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Abstract 
This study evaluated the survival of Salmonella spp., Listeria monocytogenes, Pseudomonas spp., 
Enterobacteriaceae, total aerobic mesophilic bacteria (TAMB), lactic acid bacteria (LAB), and yeasts–
molds in chicken wings marinated with a homemade sauce enriched with bioprotective lactic acid 
bacteria (Lactiplantibacillus plantarum, Latilactobacillus sakei, and Latilactobacillus curvatus) during 
storage at 4 ºC and 8 ºC. Inoculated chicken wings were divided into three groups: unmarinated 
control, marinated control (M), and marinated with a LAB mixture (M-LAB). Initial pH values were 
6.13 for the control, 4.89 for M, and 4.97 for M-LAB. At 4 ºC, Salmonella counts in M and M-LAB were 
reduced by 0.8 and 1.6 log10 cfu.mL-1 compared with the control, while L. monocytogenes counts were 
2.1 and 1.3 log10 cfu.mL-1 lower on day 14 (p<0.05). At 8 ºC, reductions in Salmonella and L. 
monocytogenes in marinated groups reached 1.3 and 1.8 log10 cfu.mL-1, respectively, compared to the 
control (p<0.05). Pseudomonas spp. exceeded the spoilage threshold of 7 log10 cfu.mL-1 on day 8 in the 
control, day 12 in M, and day 14 in M-LAB at 4 ºC. Enterobacteriaceae counts on day 14 at 4 ºC were 
8.5, 6.3, and 6.2 log10 cfu.mL-1 in the control, M, and M-LAB groups, respectively (p<0.05). Yeast–
mold counts at 4 ºC on day 14 were higher in M but lower in M-LAB than in the control (p<0.05). 
Overall, marination with LAB effectively inhibited pathogens and spoilage microorganisms, slowed 
quality deterioration, improved microbial safety and shelf life of marinated chicken wings. 
Keywords:  Bio-Protective Cultures, Chicken Wings, L. monocytogenes, Marination, Salmonella spp. 

 
Öz 
Bu çalışma, biyokoruyucu laktik asit bakterileri (LAB) ile zenginleştirilmiş ev yapımı sosla marine 
edilmiş tavuk kanatlarında Salmonella spp., Listeria monocytogenes, Pseudomonas spp., 
Enterobacteriaceae, toplam aerobik mezofilik bakteriler (TAMB), laktik asit bakterileri (LAB) ve maya-
küflerin inhibisyon düzeyi oranları değerlendirilmiştir. Kontamine edilen tavuk kanatları üç gruba 
ayrıldı: marine edilmemiş kontrol, marine edilmiş kontrol (M) ve LAB karışımı ile marine edilmiş 
(M-LAB). Başlangıç pH değerleri kontrol için 6,13, M için 4,89 ve M-LAB için 4,97 idi. 4 ºC'de, M ve 
M-LAB'daki Salmonella sayıları kontrol grubuna kıyasla 0,8 ve 1,6 log10 kob/mL azalırken, L. 
monocytogenes sayıları 14. günde 2,1 ve 1,3 log10 kob/mL daha düşüktü (p<0,05). 8 ºC'de, marine 
edilmiş gruplarda Salmonella ve L. monocytogenes sayılarındaki azalma, kontrole kıyasla sırasıyla 1,3 
ve 1,8 log10 kob/mL'ye ulaştı (p<0,05). Pseudomonas spp. 4 ºC'de kontrol grubunda 8. günde, M 
grubunda 12. günde ve M-LAB grubunda 14. günde 7 log10 kob/mL'lik bozulma eşiğini aştı. 4 ºC'de 
14. günde Enterobacteriaceae sayıları kontrol, M ve M-LAB gruplarında sırasıyla 8,5, 6,3 ve 6,2 log10 
kob/mL idi (p<0,05). 14. günde 4°C'de maya-küf sayıları M'de daha yüksek, M-LAB'da ise kontrol 
grubuna göre daha düşüktü (p<0,05). Genel olarak, LAB ile marine etme, patojenleri ve bozulmaya 
neden olan mikroorganizmaları etkili bir şekilde inhibe etti, kalite bozulmasını yavaşlattı, marine 
edilmiş tavuk kanatlarının mikrobiyal güvenliğini ve raf ömrünü iyileştirdi. 
Anahtar Kelimeler: Biyo-Koruyucu Kültürler, L. monocytogenes, Marinasyon, Salmonella spp., Tavuk 
Kanat Eti 
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Introduction 
Chicken meat is an important source of animal protein and is widely consumed in both developed and 
developing countries due to its low fat content, high nutritional value, and affordability (Erdaw & Beyen, 2022; 
Kralik et al., 2018). Despite its popularity, poultry meat is highly perishable, and its shelf life is influenced by 
several factors, including processing practices, distribution, and storage conditions (Hulankova et al., 2018). 
Refrigeration is a primary method for slowing microbial spoilage (Ndoye et al., 2025); however, studies have 
shown that household refrigerator temperatures often exceed the recommended 4 °C, frequently reaching 6-
8°C or higher (Ovca et al., 2021). Such temperature deviations present a potential public health risk, 
particularly during warmer seasons. Among the major foodborne pathogens associated with poultry meat, 
Salmonella spp. and Listeria monocytogenes are of primary concern (Chen et al., 2025). 

