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The detection and species confirmation of bacterial contaminated in chicken and pork were 

demonstrated by selective media, morphology and biochemical identification and matrix-

assisted laser desorption ionization-time of flight-mass spectrometry (MALDI-TOF MS). All 

meat samples both chicken and pork were randomly obtained from traditional market in eastern 

Bangkok, Thailand and 10 samples of each were taken for these studies. The selective media 

including xylose lysine deoxycholate agar (XLD) and salmonella shigella agar (SS) were used 

to detect Salmonella and Shigella species, while baird-parker agar (BP)  and 
chromocult coliform agar (CC) were performed to analyse Staphylococcus aureus and 

coliform/E. coli bacteria. In addition, plate count agar (PCA) was also used for total bacteria 

count. Subsequently, bacterial randomly isolated from selective media were further identified 

by biochemical test. Meanwhile, bacterial contaminant from total plate count were studied 

using morphology test. Then, the species confirmation were performed by MALDI-TOF MS. 

There were 10, 12, 10 and 8 isolates, which were isolated from chicken and pork, collected 

from XLD and SS, CC, BP and PCA, respectively. All forty isolates were identified using 

MALDI-TOF MS as thirteen genera of Proteus, Citrobacter, Staphylococcus, Salmonella, 

Serratia, Enterobacter, Escherichia, Lactococcus, Klebsiella, Aeromonas, Morganella, 

Macrococcus and Acinetobacter. Considering to the isolate species, 8 isolates of P. mirabilis, 

C. freundii, S. warneri, E. coli, K. pneumoniae, A. caviae, A. veronii and Salmonella spp. were 

obtained from both chicken and pork. On the other hand, 4 isolates of M. caseolyticus, M. 
morganii, S. aureus and A. baumannii were only detected in pork, whereas only 5 isolates 

consisted of S. pasteuri, S. epidermidis, S. fonticola, E. asburiae and L. lactis were only 

detected in chicken. 
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Introduction 

 

Throughout the world, meat is the one of highly desirable food that is 

eaten routinely. Meat is an abundant source of nutrient comprised protein, 

vitamins and minerals causing highly susceptible to spoilage due to its high 

nutrient content. Therefore, public health have to concern about the safe steps 

in food handling, cooking, and storage for consumer (Angkititrakul et al., 

2013). Normally, a category of sources conduct to microbial contamination 

during slaughtering, dressing, chilling and cutting processes (Koutsoumanis 

and Sofos, 2004). Although these processes are a good hygienic practices, 

bacterial contamination still occur (Olajuyigbe et al., 2006). Meat animal 

carcasses and meat cuts are easily contaminated by spoilage bacteria including 

of Pseudomonas, Micrococcus spp., Staphylococcus spp., Acinetobacter, 

Moraxella and Enterobacteriaceae (Koutsoumanis and Sofos, 2004). While 

Salmonella spp., Eschericia coli, Staphylococcus aureus, Bacillus cereus, 

Listeria monocytogenes, Yersinia enterocolitica and Aeromonas hydrophila are 

the pathogenic bacteria which were isolated from fresh meat (Harris et al., 

2003; Ali et al., 2010). However, the source of microbial contamination on 

meat comes from two major stages, contamination between live animals and 

post-slaughter contamination. Especially post-slaughter bacteria may come in 

contact with the meat carcass during processing and, if not properly handled, 

processed and preserved, they may support growth and serve as sources of 

various spoilage and pathogenic microorganisms. A variety of sources 

contribute microbial contamination during slaughtering, dressing, chilling and 

cutting processes when the muscles of animals are exposed to the environment. 

Sources of contamination include air, water, soil, faeces, processing, 

equipment, utensils and humans (Huffman, 2002; Koutsoumanis and Sofos, 

2004).  

Thailand is located in tropical regious. The markets in Thailand are 

classified in two categories; traditional open market under limited temperature, 

hygiene control and modern super market under better condition for food 

hygiene. These differences may cause the difference of the microbial quality of 

meat sold in each kind of the markets (Ananchaipattana et al., 2016). Meat 

especially, pork, beef and chicken is the major diet for Thai people 

(Angkititrakul et al., 2013). In the studies case of Thailand, 388 sample of raw 

meat (beef, chicken, pork and shrimp) purchased from open markets and 

supermarket exhibited statically (P<0.05) high contamination rate of 

Salmonella in 22 of 66 (36%) open market samples and in 12 of 75 (16%) 

sample from supermarkets (Minami et al., 2010). 

