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1. Introduction
Chicken meat and meat products are one of the most 
popular products that become wide spread all around 
the world. However, these products can easily deteriorate 
due to microbial contaminations during processing and 
storage and lead to serious public health problems and 
economic losses [1]. In fresh or frozen chicken products, 
pathogenic microorganisms including E. coli, Salmonella 
spp., Listeria monocytogenes, Enterococci, and Clostridium 
perfringens have been found in emulsified meat products 
due to nonhygienic production practices and storage and 
transport under inappropriate conditions [1]. In previous 
studies, Yersinia [2], Campylobacter [3], Staphylococcus 
aureus [4], Bacillus cereus [5], Salmonella spp. [6], Listeria 
monocytogenes [7],  and E. coli [8] have been reported in 
poultry and meat products. 

Many decontamination methods are being used to 
reduce microbial risks in sausages for extending shelf 
life, preventing public health, and economic losses. These 
methods include spray washing, irradiation, modified 
atmosphere packaging and active packaging, thermal and 
non-thermal treatments, and chemicals [9]. However, in 
recent years, consumers’ demands are lesser for processed 
food containing synthetic chemical additives. Therefore, it 
is stated that some new and natural methods are needed 

to improve the microbiological, chemical and sensorial 
quality of foods [10, 11]. Natural preservation methods 
are being used in sausages include using LAB and their 
metabolites (bacteriocins etc.), organic acids, plant-
derived compounds (herbal extracts and essential oils) and 
animal-derived substances such as chitosan, lactoferrin, 
and lysozyme [12]. On the other hand,  it is highlighted 
that each of these methods should be effectively optimized 
for each food production process [10].  

Biopreservation is a natural method, which can be 
explained as providing food safety and prolonging the 
shelf life by using controlled or natural microbiota and 
their antimicrobial products [13]. Controlled and natural 
microbiota has been widely used as starter cultures in 
fermented products. In addition, in recent years, it has 
been successful in raw foods or processed foods except for 
fermentation. It has been shown in different studies that 
biopreservation methods inhibited the saprophyte and 
pathogenic flora in vegetables and fruits, red meat, raw 
fish meat, and heat-treated meat products without causing 
sensory changes [14–17]. The most widely used species of 
lactic acid bacteria (LAB) are Aerococcus, Bifidobacterium, 
Carnobacterium, Enterococcus, Lactobacillus, Lactococcus, 
Leuconostoc, Melisococcus, Oenococcus, Pediococcus, 
Streptococcus, Tetragenococcus, Vagococcus, and Weisella 
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[18]. LAB are also used as starter culture and probiotic 
strains besides as a bioprotective culture in the food 
industry [19]. In addition, bacteriocins (peptide or 
protein structure) among the natural antimicrobial agents 
produced by LAB are used in the food industry. LAB 
species that are used as probiotics are generally indicated to 
be species belonging to Lactobacillus and Bifidobacterium 
[20]. 

Processed meat products are exposed to various 
contaminations during production.  As a result of these 
contaminations, both public health problems and 
economic losses usually occur. Various preservation 
methods are applied to avoid these problems. The use of 
bioprotective cultures is a natural conservation method 
that has increasingly become important. To the best of 
our knowledge, there is little information in the literature 
about the effectiveness of the bioprotective cultures on the 
shelf life of ready-to-eat meat products such as sausages. 
Therefore, the aim of this study was to determine the 
effect of bioprotective cultures on the shelf life of modified 
atmosphere packaged chicken sausages.

