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Abstract A study was conducted to evaluate the risk of
Salmonella contamination and its survival at different stages
in chill ready-to-eat poultry meat products chain. Samples (n=
181) were collected and examined for the presence of
Salmonella species. The bacteria were initially identified
against polyvalent antisera “O” and “H”, followed by confir-
mation with 16 s rDNA. The single Salmonella, isolate from
the tested food samples showed 99.8 % phylogenetic similar-
ity with Salmonella enterica. It was further evaluated for
antibiotic sensitivity pattern and found resistant to four anti-
biotics including ampicillin, chloramphenicol, tetracycline
and nalidixic acid. Salmonella associated with ready-to-eat
poultry meat products were found active at storage tempera-
ture ≥4 °C in a challenge study. It was revealed that shape and
weight of the meat pieces have direct influence on the reduc-
tion of pathogens during microwave heating. The 30 and 60 s
microwaving (with radiation power fixed at 900 W) was
found ineffective for the elimination of target bacteria (106-
107 CFU/g) in meat pieces with weight ≥90 g. Salmonella
enterica was able to survive in simulated gastric fluid. The
storage temperature and microwaving were found critical
point for the transfer of pathogens through ready-to-eat poul-
try meat products to consumer in chill ready-to-eat poultry
meat chain.
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Introduction

Salmonella is an important foodborne pathogen, currently
containing 2,587 serotypes (Fashae et al. 2010). Poultry meat
is one of the frequent vehicles of Salmonellosis as zoonotic
infection and is a major concern of public health (Hur et al.
2011; Fashae et al. 2010). Salmonella enterica is one of the
prominent reasons of enteric diseases worldwide. It causes
great number of illness and substantial economic losses in
both developing and developed countries. It is more often
associated with foodborne Salmonellosis (Akbar and Anal
2013; Fernandez et al. 2012; Hur et al. 2011), and human
gastroenteritis (Skov et al. 2007). Consumption of animal
food products are thought to be the major cause of the
Salmonella outbreaks (Thai et al. 2012). Salmonella were
found responsible for 1,722 outbreaks of foodborne infections
in the European countries in 2009 (Fernandez et al. 2012). An
estimated number of 1.8 million people died due to foodborne
diarrhoeal infections each year in developing countries (Akbar
and Anal 2011). Every year approximately one million diar-
rheal and 120,000 cases of food poisoning reported from
Thailand (Chomvarin et al. 2006), causing a serious public
health concern. Infections with drug resistant Salmonella are
more fatal and take longer time for recovery as compare to
drug susceptible Salmonella species (Skov et al. 2007).
Excessive and misuse of antibiotics in animals and human is
the leading cause of drug resistance development in pathogens
(Thai et al. 2012). Food contaminated with drug resistant
bacteria is a major threat to public health as the antibiotic
resistance can transfer to other bacteria (Akbar and Anal
2011). Monitoring the presence and antimicrobial resistance
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of bacteria are necessary to understand the trends and magni-
tude of food related pathogens, and to plan an effective inter-
vention (Fernandez et al. 2012). Epidemiological data related
to Salmonella prevalence and its antimicrobial drug resistance
pattern is desirable in order to develop an efficient mechanism
towards its control at every level of food processing and
production, to ensure food safety and public health
(Angkititrakul et al. 2005). Antibiogram profile and genetic
typing is a useful tool for infections sources determination
(Aarestrup et al. 2007).

Assessment of risk associated to foodborne infection is an
important approach for designing food safety plans and pro-
grams to address emerging foodborne diseases. Risk assess-
ment is describing a system through which the flow of micro-
bial hazards reaches its host and causes harm (Lammerding
and Paoli 1997). Presence of Salmonella in ready-to-eat (RTE)
food is a great risk to consumer health, there is zero tolerance
towards its presence in RTE products. Consumer safety re-
mains the prime concern for food production industries, it is
always a challenge to eliminate the food safety risk and reduce
the chances of foodborne pathogens contamination and flow
in food chain (Akbar and Anal 2014a). It has been estimated
that 103-109 number of Salmonella enterica can be an infec-
tious dose for human being depending on their immunity
(Parry 2006). Handling, processing and storage are some of
the factors affecting the microbial status of RTE foods (Akbar
and Anal 2014b; Roy et al. 2011). The existing data related to
Salmonella presence in RTE chilled poultry meat products is
limited.

