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Abstract: Salmonella Typhimurium is frequently isolated from chicken meat. The main purpose of current study was to analyze
the decontamination of S. Typhimurium by using different concentrations of chitosan, lactic acid and chitosan and lactic acid
combination on broiler carcasses. S. Typhimurium was inoculated to broiler carcasses at 108 cfu/mL in eight different study groups.
Then, contaminated carcasses were treated with 1%, 2% lactic acid and 0.1%, 0.05% chitosan for 5, 10, 15 min. Also, effects of the
combination of chitosan and lactic acid (0.05% chitosan- 1% lactic acid, 0.01% chitosan- 1% lactic acid) were analyzed for 5, 10, 15
min. Carcasses samples treated with chitosan and lactic acid were analysed for survival of S. Typhimurium on the 0, 3 and 7 days of
storage time. Lactic acid (1%, 2%), combination of chitosan and lactic acid (0.05% chitosan + 1% lactic acid and 0.01% chitosan and
1% lactic acid) were detected to have antimicrobial effect on S. Typhimurium inoculated into carcasses (P<0.05). There is no difference
between the working groups in terms of implementation time (P>0.05). According to the study, it was found that the combination of
lactic acid and chitosan is the most effective method against S. Typhimurium in poultry carcasses. As a result, it is thought that the
decontaminant agents which preferred in the study can be used in various applications in the poultry industry.
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Broiler karkaslarinda Salmonella Typhimurium'un kitosan ve laktik asit ile dekontaminasyonu

Ozet: Salmonella Typhimurium, tavuk etlerinden en sik izole edilen patojenden biridir. Bu ¢alismada, gesitli konsantrasyonlarda
kullanilan kitosan, laktik asit, kitosan ve laktik asit kombinasyonunun S. Typhimurium ile kontamine olmus etlik broyler karkaslarina
etkileri aragtirilmigtir. S. Typhimurium broiler karkaslarma 10% kob/mL inokule edilerek 8 farkli grup olusturulmustur. Daha sonra
kontamine edilen karkaslar %1, %2 laktik asit, %0,05, %0,1 kitosan, laktik asit ve kitosan kombinasyonlari ile 5, 10 ve 15 dakika
boyunca muamele edilmistir. Kitosan ve laktik asit ile muamele edilmis karkas 6rneklerin, 0., 3. ve 7. giinlerde analizleri yapilmustir.
Karkaslara inokule edilen S. Typhimurium iizerine laktik asit (%1, %2), kitosan ve laktik asit kombinasyonunun (%0,05 kitosan +%1
laktik asit ve %0,01 kitosan ve %1 laktik asit) antimikrobiyal etkiye sahip oldugu tespit edilmistir (P<0,05). Uygulama siiresi agisindan
calisma gruplari arasinda fark olmadig1 gézlendi (P>0,05). Bu ¢alismada, laktik asit ve kitosan kombinasyonunun kanatli karkaslarinda
S. Typhimurium'a kars1 en etkili yontem oldugu dogrulanmigtir. Sonug olarak ¢alismada kullanilan dekontaminant ajanlarin kiimes
hayvani endiistrisindeki ¢esitli uygulamalarda kullanilabilecegi diisiiniilmektedir.

Anahtar sozciikler: Broiler karkas, Kitosan, Laktik asit, Sa/monella Typhimurium.

Introduction

Meat and meat products consumed in the diet
contribute significantly to the intake of energy, protein,
and micronutrients (13). Poultry meat is frequently
preferred around the world because of its high protein
ingredient, balance of polyunsaturated fatty acids (n-6, n-
3), low fat and cholesterol content, affordable price
compared to red meat (10, 49). Therefore, poultry meat
constitutes 30% of the meat consumed in the world (17).