2. Material and methods
2.1. Preparations of sausages
This study was carried out in the further-processing 
department of a commercial broiler slaughterhouse. 
Chicken sausages were produced using the formulation 
and cooking processes used by the company and were 
kept at 4 °C for 1 day before packaging. After peeling 
off the casing using the casing-peeling machine, the 
sausages were weighed in 350 g portions and then filled 
into plastic containers to be packaged with MAP. The 
treatment applications were applied for sausages before 
the packing process. There were not any treatment applied 
for the control group. Lactobacillus sakei (B-2 SafePro, 
Chr-Hansen, Kopenhagen, Denmark) and Lactobacillus 
curvatus (B-LC-48, SafePro, Chr-Hansen, Kopenhagen, 
Denmark) were applied respectively for each treatment 
group. Immediately, after bioprotective culture treatments, 
sausages were packaged with modified atmosphere 
packaging using 70% N2, 30% CO2 gas mixture [21]. 
Packaged sausages were stored at 2 different temperatures, 
4 and 10 °C. Microbiological analyses, sensory attributes 
and pH value measurements were made in sausages 
during the storage period. The study was performed as 2 
independent replications.
2.2. Preparation and application of bioprotective cultures
Among the LAB, Lactobacillus species are the most 
commonly used cultures for bioprotection [22]. Therefore, 
two different Lactobacillus species were preferred in this 
study. The bioprotective cultures were obtained as 25 g of 
lyophilized packages from the Crh-Hansen (Kopenhagen, 
Denmark) and stored at –18 °C until use. A total of 25 

g lyophilized culture dissolved in 500 mL tap water and 
applied by spraying. For this purpose, 2 mL bioprotective 
culture sprayed onto the 350 g chicken sausage filled 
packages, and then sausages were automatically packaged. 
Subsequently, packages were shaken manually for 2 min 
to homogenously distribute the bioprotective culture on 
the whole sausage surfaces. By this way, approximately 
5–6 log10 CFU/g bioprotective culture concentration was 
obtained onto the sausages surfaces.  
2.3. Microbiological analyses
Microbiological analyses were carried out on 0, 14, 28, 42 
and 60th days with 2 samples (2 different packages). Each 
sample package was opened under aseptic conditions and 
25 g of the sample were weighed into the stomacher bag and 
225 ml of 0.1% sterile peptone water (Merck, Darmstadt, 
Germany) added to the bags, then homogenized for 2 
min (Stomacher 400, France). Total viable count (TVC), 
psychrotrophic bacteria, yeast-molds, Lactobacillus-
Leuconostoc-Pediococcus, and coliform counts were 
determined. All microbiological analyses were carried out 
in duplicate. 

Plate Count Agar (PCA) (Merck, Darmstadt, Germany) 
was used for the total viable counts and psychrotrophic 
bacterial counts, pour plating method was used and plates 
were incubated at 35 ± 1 °C 24–48 h and 5–7 °C 7–10 days, 
respectively [23]. Violet Red Bile Agar (Merck, Darmstadt/
Germany) was used for the coliform bacteria count, pour 
plating method was used, and plates were incubated at 37 ± 
1 °C for 24 h [24]. Dichloran Rose Bengal Chloramphenicol 
Agar (DRBC) (Oxoid, UK) was used by spread plating for 
the yeast-mold count, and the plates were incubated at 25 
± 1 °C for 5 days [25]. For the Lactobacillus-Leuconostoc-
Pediococcus count, de Man Rogosa Sharpe Agar (MRS) 
(Biokar BK089HA, France) was used by pour plating, and 
the plates were incubated at 30 ± 1°C 72 h [26]. 
2.4. Sensory and pH analyses 
Ten grams of samples were weighed into the sampling 
bag and 90 mL disttilled water was added onto the bag, 
then homogenized and pH values (25 ± 1°C) were 
determined by using digital pH meter (HI, 11310, Hanna 
Instruments, USA). As it is known, since sausages are 
ready-to-use products, sensory analyses were performed 
directly without any heat treatment. Sensory analyses were 
evaluated by the 10 trained panelists (10) on 0, 14, 28, 42 
and 60th days of the storage period in terms of flavor, color, 
odor, texture, juiciness, sliminess, brittleness, appearance, 
and general acceptability parameters by using Hedonic 
scale range between 0 and 9 points.  5 point was selected as 
the lowest acceptable level [27].
2.5. Statistical analyses
All statistical analyzes were carried out by using SPSS 
package program version 21.0 [28]. Microbiological data 
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were converted to log10 CFU/g and subjected to statistical 
analyzes. The mean values of microbiological, sensory and 
pH data among groups and sampling days were compared 
by using analysis of variance (ANOVA) post-hoc Tukey’s 
test. Statistical significance level was accepted as p < 0.05.