The objective of this study was to investigate the preva-
lence of Salmonella species in chilled RTE poultry meat
products, and to understand the effects of different hurdles
(low temperature, microwaving and simulated gastric juices)
on its survival. Challenge studies for the Salmonella survival
in RTE poultry meat at low temperature storage, microwaving
and in simulated gastric fluid (SGF) was conducted for better
understanding of possible exposure of consumer to the path-
ogen present in RTE poultry meat products.

Materials and methods

Sampling and isolation of Salmonella

The RTE poultry meat samples (181) were collected from
departmental stores and transferred to the laboratory for fur-
ther processing. All the samples were examined within 4–6 h
of its collection time. Sample (25 g) were added to 225 mL of
buffered peptone water (BPW) and mixed well with the help
of homogenizer (IKA Labortechnik, Germany), incubated at
37 °C for 18–24 h. Pre-inoculated BPW were transferred to
10 mL of selective enrichment media rappaport vassiliadis
soyabean meal broth (RVSM) (BioMark, India) and

tetrathionate (TT) broth (BioMark) and incubated further at
37 °C for 24 h. On the following day, two loopful of RVSM
and TT broth were transferred to bismuth sulfite agar (BSA)
(Himedia, India) and xylose lysine desoxycholate Agar (XLD)
(Difco, USA), and further incubated at 37 °C for 24–48 h to
isolate visible colonies of Salmonella species. Pink colonies
with black centre on XLD agar and brown, gray or black
colonies with metallic sheen on BSA were presumptively
counted as Salmonella. Positive colonies were then inoculated
on triple sugar iron agar (Himedia) and lysine iron agar
(Himedia) and further confirmed by submitting to API 20E
kit (Biomerieux, France) along API web and with the help of
polyvalent antisera “O” and “H” (Serosystem, Clinag,
Thailand). The isolated bacteria were then subjected to mo-
lecular confirmation.

Molecular identification of Salmonella

The “Genomic DNA mini kit (Blood/culture cell)” (Geneaid
Biotech Ltd., Taiwan) was used to prepare DNA templates for
PCR amplification. Coding of DNA for 16S rRNA regions
was amplified by PCR with Taq polymerase, following the
detail methodology described by Buranarom (2010).

Sequence and phylogenetic analysis

The nucleotide sequences obtained were assembled using Cap
contig assembly program, BioEdit (Biological sequence align-
ment editor) Program. The phylogenetic neighbors were iden-
tified by BLAST (Altschul et al. 1997) and mega BLAST
(Zhang et al. 2000). Fifty neighboring sequences were select-
ed for the calculation of pair wise sequence similarity using
global alignment algorithm, which was implemented at the
EzTaxon server (Chun et al. 2007). The DNA sequences
obtained from databases were aligned with CLUSTAL X
(version 1.8) (Thompson et al. 1997) in BioEdit Program
(Hall 1999). The evolutionary distances were computed using
the maximum composite likelihood method (Tamura et al.
2004). Phylogenetic trees were constructed by neighbor-
joining method of Saitou and Nei (1987). The robustness for
individual branches was estimated by 1,000 replications
bootstrapping with MEGAVersion 4.0 (Tamura et al. 2011).

Antibiogram of Salmonella

Antibiogram of Salmonella were determined by using disk
diffusion assay following the guidelines of clinical and labo-
ratory standard institute. Pre-incubated 24 h cultures of
Salmonella were diluted to 108 CFU/mL in sterile buffer
peptone water and spread over mueller-hinton agar (Merck,
Germany). The antibiotic discs were placed over the lawn and
incubated at 37 °C for 18–24 h. The clear zone around each
antibiotic disc was measured on the following day. The
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antibiotic used were Ampicillin (10 μg), Cefotaxime (30 μg),
Norfloxacin (10 μg), Chloramphenicol (30 μg), Tetracycline
(30 μg) , Erythromycin (5 μg) , Tr imethopr im /
Sulfamethoxazole (25 μg) Nalidixic acid (30 μg) (Oxoid
Ltd. UK).

