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Abstract - The presence of Campylobacter on poultry products remains one of the leading causes for foodborne illness in 
the World.  Increased consumer preference for more natural and less processed food products has led to an increased focus 
on alternative forms of improving food safety.  The use of lactic acid bacteria (LAB) as a biopreservative or protective 
culture in food commodities is an ancient technology that is safe and natural.  In this study, 13 Lactobacillus spp. isolates 
were screened by a chicken skin dipping model to evaluate for the potential to reduce Campylobacter jejuni counts.  From 
the 13 original isolates four were chosen for further evaluation based upon their ability to inhibit Campylobacter counts, in 
vitro.  Of the four isolates selected three were Lactobacillus salivarius and one was Lactobacillus hamsteri. They were 
evaluated for their efficacy to reduceCampylobacter jejuni in a chicken wingette model.  Chicken wingettes were inoculated 
with Campylobacter jejuni and treated with either a Lactobacillus broth culture or a BPD control, and Campylobacter counts 
were determined at days 0, 1, 3, 5 and 7.  Many isolates were able to reduce Campylobacter counts by day 3, however two 
isolates (4 and 8) produced more consistent reductions when compared to the BPD control. 
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I. INTRODUCTION 
 
Campylobacter is the world’s leading cause of 
bacterial foodborne illness and a common 
contaminant of poultry carcasses and raw retail 
poultry products [1], [2].  Strong correlation exists 
between foodborne illnesses and consumption of 
contaminated or mishandled raw/cooked poultry 
products.[3], [4].  Campylobacter contamination of 
poultry meat is a significant problem because it is 
consumed as one of the major sources of protein in 
the United States and indeed globally [5], [6].  The 
implications of this being, increased consumptionwill 
result in a higher frequency of illness even if the 
contamination rate is low [3].  This stresses the 
importance of the need for effective intervention 
strategies to reduce Campylobacter counts on raw 
poultry. 
 
The challenge to poultry processors arises from 
increased consumer demand for minimally processed 
foods while maintaining a microbiologically safe 
product [7], [8].  This in turn has led to an increased 
interest in the use of natural antimicrobials 
orbiopreservatives[9], [10].  An emerging strategy for 
the improvement of food safety without the use of 
chemicals is by the addition of lactic acid bacteria 
(LAB) as a protective culture or biopreservative.  
This method works by introduction of live organisms 
onto the food matrix and the subsequent inhibition of 
growth of microbial pathogens or spoilage organisms, 
thereby increasing the safety of the food product and 
extending its shelf-life [9]-[11].  Lactic acid bacteria 
have a long and safe history in regards to foods. 

Many beneficial microbes have been used for 
thousands of years to produce fermented food [12].  
Additionally they are an abundant and normal 
inhabitant of the human and animal gut microbiome 
[13].  It is well documented that LAB exert 
significant antimicrobial activity by various 
mechanisms including secretion of bacteriocins, 
production of organic acids and hydrogen peroxide 
[10], [11], [14], [15].  However, favorable 
characteristics of LAB are generally strain specific 
and therefore screening of each strain is necessary to 
determine its application [16]. This study investigated 
the potential of previously characterized LAB isolates 
in reducing Campylobacter jejuni on chicken 
wingettes. 
 
II. MATERIALS AND METHODS 
 
The LAB strains used in this study were previously 
isolated and characterized by our laboratory [17].  
Each Lactobacillus spp. isolate used in this study was 
previously evaluated for anti-Campylobacter activity 
by use of the soft agar overlay method as described 
by our laboratory [17], [18].  A frozen wild type 
strain of Campylobacter jejuni, previously isolated by 
our laboratory, was used as the inoculum for this 
study as previously described [17], [18]. 
 
A. Preparation of Lactobacillus spp. Cultures as 
Experimental Treatments 
From the glycerol stock of the pure Lactobacillus 
isolates a loopful was transferred to 5 mL of MRS 
broth and incubated for 24 hours at 370C.  One day 
before the experiment 100 µLof the 24 hour culture 
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was inoculated into a larger volume of fresh MRS 
broth and incubated at 370C for 24 hours, after which 
time 20 mL was dispensed into 50 mL conical tubes 
(for the skin experiment) or 10 mL was transferred to 
sterile sample bags (for the wingettes) to be used as a 
dipping or coating treatment. 
 