The increasing preference of consumers for foods perceived as healthy and minimally processed has led to a 
growing interest in alternatives to synthetic preservatives (İncili et al., 2020a; Serter et al., 2024). Within this 
framework, bioprotection has emerged as a promising approach to improve food safety by employing 
beneficial microorganisms or their bioactive metabolites (Mohammadi et al., 2022). Previous research has 
consistently reported that a wide range of lactic acid bacteria (LAB) possess notable antimicrobial properties 
against both foodborne pathogens and spoilage-related microorganisms, contributing to prolonged shelf life 
(Xu et al., 2023; İncili et al., 2025). The inhibitory activity of LAB is attributed to mechanisms such as microbial 
competition and the synthesis of antimicrobial compounds, including organic acids, hydrogen peroxide, and 
bacteriocins (Fan et al., 2025). Among these, Lactiplantibacillus plantarum is frequently applied as a 
biopreservative because of its ability to withstand acidic conditions and elevated salt levels (Smaoui et al., 
2024). Latilactobacillus sakei, which is commonly associated with meat and fermented meat products, 
demonstrates strong adaptation to meat matrices and the capacity to grow at refrigeration temperatures. In 
addition, Latilactobacillus curvatus is recognized for its effectiveness in suppressing spoilage bacteria and for 
producing bacteriocins with pronounced activity against Listeria spp. (Kingkaew & Tanasupawat, 2023).  

Although numerous studies have evaluated the use of LAB to enhance the safety and extend the shelf life of 
poultry products (Austrich-Comas et al., 2022; Zdolec et al., 2025; Ozturk & Sengun, 2025), research specifically 
examining the application of bioprotective LAB within marinades remains limited.  

Accordingly, this study aimed to evaluate the impact of a LAB mixture composed of L. plantarum, L. sakei, and 
L. curvatus incorporated into a homemade marinade, on the shelf life of chicken wing meat during storage at 
4 °C and 8 °C, as well as on the growth behavior of Salmonella spp., L. monocytogenes, and other microorganisms 
associated with spoilage. 

Materials and Methods 

Preparation of Lactic Acid Bacteria and Pathogenic Bacteria   

Lactiplantibacillus plantarum (Bioferm DSMZ 16627), Latilactobacillus sakei (Bactoferm™ B-FM, Chr. Hansen 
GmbH, Germany), and Latilactobacillus curvatus (Bactoferm™ B-LC-48, Chr. Hansen GmbH, Germany), were 
propagated in sterile polypropylene tubes containing 10 mL of De Man, Rogosa, and Sharpe (MRS) broth 
(Merck, Darmstadt, Germany) and incubated at 30 °C for 18–20 h. Following incubation, bacterial cells were 
harvested by refrigerated centrifugation and resuspended in sterile 0.1% peptone water. The volume of each 
suspension was standardized to 10 mL. Plate counts on MRS agar verified that the cell concentration of each 
LAB culture was approximately 109 cfu.mL-1. 

For pathogenic bacteria, three Salmonella strains (S. Typhimurium NCTC 12416, and ATCC 14028, S. Enteritidis 
ATCC 13076) and three L. monocytogenes strains (N7144, ATCC 13932, and 7644) were separately cultivated in 
Tryptone Soy Broth (Merck, Darmstadt, Germany) at a volume of 10 mL and incubated at 37 °C for 
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approximately 20 h. After the incubation period, the bacterial suspensions were subjected to refrigerated 
centrifugation, and the cell pellets obtained were subsequently resuspended in 3-4 mL of sterile 0.1% peptone 
water. The individual cultures of Salmonella were pooled to obtain a mixed inoculum, and an identical 
procedure was applied for L. monocytogenes. Each combined suspension was then brought to a final volume of 
10 mL with sterile 0.1% peptone water. Viable cell counts of the pathogen mixtures were determined by serial 
dilution and spread plating (0.1 mL) on XLT4 agar (Merck, Darmstadt, Germany) for Salmonella and Oxford 
Listeria Selective Agar (Merck, Darmstadt, Germany) for L. monocytogenes. The enumeration results indicated 
that both pathogen cocktails contained approximately 108 cfu.mL-1.  