Poultry meat is an important reservoir for pathogenic
bacteria and is often associated with foodborne diseases
(9, 20, 21, 53). Salmonella spp. are potential zoonotic
agents that can pose a danger to society (62). Based on
reported studies, Salmonella enterica serovars are among
the most important foodborne pathogens (4). Among the
Salmonella serotypes, S. Typhimurium and S. Enteritidis
are the two most common serotypes, and S. Typhimurium
is known as the most dominant isolated serotype
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worldwide (23, 67). Therefore, it is important to keep S.
Enteritidis and S. Typhimurium separate from other
Salmonella serotypes as they are specified in zoonosis
control legislation and have differences in epidemiology
(3, 32). Also, Salmonella spp. can infect a variety of
animals such as sheep, cattle, poultry and pigs (59).
Salmonella spp. can be transmitted to humans by way of
contact with infected animals, polluted water and the
environment. However, cases in humans are mostly via
contaminated food products (19, 25). The consumption of
poultry meat and egg are the most important source of
Salmonella spp. for humans (37, 64).

In addition to general hygiene rules, organic
chemicals are used as a decontamination fluid in the
poultry and meat industry to destroy or reduce pathogenic
microorganisms on the carcass surface (7, 44, 45). Organic
acids have been found to be effective in reducing
foodborne pathogens such as Escherichia coli O157:H7,
S. Typhimurium and Listeria monocytogenes on carcass
surfaces (34, 57). Among the organic acids, lactic acid
(LA) is frequently used as a decontamination agent in
broiler carcasses. Many studies have been carried out on
lactic acid application to control pathogenic bacteria in
broiler carcasses. (1, 47, 48).

Chitosan obtained by deacetylation of chitin is a
naturally sourced polycationic biopolymer in the form of
a powder that is insoluble in water, high viscosity, non-
toxic, non-antigenic, soluble in organic acids (50, 66). Due
to the various properties of chitosan, it is widely used in
biotechnology, pharmacy, medicine, veterinary medicine,
water treatment, textile, agriculture, cosmetics and food
industries (5, 12, 29, 43, 57). It has been stated in various
sources that chitosan can be used as an alternative in
storage foods and increasing their shelf life (46, 52).
Chitosan is a potential protective additive for foods with
its antimicrobial effect on foodborne pathogen bacteria,
mold and yeast (6, 11, 39). Chitosan can be dissolved in
organic acids. Therefore, the use of chitosan alone or in
combination with other organic acids is among the
strategies that can be preferred in reducing the microbial
load on the animal carcass surface (14, 40).

In the present study, antimicrobial effect of chitosan,
lactic acid, chitosan and lactic acid combination used in
various concentrations on broiler carcasses contaminated
with S. Typhimurium were investigated.

Materials and Methods
Preparation of bacterial strain: The stock strain
used in this study were, S. Typhimurium (ATCC 14028).
Cultures were incubated in 10 mL Tryptic Soy Broth
(Oxoid, UK) for at 35°C at 24 h. The microbial density
was set to 0.5 McFarland turbidity standard approximately
bacteria density of 103 cfu/mL". The prepared strain

mixture was used for broiler carcass contamination within
30 min.

Contamination of broiler carcasses with S.
Typhimurium: In this present study, broiler carcasses
(1.2-1.4 kg) saled from the local market were used. A total
of 144 broiler carcasses were used in the study. Except the
control group each experimental group,
contaminated with 10® cfu/mL"! bacterial culture. The
broiler carcasses were kept in bacterial culture for 30 min
for adhesion.

Decontamination agents, groups and analysis: In
the current study, chitosan (Sigma, US), lactic acid
(Sigma, US) and their combinations were used.
Contaminated carcasses were treated with 1%, 2% lactic
acid and 0.1%, 0.05% chitosan for 5, 10, 15 min. Also,
effects of the combination of chitosan and lactic acid
(0.05% chitosan- 1% lactic acid, 0.01% chitosan- 1%
lactic acid) were anaylsed with negative and positive
control. The exposure times of the carcasses to
decontaminant fluids were subdivided into 5, 10, 15 min.
Microbiological analyzes were performed in these groups
on days 0, 3 and 7. After each experiment, the carcass
samples were kept in a refrigerator at 4°C. Chemical
decontaminants which used in carcass decontamination
and their prepared concentrations are shown in Table 1.

were

Table 1. Decontamination agents and concentrations used in
broiler carcasses.

