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 Abstract 
  

Introduction. The effect of packing ukrainian and chinese 
oxygen scavengers on microbiological stability and oxidation 
stability of a cooked sausages during storage was investigated. 

Materials and methods. Cooked sausages packing with 
different oxygen scavengers were examined. Microbiological 
attributes, such as Quantity of Mesophilic Aerobic and 
Facultative Anaerobic Microorganisms (QMAFAnM), yeasts 
and molds were determined Pasteur method. The acid and 
peroxide values were determined by the titration method. 

Results and discussion. The oxygen complete removal time 
in the packed sample is reduced with reduce volume from which 
oxygen is removed. From the minimum oxygen content renewal 
dynamics in the packaged samples it can be seen that the ability 
to recover MAP only works when the packaging were opened 
once. The QMAFAnM of unpacking samples was 4,5×102 
cfu/g. On the 8th day of storage QMAFAnM for samples with 
chinese oxygen scavengers and control stored at 0+6 °С were 
not significantly different (5,0×103 cfu/g and 6,5×103 cfu/g, 
respectively) and were was significantly lower than the sample 
with ukrainian oxygen scavenger (1,9×104 cfu/g). On the 13th 
day of storage, QMAFAnM for sample 3 were lower than 
sample 2 (1,2×104 cfu/g and 6,9×104 cfu/g, respectively). At the 
same time, this parameter was much higher for control. Sample 
2 and Sample 3 demonstrated stable meaning of moulds during 
entire research (<10 cfu/g) and were lower than counts from 
control (3,0×101 cfu/g on 13th day). All samples demonstrated 
yeasts increase during storage and no significant differences 
between were observed compared to control (7,0×101 – 4,8×102 
cfu/g and 5,0×102 cfu/g respectively). The initial acid value for 
unpacking sausages on 1 storage day was 1,41 mg KOH/g. On 
the 13th day of storage the sausages packed with oxygen 
scavengers stored at 0+6 °С showed the slightest increase 
compared to the control (3,57-3,76 mg KOH/g and 3,98 mg 
KOH/g respectively). Peroxide value for samples 2 and 3 did 
not differ after 13 d of storage, but were significantly lower than 
control (3,14 ½Ommol/kg, 3,36 ½Ommol/kg and 4,05 
½Ommol/kg). 

Conclusions. Packaging with oxygen scavenger slows 
down the microbiological spoilage and oxidation processes for 
cooked sausages compared to the control. This allows 
recommend the use of oxygen scavenger for the cooked 
sausages packaging. 
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Introduction 
 

The selection of the packaging solution plays an important role: it has to guarantee the 

safety of the product during storage. 

The object of the present research was to study the ukrainian and chinese oxygen 

scavengers effect on the microbiological stability and oxidation stability of a cooked sausages 

during storage. 

Active packaging application for food products. Packaging of food extends beyond 

the original function of product protection and provides many functions for and about the 

packaged product. Packaging and packaging-related product traits influence purchase 
intentions and decisions by consumers [1, 2]. The major packaging options are airpermeable, 

vacuum, and modified atmosphere (MAP) with low levels of oxygen or high levels of oxygen 

[3, 4]. 

Active packaging is a novel technology designed to incorporate components in the 

packaging material that release substances to the food or to the environment surrounding the 

food in order to extend shelf-life. The protection or shelf life of the product in response to 

interactions of the product, package and environment are often the functions of active 

packaging technologies, but other functions may also be employed [5]. 

The development of a whole range of active packaging systems, some of which may 

have applications in both new and existing food products, is fairly new. 

Active packaging types were categorized into moisture absorbers, antimicrobial 

packaging, CO2 emitters, O2 scavengers, antioxidant, and other groups [6]. 
EU regulations (№ 1935/2004 and 450/2009) give specific rules on new types of 

materials and compounds to actively maintain or improve condition of the food, 

encompassing antioxidant, preservative, and flavor components. The approaches for active 

packaging are to incorporate the active compounds into a sachet for use with the packaging, 

to disperse active compounds, usually of nanometric size, into the polymer matrix or to imbed 

the inorganic particles into the package surface for controlled release. The EU guidance also 

includes the function of package absorption of chemicals from the food or package 

environment [7, 8].  