Marinade Preparation 

The marinade formulation was adapted from İncili et al. (2020b) with minor modifications for use in this study. 
The final marinade consisted of 67% water, 15% tomato paste, 7% fresh lemon juice, 3% salt, 2% crushed garlic, 
2% pepper paste, 1.5% red pepper flakes, 1% thyme, 0.75% cumin, 0.5% black pepper, and 0.25% sugar.  

Preparation of Chicken Wing Meat Samples  

Chicken wing meat was purchased in its original retail packaging and kept under chilled conditions during 
transport to the laboratory. A pathogen inoculum was prepared to a final volume of 500 mL by mixing 10 mL 
each of Salmonella spp. and L. monocytogenes cultures with sterile 0.1% peptone water (480 mL). The chicken 
wings were submerged in the inoculum for 1 min to allow surface contamination, after which excess fluid was 
drained and bacterial attachment was permitted under aseptic conditions. 

The inoculated samples were divided into three experimental treatments: (i) an untreated control 
(unmarinated), (ii) a marinated control (M), and (iii) marinated samples supplemented with lactic acid bacteria 
(M-LAB). Control samples were packaged without additional processing. For the M treatment, 250 g of 
marinade was added per 1 kg chicken wing meat and uniformly distributed. For the M-LAB treatment, the 
same quantity of marinade was applied and enriched with approximately 107 cfu/g of the LAB mixture. In 
both marinated groups, samples were handled using an identical mixing procedure to ensure homogeneous 
coating.  

pH Analyses 

Following microbiological examination, pH determination was carried out using the remaining sample 
homogenates. The pH values were recorded using a digital pH measurement device (model HI 2211, Hanna 
Instruments, USA), with the probe placed directly into each homogenized sample. 

 

Microbiological Analysis 

On each sampling day, two samples per treatment group were analyzed. Individual chicken wings were 
transferred into sterile stomacher bags, and 100 mL of sterile 0.1% peptone water was added. Samples were 
manually agitated for 2 min, after which 1 mL of the rinse solution was collected for serial dilution. 
Appropriate dilutions were plated on selective or non-selective media, and microbial counts were expressed 
as cfu.mL-1 of rinse fluid. 

Pseudomonas spp. were enumerated on Pseudomonas CFC Agar (Merck, Darmstadt, Germany) supplemented 
with Pseudomonas Selective Supplement and incubated at 25 °C for 48 h. Lactic acid bacteria were quantified 
on MRS Agar (Merck) following incubation at 30 °C for 48 h. Counts of L. monocytogenes were obtained using 
Oxford Listeria Selective Agar (Merck) with incubation at 35 °C for 48 h, while Salmonella spp. were 
determined on XLT4 Agar (Merck) after incubation at 35 °C for 24–48 h. Yeasts and molds were assessed on 
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DRBC Agar (Merck) incubated at 25 °C for 5 days. Total aerobic mesophilic bacteria (TAMB) were determined 
on Plate Count Agar (PCA, Merck) after incubation at 30 °C for 48 h. Enterobacteriaceae were enumerated on 
Violet Red Bile Glucose (VRBG) Agar (Merck) following incubation at 37 °C for 24 h. 

Statistical Analyses 
The study was conducted with three independent replicates. After the microbiological data were converted to 
log values, the pH data were subjected to statistical analysis. The effects of treatment group, storage 
temperature, and sampling day, as well as their interactions, were evaluated using analysis of variance 
(ANOVA). Replicates were included in the model as a random effect to account for variability among 
repetitions. All statistical analyses were performed using the SPSS 22 (IBM SPSS, USA) package program and 
the statistical significance level was set at p<0.05. 
 
Results 

pH Values 

The pH value of the prepared marinade was determined as 3.60. In the control group (unmarinated samples), 
pH values increased throughout storage at both 4 °C and 8 °C, reaching 6.93 and 6.99, respectively. In the M 
group, the initial pH value of 4.89 increased to 5.20 by day 14 at 4 °C, whereas it decreased to 4.73 at 8 °C. A 
similar trend was observed in the M-LAB group, where the pH increased during storage at 4 °C and decreased 
at 8 °C (p<0.05) (Table 1). 