https://dict.longdo.com/search/especially
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The application of suitable detection and identification techniques may 

also provide valuable information on the bacterial contamination, assisting the 

role of microorganisms in meat. The traditional methods of bacterial isolation 

and biochemical testing are laborious and number of techniques have been 

developed to allow more rapid detection and identification (Muhamadali et al., 

2016). The choice of bacterial identification methods is matrix assisted laser 

desorption ionization-time of flight mass spectrometry (MALDI-TOF MS). The 

beneficial of method are require minimal sample preparation, identification of 

wide range of bacteria and determine the genus, species and even subspecies of 

bacterial isolates (Nacef et al., 2017). This method requires the biopolymer 

molecule normally present in the condensed phase be converted into intact, 

isolate ionized molecules in the gas phase. Then, ions are separated according 

to their molecules weight after migration in an electric field. Each molecule 

detected is characterized by: the molecular mass (m), the charge (z), the ratio 

mass/charge (m/z), and the relative intensity of the signal. The application of 

mass spectrometry are very large, comprising highly accurate analysis of 

peptide and determination of peptide sequences to identify and characterize the 

state of protein in biological sample (Carbonnelle et al., 2011; Lasch et al., 

2016). Nicolaou et al., (2012) have been studies about the detection and 

quantification of bacterial spoilage in milk and pork meat using MALDI-TOF 

MS and Multivariate Analysis. The result shown in this study that MALDI-

TOF-MS is a sensitive technique in regard to detecting microbiological 

spoilage in milk and meat, and it is also very fast. 

 Therefore, the purpose of this study was to detect and biochemical 

identify of bacterial contamination in pork and chicken meat, then confirmed 

species by matrix assisted laser desorption ionization-time of flight mass 

spectrometry (MALDI-TOF MS). 
 

Materials and methods  
 

Meat samples preparation 

 

Twenty fresh meat samples comprised 10 pieces of chicken breast and 10 

pieces of pork loin were randomly purchased from 20 shops in open market, 

Ladkrabang, Bangkok, Thailand during April to May 2017. Briefly, twenty-five 

grams of each sample was placed in stomacher bag and mixed with 225 ml of 

normal saline (0.85% NaCl; Scharlau, France). The sample was homogenized 

in a stomacher (400 VW, Bag Mixer, France) in order to perform serial 

dilution. However, only the sample for Salmonella isolation was pre-enriched 

in 225 ml of tryptic soy broth (TSB; Merck, Germany) before homogenization 

and then incubated for overnight at 37ºC.  
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Morphology analysis 
 

All bacterial colonies, which were obtained from coliform and total 

microbial count, were randomly collected for morphological analysis. Each 

bacterial with different colony phenotype was streaked on nutrient agar (NA; 

Merck, Germany) for single colony and then propagated in nutrient broth 

medium (NB) under aerobic conditions by shaking at 200 rpm at 37C 

overnight.  Their morphologies were determined using an optical microscope 

(Primo Star, USA). 

 

Detection of bacterial contamination in meat samples 

 

Salmonella spp.   
One millilitre of TSB cultured pre-enrichment was inoculated into 10 ml 

of tetrathionate broth base (TTB; Merck, Germany) and selenite cystine broth 

(SCB; Merck, Germany). Subsequently, all samples were incubated at 37°C for 

18-24 h. After enrichment, each sample was streaked onto  xylose lysine 

desoxycholate (XLD; Merck, Germany) agar  and salmonella shigella (SS; 

Merck, Germany) agar and observed after 24 h. Colorless colonies with black 

center on SS agar and slightly transparent red colonies with black center on 

XLD agar were suspected as Salmonella. Afterward, the presumed positive 

isolates from XLD or SS agar were confirmed by biochemical test (FDA-BAM, 

2007). 

 

S. aureus  
The volume of 0.1 ml from serial dilution sample was spread onto baird-

parker (BP; Merck, Germany) agar plate and incubated at 37°C for 18-24 h. 

Characteristic appearance of jet black colonies and shiny with narrow white 

margins and surrounded by clear zone were considered to be presumptive of S. 

aureus and then, tested with biochemical test (FDA-BAM, 2016). 
 

Coliform/E. coli 

For coliform/E. coli species isolation, 0.1 ml of each dilution was 

spreaded onto chromocult coliform (CC; Merck, Germany) agar medium and 

incubated at 37°C for 24 h. After incubation, colonial morphology of coliform 

and E. coli were pink and dark blue colonies, respectively. Later, only the 

colonies of E. coli were test with biochemical test as the second steps (AOAC, 

2006). 
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Total plate count  
Each 0.1 ml of serial dilution (10

-1
-10

-5
) was spread on plate count agar 

(PCA; Merck, Germany) and incubated at 37°C for overnight (18-24 h). The 

colonies were sampling for determination (AOAC, 2006). 
 

