respectively,
10 of the amount of MAFAM for the first grade sausages
(background 3.5-10") on day 35.

These data confirm the practical stability of microbiolog-
ical parameters with the use of pasteurization in combina-
tion with an absorber of oxygen up to 35 days.

We can explain this effect by the fact that there is in-
tensification of the reaction of removal of residual oxygen in
packaged products in the process of pasteurization with the
oxygen absorber during heating. This creates an additional
negative impact on existing residual forms of aerobic micro-
organisms by inhibiting their development. In this way, the
effect of actual pasteurization intensifies.

On day 94 of storage, the highest-grade sausages pas-
teurized without the sachet-packet of oxygen absorber had
the same level of microbiological contamination as the first-
grade sausages on day 65 (Table 5).

This is consistent with idea of a potentially higher mi-
crobiological stability of the sausages of the highest-grade
during storage in comparison with the sausages of the first
grade, because there is a larger part of meat raw materials
from processing of broiler chickens with larger background
microbiological contamination.

According to the presented data, the use of the sachet
with oxygen absorber in the process of pasteurization en-
sures preservation of indicators of microbiological contam-
ination, which correspond to the background value, for
the sausages on day 94 of storage. This proves the effect of

synergy of re-pasteurization in the presence of the oxygen
absorber.

We conducted an organoleptic assessment of the compli-
ance of sausage products with the requirements of regulatory
documents at stages of samples selection for microbiological
analysis under conditions of a certified laboratory, at Zhyto-
myr Meat Processing Plant LLC (Ukraine).

All samples of the highest and first grade sausages, which
were re-pasteurized, including up to 94 days of storage, met
the requirements of boiled sausage products by the number
of MAFAM (Table 5) according to TU U 15.1-32122069-
006: 2008, which guaranteed their microbiological safety
for consumption. The sausages also met qualitative require-
ments related to organoleptic parameters (physical appear-
ance, color, taste, absence of syneresis) in addition to the
safety indicator of the sausages, Fig. 1, 2.

On day 94 (Table 5), considering the dynamics of accu-
mulation of microorganisms in the oxygen absorber relative to
day 65 (Table 4), the potential time to reach the boundary nor-
malized values of MAFAM could be 150 days. This assumption
requires additional research into longer storage times.

However, already obtained results give us possibility
to recommend short-term re-pasteurization in combination
with the sachet of oxygen absorber to increase the shelf life
of sausages. This will give possibility to achieve the micro-
biological stability of products in the traditional storage of
sausage products more effectively.

In general, the effect of combination of re-pasteurization
with the use of an oxygen absorber on stability of the fat-acid
composition of products needs clarification. In addition, the
possible direction of the study may be a search for technolog-
ical solutions to increase terms of storage of sausage products
of other production methods.

The aim of further research could be identification
of possible regularities of spoiling of the fat component
of boiled sausages and possible changes in their physi-
cal-and-chemical parameters when using re-pasteurization
with active packaging elements. This will give a possibility
to substantiate parameters of optimization modeling of
methods for prolonging the terms of storage of sausage prod-
ucts of the emulsion type.

7. Conclusions

1. We proved that it is possible to increase the shelf life of
pasteurized sausages up to 72 days, taking into account the
stock-taking factor, using re-pasteurization for 15-20 min-
utes at 85-90 °C.

2. An analysis of the level of microbiological contam-
ination of the sausages of different grades re-pasteurized
simultaneously with the use of sachet packets of oxygen
absorber confirms the effectiveness of this operation for the
prolongation of storage life up to 94 days.

3. The obtained results of microbiological stability of
sausages confirm the possibility of lengthening of the shelf
life of boiled sausages with different formulation composi-
tions using re-pasteurization.

4. We confirmed that the use of multilayer polymeric ma-
terials under traditional storage conditions gives possibility
to prolong the shelf life of boiled sausage products with the
use of vacuuming up to 35 days. And due to their barrier
properties, it is possible to provide re-pasteurization in com-
bination with the use of an oxygen absorber.
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