Table 1. pH values in chicken wing samples stored at 4 and 8 °C (n:6) 

Application 
groups 

Storage 
temperature 

(°C) 

  Days   

0 4 8 12 14 

Control 
4 

6.13±0.19Ax 6.73±0.08Ay 6.89±0.23Ay 6.90±0.01Ay 6.93±0.05Ay 
M 4.89±0.17Bx 5.74±0.22Byz 5.29±0.13Bxy 5.42±0.16By 5.14±0.18Bxy 

M-LAB 4.97±0.07Bx 5.29±0.08Cxy 5.27±0.12Bxy 5.30±0.21BCxy 5.20±0.21Bxy 
Control 

8 
6.13±0.19Ax 6.80±0.09Ay 6.94±0.23Ay 6.94±0.03Ay 6.99±0.02Ay 

M 4.89±0.17Bx 5.10±0.13Cx 5.10±0.10Bx 4.92±0.02CDx 4.73±0.03Cx 
M-LAB 4.97±0.07Bx 5.16±0.08Cx 5.04±0.05Bx 4.86±0.11Dxy 4.73±0.15Cxy 

A-D: Within a column, values assigned different superscript letters indicate statistically significant differences (p<0.05) 
x-y: Within rows, values with unlike superscripts differ significantly (p<0.05) 
Control: Chicken wing meat with no marinade application 
M: Marinated chicken wing 
M-LAB represents samples marinated with a LAB-enriched marinade 

Salmonella spp. Counts  

At the beginning of storage, Salmonella populations in the marinated samples were already lower than those 
of the untreated control. Specifically, the M group exhibited a reduction of approximately 0.6 log10 cfu.mL-1 
compared with the Control on day 0 (p<0.05). During refrigerated storage at 4 °C, Salmonella counts increased 
in all treatments; however, the extent of growth differed markedly among groups. By day 14, counts reached 
4.9 log10 cfu.mL-1 in the Control, whereas substantially lower levels were detected in the M (4.1 log10 cfu.mL-1) 
and M-LAB (3.3 log10 cfu.mL-1) groups (p<0.05). A similar trend was observed at 8 °C, where final counts in 
the Control group were 5.1 log10 cfu.mL-1, while reductions of approximately 0.3 and 0.8 log10 cfu.mL-1 were 
noted for the M and M-LAB treatments, respectively (p<0.05) (Table 2). 
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Table 2. Salmonella spp. counts in chicken wing samples stored at 4 and 8 °C (log10 cfu.mL-1±SS) (n:6) 

Application groups 
Storage 

temperature 
(°C) 

  Days   

0 4 8 12 14 

Control 
4 

5.3±0.1Ax 5.6±0.2Ax 5.3±0.3Ax 5.0±0.1Axy 4.9±0.3Axy 
M 4.7±0.2Bx 4.5±0.3BCxy 3.7±0.2BCy 4.6±0.3ABxy 4.1±0.3Bxy 

M-LAB 4.7±0.1Bx 4.3±0.2Cx 3.5±0.1Cy 3.4±0.2Cy 3.3±0.3Cy 
Control 

8 
5.3±0.1Ax 5.4±0.4ABx 5.3±0.1Ax 4.8±0.5Axy 5.1±0.1Axy 

M 4.7±0.2Bx 4.4±0.3Cxy 4.3±0.3Bxy 4.1±0.1BCxy 3.8±0.4BCy 
M-LAB 4.7±0.1Bx 4.2±0.3Cxy 3.4±0.2Cz 3.6±0.4Cyz 3.3±0.3Cz 

A-C: Within a column, values assigned different superscript letters indicate statistically significant differences (p<0.05) 
x-z: Within rows, values with unlike superscripts differ significantly (p<0.05) 
Control: Chicken wing meat with no marinade application 
M: Marinated chicken wing 
M-LAB represents samples marinated with a LAB-enriched marinade. 

L. monocytogenes Counts 

Initial L. monocytogenes levels in the Control group were 5.3 log10 cfu.mL-1 and increased progressively 
throughout storage, reaching 6.5 log10 cfu.mL-1 at 4 °C and 7.3 log10 cfu.mL-1 at 8 °C (p<0.05). In contrast, both 
marinated treatments limited pathogen growth at the end of storage. At 4 °C, L. monocytogenes counts in the 
M and M-LAB groups were reduced by 2.1 and 1.3 log10 cfu.mL-1, respectively, compared with the Control. At 
8 °C, the corresponding reductions were 1.0 log10 cfu.mL-1 for the M group and 1.8 log10 cfu.mL-1 for the M-LAB 
group (p<0.05) (Table 3). 