3. Results
3.1. Total viable count
Total viable counts were given in Table 1. Although, in the 
control group stored at 4 and 10 °C, TVC were found as 
3.23 log10 CFU/g on day 0, these counts were continuously 
increased during the storage period and reached to 5.68 
and 7.18 log10 CFU/g at 60th day, respectively (p < 0.05). 
Total viable counts in the B2 and B-LC-48 groups stored at 
4 °C were found around 6–7 log10 CFU/g on day 0 due to 
inoculation of bioprotective cultures. During the storage 
period, the differences between the initial and 60th days 
were found insignificant in both groups (p > 0.05), except 
B2 stored at 10 °C. 

In the B2 group stored at 10 °C, TVC significantly 
increased during the storage period. The count was found 
as 8.7 log10 on the 28th day,  and it was significantly higher 
than 0 and 14th days (p < 0.05). For the B-LC-48 group, 
microbial stability at 10 °C was maintained, and the 
differences among storage days were not significant (p > 
0.05), except between 42nd and 60th days. TVC in the B2 
and B-LC-48 groups were found generally higher than the 
control group in the first 3 weeks of the storage. However, 
these differences were gradually decreased from 4 weeks 
and disappeared in some groups (Table 1).
3.2. Psychrotrophic bacteria
There was a significant increase in the number of 
psychrotrophic bacteria in the control group at 4 °C 
between 0 to 60 days (2.58–4.95 log10 CFU/g) (p < 0.05). 

Psychrotrophic bacteria counts were decreased in B2 and 
B-LC-48 groups (6.78–4.85 log10 CFU/g) following a trend 
contrary to the control group, but these decreases were not 
significant, except for B2 at 4 °C (Table 2).

Psychrotrophic bacteria counts in the control group 
at 10 °C, which represents the poor storage conditions, 
increased rapidly from the initial number of 2.58 log10 
CFU/g to 4.38 within 2 weeks and then gradually increased 
during storage and reached to 6.48 log10 CFU/g in 60 days 
(p < 0.05). It was found that the number of psychrotrophic 
bacteria in bioprotective culture treated groups were lower 
than the control groups in both storage temperature at 
the end of the storage period. Although there were no 
differences among the sampling days in the B2 group at 
10 °C (p > 0.05), there was a significant decrease only 
between day 0 and day 60 in the B-LC-48 group (p < 0.05). 
When the differences among the groups were taken into 
consideration during the sampling days, no significant 
differences were found for both storage temperatures, 
except for day 0 (p < 0.05).
3.3. Lactobacillus-Leuconostoc-Pediococcus
Findings on the numbers of Lactobacillus-Leuconostoc-
Pediococcus were given in Table 3. In the control group, 
it was found that the number of bacteria increased 
continuously during the storage period, and the differences 
were significant at both storage temperatures (p < 0.05). 
In the B2 and B-LC-48 groups, statistical difference was 
not detected at 4 °C, while it was detected at 10 °C (p < 
0.05). It was found that the differences among the groups 
disappeared on the 42nd day at 4 °C and 10 °C (p > 0.05).
3.4. Yeast-mold and coliform
The numbers of yeast-molds during storage in all groups 
were shown in Table 4. Yeast-mold counts were found to be 
approximately 2.0 log10 CFU/g in all groups on the initial 

Table 1. Changes in total viable count (TVC) numbers in chicken cocktail sausages during the storage period (log10 CFU/
g±SD). 