B. Evaluation of Antimicrobial Activity of 
Poultry Associated Lactobacillus spp. on Chicken 
Skin 
Chicken thigh skin was obtained from commercially 
available bone-in skin-on chicken thighs.  The skin 
was removed from the muscle tissue and cut into 2g 
pieces which were then stored at -200C until needed.  
On the day of the experiment the skin pieces were 
allowed to reach room temperature and then attached 
to clips which were equidistantly mounted on a rod.  
While attached to the clips, the skin pieces were laid 
flat on a piece of aluminum foil and 50 µl (~1x107 
CFU/mL) total volume of the Campylobacter 
inoculum was added dropwise across the surface on 
each piece of skin.  The skin samples were kept flat 
for 30 minutes at room temperature to allow time for 
Campylobacter attachment to the skin.  For each 
treatment group the rod with the clips and skin 
attached was raised, allowing all skin samples to hang 
freely without contact to each other and then lowered 
over a rack holding 50 mL conical tubes with 20 mL 
of Lactobacillus broth culture in each tube.  This 
allowed the skin samples to be dipped into each 
treatment tube simultaneously.  For each treatment 
group (and BPD control) the skin pieces had a contact 
time of 5 minutes then removal from the treatment 
and 2 minutes of drip drying to allow excess 
treatment to be removed from the skin and then 
directly to microbial analysis. There were 5 chicken 
skin samples per treatment. 
 
C. Preparation and Inoculation of Chick 
Wingettes with Campylobacter jejuni 
Whole chicken wings were received from the 
University of Arkansas Poultry Pilot Processing Plant 
(Fayetteville, AR, USA) and separated into 
drumettes, wingettes and wing tips.  The wingette 
portion was only utilized in these trials.  Wingettes 
were stored at -200C.  For each of the replicate trials 
frozen chicken wingettes were thawed overnight at 
40C and on the day of the trial were brought to room 
temperature.  To each wingette an inoculum of 50 
µL(~approximately 1x107 CFU/mL)of 
Campylobacter jejuni was added drop-wise to the 
surface and allowed to adhere for 30 minutes at room 
temperature. 
 
D. Application of Coating Treatments to Chicken 
Wingettes 
Wingettes were divided into treatments groups, 5 
wingettes per treatment group.  Coating of the 
chicken wingettes was based on the protocol by 
Olaimat and colleagues [19] with minor adjustments.  

Each wingette was individually aseptically 
transferred to a sample bag containing 10 mL of 
treatment or control solution (BPD).  Working with 
one treatment group at a time, the sample bags 
containing the treatment and wingette were 
vigorously shaken for 30 seconds in order to obtain a 
complete coating.  After coating, the wingettes were 
placed on metal drying racks and allowed to dry for 
15 minutes on one side and then turned over to dry 
for 15 minutes on the opposite side.  To process the 
day 0 samples microbial analysis was performed 
immediately after a total of 30 minutes drying.  For 
the samples tested at days 1, 3, 5 or 7, wingettes were 
vacuum sealed by a commercially available sealer 
(Ziploc V021) and stored at 40C until the day of 
sampling. 
 
E. Microbial Analysis 
For all experiments, the samples were diluted with 
sterile BPD dilution blanks and plated using the 
spread plate technique onto Campylobacter Line agar 
[20] followed by incubation at 420C for 48 hours 
under microaerophilic atmosphere.  For sample 
testing of the 2 gram chicken skin pieces, 18 mL of 
BPD was added to the 50 mL conical tube and 
vortexed for 30 seconds.  The chicken wingettes were 
individually removed from their vacuum packaging 
and aseptically transferred to a sterile stomacher bag, 
weighed and an equal wt/vol of BPD was added 
followed by blending for 30 seconds at 250 rpm 
(Stomacher 400 Circulator).  For all samples ten-fold 
serial dilutions were prepared from each initial 
dilution.  After 48 hours incubation colonies were 
enumerated and CFU per milliliter was calculated.  
The detection limit of the plating assay used in these 
experiments was 2.0x101 CFU/mL. 
 