High levels of oxygen present in food packages may facilitate microbial growth, off 

flavours and off odours development, colour changes and nutritional losses thereby causing 

significant reduction in the shelf life of foods. Oxygen absorbing systems provide an 
alternative to vacuum and gas flushing technologies as a means of improving product quality 

and shelf life [9].  

To reduce the access of oxygen, foods are packaged with barrier materials and the 

headspace of packagings is flushed with nitrogen or nitrogen/carbon dioxide mixtures [10].  

However, residual oxygen can remain in the headspace, it can permeate from the 

environment into the packaging or it is gotten into packagings as solved oxygen in food [11]. 

A strategy to reduce the oxygen permeability of plastic packagings and to absorb oxygen 

from packaged food and from packaging headspace is the application of oxygen scavengers. 

Oxygen scavengers remove oxygen from the inner package environment and thus, in turn, 

from the food product itself through partial pressure actions. 

Although oxygen sensitive foods can be packaged accordingly using MAP or vacuum 

packaging, such techniques do not always facilitate complete removal of oxygen. Using an 
oxygen scavenger, which absorbs the residual oxygen after packaging, quality changes in 

oxygen sensitive foods can often be minimised [12]. 
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The oxygen scavenging component of a package can take the form of a sachet, label, 

film (incorporation of scavenging agent into the packaging film), card, closure liner or 

concentrate [13]. Absorbent pads may absorb liquids or gases and be impregnated with silver, 

copper, or copper oxide nanoparticles [14].  

Oxygen scavengers are most commonly iron or ferrous oxide fine powders, although 

ascorbic acid, sulphites, catechol, ligands, and enzymes like glucose oxidase may also be 

used [15, 16, 17, 18]. 

The most commonly used oxygen scavenger for commercial purposes are iron powder 
satchets. These scavengers are based on the principle of oxidation in presence of moisture or 

lewis acids like FeCl3 [19]. 

 

 
Materials and methods 
 

The present study focused on the monitoring of Quantity of Mesophilic Aerobic and 

Facultative Anaerobic Microorganisms (QMAFAnM), yeasts, molds, acid value and 

peroxide value in cooked sausages. 

 

Experimental design 
 

Studies of oxygen scavenger were conducted to determine their impact on the final 

product during storage.  
Industrial production «Austrian» cooked sausages of the first chop were investigated. 

Ingredients: meat 65% (pork, chicken meat), animal protein stabilizer, mechanically deboned 

poultry, whey powder, potato starch, egg powder, water, salt, spices and their extracts 

(nutmeg, black pepper, garlic, juniper, coriander, chilli, bay leaf), flavor enhancer, color 

retainer. Shelf life at temperature 0+ 6ºС, and relative humidity 75% – 78% – 3 days in the 

case of open packaging. 

«Austrian» sausages were packaged with the following systems: 

Sample 1 – control sample packed without oxygen scavengers, stored at 0+6 °С, 

Sample 2 – sausage packed with ukrainian oxygen scavengers stored at 0+6 °С, 

Sample 3 – sausage packed with chinese oxygen scavengers stored at 0+6 °С, 

Sample 4 – sausage packed with chinese oxygen scavengers stored at +24+26 °С. 

The sausages were stored at 0+6 ºC and +24+26 °С for 13 days. Analysis of unpacked 
cooked sausages was carried out on day 1, packed cooked sausages – on days 8 and 13 of 

storage. 

 

Determination of the microbiological attributes 
 

10 g of each sample were aseptically placed into a stomacher bag. Afterward, 90 cm3 

of Peptone Saline Solution (PSS) was added and homogenized using a stomacher for 60 s at 

room temperature. Serial 10-fold dilutions were prepared by diluting 1 cm3 of homogenate 

in 9 cm3 of PSS [20]. 