Storage 
Temperature Groups

Sampling days

0 14 28 42 60

4 °C
Control 3.23 ± 0.21Cy 3.73 ± 0.69BCy 4.93 ± 0.73ABz 5.0 ± 0Ay 5.68 ± 0.29Ay

B2 6.83 ± 0.09ABx 6.40 ± 0.18ABx 5.9 ± 0.72Byz 7.63 ± 0.94ABx 8.18 ± 1.77Ax

B-LC-48 7.1 ± 0.27x 8.85 ± 0.19x 6.53 ± 0.35yz 6.25 ± 0.65xy 7.15 ± 1.17xy

10 °C
Control 3.23 ± 0,21Cy 4.6 ± 1.3BCy 5.65 ± 1.22AByz 6.33 ± 1.42ABxy 7.18 ± 0.36Axy

B2 6.83 ± 0.09BCx 6.15 ± 0.21Cx 8.7 ± 0.63Ax 7.63 ± 0.9ABx 8.05 ± 0.3Ax

B-LC-48 7.1 ± 0.27ABx 7.05 ± 0.3ABx 6.87 ± 0.15ABy 6.48 ± 0.75Bxy 7.83 ± 0.61Ax

A-C: Values   with different letters in the same line are statistically different (p < 0.05). x-z: Values   with different symbols in the 
same column are statistically different (p < 0.05). Control: without any treatment; B-2: Lactobacillus sakei treated sausage 
samples; B-LC-48: Lactobacillus curvatus treated sausage samples.



ATAŞ et al. / Turk J Vet Anim Sci

799

Table 2. Changes in the number of psychrotrophic bacteria numbers in chicken cocktail sausages during storage (log10 
CFU/g±SD).

Storage 
Temperature Groups

Sampling days

0 14 28 42 60

4 °C
Control 2.58 ± 0.59By 4.27 ± 1.19AB 4.35 ± 0.26A 4.80 ± 0.79A 4.95 ± 0.82A

B2 6.78 ± 0.15Ax 5.80 ± 0.14B 4.78 ± 0.63B 5.93 ± 0.53AB 4.87 ± 1.50B

B-LC-48 6.98 ± 0.05Ax 4.0 ± 0.14B 3.93 ± 0.82B 5.08 ± 1.45AB 4.85 ± 0.75AB

10 °C
Control 2.58 ± 0.59Cy 4.38 ± 0.36B 5.50 ± 0.85AB 5.90 ± 0.71A 6.48 ± 0.61A

B2 6.78 ± 0.15x 5.90 ± 0.14 6.55 ± 2.18 5.23 ± 1.59 4.88 ± 1.35
B-LC-48 6.98 ± 0.05Ax 6.10 ± 1.13AB 5.08 ± 1.26AB 5.68 ± 0.92AB 4.0 ± 1.29B

A-C: Values   with different letters in the same line are statistically different (p < 0.05). x-z: Values   with different symbols in the 
same column are statistically different (p < 0.05). Control: without any treatment; B-2: Lactobacillus sakei treated sausage 
samples; B-LC-48: Lactobacillus curvatus treated sausage samples.

Table 4.  Changes in the number of yeast-mold in chicken cocktail sausages during the storage period (log10 CFU/g±SD).

Storage 
Temperature Groups

Sampling days

0 14 28 42 60

4 °C
Control 1.98 ± 0.94C 3.45 ± 0.62Bxy 3.95 ± 0.31AB 4.8 ± 0.36Axy 4.85 ± 0.52Ax