F. Statistical analysis 
The C. jejuni counts were log10 transformed (log10 
CFU/mL) for analysis to achieve homogeneity of 
variance [21].  Log transformed data was analyzed 
using ANOVA with the PROC MIXED procedure in 
the SAS statistical software, version 9.4(SAS Institute 
Inc., Cary, NC, USA).  Treatment and control means 
were partitioned by LSMEANS analysis [22] and 
probability of p < 0.05 was required for statistical 
significance. 
 
III. RESULTS 
 
A. Evaluation of Lactobacillus spp. Isolates to 
Reduce Campylobacter Counts on Chicken Skin 
For this study a total of 13 Lactobacillus spp. strains 
previous isolated, identified and tested for in-vitro 
anti-Campylobacter activity [18] by our laboratory 
and were chosen for further evaluation as a dipping 
treatment to reduce Campylobacter numbers on 
artificially inoculated chicken skin pieces. 
A total of thirteen isolates were tested in two separate 
trials for immediate efficacy to reduce Campylobacter 
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jejuni counts on chicken skin during a 5 minute 
exposure to the broth culture. In the first trial, out of 
the 5 Lactobacillus spp. isolates tested (isolates 1-5), 
isolate 1 failed to reduce Campylobacter counts by 
this testing method, but isolates 2-5 reduced 
Campylobacter counts by 1.31, 1.21, 1.21 and 1.22 
log10 CFU/mL respectively when compared to the 

BPD control.  In trial 2, an additional 8 Lactobacillus 
spp. isolates were evaluated and isolates 7, 9, 11, 12 
and 13 did not produce reductions when compared to 
the controls.  Lactobacillus isolate 6 had a modest 
reduction of 0.91 log10 CFU/mL and isolates 8 and 10 
had the greatest reductions of 1.37 and 1.24 log10 
CFU/mL as compared to the control. 

 
Table I.  The ability of selected Lactobacillus spp. isolates to reduce C. jejuni counts (log10 CFU/mL) on chicken wingettes (Trial 1)1, 2 

 

Treatments Day 0 Day 1 Day 3 Day 5 Day 7 
Controls 4.00 ± 0.50a 3.68 ± 0.23a 4.53 ± 0.23a 4.65 ± 0.10a 3.13 ± 0.05a 
Isolate 3 3.75 ± 0.23a 2.51 ± 0.23bc 3.32 ± 0.11b 3.07 ± 0.22b 1.56 ± 0.13c 
Isolate 4 3.93 ± 0.11a 2.22 ± 0.27c 2.05 ± 0.33c 3.15 ± 0.33b 1.81 ± 0.24c 
Isolate 8 3.92 ± 0.09a 2.82 ± 0.14bc 2.87 ± 0.16b 2.83 ± 0.14b 1.88± 0.18c 

Isolate 10 3.82 ± 0.17a 3.10 ± 0.34ab 2.94 ± 0.08b 3.14 ± 0.17b 2.42± 0.07b 
 

1Individual chicken wingettes (n=5) were inoculated with 50 µl (~1x107 CFU/mL) of C. jejuni followed by 30 sec. coating treatments, 
30 min. air drying and vacuum packaging.  Sampling was performed immediately (day 0) and on days 1, 3, 5 or 7 during which time 
samples were vacuum sealed and held at 40C.  The Campylobacter jejuni counts were logarithmically transformed (log10 CFU/mL) 

before analysis to achieve homogeneity of variance. 
2Mean ± SEM log10C. jejuni counts. 

a, b, c Treatment means within columns and within treatment groups were partitioned by LSMEANS analysis  and probability of 
p<0.05 was required for statistical significance. 