Table 3. L. monocytogenes counts in chicken wing samples stored at 4 and 8 °C (log10 cfu.mL-1±SS) (n:6) 

Application 
groups 

Storage 
temperature 

(°C) 

  Days   

0 4 8 12 14 

Control 
4 

5.3±0.1Ax 5.6±0.1BCxy 6.2±0.1Cxyz 6.2±0.2BCxyz 6.5±0.5DEyz 
M 4.6±0.0Bx 4.6±0.1Ax 4.6±0.1Ax 5.1±0.1Ax 4.4±0.2Ax 

M-LAB 4.4±0.1Bx 4.4±0.4Ax 4.5±0.1Ax 5.2±0.2Ay 5.2±0.1ABy 
Control 

8 
5.3±0.1Ax 6.3±0.4Cy 7.0±0.3Dyz 7.0±0.1Dyz 7.3±0.2Ez 

M 4.6±0.0Bx 5.0±0.3ABxy 5.8±0.3BCyz 6.4±0.3CDz 6.3±0.4CDz 
M-LAB 4.4±0.1Bx 4.7±0.3ABxy 5.3±0.4AByz 5.6±0.4ABz 5.5±0.4BCyz 

A-E: Within a column, values assigned different superscript letters indicate statistically significant differences (p<0.05) 
x-z: Within rows, values with unlike superscripts differ significantly (p<0.05) 
Control: Chicken wing meat with no marinade application 
M: Marinated chicken wing 
M-LAB represents samples marinated with a LAB-enriched marinade 
 
Total Aerobic Mesophilic Colony Counts 

An overall increase in TAMB was observed in all treatments during storage. At 4 °C, the TAMB level in the 
M-LAB group exceeded 7.0 log10 cfu.mL-1 by day 4. Under storage at 8 °C, this threshold was surpassed on the 
same day in both the Control and M-LAB groups, indicating accelerated microbial proliferation at the higher 
temperature (Table 4). 
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Table 4. TAMB values in chicken wing samples stored at 4 and 8 °C (log10 cfu.mL-1±SS) (n:6) 

A-E: Within a column, values assigned different superscript letters indicate statistically significant differences (p<0.05) 
w-z: Within rows, values with unlike superscripts differ significantly (p<0.05) 
Control: Chicken wing meat with no marinade application 
M: Marinated chicken wing 
M-LAB represents samples marinated with a LAB-enriched marinade 
 
Pseudomonas spp. Counts 

At day 0, Pseudomonas spp. populations in the marinated samples were reduced compared with the control 
group at 4 and 8°C, with the difference being significant (p<0.05). Rapid growth was observed in the Control 
samples, with counts exceeding 7.0 log10 cfu.mL-1 by day 8 at 4 °C and by day 4 at 8 °C. In comparison, 
Pseudomonas growth was delayed in the marinated treatments. On day 8, counts in these groups remained 
below 6.5 log10 cfu.mL-1 at 4 °C, while values slightly above 7.0 log10 cfu.mL-1 were recorded at 8 °C (p<0.05) 
(Table 5). 

Table 5. Pseudomonas spp. counts in chicken wing samples stored at 4 and 8 °C (log10 cfu.mL-1±SS) (n:6) 

Application groups 
Storage 

temperature 
(°C) 

  Days   

0 4 8 12 14 

Control 
4 

3.8±0.1Bw 5.5±0.1BCx 8.1±0.2Dy 8.6±0.4By 10.7±0.5Ez 
M 2.7±0.4Aw 4.5±0.2Ax 6.3±0.4ABy 7.1±0.0Ay 9.2±0.2BCDz 

M-LAB 2.5±0.4Aw 4.4±0.5Ax 6.2±0.3Ay 6.8±0.1Ayz 7.6±0.1Az 
Control 

8 
3.8±0.1Bx 7.4±0.3Dy 9.3±0.3Ez 9.8±0.1Cz 9.5±0.4CDz 

M 2.7±0.4Aw 5.4±0.4BCx 7.2±0.5BCDy 9.9±0.1Cz 9.3±0.0CDz 
M-LAB 2.5±0.4Av 5.6±0.3Cw 7.5±0.0CDx 8.5±0.3By 10.1±0.2DEz 

A-E: Within a column, values assigned different superscript letters indicate statistically significant differences (p<0.05) 
w-z: Within rows, values with unlike superscripts differ significantly (p<0.05) 
Control: Chicken wing meat with no marinade application 
M: Marinated chicken wing  
M-LAB represents samples marinated with a LAB-enriched marinade. 