B2 1.95 ± 0.82D 3.08 ± 0.22Cy 4.1 ± 0.22AB 4.75 ± 0.26Axy 3.7 ± 0Bcy

B-LC-48 1.68 ± 0.26B 3.28 ± 0.38Ay 3.85 ± 0.73A 4.28 ± 0.5Ay 3.7 ± 0.23Ay

10 °C
Control 1.98 ± 0.94B 3.93 ± 0.69Axy 4.38 ± 0.4A 5.15 ± 0.3Ax 4.55 ± 0.06Ax

B2 1.95 ± 0.82C 4.4 ± 0.22ABx 4.93 ± 0.52A 4.28 ± 0.43ABy 3.45 ± 0.29By

B-LC-48 1.68 ± 0.26C 4.03 ± 0.41ABxy 4.53 ± 0.74A 4.35 ± 0.29ABxy 3.6 ± 0.12By

A-D: Values   with different letters in the same line are statistically different (p < 0.05). x-z: Values   with different symbols in the 
same column are statistically different (p < 0.05). Control: without any treatment; B-2: Lactobacillus sakei treated sausage 
samples; B-LC-48: Lactobacillus curvatus treated sausage samples.

Table 3. Changes in Lactobacillus-Leuconostoc-Pediococcus numbers in chicken cocktail sausages during the storage period 
(log10 CFU/g±SD).

Storage 
Temperature Groups

Sampling days

0 14 28 42 60

4 °C
Control 2.93 ± 0.73By 3.08 ± 0.6Bz 4.38 ± 0.29Az 5.08 ± 0.5Ay 5.1 ± 0.64Az

B2 6.78 ± 0.1x 6.33 ± 0.15x 6.38 ± 0.26xy 6.18 ± 0.64xy 6.63 ± 0.68xy

B-LC-48 6.18 ± 1.16x 5.85 ± 0.6x 6.33 ± 0.39xy 5.55 ± 1.05y 5.53 ± 0.4yz

10 °C
Control 2.93 ± 0.73Cy 4.63 ± 0.56BCy 5.63 ± 1.07AByz 6.15 ± 1.09ABxy 7.03 ± 0.47Awx

B2 6.78 ± 0.1ABx 6.13 ± 0.21Bx 7.6 ± 0.9Ax 7.58 ± 1.13Ax 8.08 ± 0.15Aw

B-LC-48 6.18 ± 1.16Bx 6.0 ± 0.18Bx 6.5 ± 0.77ABxy 7.6 ± 0.71ABx 7.93 ± 0.47Aw

A-C: Values   with different letters in the same line are statistically different (p < 0.05). w-z: Values   with different symbols in the 
same column are statistically different (p < 0.05). Control: without any treatment; B-2: Lactobacillus sakei treated sausage 
samples; B-LC-48: Lactobacillus curvatus treated sausage samples.
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day. However, control group samples showed a continuous 
increase at both temperatures (4 and 10 °C) during the 
storage period (p < 0.05). 

In the B2 and B-LC-48 groups, a decrease was observed 
after 42 days at 4 °C, and after 28 days at 10 °C, and these 
differences were found significant (p < 0.05). In general, 
there were no statistical differences between the different 
storage temperatures of all the groups (p > 0.05). In 
addition, there were no statistical differences among the 
groups kept at the same storage temperature during the 
whole storage period (p > 0.05), except for the 60th day at 
4 °C. Coliform bacteria were not detected in all groups and 
on analysis days.
3.5. Sensory analysis and pH value
Appearance and general acceptability scores were shown 
in Tables 5 and 6. It was determined that all the groups 
were taken 8.4 points out of 9 on the initial day in terms of 
the appearance. In the B2 and B-LC-48 groups on the 60th 
day (7.7 and 6.3), while the scores of the groups decreased, 

they were still acceptable at 4 °C. In the control group, at 
42nd days there was no evaluation made because of the 
visual deterioration. In the B2 and B-LC-48 groups which 
stored at 10 °C, no evaluation was performed since signs of 
visual deterioration were detected on 60th day. However, 
there were no statistical differences among the groups and 
the storage temperatures (p > 0.05).