Concentrations
1% and 2%
0.1% and 0.05%
0.05% + 1% and 0.01% +

Decontaminants

Lactic acid
Chitosan solution

Combination of chitosan ve

lactic acid 1%
Analysis  procedure of broiler carcasses:
Microbiological  analysis of  chicken carcasses

decontaminated with S. Typhimurium were performed on
days 0, 3 and 7. Firstly, chicken carcasses were washed
with sterile distilled water in sterile bags and rinsed with
peptone water (Biolife, Italy) in order to find out whether
there was Salmonella contamination. Afterwards freshly
processed  broiler carcasses rinsed  with
decontaminant fluids, and the rinses were serially diluted
10-fold with 0.1% peptone water. The samples were then
spread on xylose lysine deoxycholate agar (XLD) (Merck,
Germany) and brilliant-green phenol-red lactose sucrose
(BPLS) agar (Merck, Germany) by spread plate technique
(0.1 ml). After incubation, 1 - 2.5 mm in diameter, central
black periphery red colonies in XLD agar and 1-1.5 mm
in diameter, pink red colonies were considered as
Salmonella suspects. Suspicious colonies were inoculated
into triple sugar iron (TSI) (Merck, Germany) agar and

were
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lysine iron agar (LIA) (Merck, Germany) at 37°C for
overnight. In the end, serologically colonies with
suspected Salmonella spp. were confirmed by testing with
Salmonella antiserum (Difco 2264-47-2, US) (18).

Statistical analysis: The obtained data were
statistically evaluated by the use of SPSS 25 statistical
package. The variables were expressed as mean + standard
deviation and median (Maximum-Minimum) percentage
and frequency values. The suitability of the data to the
analysis of variance in the factorial order was evaluated
with the multivariate normal distribution and Box-M Test
of Homogeneity of Variances. Means were compared by a
factorial analyese of variance. Parametric tests (analysis of
variance in factorial order) that did not meet the
prerequisites, the data were reevaluated by box cox data
transformation and the obtained data were processed by
analysis of variance in factorial order. Corrected LSD Test
was used for Multiple comparisons. The significance level
was expressed as P<0.05.

Results

Negative and Positive Control Group Results: In
this study, Salmonella negative broiler carcasses were
used. In the positive control group, contaminated broiler
carcasses with S. Typhimurium were determined as 6.60,
6.81, and 6.88 log cfu/mL on days 0, 3, 7, respectively.
The negative control group results were detected as
negative for the presence of Salmonella.

Effects of lactic acid (1% and 2%) application to
broiler carcasses: Based on our results, compared with the
control group, it was observed that the count of S.
Typhimurium was 4.16, 4.35, 4.77 log cfu/mL at 5, 10, 15

Table 2. Effects of 0.05% and 0.1% chitosan on S. Typhimurium.

min on day 0; 5.94,4.42,4.27 log cfu/mL at 5, 10, 15 min
on day 3; 6.22, 5.83, 4.12 log cfu/mL at 5, 10, 15 min on
day 7, respectively. The reduction Ilevels of S.
Typhimurium were determined as 2.44, 2.25, 1.83 log
cfu/mL at 5, 10, 15 min on day 0, 0.87, 2.39, 2.54 log
cfu/mL at 5, 10, 15 min on day 3, 0.66, 1.05, 2.76 log
cfu/mL at 5, 10, 15 min on day 7, respectively.

In the experimental groups containing 2% lactic acid,
the count of S. Typhimurium was found 4.05, 3.82, 3.45
log cfu/mL at 5, 10, 15 min on day 0; 3.90, 3.67, 3.33 log
cfu/mL at 5, 10, 15 min on day 3; 3.60, 3.93, 3.43 log
cfu/mL at 5, 10, 15 min on day 7, respectively. The
reduction levels of S. Typhimurium were observed as
2.55,2.78,3.15 log cfu/mL at 5, 10, 15 min on day 0; 2.91,
3.14,3.48 log cfu/mL at 5, 10, 15 min on day 3; 3.28,2.95,
3.45 log cfu/mL at 5, 10, 15 min on day 7, respectively. In
accordance with the results of the statistical analysis, it
was observed that there was a significant difference
between all groups compared to the control group
(P<0.05), but there was no significant difference between
them according to the application times.

Effects of Chitosan (0.05% and 0.1%) application
to broiler carcasses: The decrease in the levels of 0.05%
and 0.1% chitosan applications of S. Typhimurium in 5
min, 10 min and 15 min in comparison with the positive
control is shown in Table 2.