Serial decimal dilutions were inoculated (1 cm3) onto nutrient agar for QMAFAnM and 

onto Sabouraud agar for yeasts and molds. Plates were incubated at 30±1 °C for 72 h for 

QMAFAnM and 24±1 °C for 120 h for yeasts and molds. 

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). All plates were examined visually for typical colony types and morphological 

characteristics that were associated with each growth medium. 
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Determination of the lipid oxidation 
 

The method for determining the peroxide value is based on the reaction of the fat 

oxidation (peroxides and hydroperoxides) primary products interaction with potassium 

iodide in an acidic medium, followed by titration with a sodium thiosulfate solution and 

quantitative determination of the released iodine [21]. 

The method for determining the acid value is based on free fatty acids titration with a 

potassium hydroxide solution. 

 

 
Results and discussion  
 

Oxygen scavengers caracteristics 

 

Oxygen scavengers active component is the iron activated form, which is standardized 

for its reactivity with oxygen in the moisture presence. 

The oxygen scavenger functional ability to remove oxygen present in packaged 

sausages was examined. This ability characterized the oxygen scavenger effectiveness to 

modify the MAP by oxygen content in the system. 

The decrease of oxygen concentration dynamics in different volumes (0,001 m3 and 

0,002 m3) was investigated. 

 

 
Figure 1. Oxygen concentration dynamics in different volumes with oxygen scavenger 

 

 

Figure 1 shows that the oxygen complete removal time in the packed sample is reduced 
with reduce the volume from which oxygen is removed. In this case, this dependence is 

exponential. The oxygen concentration dynamics in this study is in accordance with previous 

studies [22]. 
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In order to ensure the viability of the active packaging elements in the process of 

technological use, its ability to maximum oxygen removal with package partial 

depressurization was studied. 

The studies were performed by measuring the oxygen concentration in a closed volume 

with the container subsequent opening. 

 

 
 

Figure 2. The action of ukrainian oxygen scavenger to restore MAP with package 

depressurization 

 

From the minimum oxygen content renewal dynamics in the packaged samples shown 

in Figure 2, it can be seen that the ability to recover MAP only works when the packaging 

were opened once. 

Figure 3 presents the oxygen removal kinetics in packaged sausages samples. The 

experimental packaging system contained the sausages sample with the oxygen scavenger 

had a 0,0005 m3 volume. 

The MAP modification kinetics of packaged sample (Figure 3) was consistent with the 

oxygen removal kinetics in a pressurization volume, which allows us to state that the sausages 
storage process is regulated. 

 

 

Cooked sausage samples microbiological attributes 

 

The changes in the cooked sausage QMAFAnM during storage are shown in Figure 4. 
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Figure 3. Oxygen removal kinetics in packaged sausages sample with oxygen scavenger 

 

 

 
 

Figure 4. QMAFAnM changes in cooked sausage with different packaging d 

uring 13 days of storage 
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The QMAFAnM of unpacking samples was 4,5×102 cfu/g. 

On the 8th day of storage QMAFAnM for samples with chinese oxygen scavengers and 

control stored at 0+6 °С were not significantly different (5,0×103 cfu/g and 6,5×103 cfu/g, 

respectively) and were was significantly lower than the sample with ukrainian oxygen 

scavenger (1,9×104 cfu/g). The maximum value was for sample 4 – 1,8×105 cfu/g. 

On the 13th day of storage, QMAFAnM for sample 3 were lower than sample 2 (1,2×104 

cfu/g and 6,9×104 cfu/g, respectively). At the same time, this parameter was much higher for 

control and sample with oxygen scavenger stored at + 24 + 26 °C. 
The initial population of moulds for unpacked sample was <10 cfu/g, initial population 

of yeasts for unpacked sample was 10 cfu/g. 

The results of further studies are presented in Table 1. 
 

Table 1 

Changes of moulds in packed cooked sausage during storage 

 

Days of storage 
Moulds, cfu/g 

Sample 1 Sample 2 Sample 3 Sample 4 

8 2,0×101 <10 <10 5,0×101 

13 3,0×101 <10 <10 5,0×101 

 

 

Sample 2 and Sample 3 demonstrated stable meaning of moulds during entire research 
and were lower than counts from control. It can be concluded that use of oxygen scavengers 

effective for the inhibition of moulds.  