It was found that the control, B2, and B-LC-48 
groups were taken 8.6, 8.1 and 8.1 points at 4 °C storage 
temperature, respectively. In the B2 and B-LC-48 groups 
scored 8.0 and 8.3 points at 60th days and no statistically 
significant differences were found (p > 0.05). Since all 
the groups displayed evident visual deterioration signs at 
10 °C, no evaluation was performed on 60th day. There 
were no statistical differences found among the groups 
in the days which evaluations were performed (p > 0.05) 
(Table 6). In addition, it was determined that there were 
no statistical differences in flavor, color, odor, texture, 
juiciness, sliminess, and brittleness among the groups (p 

Table 5. Appearance scores of the chicken cocktail sausages during the storage (Mean±SD). 

Storage
 Temperature Groups

Sampling days

0 14 28 42 60

4 °C
Control 8.4 ± 0.79 8.7 ± 0.58 7.7 ± 0.52 -* -*

B2 8.4 ± 0.79 8.3 ± 1.15 7.0 ± 1.67 6.7 ± 0.58 7.7 ± 1.50
B-LC-48 8.4 ± 0.79 8.0 ± 1.0 7.3 ± 0.82 7.7 ± 0.58 6.3 ± 2.83

10 °C
Control 8.4 ± 0.79 8.7 ± 0.58 6.2 ± 2.48 -* -*

B2 8.4 ± 0.79 8.0 ± 1.0 6.5 ± 1.87 7.7 ± 0.58 -*

B-LC-48 8.4 ± 0.79 8.7 ± 0.58 7.5 ± 0.84 7.3 ± 0.58 -*

* Sensory analyses were not performed because of the signs of deterioration detected. Control: without any treatment; B-2: 
Lactobacillus sakei treated sausage samples; B-LC-48: Lactobacillus curvatus treated sausage samples.

Table 6. General acceptability scores of the chicken cocktail sausages during the storage (Mean±SD). 

Storage
 Temperature Groups

Sampling days

0 14 28 42 60

4 °C
Control 8.6 ± 0.53 8.3 ± 0.58 7.8 ± 0.98 -* -*

B2 8.1 ± 0.69 7.7 ± 1.53 7.3 ± 0.82 7.0 ± 1.0 8.0 ± 0.5
B-LC-48 8.1 ± 1.07 8.3 ± 0.58 7.7 ± 1.03 7.3 ± 1.15 8.3 ± 0.82

10 °C
Control 8.6 ± 0.53 8.0 ± 1.0 6.7 ± 1.75 -* -*

B2 8.1 ± 0.69 8.0 ± 1.0 7.2 ± 0.75 7.7 ± 0.58 -*

B-LC-48 8.1 ± 1.07 8.3 ± 0.58 7.5 ± 0.55 8.0 ± 0, -*

* Sensory analyses were not performed because of the signs of deterioration detected. Control: without any treatment; B-2: 
Lactobacillus sakei treated sausage samples; B-LC-48: Lactobacillus curvatus treated sausage samples.
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> 0.05) (data not shown). As to pH value, there was no 
statistical differences among the groups and sampling 
days (p > 0.05).  Regardless of the storage temperature, 
and treatment groups, pH values ranged from 6.24 to 6.91 
between day 0 and day 60.

4. Discussion
The aim of this study was to investigate the effect of 
Lactobacillus sakei (B-2) and Lactobacillus curvatus (B-
LC-48) cultures on the shelf life of chicken sausages with 
modified atmosphere packaging at 4 °C and 10 °C. The 
results showed that both protective cultures generally 
increased shelf life without adversely affecting the sensory 
properties of the products compared with the control 
group. According to the sensory quality parameters, the 
products in the control group were deteriorated after 28 
days at both storage temperatures, while the protective 
cultures treated groups spoiled after 60 days at 4°C and 
after 42 days at 10 °C. 