Low temperature storage effects on Salmonella in RTE
poultry meat (challenge study)

Salmonella free (laboratory confirmed) RTE poultry meat
sausages were used to study the survival of Salmonella under
low temperature condition. The S. enterica, isolated fromRTE
poultry meat products were used as test bacteria in this chal-
lenge study. The RTE poultry meat sausages were cut in 4 cm2

pieces, approximately equal to 8–10 g weight after 15 days of
its storage under freezing temperature. The meat pieces were
exposed to ultraviolet radiation for 2 h equally on each side to
eliminate the number of surface bacteria. Fresh culture
(50 mL) of S. enterica (104–105 CFU/mL) washed twice with
sterile normal saline were introduced to the surface of the meat
pieces and spread evenly with the help of hand operated bottle.
Initial count of the inoculated bacteria in the meat pieces were
obtained with the help of standard plate count (SPC) method
using XLD agar. The inoculated meat pieces were then kept at
two different temperatures conditions (2±2 °C and 6±2 °C)
and bacterial count were made at specific time interval using
standard plate count (SPC) method.

Microwaving effects on Salmonella in RTE poultry meat
(challenge study)

A challenges study for Salmonella contaminated RTE poultry
meat products with microwave were conducted for specific
durations of time in order to know the possible effect of
microwaving on the pathogens present in the meat products.

Pre-treatment of the samples were done in a similar way as
previously described in for low temperature storage effects on
Salmonella. Salmonella enterica, isolated from RTE poultry
meat were introduced to the surfaces of three set of experi-
ments with meat pieces of different weight ranges, roughly
equal to 30–50 g, 60–90 g and 100–150 g by spraying and
injecting with sterile needles to obtain 106–107 CFU/g in meat
for challenge study. The inoculated meat pieces were then
exposed to microwave using microwave oven (Electrolux,
China) with radiation power fixed at 900 W for 30, 60 and
90 s. Enumeration of the target bacteria were conducted before
treatment and after treatment with SPC method using XLD
agar.

Survival of Salmonella enterica in simulated gastric fluids

Consumption of S. enterica with food at the rate of 103 or
above can be an infectious dose for human being (Parry 2006).

Contaminated foods are the main source of such incidence.
The effect of gastric fluid on the survival of Salmonella
enterica was studied using simulated gastric fluids (SGF)
following (Zarate et al. 2004). The effect of SGF with pH 2,
3, 4 and neutral pH 7 (control) was observed. Salmonella
enterica (1 mL) at the rate of (106–107 CFU/mL) were intro-
duced to 9 mL to SGF of different pH, after washing twice
with sterile normal saline. The tubes were incubated in water
bath at 37 °C for 3 h. The bacteria in SGF were enumerated at
0 h, 1 h and 3 h with the help of SPC technique using XLD
agar.

Results

In this study a series of experiments were conducted for
isolation of Salmonella species and its survivability at differ-
ent low temperature, microwaving and in SGF. Out of all
tested (181) samples, only one (0.55 %) was found contami-
nated with Salmonella, as initially identified with the help of
biochemical, serological tests and confirmed by molecular
detection method. The isolate showed 99.80 % phylogenetic
similarity to Salmonella enterica species. The phylogenetic
relationship of the Salmonella reveled that it has a common
boot strip value of 64 % with the species S. enterica subsp.
enterica LT2 (T) AE006468 and S. enterica subsp. salamae.
The S. enterica subsp. enterica LT2(T) AE006468 and
S. enterica subsp. diarizonae DSM 14847(T) EU014688
showed 98.88% similarity with the isolate, whereas the subsp.
enterica sharing the same node. Salmonella enterica subsp.
indica DSM 14848(T) EU014680 showed 98.94 % similarity
(Fig. 1). The isolate showed resistance to four antibiotics
including ampicillin, chloramphenicol, tetracycline and
nalidixic acid, whereas it was susceptible to cefotaxime,
norfloxacin, erythromycin and sulfamethoxazole-
trimethoprim.