The development of the yeasts for the samples is shown in Table 2. 

 
Table 2 

Changes of yeasts in packed cooked sausage during storage 

 

Days 

of storage 

Yeasts, cfu/g 

Sample 1 Sample 2 Sample 3 Sample 4 

8 3,3×102 2,0×102 3,0×102 3,0×101 

13 5,0×102 4,6×102 4,8×102 7,0×101 

 

 

All samples demonstrated yeasts increase during storage and no significant differences 

between were observed compared to control. So use of oxygen scavengers did not inhibit 

yeasts. 

Oxygen is responsible for oxidation of food constituents and proliferation of aerobic 

bacteria and moulds resulting in quality losses due to changes in flavour, colour, texture and 

nutritive value, and therefore in a reduction of meat shelf life [23]. Those results clearly 

demonstrated the inhibitory effect on microbial growth of oxygen scavengers in accordance 

with previous reports [24]. 
 

Cooked sausage samples acid value and peroxide value 

 

The kinetics of fat oxidation during the sausages storage was characterized by acid and 

peroxide values. The depth of the fat hydrolytic changes was determined use an acid value 

that shows the amount of free fatty acids formed during the fat hydrolysis. 
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The initial acid value for unpacking sausages on 1 storage day was 1,41 mg KOH/g. 

The results of further studies are presented in Table 3. 

 
Table 3 

Changes of acid value in cooked sausage during storage 
 

Days 

of storage 

Acid value, mg KOH/g 

Sample 1 Sample 2 Sample 3 Sample 4 

8 2,91 3,11 3,09 4,11 

13 3,98 3,57 3,76 4,46 

 

 

The increase of acid value rate for the samples packed with oxygen scavenger stored at 

+24+26 °С was highest. At the same time, the sausages packed with oxygen scavengers 

stored at 0+6 °С acid value dynamics for 13 days of storage showed the slightest increase 

compared to the control, indicating the inhibition of the hydrolysis process. 

To determine the primary oxidation products of sausages was evaluated peroxide value, 

with which you can determine the damage degree of fat, which affects the product shelf life. 

For unpackaged sausages, the peroxide value was 1,98 ½Ommol/kg immediately. 

The results of further studies are presented in Table 4. 
 

Table 4 

Changes of peroxide value in cooked sausage during storage 

 

Days  

of storage 

Peroxide value, ½Ommol/kg 

Sample 1 Sample 2 Sample 3 Sample 4 

8 2,42 2,58 2,34 3,41 

13 4,05 3,14 3,36 4,72 

 

 
The results obtained show that peroxide value increased more intensively for the 

samples packed with oxygen scavenger stored at + 24 + 26 °C. At the same time the oxygen 

scavengers use in samples stored at 0+6 °С slowed the oxidation processes. 

These results are in line with the study of L. Martinez et al. in which samples with O2 

scavenger had the lowest values of pork sausages lipid oxidation and led to extension of shelf 

life due to low oxidation rates [25]. 

 

 
Conclusions 
 

It has been found that with the reduced volume, the time of oxygen complete removal 

in the packed sample is reduced. In this case, this dependence is exponential. 

The MAP modification kinetics of packaged sample was consistent with the oxygen 

removal kinetics in a pressurization volume, which allows us to state that the sausages storage 

process is regulated. 

The QMAFAnM samples packed using oxygen scavenger stored at 0+6 °C increased 

more slowly compared to the control regardless of the origin of the scavenger. These samples 

also showed stable values of molds and yeasts at all control points. 
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Packaging with oxygen scavenger slows down the oxidation processes for cooked 

sausages compared to the control. 

This allows recommend the use of oxygen scavenger for the cooked sausages 

packaging. 

At the same time, the use of oxygen scavengers does not inhibit the development of 

yeast for cooked sausages, which needs further investigation. 
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