Although the use of different LAB for extending the 
shelf life of foods and/or to provide inhibition of important 
pathogens has long been the subject of scientific research, it 
wasn’t long before these cultures have become commercial 
products. Antimicrobial effects of bioprotective cultures 
are explained by the producing the organic acids, peroxides, 
carbon dioxide, bacteriocins, decreasing the Eh value, the 
superior competitive properties, and the synergistic effects 
among these factors [29, 30]. Most of the researches are 
related to the preservation of raw meats (beef, poultry, 
seafood, hamburgers, frozen meatballs, minced meat) 
under various atmospheric conditions [14, 17, 31–38]. In 
addition, the studies which used bioprotective cultures 
in ready-to-eat meat products were mainly focused on 
the inhibition of Listeria monocytogenes. It has been 
reported that L. sakei showed an inhibitory effect due to 
produce anti-listerial effective bacteriocin in heat-treated 
bacon [39], heat-treated sausages [34, 40] and fermented 
sausages [41]. The effect of L. curvatus on extending the 
shelf life was mostly investigated in raw red meat and 
chicken meat [34, 35] and frozen meatballs [38]. The 
cocktail sausage is a heat-treated emulsified and ready 
to eat meat product. Meat source (bovine, poultry, pork, 
etc.), spice mix, product size (long, short), packaging type 
(vacuum package, MAP) may vary according to consumer 
demands. 

Although it is generally heat-treated product above 70 
°C, shelf life problems are very common. This product is 
generally exposed to a significant amount of externally 
microbial contamination in the production stages. Listeria 
spp. and lactic acid bacteria are the most common species 
among the microorganisms that cause deterioration and 
threaten the health of consumers. Güngör & Gökoğlu 
(2010) [42] reported that determining the sources of 

contamination in a commercial sausage production line, 
the highest source of contamination points were raw 
material (7.04 log10 CFU/g) and spice mix (7.84 log10 
CFU/g) and followed by the staff and the surfaces of the 
equipment. In the same study, it was also stated that the 
peeling of the sausages after heat treatment did not cause a 
significant difference in the bacterial load.

 In the literature review, no study was found 
about the chicken sausages used in this study. However, 
there is a limited number of studies on sausages made 
from beef or pork meat [43, 44]. Łaszkiewicz et al. (45] 
applied the Lactiplantibacillus plantarum SCH1 strain 
(7.0 log10 CFU/g) into the cooked sausages produced from 
mechanically separated poultry meat, and stored for 3 
weeks in cold storage. It was found that microbial quality 
of Lb. plantarum treated samples were better than that 
of control samples after 3 weeks of storage. In addition, 
Milani et al. [43] applied the Lactobacillus alimentarius to 
the surface of the sausage with 107 CFU/cm2 to examine 
the effect on shelf life in frankfurter-type sausages and 
stored them in vacuum packaged for 8 weeks at 5 °C and 
10 °C. In this study, it was reported that during the 56-day 
storage period the number of TMAB in the Lactobacillus 
alimentarius inoculated group was lower than control 
group 2.0 and 1.0 log10 CFU/g at 5 and 10 °C, respectively. 
A similar difference was also found for psychrotrophic 
bacteria. In terms of sensory qualities, the control group 
was deteriorated earlier than other groups. This study has 
the most similar design, and these findings are the most 
similar ones in the literature to our study. However, the 
culture and packaging type are different. Milani et al. 
[43] reported that vacuum packaging deteriorated due to 
irrigation and gas production. This type of deterioration 
does not occur in the MAP. Therefore, it is considered 
advantageous to use the bioprotective cultures applied in 
the present study in combination with MAP conditions.

 In the present study, Lactobacillus-Leuconostoc-
Pediodoccus spp. (LLP) counts, due to the inoculated 
cultures, in the B2 and B-LC-48 groups (6.18-678 log10 
CFU/g) were found higher than the control group (2.93 
log10 CFU/g) at day 0. However, the LLP count in the control 
group was rapidly increased and reached the same count 
as treatment groups. The differences were disappeared on 
the 28th day at 4 °C and the 14th day at 10 °C between 
the control and treatment groups. Although there was a 
rapid change in the control group, the LLP numbers in 
the B2 and B-LC-48 groups did not change for 60 days. 
However, there was a 1 log10 increase in treatment groups 
stored at 10 °C (Table 3). This shows that the bioprotectives 
cultures differ from the endogenous LLP in the control 
group, do not grow during the storage period and suppress 
the reproduction of other flora members. It also has been 
reported in other studies that high levels of an inoculated 
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number of bioprotective cultures remain unchanged on 
the food surface for a long time is desirable [43]. If the 
number of biocultures was low levels and they grew like 
endogenous flora, it would be inevitable that the product 
would be degraded. The main reason for the deterioration 
in the control group since 28 days was thought to be the 
inability to stop the reproduction of LLPs.