Storage temperature greatly affected the growth of
S. enterica during the experiments. The number of inoculated
S. enterica increased by 2 log cycle at storage temperature 6±
2 °C during the first 7 days, and decreased slowly with
increasing storage time to a number 104 CFU/mL equals to
the initial inocula after 35 days of storage (Fig. 2). Salmonella
enterica was able to retain its initial number intact for first
2 days in the meat samples kept at temperature 2±2 °C, but
decreased gradually (log 4 - log 1 CFU/mL) with the passage
of time (1–25 days) respectively and was undetectable at 35th
day of storage. During the course of microwaving, it was
found that 30 s treatment is not able to destroy the total
number of S. enterica in inoculated RTE meat products. The
number of inoculated bacteria in RTE poultry meat with
weight ≤90 g was reduced to undetectable number during
60 s microwaving. The same treatment for higher weight
100–150 g was found ineffective and needed 90 s time in
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order to eliminate the risk of Salmonella in contaminated
samples (Fig. 3). It was found that S. enterica in SGF have
significant growth stability in the SGF of pH 7, 4 and 3
respectively during the challenge study. The highest number
of inoculated bacterial number reduction was observed in SGF
of pH 2 from log 6 to log 2 CFU/mL (Fig. 4). There was no
significant reduction in number of inoculated S. enterica ob-
served in SGF with pH 3, 4 and 7. It was noted that S. enterica
has the potential to reach the intestinal mucosa of human
along with contaminated food during the consumption of
contaminated food materials.

Discussion

Salmonella enterica is an important pathogen with a huge
contribution in Salmonellosis globally and its prevalence is
mostly associated to the food of animal origin (Aslama et al.
2012). Classical culturing methods assisted with DNA based
confirmation is a gold tool for pathogen’s identification.
Detection based on 16 s rDNA is a reference method for
bacterial identification and taxonomic studies (Mignard and
Flandrois 2006). Chomvarin et al. (2006) reported that 78 %
of RTE food tested in Thailand did not qualify the microbio-
logical standard. They also reported that 4.3 % of the samples
were positive for Salmonella. Boonmar et al. (1998) reported

that the most common serovar in RTE foods of poultry origin
was S. enteritidis, prevalent 17.1 % in year 1993, 33.8 % in
1994, 29.6 % in 1995 and 15 % in 1996 of the total isolates
from frozen poultry meats. The serovars isolated from RTE
Thai food including S. anatum and S. derby, were also detect-
ed in frozen chicken meat. The results from this study are in
agreement. Cabedo et al. (2008) reported 1.5 % Salmonella
prevalence in RTE frozen chicken croquettes from Spain.
Angkititrakul et al. (2005) reported 75 % Salmonella preva-
lence in retail chicken meat samples in Khon Kaen Provence
of Thailand. Khaitsa et al., (2007) reported 1.1 % Salmonella
contamination in RTE turkey meat products from USA.
Monitoring and control of Salmonella in RTE meat products
are an important task, as the results of the present and all
reported studies confirming the presence of different
Salmonella species from RTE food products in Thailand and
other region of the world.

Sulfamethoxazole-trimethoprim previously considered as a
drug of choice for diarrheal infection are encountered ineffec-
tive against some Salmonella isolated from Salmonellosis
patients. Such resistance is the cause of therapeutic failure
against the pathogen, and increase infection severity and
recovery time (Angkititrakul et al. 2005). Aarestrup et al.
(2007) reported 89 % of Salmonella isolates from chicken
meat in Thailand, were found resistance to nalidixic acid. The

Fig. 1 Phylogenetic tree of Salmonella (RBC19) isolated from ready-to-eat poultry meat based on 5’ end of 16S rDNA
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Fig. 2 Low temperature challenge study for the growth of Salmonella
enterica, (black circle) temperature 6±2 °C and (black square) tempera-
ture 2±2 °C
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Fig. 3 Microwave treatment of Salmonella enterica contaminated ready-
to-eat poultry meat, (black circle) 30–50 g, (black up-pointing triangle)
60–90 g and (black square) 100–150 g
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S. enterica isolate in the current study also showed resistance
against nalidixic acid. Angkititrakul et al. (2005) reported in a
study fromThailand, that none of the Salmonella isolates were
found resistant to norfloxacin and ciprofloxacin. All isolates
from chicken sources were found resistant to streptomycin,
sulfamethoxazole and tetracycline. In a similar study, Addis
et al. (2011) found 100 % resistance of Salmonella towards
ampicillin. They found 66.7 %, and 58.3 % resistant to strep-
tomycin and nitrofurantoine respectively. Emergence of mul-
tidrug resistance Salmonella is thought to be the result of
excessive antimicrobials use in animal farming (Aslama
et al. 2012). Extensive use, over the counter availability and
unrestricted purchase of common antimicrobials in Thailand
for human and animals uses are contributing in creating resis-
tant strains (Angkititrakul et al. 2005). The single pathogenic
strain isolated from poultry meat in this study showed 50 %
resistance against the antibiotics used. Prevalence of drug
resistant foodborne pathogens are of great concern and need
more attention towards its control.