Biochemical tests of Salmonella spp., S. aureus and E. coli 
 

Selective media were used for colonies screening as primary procedure. 

Afterwards, the suspected colonies of Salmonella spp., S. aureus and E. coli 
were tested by biochemical test. For the presumptive colonies of Salmonella 

spp. were transferred to both triple sugar iron agar (TSI; Merck, Germany) and 

motility indole-lysine (MIL; Merck, Germany) medium for overnight 

incubation at 37°C. Positive test of TSI was observed from red slant, yellow 

butt and H2S produced (black butt) while, MIL characters change were 

investigated by 3 procedures as (i) stab line was a positive test for motility, (ii) 

a purple bottom was a positive test for lysine-decarboxylase and (iii) a red to 

pink reaction indicated the presence of indole and persistence of the bright 

yellow layer indicated a negative test. While, the pure cultures of S. aureus 

were confirmed by slide coagulase tests using rabbit plasma. Coagulase 

positive was investigated from clumping in coagulated plasma drop. For the 

suspected of E. coli, colonies were cultured in 5 ml of tryptophan broth (TB; 

Merck, Germany) and incubated at 37°C overnight (18-24 h). The broth 

cultures were tested for indole production by 1-2 drop of Kovac’s indole 

reagent, indole positive test of E. coli were detected by a red ring forms around 

the top surface of the TB. Biochemical identification of isolated pure culture 

was carried out by classical method according to Bergey’s Manual of 

Determinative Bacteriology. 
 

Bacterial identification by MALDI-TOF mass spectrometry 
 

Colonies were picked up from selective media of each culture. These 

colonies were streaked on NA and incubated at 37ºC for 18-24 h. Single colony 

was then sequenced by Betagro Science Center Co., Ltd., Pathum Thani, 

Thailand. Briefly, all culture samples were confirmed using MALDI-TOF MS. 

Initially, single colony was smeared onto 96 well MALDI-TOF target plate. 

Subsequently, 1 µl of ready to use matrix solution which was a saturated 

solution of α-cyano-4-hydroxycinnamic acid was added. Finally, spots were 

dried at room temperature and then the samples were automatically analyzed 

using a MALDI-TOF mass spectrometer (Microflex, Bruker, Germany). For 

species identification, the Biotyper database 3.0 was determined. An 

identification (ID) score exceeding 2.3 (green colour) is predicted a highly 
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probable species identification; score 2.0-2.29 (green colour) implies that 

secure genus and probable species identification; score 1.70-1.99 (yellow 

colour) suggests that only probable genus identification and score values below 

1.70 (red colour) means no significant similarity in any database. 
 

Results  
 

Morphological analysis 
 

Bacterial contaminated isolations in raw meat were isolated by methods 

for Salmonella spp., S. aureus, coliform/E. coli and total microbial count. Forty 

isolates, which were isolated from 20 pieces of chicken and pork, were 

observed for their morphological and biochemical test. For morphological 

characteristic, bacteria were classified to 3 groups including, (i) Gram-negative 

bacteria in rod shape, (ii) Gram-positive bacteria in coccus shape, (iii) Gram-

positive bacteria in spherical shape. Two groups of Gram-positive bacteria in 

coccus shape and Gram-positive bacteria in spherical shape were only found in 

chicken samples, whereas a group of Gram-negative bacteria in rod shape was 

found in both pork and chicken samples (Table 1). 

 

Table 1. Coliform and total microbial count morphological characteristic using 

selective media  

Samples Media 
Morphology 

Colony color Gram strain Shape 

Coliform     

Chicken     

KC-3-4 CC pink - rod 

KC-1-5 CC pink - rod 

Pork     

KP-5-7 CC pink - rod 

KP-6-1 CC pink - rod 

Total microbial count 

Chicken 

TC-2-3 PCA white - rod 

TC-6-7 PCA white + coccus 

TC-4-1 PCA white - rod 

TC-2-7 PCA white + spherical 

Pork     

TP-5-2 PCA white - rod 

TP-1-2 PCA white - rod 

TP-1-1 PCA white - rod 

TP-2-3 PCA white - rod 

Legend: + Positive, - Negative  
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Presumptive bacterial contaminants and confirmation test 

 

The presumptive colonies consisted of 10 Staphylococcus colonies and 8 

E. coli colonies were selected by selective media as the primary step. These 

colonies were chosen from black and shiny with narrow white margins and 

surrounded by clear zone colonies on BP agar for S. aureus detection, while 

dark blue colonies were collected from CC agar for E. coli investigation. The 

percentage of coagulase-positive S. aureus and indole-positive of E. coli were 

30 and 75, respectively. Hence, the analysis of coagulase-negative S. aureus 

and indole-negative of E. coli supposed that they were the other species as 

shown in Table 2. 