The current study has confirmed once again that the 
protective effects of bioprotective cultures are closely 
related to storage temperature [43, 44]. In the B2 and 
B-LC-48 groups, there was no deterioration for 60 days at 4 
°C representing ‘’proper cold chain temperature’’, whereas 
deterioration started after 42 days at 10 °C representing 
‘’poor refrigerator conditions’’. In the literature, some 
information relating to the shelf life of the products, 
especially meat products, is available with the number of 
TVC or LAB. Adams et al. [46] reported that sausages of can 
be considered as spoiled when TVC number reached 106 
CFU/g. Baumgart et al. [47] also reported that the highest 
acceptable LAB count in vacuum packaged sausages as 
106 CFU/g. However, these values   may not always be a 
definite limit. In the present study, the deterioration was 
determined according to the sensory properties in the 
control group stored at 4 °C and on the 42nd day. This day 
the number of TVC and LAB were found as of 5.0 log10 and 
LLP 5.08 log10 CFU/g, respectively. In the sausages stored 
at 10 °C, the days of deterioration were the same, but the 
TVC and LLP numbers were above the 6.0 log10 CFU/g. 
In the B2 and B-LC-48 groups, deterioration was not 
observed in sensory properties, although it was well above 
the limit of degradation due to inoculated microorganisms. 
Kara [48] reported in a study that deterioration days were 
determined for TVC numbers as 17–19 days in vacuum 
packaging sausage samples of two different companies. 
The course of psychrotrophic bacterial counts, although at 
lower levels, was similar to that of TVC. It can be assumed 
that psychrotrophic flora, such as Pseudomonas spp., which 
is the most important bacteria in the deterioration of the 
products stored at low temperatures, can be suppressed or 
inhibited by the bioprotective cultures.

No significant difference was observed in yeast and 
molds counts among the groups during the storage period 
in both storage temperatures. Although numbers of yeast 
and molds in control groups in both storage temperatures 
were continuously increased, in the treatment groups 
gradually increased until day 28 at 10 °C and until day 42 
at 4 °C, and then exhibited a trend to decrease until day 60. 
However, this trend was not significant except for the B2 
group. In the B2 group, the decrease from day 28 to day 60 
at 10 °C was found to be significant. It can be interpreted 
based on these data that L. sakei and L. curvatus have 
no effect on the number of yeast-mold at 4 °C, and they 
have limited effect at 10 °C. There are numerous data on 
the inhibitory effect of lactic acid bacteria on yeast and 
molds [49, 50]. The possible reason why this effect was 
not seen obviously in the present study could be explained 
by the lack/absence of antifungal effects of commercially 
available L. sakei and L. curvatus strains or by interactions 
in MAP conditions. In the present study, pH values   at 4 
°C and 10 °C during the storage period started at around 
6.7–6.9 and changed slightly throughout the storage 
period in all groups. This situation may be due to the use 
of additives with high buffers such as polyphosphates in 
the production process and the high buffering capacity of 
chicken breast meat.

5. Conclusion
As a result, it has been shown that L. sakei and L. curvatus 
strains used in this study dominated initial microflora from 
day 0 of production of chicken sausages and controlled 
the degrading bacteria even under poor refrigeration 
conditions. It is particularly concluded that the use of these 
cultures would be beneficial in the production of chicken 
sausages and in transport and retail applications in which 
proper cold chain conditions are hard to be met.
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