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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 

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 
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Наведено дослiдження бактерiостатичних 
ефектiв, якi досягаються при повторнiй пас-
теризацiї за температури 85–90 °С протягом 
15–20 хвилин у присутностi поглинача кисню. 
Наведений спосiб обробки дозволяє отриму-
вати на 94 добу зберiгання рiвень контамiна-
цiї мiкроорганiзмiв на рiвнi фонового мiкробiо-
логiчного забруднення ковбасних виробiв, якi 
виробляються без проведення пастеризацiї.

Пiдтверджена ефективнiсть захисних бар'єр-
них властивостей багатошарових полiмерних 
матерiалiв виробництва ТОВ «Сiрiус Екстру- 
жен» (Україна) для зберiгання варених ковбас-
них виробiв до 26 дiб. На пiдставi отриманих 
даних стабiльностi мiкробiологiчних показ-
никiв i вiдповiдностi вимог органолептичних 
показникiв, встановлено можливiсть зберiган-
ня ковбасних виробiв протягом 35 дiб.

Наведено способи досягнення удвiчi бiль-
шого термiну зберiгання варених ковбасних 
виробiв, нiж традицiйно рекомендований для 
ковбасних виробiв з повторною пастеризацi-
єю. Наведенi результати отриманi для сар-
дельок, пiдданих повторнiй пастеризацiї при 
температурi 85–90 °С протягом 15–20 хвилин. 
Дослiджуванi зразки запаковували на тер-
моформувальних лiнiях торгiвельних марок 
«Multivac» (Нiмеччина) та «Webomatic» (Нi- 
меччина), пастеризацiя виробiв проводилася 
в унiверсальнiй термокамерi ТМ «Fessman» 
виробництва Нiмеччини. 

Пiдтверджена можливiсть комбiнування 
в рецептурах дослiдних зразках пастеризова-
них сардельок яловичини, свинини, м'яса птицi, 
зокрема м'яса птицi механiчного обвалювання, 
бiлкових стабiлiзаторiв i тваринних бiлкiв на 
основi шкури свиней, молочних продуктiв i пря-
нощiв. В результатi дослiджень визначено, що 
сортнiсть ковбасних виробiв при використан-
нi повторної пастеризацiї спiльно з викорис-
танням поглинача кисню на термiн зберiгання 
варених ковбасних виробiв суттєвого впливу 
не дає

Ключовi слова: варенi ковбаснi вироби, ефек-
тивнiсть повторної пастеризацiї, термiн 
зберiгання, м'ясо курчат-бройлерiв, пакуван-
ня, безпечнiсть, активнiсть води
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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 aw, the water activity 
index [26, 27]. It 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 aw 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.
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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 ТМ “Fessman” universal thermal cham-
ber (Germany).

Table	1

Formulations	of	experimental	samples	of	sausages

Type of raw materials
“Extra” sau-

sages h/g
“Smachny” 
sausages 1g

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 
boning (PMMB)

– 10

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 oC 
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 (aw) 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-
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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 1 g 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 aw 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, аw, 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.

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 aw wa-
ter activity index of the samples of pasteurized sausages at 
the storage stages.

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

а b

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

а b

Table	2
Background	values	of	microbiological	contamination	of	sausage	products	on	the	first	day	of	storage

Samples of 
sausages

MAFAM, 
CFU in 1 g

Sulphitraucuronic 
clostridia, in 1 g

St.aureus, 
in 1 g

Escherichia coli group  
bacteria, in 1 g

Pathogenic m/o, includ-
ing Salmonellа, in 25 g

L. monocytogenes, 
in 25 g of product

Sausages without pasteurization

Sausages 1g 4.5∙101 not detected not detected not detected not detected not detected

Sausages h/g 3.5∙101 not detected not detected not detected not detected not detected

Pasteurized sausages without oxygen absorber 

Sausages 1g 5.0∙10¹ not detected not detected not detected not detected not detected

Sausages h/g 4.5∙10¹ not detected not detected not detected not detected not detected

Sausages pasteurized with oxygen absorber

Sausages 1g 3.5∙10¹ not detected not detected not detected not detected not detected

Sausages h/g <10 not detected not detected not detected not detected not detected



Technology and equipment of food production

25

Table	3
Microbiological	indicators	of	sausage	products	on	day	35	of	storage

Samples of 
sausages

MAFAM, 
CFU in 1 g

Sulphitraucuronic 
clostridia, in 1 g

St.aureus, 
in 1 g

Escherichia coli group  
bacteria, in 1 g

Pathogenic m/o, includ-
ing Salmonellа, in 25 g

L. monocytogenes, 
in 25 g of product

Sausages without pasteurization

Sausages 1g 6.4∙102 not detected not detected not detected not detected not detected

Sausages h/g 4.5∙102 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∙10¹ 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∙10¹ not detected not detected not detected not detected not detected

Table	4

Microbiological	indicators	of	sausage	products	on	day	65	of	storage

Samples of 
sausages

MAFAM. 
CFU in 1 g

Sulphitraucuronic 
clostridia, in 1 g

St.aureus, 
in 1 g

Escherichia coli group  
bacteria, in 1 g

Pathogenic m/o, includ-
ing Salmonellа, in 25 g

L. monocytogenes, 
in 25 g of product

Sausages without pasteurization

Sausages 1g 8.3∙104 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∙10¹ not detected not detected not detected not detected not detected

Sausages h/g 9.5∙10¹ not detected not detected not detected not detected not detected

Table	5

Microbiological	indicators	of	sausage	products	on	day	94	of	storage

Samples of 
sausages

MAFAM, 
CFU in 1 g

Sulphitraucuronic 
clostridia, in 1 g

St.aureus, 
in 1 g

Escherichia coli group  
bacteria, in 1 g

Pathogenic m/o, includ-
ing Salmonellа, in 25 g

L. monocytogenes, 
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∙10¹ not detected not detected not detected not detected not detected

Sausages h/g 1.2∙10² not detected not detected not detected not detected not detected

Table	6

Indicators	of	water	activity	of	pasteurized	sausage	products	during	storage

Samples of sausages
Day 35 Day 65 Day 94

Moisture content, % aw value Moisture content, % aw value Moisture content, % aw 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
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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 aw 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 aw 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 aw 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∙102 of the amount of MA-
FAM (the first grade) and 4.5∙102 (the highest grade). For 
the sausages pasteurized without oxygen absorber ‒ 9∙101 
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 3.5·10¹) 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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