Effects of lactic acid and chitosan combinations
application to broiler carcasses: The results of S.
Typhimurium of the experimental groups with the control
group containing 0.01% chitosan, 1% lactic acid and
0.05% chitosan and 1% lactic acid combination solution
are given in Table 3.

S. Typhimurium counts (log cfu/mL)

Concentration of

. 5 min 10 min 15 min
chitosan
Day0 Day3 Day7 Day 0 Day 3 Day 7 Day 0 Day 3 Day 7
0.05% 6.53 6.46 7.32 6.22 6.3 6.57 6.74 6.05
0.1% 6.31 4.44 6.52 6.42 6.74 6.43 6.38 6.47
Table 3. Effects of Lactic Acid and Chitosan Combinations on S. Typhimurium.
S. Typhimurium counts (log cfu/mL)
Concentration of lactic
acid and chitosan 5 min 10 min 15 min
combinations
Day 0 Day 3 Day 7 Day 0 Day 3 Day 7 Day 0 Day 3 Day 7
0, 3 0,
0.01% chitosan and 1% 1.99 4.82 1.99 3.14 3.53 1.96 3.78 1.99
lactic acid
0, 3 0,
0.05% chitosan and 1% 1.99 5.38 6.17 6.17 6.16 1.99 3.93 6.12

lactic acid




392 Zeynep Kaplan - Ozen Yurdakul - Erhan Keyvan - Erdi Sen

Discussion and Conclusion

Poultry meat is a significant reservoir for Salmonella
spp. (22). The main reason for the occurrence of
foodborne salmonellosis in humans originate from
contaminated chicken meat consumption (2, 16). Causes
of Salmonella spp. contamination of poultry meat include
slaughtering  Salmonella-positive  flocks in  the
slaughterhouse, the slaughter equipment, scalding,
plucking, evisceration, and cross contamination and lack
of personal hygiene (8, 51). Salmonella species are most
common in fresh broiler meat among the various meat and
meat product categories (pork, turkey, beef and ready-to-
eat foods prepared from these meats and ground beef)
(15). According to the previous studies, one of the
predominant serotypes in chicken meat is S. Typhimurium
(31, 61, 65). It has been assigned as a result of the studies
that this situation creates an important potential for public
health.

Despite the application of many preservation
methods, foodborne infections still cannot be completely
prevented.  Accordingly, various decontamination
methods are used to reduce or completely eliminate the
number of pathogenic microorganisms in broiler carcasses
to be consumed. Various chemicals are used for
decontamination and organic acids take an important place
among them (58). Organic acids used as decontamination
liquids are frequently applied to the surfaces of various
meats and carcasses. Organic acid applications are cheap,
simple, fast and effective (24). Among the organic acids,
acetic acid and lactic acid have been the most commonly
accepted carcass decontaminant fluids (58). Bactericidal
or bacteriostatic effect can be obtained on the carcass
surface with various organic acids by spraying or dipping
on the carcass (55). In addition, the use of organic acids is
generally recognized as safe (GRAS) for meat and poultry
products by the U.S. Food and Drug Administration (38).
The researchers reported that the effect of lactic acid on
bacteria was related to the concentration of lactic acid
used, the temperature of the lactic acid solution, the
method of application, the processing time and the pH-
value (54, 57). The use of natural substances such as
chitosan together with organic acids for decontamination
is increasing day by day. In this study, the inhibitory
effects of lactic acid, chitosan, and combinations of
chitosan with lactic acid at different doses, different times
and different storage days on S. Typhimurium were
examined. The efficacy and antimicrobial effects of lactic
acid in poultry have been studied in many studies. Xiong
et al. (63) found that 1% and 2% LA sprayed on chicken
skin at room temperature for 30 s reduced S. Typhimurium
counts by 2.2 log cfu/mL. In a similar study, Li et al. (33)
applied 1% lactic acid to chicken carcasses contaminated
with S. Typhimurium by spraying method for 90 s. As a
result of the application, a unit reduction of 1.6 log cfu/mL