Lactic Acid Bacteria Counts 

At the start of storage, LAB populations in the control and marinated samples (M) were within a norrow range 
of 2.5 to 2.6 log10 cfu.mL-1, while the M-LAB treatment exhibited a higher (p<0.05) starting level of 
approximately 7.0 log10 cfu.mL-1 (Table 6). Throughout storage, LAB counts in the Control and M treatments 
remained relatively stable, reaching 4.3–4.8 log10 cfu.mL-1 at both temperatures by day 14. In contrast, LAB 
populations in the M-LAB group increased substantially during storage, attaining values between 8.4 and 9.2 
log10 cfu.mL-1 (p<0.05). 

 

 

 

Application groups 
Storage temperature 

(°C) 
  Days   
0 4 8 12 14 

Control 
4 

6.5±0.3Ax 6.3±0.2ABx 8.2±0.2ABy 9.1±0.2Dy 10.3±0.3Bz 
M 5.9±0.1Aw 5.6±0.3Aw 7.2±0.4Ax 7.6±0.1Axy 8.5±0.1Az 

M-LAB 6.6±0.4Aw 7.3±0.3CDwx 7.4±0.1Ax 8.4±0.4BCy 8.6±0.4Ayz 
Control 

8 
6.5±0.3Ax 7.2±0.2CDx 9.6±0.6Cy 9.3±0.1Dy 10.4±0.2By 

M 5.9±0.1Aw 6.6±0.3BCw 7.9±0.6ABx 8.6±0.6CDxy 9.2±0.2Ay 
M-LAB 6.6±0.4Aw 7.6±0.5Dx 8.9±0.1BCy 9.2±0.1Dy 10.2±0.1Bz 
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Table 6. LAB counts in chicken wing samples stored at 4 and 8 °C (log10 cfu.mL-1±SS) (n:6) 
Application 

groups 
Storage temperature 

(°C) 
  Days   
0 4 8 12 14 

Control 
4 

2.6±0.0Ax 3.6±0.3Ay 3.4±0.4Axy 3.6±0.1Ay 4.6±0.3Ay 
M 2.5±0.2Ax 3.4±0.3Ay 3.5±0.2Ay 4.2±0.3Byz 4.3±0.4Az 

M-LAB 7.0±0.1Bx 7.5±0.4By 7.5±0.2Cy 7.7±0.2Cy 8.4±0.3Bz 
Control 

8 
2.6±0.0Ax 3.6±0.3Ay 3.5±0.1Ay 4.3±0.1Bz 4.6±0.3Az 

M 2.5±0.2Ax 3.4±0.2Ay 4.5±0.5Bz 4.6±0.2Bz 4.8±0.2Az 
M-LAB 7.0±0.1Bv 7.4±0.4Bvw 8.7±0.6Dxy 9.7±0.5Dz 9.2±0.1Cyz 

A-D: Within a column, values assigned different superscript letters indicate statistically significant differences (p<0.05) 
v-z: Within rows, values with unlike superscripts differ significantly (p<0.05) 
Control: Chicken wing meat with no marinade application 
M: Marinated chicken wing 
M-LAB represents samples marinated with a LAB-enriched marinade 

Enterobacteriaceae Counts 

At day 0, no significant differences in Enterobacteriaceae counts were detected among treatments (p>0.05) (Table 
7). By the end of storage, the highest populations were consistently observed in the Control samples, reaching 
8.5 log10 cfu.mL-1 and 8.8 log10 cfu.mL-1 at at 4 °C and 8 °C, respectively. In contrast, the lowest Enterobacteriaceae 
counts were recorded in the M-LAB group at both temperatures, with final levels of approximately 6.2 log10 

cfu.mL-1 (p<0.05). 

Table 7. Enterobacteriaceae counts in chicken wing samples stored at 4 and 8 °C (log10 cfu.mL-1±SS) (n:6) 

Application groups Storage temperature 
(°C) 

  Days   

0 4 8 12 14 
Control 

4 
4.7±0.2Ax 6.2±0.2Ay 6.8±0.2Ay 8.5±0.1Az 8.5±0.1Az 

M 5.2±0.3Ax 5.4±0.3Bx 5.8±0.2BCxy 5.7±0.1Dxy 6.3±0.2Cy 
M-LAB 4.9±0.0Ax 5.4±0.1Bxy 5.6±0.3Cyz 6.5±0.1Cz 6.2±0.2Cz 
Control 