 

Table 2.  Biochemical analysis of S. aureus and E. coli using coagulase and 

indole test 

 

The presumptive colonies of 10 Salmonella spp. were collected by 

selective media (XLD and SS agar) and then chosen from only black colonies. 

The result showed 2 positive tests of TSI and MIL in both chicken and pork as 

shown in Table 3. 

 

 

 

 

 

 

 

 

Meat 

samples 

Biochemical 

methods 

Positive Negative 

Isolates Detection 

(%) 

Isolates Detection 

(%) 

Pork Coagulase test 

(S. aureus) 

SP4-3, SP6-2 20 SP3-1, SP5-1, 

SP7-1 

30 

Indole  test 

(E. coli) 

EP1-4, EP2-6, 

EP4-1 

37.5 EP6-2 12.5 

Chicken  Coagulase  test 

(S. aureus) 

SC4-2 10 SC1-4,  SC1-5,  

SC2-5, SC3-5 

40 

Indole  test 

(E. coli) 

EC-1-6, EC-2-1, 

EC-6-2 

37.5 EC-4-6 12.5 
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Table 3. Biochemical analysis for the detection of Salmonella species.  

Legend: + Positive, - Negative  

 

Identification of bacterial contaminants by MALDI-TOF MS analysis 

 

During study period, a total of 40 isolates were identified by conventional 

method using selective media and biochemical test. Therefore, the species 

confirmation of all bacteria were identified by MALDI-TOF MS. The results of 

MALDI-TOF for 40 isolates showed a valid score (score x ≥ 2.3; an accurate 

probable identification at the species level) approximately 45% (18 isolates), 

whereas the intermediate score (2.0 ≤ score x ˂ 2.29; an accurate probable 

identification between the genus and the species level) exhibited about 55% (22 

isolates) and no reliable identification (score x˂ 1.7; no significant similarity) 

as shown in Table 4. Among 40 isolates tested, an accurate result isolated by 

MALDI-TOF identification to the species level was corrected for 45% (18/40) 

of pathogenic bacteria including Salmonella spp., E. coli, S. aureus, K. 

pneumoniae, whereas 55% (22/40) of spoilage bacteria such as P. mirabilis, C. 

freundii, S. epidermidis, S. pasteuri, S. warneri, M. caseolyticus,  A. baumannii, 

A. caviae, M. morganii, E. asburiae, S. fonticola, L. lactis,  A. veronii was 

correctly. As a result, there were thirteen genera of Proteus, Citrobacter, 

Staphylococcus, Salmonella, Serratia, Enterobacter, Escherichia, Lactococcus, 

Klebsiella, Aeromonas, Morganella, Macrococcus and Acinetobacter. 

However, all 8 isolates consisted of P. mirabilis, C. Freundii,  S. warneri, E. 

coli, K. pneumoniae, A. caviae, A. veronii and Salmonella spp. were detected 

from both chicken and pork, while 4 isolates of M. caseolyticus, M. morganii, 

S. aureus and A. baumannii were mearly detected in pork. There were 5 isolates 

Samples TSI MIL 

Slant Butt H2S Gas Top Bottom Indole Motility 

Pork         

P3-SS-1 Red Yellow + - Purple Yellow - + 

P1-TS-1 Red Yellow + - Purple Purple - + 

P1-SX-1 Red Yellow + - Purple Yellow - + 

P3-SX-1 Red Yellow + - Purple Purple - + 

P5-TS-2 Red - + - Purple Purple - + 

Chicken         

C3-TS-2 Yellow Yellow + + Purple Yellow - + 

C7-TX-2 Red Yellow + - Purple Purple - + 

C5-SS-4 Red Yellow + - Purple Yellow - + 

C5-SX-1 Red Yellow + - Purple Purple - + 

C7-SS-1 Red Yellow + - Purple Yellow - + 
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comprised S. pasteuri, S. epidermidis, S. fonticola, E. asburiae and L. lactis 

could be found only in chicken as shown in Table 4. 