was observed. In one study, as a result of the treatment of
S. Typhimurium with 1% and 2% lactic acid for 3 min, a
decrease of 1 log and 3.3 log cfu/cm? was observed in the
count of microorganisms, respectively (41). Mulder et al.
(45), in their study on S. Typhimurium inoculated into
chicken carcasses, they used 0.5% and 1% lactic acid in
dipping water at room temperature for 10 min. The result
of the application, 1-2 log cfu/mL reduction was detected.
In other studies, it has been observed that varying amounts
of lactic acid are quite effective on S. Typhimurium (28,
36, 57). This study investigated the effect of 1% and 2%
lactic acid against S. Typhimurium in chicken carcasses.
The most effective method in this study was obtained in
2% lactic acid applications for 15 min. According to other
studies, the results are similar despite the differences in
concentration and application time.

Chitosan which does not show toxic effects, is very
effective against foodborne pathogens with its
antibacterial and antifungal effects (60). Although the
antimicrobial effect of chitosan is not known exactly, it
may change the structure of the cytoplasmic membrane
due to its cationic feature (42). Moreover, chitosan may
bind to DNA and inhibit RNA synthesis (35). The
antimicrobial effect of chitosan depends on the type of
microorganism, properties of chitosan, physical form of
chitosan and environmental factors (30). There are few
studies on the effect of chitosan against Sa/monella spp. in
poultry (14, 39, 40). The effect of chitosan on Salmonella
spp. and S. Typhimurium in broiler chickens was
investigated by using it alone or in combination with
organic acids. In the study conducted by El-Khawas et al.
(14), the effect of chitosan (0.5%, 1%, 2%), lactic acid
(1%) and combinations of lactic acid (1%) and chitosan
(2%) on S. Typhimurium was investigated in chicken
fillets cooled at 4°C. As a result, they found that the effect
of chitosan 2%, lactic acid 1% and chitosan-lactic acid
combination applications were approximately 1.5 log
cfu/mL reduction. When the study and our results are
compared, the effect of lactic acid is in line with our
results; however, it was observed that the effect of
chitosan was higher than in our study. The reason for this
is thought to be due to the concentration used and the
solvent differences. In this study, it was concluded that
dissolving chitosan with distilled water reduces its
effectiveness. In one study, skin samples were dipped into
solution containing 10° cfu/mL of S. Typhimurium for 30
s. Afterwards, skin samples dipped into a solution
containing 0.5% chitosan for 30 s. Chitosan has been seen
to reduce the number of S. Typhimurium after 24 hours
(40). When compared with our results, it is seen that the
results are parallel according to the applications of
chitosan at different densities, different solvents and
times. Based on the results, it was observed that the
combination of chitosan and lactic acid at different
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concentrations made a significant difference compared to
the control group. However, it was found that the
difference between two different chitosan and lactic acid
combination (0.05% + 1% and 0.01% + 1%) applications
and the application times (5 min, 10 min, 15 min) was not
significant. In a different study, it has been reported that
by adding chitosan to the diet of broiler chickens for 7
days, it significantly reduces the rate of S. Typhimurium
(39). According to the researches, it has been understood
that taking derivatives such as chitosan and oligochitosan
with diet has a prebiotic effect and supports the growth of
beneficial bacteria and helps regulate the immune system
(26, 27).

Poultry meat is an important food due to its nutritious
properties and economic advantage compared to red meat
in Turkey. However, depending on the cutting process,
hygienic conditions cannot be fully provided.
Consumption of broiler carcasses contaminated with S.
Typhimurium can pose a danger to human health as well
as adversely affect the poultry industry. Therefore, the use
of food preservation methods to reduce or eliminate the
microorganism count is important in broiler carcasses.
The antimicrobial effects of organic acids and chitosan can
be used when hygiene practices are inadequate to reduce
microbial contamination in broiler carcasses. According to
our results, it was found that the combinations of lactic
acid and chitosan (0.05% chitosan + 1% lactic acid and
0.01% chitosan and 1% lactic acid) are the most effective
method against S. Typhimurium in poultry carcasses. The
combination of chitosan with lactic acid can be effective
for use as a decontamination solution in broiler carcasses.
The decontaminants used in the study can be used in the
poultry industry to reduce the number of microorganisms
and increase the shelf life of the products.
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