8 
4.7±0.2Aw 6.5±0.2Ax 6.4±0.5ABx 7.7±0.1By 8.8±0.1Az 

M 5.2±0.3Ax 5.4±0.1Bx 6.4±0.2ABy 7.3±0.1Bz 7.3±0.1Bz 
M-LAB 4.9±0.0Ax 5.4±0.3Bx 5.4±0.1Cxy 5.6±0.5Dxyz 6.2±0.2Cyz 

A-D: Within a column, values assigned different superscript letters indicate statistically significant differences (p<0.05) 
w-z: Within rows, values with unlike superscripts differ significantly (p<0.05) 
Control: Chicken wing meat with no marinade application 
M: Marinated chicken wing 
M-LAB represents samples marinated with a LAB-enriched marinade 

Yeast and Mold Counts 

On day 0, the highest yeast and mold count was observed in the Control group (2.5 log10 cfu.mL-1), whereas 
the lowest was recorded in the M-LAB group (1.4 log10 cfu.mL-1) (p<0.05). Counts increased continuously in 
all groups throughout storage (p<0.05). At 4 °C, the M-LAB group exhibited the lowest count on day 14 (3.8 
log10 cfu.mL-1) (p<0.05). At 8 °C, the highest yeast and mold count at the end of storage was observed in the 
Control group (5.8 log10 cfu.mL-1), while the lowest was recorded in the M group (4.4 log10 cfu.mL-1) (p<0.05) 
(Table 8). 
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Table 8. Yeast and mold counts in chicken wing samples stored at 4 and 8 °C (log10 cfu.mL-1±SS) (n:6) 

Application groups 
Storage 

temperature 
(°C) 

  Days   

0 4 8 12 14 

Control 
4 

2.5±0.4Ax 3.7±0.2Ay 4.4±0.3Ayz 4.5±0.4Dyz 4.8±0.3BCyz 
M 1.7±0.3Bx 3.5±0.5Ay 4.7±0.1Ay 5.3±0.3BCz 5.8±0.1Az 

M-LAB 1.4±0.2Bx 2.3±0.5By 3.3±0.1Bz 3.8±0.1Dz 3.8±0.3Dz 
Control 

8 
2.5±0.4Aw 3.5±0.5ABw 4.7±0.1Ax 5.3±0.3ABxy 5.8±0.1Ayz 

M 1.7±0.3Bx 2.4±0.3Bx 3.4±0.1By 4.6±0.1CDz 4.4±0.1CDz 
M-LAB 1.4±0.2Bw 3.3±0.3ABx 4.2±0.1Ay 5.5±0.2Az 5.5±0.4ABz 

A-D: Within a column, values assigned different superscript letters indicate statistically significant differences (p<0.05) 
w-z: Within rows, values with unlike superscripts differ significantly (p<0.05) 
Control: Chicken wing meat with no marinade application 
M: Marinated chicken wing  
M-LAB represents samples marinated with a LAB-enriched marinade 

Discussion 

The maintenance of the cold chain is critical in poultry processing, as it slows microbial growth, extends shelf 
life, and reduces public health risks (Arriaga-Lorenzo et al., 2024). However, it has been reported that many 
refrigerators worldwide operate above the recommended temperature (James et al., 2017), and during the 
summer months, inadequate temperature control after shopping or during picnics can lead to rapid spoilage 
of chicken meat, posing a risk to public health. In this study, the effects of LAB mixture (Lactiplantibacillus 
plantarum, Latilactobacillus sakei, and Latilactobacillus curvatus) added to a marinade on the microbiological 
quality and shelf life of chicken wings stored at 4 °C and 8 °C were investigated. 

The pH value is a key chemical indicator of meat quality (Zaboli et al., 2019). The initial pH of control samples 
was higher than that of marinated samples (M and M-LAB), likely due to the acidic nature of the marinade 
(pH 3.60). At 4 °C, pH remained relatively stable in marinated samples, whereas it increased rapidly in controls 
(Table 1) (p<0.05). This increase may be attributed to proteolytic activity of Pseudomonas spp. and the 
production of ammonia from amino acid metabolism by Enterobacteriaceae (Lytou et al., 2019; Ray, 2021). Early 
increases in Pseudomonas spp. counts in controls support this explanation. At 8 ºC, a slight decrease in pH was 
observed in the marinated groups, likely due to enhanced activity of lactic acid bacteria from both the natural 
microflora and the added LAB, which can produce organic acids and counteract the pH rise induced by 
proteolytic microorganisms. Previous studies, such as Wang et al. (Wang et al., 2024) reported pH reductions 
in chicken treated with L. curvatus and L. sakei at 4 °C. In the present study, pH increased slightly at 4 °C, 
possibly because the use of marinade imposed additional stress on the LAB, delaying their acidifying effect. 