Usual practices of showcase temperature (4–6 °C) for RTE
products in super markets were observed during the collection
of samples for the prevalence study. Storage temperature is a
critical point for contaminated meat products, the pathogens
can multiply at temperature above 4 °C. As a 2 log cycle
increase of S. enterica was observed in this study at temper-
ature 6±2 °C. The storage temperature below 4 °C is not only
stunting the growth of pathogens, but also decreases the
number with passage of time. Matches and Liston (1968)
reported the minimum growth temperature 5.3 °C for S.
Heidelberg in nutrient broth, whereas 6.2 and 6.9 °C for
S. typhimurium and S. derby respectively after 19 days of
incubation. Morey and Singh (2012) reported that the survival
of Salmonella at 4 °C and 10 °C was different and the near
refrigeration temperature can be helpful for Salmonella reduc-
tion in chicken carcases during storage. Bhat et al. (2013)
reported that, the total aerobic microbial load increased
(p<0.05) in RTE chicken seekh kebabs stored for 21 days at
refrigerating temperature (4±1 °C). These finding are in

agreement with our study. Rajan et al. (2014) reported that,
no E. coli, Salmonella spp, Clostridium spp, Staphylococci
spp, Streptococci spp, yeast and mould were detected in
Chettinad chicken processed at high temperature (121.1 °C)
during its storage at ambient temperature (35±1 °C).

Re-heating of chilled RTE meat products with microwave
oven becomes usual practices at home and departmental
stores. It is desirable in case of chilled RTE meat products. It
not only affects the physical nature of the meat products but
can also reduce the number of unwanted bacteria. Jamshidi
et al. (2009) reported that 35 s microwave (850 W) treatment
is effective against S. typhimurium inoculated to chicken meat.
Woo et al. (2000) reported 5 logs cycle reduction of E. coli
suspension exposed to microwave radiation (600 W) for 80 s.
The microwave radiation which produces an internal heat of
85 °C could eliminate S. typhimurium (Schnepf and Barbeau
2007). The reduction of pathogen in microwave treatment is
greatly associated with the shape, size of materials and watt-
age of microwave oven (Apostolou et al. 2005). Our findings
are in agreement with their study. Similar relation among
shape, size, microwaving time and microbial dose were ob-
served in our study. Salmonella enterica showed significant
growth stability in the SGF of low pH in this study. The
growth reduction of S. enterica to some extent was observed
only in SGF with pH 2.

Salmonella is known to be an enteric pathogen with a great
ability of causing enteric fever worldwide (Akbar and Anal
2013). Oliveiraa et al. (2011) reported 8 % reduction of
S. typhimurium DT104 population after 30 min of incubation
in SGF of pH 3.5. Perez et al. (2010) reported fast reduction
(5.5 logs in 5 min) of S. typhimurium DT104 in SGF with pH
1.5. Intestinal pH and environment can vitally affect the
number of pathogens ingested. The present study revealed
that the Salmonella enterica isolated from RTE poultry meat
can survive during the gastrointestinal passage along with
contaminated food materials.

Conclusion

Investigating the presence of pathogenic bacteria in food
products particularly on the consumer counter becomes essen-
tial to control its presence and to establish effective prevention
mechanisms. The presence of Salmonella in RTE chilled
poultry meat was confirmed in the study. It is a potential threat
to consumer health in case of its presence in RTE chilled foods
particularly and other generally. As such foods are of great
demand because of its easy use and time saving for consump-
tion. Such foods are nominally heated before consumption,
which may not be appropriate for elimination of the patho-
genic bacteria load in contaminated products. The reported
prevalence rate of Salmonella in chilled RTE poultry meat is
still low but need immediate attention due to its vulnerability
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Fig. 4 Survival rate of Salmonella enterica in simulated gastric fluids,
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and emerging resistance patterns to antibiotics. Salmonella
enterica isolated from RTE poultry meat exhibits drug resis-
tant towards commonly used antibiotics, the impact of irreg-
ular use of antimicrobials. It is concluded that showcasing and
storage temperature is critical for pathogens growth. The 90 s
or above microwaving time for re-heating RTE poultry meat
products is necessary for Salmonella risk reduction.
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