 
From these two trials, 4 Lactobacillus isolates (3, 4, 8 
and 10) were chosen to investigate their potential 
efficacy at long term reductions in Campylobacter 
counts using a chicken wingette model.  Three of the 
isolates selected (3, 8 and 10) were identified as 
Lactobacillus salivarius and the fourth isolate (4) was 
Lactobacillus hamsteri. 
 
B. Determination of Potential Long Term Anti-
Campylobacter Activity by Lactobacillus spp. 
Isolates 
Results from the microbial analysis of the treated 
wingettes are shown in Table 1 and 2.  All 
Lactobacillus cultures had variable results on 
reducing Campylobacter counts on day 0 or 1.  Isolate 
3 was able to reduce Campylobacter counts in both 
trial 1 and 2 at sampling time points of day 3, 5 and 7 
as compared to wingettes coated by BPD.  Isolate 10 
also had variable results on day 0 in trials 1 and 2 and 
additionally did not reduce Campylobacter counts in 
either trial at day 1.  At days 3 and 5, isolate 10 
reduced Campylobacter counts on the wingettes by 
around 1.5 log10 CFU/mL in both trials 1 and 2.  
Campylobacter counts continued to be reduced at day 
7 in both trials, with a 0.71 log10 CFU/mL reduction 
in trial 1 and 1.21 log10 CFU/mL in trial 2.  Isolates 4 
and 8 consistently reduced Campylobacter counts 
starting at day 1 and at each sampling point through 
day 7, in both trials.  Isolate 4 produced the greatest 
reductions at days 3 and 5—at day 3 the reductions 
were 2.48 and 1.62 log10 CFU/mL in trial 1 and 2 
respectively and at day 5 Campylobacter counts were 
reduced by 1.5 and 1.86 log10 CFU/mL as compared 
to the control.  Similarly, isolate 8 had the greatest 
efficacy at days 3 and 5; the reductions at day 3 were 
1.66 and 1.07 log10 CFU/mL and at day 5 log10 
CFU/mL reductions were 1.82 and 2.22. 

DISCUSSION 
 
Campylobacter continues to be one of the leading 
causes of foodborne illness in the U. S [23].  Despite 
many interventions utilized within the poultry 
processing facility, Campylobacter remains a 
persistent contaminant on raw poultry products [24].  
Poultry producers face a two-fold challenge with the 
desire to make product with an extended shelf-life yet 
the consumer is concerned about eating a product 
with minimal processing and chemical treatment—all 
while maintaining a microbiologically safe product 
[7], [25], [26].  A potential strategy for the reduction 
of foodborne pathogens is by the treatment of raw 
poultry products with protective cultures.  In this 
study we investigated the efficacy of poultry derived 
Lactobacillus isolates with demonstrated in-vitro anti-
Campylobacter activity for use as a protective culture 
in a chicken wingette model. 
In the first two trials a chicken skin dipping model 
was utilized to screen 13 Lactobacillus isolates with 
previously demonstrated anti-Campylobacter activity.  
The results of these trials indicated that select isolates 
are capable of producing up to a 1.3 log CFU/mL 
reduction in Campylobacter counts after a 5 minute 
exposure to the broth culture.  Differences in efficacy 
between testing matrices are expected and there are 
many examples in the literature of lactic acid bacteria 
isolates with antimicrobial activity in a laboratory 
setting but upon testing in a more complex system 
only a small number of isolates have repeated 
efficacy [17], [18], [27]. From this screening assay 4 
isolates which produced greater than a 1 log reduction 
in Campylobacter counts were chosen for further 
evaluation in a chicken wingette model. 
The chicken wingette model was used to more closely 
resemble the heterogeneous nature of the skin on a 
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chicken carcass and in addition, the treatment 
exposure time of 30 seconds more closely 
approximates a realistic exposure time in terms of 
integrating the coating treatment with intervention 
strategies already in place within the processing plant 
[28], [29]. It should be noted that the protocol for 
treatment of the wingettes did not include a rinse step 
after exposure to the treatments, as coating of the 
wingette surface with the treatment is meant to be 

consumed with the product.  To date there is very 
little literature on the use of protective cultures to 
enhance the shelf-life and food safety of raw poultry 
products, and specifically for Campylobacter jejuni.  
Sakaridis and colleagues [26] evaluated lactic acid 
bacteria (LAB) isolated from poultry carcasses as a 
protective culture to reduce the growth of Salmonella 
spp. and Listeria monocytogenes on chicken skin and 
meat. 