Regarding Salmonella spp., comparative analysis revealed no statistically meaningful variation among the 
experimental treatments during the initial phase of storage (Table 2). However, at 4 °C, differences emerged 
between M and M-LAB treatments became evident on days 12 and 14 (p < 0.05), indicating that LAB in the 
marinade exerted an antimicrobial effect over time. At 8 °C, marinated samples exhibited a rapid reduction in 
Salmonella, particularly in the M-LAB group (p<0.05), which is explained by increased metabolic activity of 
LAB at higher temperatures, leading to the production of antimicrobial compounds. Previous reports 
describing LAB-based interventions in meat products have documented comparable declines in Salmonella, 
aligning with the outcomes of this study (Hoyle et al., 2009; Serter et al., 2024), although the magnitude of 
reduction varies depending on sample type, initial contamination, and presence of marinade. 

The growth of L. monocytogenes was slower in the marinated groups compared to controls at both temperatures 
(Table 3). At 4 °C, no statistically significant separation was detected between the M and M-LAB treatments 
(p>0.05). This outcome may be attributed to the initially low pH value (3.60), which could have transiently 
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constrained the metabolic activity of LAB. At 8 °C, the M-LAB group exhibited the lowest L. monocytogenes 
counts, demonstrating a bacteriostatic effect of the added protective cultures. The ability of L. monocytogenes 
to tolerate acidic conditions (Phan-Thanh et al., 2000), a wide pH range (4.3-9.6) (Olaimat et al., 2018), high salt 
concentrations, and low temperatures likely explains its survival and growth even under conditions that 
inactivate Salmonella.  

Total aerobic mesophilic bacteria (TAMB) exceeded 7 log10 cfu.mL-1 earlier in controls than in marinated 
groups, and the addition of LAB resulted in high TAMB counts (Table 4). Although high TAMB is traditionally 
associated with spoilage, studies (Hoyle et al., 2009) indicate that high LAB counts do not necessarily correlate 
with sensory spoilage. In this context, monitoring Pseudomonas spp. provides a more relevant indicator of 
spoilage. Pseudomonas spp. counts reached 7 log10 cfu.mL-1 on day 8 in controls, day 12 in M, and day 14 in M-
LAB at 4 °C, while at 8 °C, the threshold was reached earlier (Table 5), highlighting the protective effect of 
LAB in delaying spoilage. In a study by Pedonese et al. (2020) the addition of a protective culture significantly 
reduced the Pseudomonadaceae population. 

LAB levels recorded in the M-LAB treatment were markedly elevated, indicating that the incorporated 
protective cultures remained viable throughout storage and underwent active growth, with the most 
pronounced increases observed at 8 °C (Table 6). Enterobacteriaceae, an indicator of hygiene (Zhang et al., 2016), 
increased more slowly in marinated samples, with the addition of protective cultures enhancing inhibition at 
8 °C (p<0.05) (Table 7). Yeast and mold counts were initially lower in marinated samples (p<0.05), and the M-
LAB group consistently showed the lowest levels throughout storage, reflecting the antifungal activity of the 
protective cultures. These findings align with previous studies demonstrating the efficacy of LAB in extending 
shelf life and reducing spoilage in meat products (Hoyle et al., 2009). 

Conclusion  

This study highlights the potential of lactic acid bacteria–based bioprotective marinades as a practical strategy 
to improve the microbiological safety and storage stability of chicken wing meat. The observed suppression 
of major foodborne pathogens under both refrigerated and temperature-abuse conditions suggests that the 
application of protective cultures can contribute to enhanced product robustness when cold-chain continuity 
is compromised. In addition to their effect on pathogenic microorganisms, these cultures moderated the 
progression of spoilage-related microbiota, resulting in an overall improvement in product quality, 
particularly at elevated storage temperatures. 

Although the influence of the bioprotective marinade on Enterobacteriaceae and yeast–mold populations was 
less pronounced, the combined effects on pathogen control and spoilage delay indicate that LAB-based 
interventions may function effectively as an additional hurdle within poultry preservation systems. Future 
research should focus on the selection of LAB strains with improved acid tolerance and broader antimicrobial 
activity, as well as on optimizing their performance under variable temperature regimes. The integration of 
such strains into commercial marinades or their development as stable, freeze-dried formulations may 
facilitate wider industrial and domestic application. 
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