 
Table II.  The ability of selected Lactobacillus spp. isolates to reduce C. jejuni counts (log10 CFU/mL) on chicken wingettes (Trial 2)1, 2 

 
Treatments Day 0 Day 1 Day 3 Day 5 Day 7 

Control 4.36 ± 0.30a 4.35 ± 0.10a 4.17 ± 0.04a 4.38 ± 0.17a 4.38 ± 0.24a 
Isolate 3 3.47 ± 0.30b 3.73 ± 0.30ab 2.67 ± 0.23b 3.22 ± 0.16b 3.48 ± 0.23b 
Isolate 4 3.19 ± 0.21b 3.77 ± 0.35ab 2.55 ± 0.34b 2.52 ± 0.25cd 3.64 ± 0.16b 
Isolate 8 3.38 ± 0.11b 3.47 ± 0.13b 3.10 ± 0.15b 2.16 ± 0.29d 3.40  ± 0.13b 
Isolate 10 3.15 ± 0.18b 4.06 ± 0.37ab 2.62 ± 0.20b 2.79 ± 0.14bc 3.17 ± 0.34b 

 

1Individual chicken wingettes (n=5) were inoculated with 50 µl (~1x107 CFU/mL) of C. jejuni followed by 30 sec. coating treatments, 
30 min. air drying and vacuum packaging.  Sampling was performed immediately (day 0) and on days 1, 3, 5 or 7 during which time 
samples were vacuum sealed and held at 40C.  The Campylobacter jejuni counts were logarithmically transformed (log10 CFU/mL) 

before analysis to achieve homogeneity of variance. 
2Mean ± SEM of log10C. jejuni counts. 

a, b, c Treatment means within columns and within treatment groups were partitioned by LSMEANS analysis and probability of 
p<0.05 was required for statistical significance. 

 
They selected a single Lactobacillus salivarius culture 
for testing and evaluated the skin and meat from days 
1 through 7.  They did not find significant reductions 
in the growth of Salmonella or Listeria until day 6, 
and the reductions at that time point were between 
0.51 log10 CFU/cm2 and 0.71 log10 CFU/cm2.  Melero 
and colleagues [30], [31] have evaluated the impact 
of protective cultures to reduce C. jejuni and L. 
monocytogenes in chicken products.  When a 
protective culture of Bifidobacterium longum was 
used to treat chicken legs artificially inoculated with 
C. jejuni and packaged under modified atmosphere 
they observed a reduction in C. jejuni counts (1.09 
log CFU/g) between days 6 – 9 of the study [31].  In 
contrast, during the testing of Lactobacillus isolates 3, 
4, 8 and 10 all of them produced reductions in 
Campylobacter counts by day 3 and at day 7 the 
range of mean log10 reductions was 0.63 log10 
CFU/mL – 1.65 log10 CFU/mL in trial 1 and 0.74 
log10 CFU/mL – 1.21 log10 CFU/mL in trial 2.  The 
testing of these 4 Lactobacillus isolates has 
demonstrated the effectiveness of using specific lactic 
acid bacterial cultures as a protective culture to 
reduce the foodborne pathogen C. jejuni. 
In conclusion, from this study we have identified 2 
isolates, Lactobacillus salivarius and Lactobacillus 
hamsteri, which consistently reduced the number of 
surviving Campylobacter on wingettes and show 
potential to be used as a protective culture on raw 
poultry meat to supplement the interventions already 
in use.  Additional testing of these isolates for 
assessment of their impact on sensory characteristics 
of the poultry products, effects on food spoilage 

causing bacteria and in combination with modified 
atmosphere packaging for shelf-life extension are the 
logical next steps. 
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