 

Table 4. Identification of bacterial contaminants isolated from chicken and 

pork using MALDI-TOF MS analysis 

 
 

Samples 

Number of strain Identification Score 
Bacterial 

identification Chicken Pork ˂1.7 
1.7-

2.0 

2.0-

2.29 

>2.3 

Pathogenic bacteria        

C5-SS-4, C5-SS-1, 

C7-SS-1, P1-SX1, 

P3-SX-1 

 

3 

 

2 

 

- 

 

- 

 

4 

 

1 

 

Salmonella spp. 

TP1-2, EC4-5, 

EC2-1, EC6-2, 

EC1-6, EP6-2,  
EP2-6, EP4-1,  

EP6-1 

 

 

4 

 

 

5 

 

 

- 

 

 

- 

 

 

- 

 

 

9 

 

 

E. coli  

SP6-2, SP4-3 - 2 - - 2 - S. aureus 

TP5-2, KC3-4 1 1 - - - 2 K. pneumoniae 

Spoilage bacteria   - -    

C7-TX-2,  

P1-TS-1 
1 1 - - - 2 P. mirabilis 

C3-TS-2,  

P3-SS-1, 

EP-1-4 

 

1 

 

2 

 

- 

 

- 

 

2 

 

1 

 

C. freundii 

SC4-2 1 - - - 1 - S. epidermidis 

SC1-5, SC2-5, 

TC6-7 
3 - - - 3 - S. pasteuri 

SC1-4, SC3-5, 

SP7-1 
2 1 - - 3 - S.  warneri 

SP3-1, SP5-1 - 2 - - 2 - M. caseolyticus 

TP1-1 - 1 - - - 1 A. baumannii 

TP2-3 - 1 - - 1 - A. caviae 

P5-TS-2 - 1 - - - 1 M. morganii 

TC2-3 1 - - - 1 - E. asburiae 

TC4-1 1 - - - 1 - S. fonticola 

TC2-7 1 - - - 1 - L. lactis 

KC1-5, KC5-7 1 1 - - 1 1 A. veronii  

Total 20 20 - - 22 18  
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For Salmonella spp. detection, both method of biochemical test and 

MALDI-TOF MS identified such as P1-TS-1, P3-SX-1, C5-SX-1 and C7-TX-2, 

while the isolates of P3-SS-1, C5-SS-4, C7-SS-1, P1-SX-1, P5-TS-2 and C3-

TS-2 could not identify by biochemical test but it could identify by MALDI-

TOF MS and there were 4 species comprised C. freundii, P. mirabilis, 

Salmonella spp., M. morganii  as shown in Table 5. Salmonella spp. detection 

percentage showed a value of 40 and 50 when using biochemical test and 

MALDI-TOF MS, respectively. Although, the isolates of SP4-3 and SP6-2 

were identified as S. aureus using both method for S. aureus isolation, 8 

isolates including SC4-2, SP3-1, SP5-1, SP7-1, SC1-4, SC1-5, SC2-5 and SC3-

5 could not identify by biochemical method. Nevertheless, these isolates were 

identified as 4 species (S. epidermidis, S. warneri, S. pasturi and M. 

caseolyticus) and the percentage of S. aureus detection was only 20 by 

MALDI-TOF MS methods. 

Among 8 isolates of E. coli identification, biochemical test could 

identify as E. coli approximately 62.5% (5/8), whereas 87.5% (7/8) of E. coli 

could identify by MALDI-TOF MS. Only 1 isolate (EP1-4) was identified as C. 

freundii (Table 5). 

 

Discussion 

 

The cause of bacterial contamination in meat consisting the spread of 

bacteria during slaughter and processing, temperature and distribution (Nychas 

et al., 2008). Some species of microbial contaminants originated from 

gastrointestinal tract of animal which had contacted during slaughtering, 

dressing, chilling and cutting (Koutsoumanis and Sofos, 2004). Furthermore, 

raw meat usually contaminated by various microorganism in open-air local 

retail shops (Ali et al., 2010). In Thailand, Thai people usually buy raw 

materials from open market for cooking in their home for the day. Some raw 

material such as pork, chicken and beef sold in open market is supplied daily 

(Indrawattana et al., 2011). The personal vendors normally unwrap raw meat at 

room temperature, resulting in these raw meat are highly contaminated with 

microorganisms, rodents, insects, sewage, water or human (Ananchaipattana et 

al., 2012). 

 

 

 

 

 

 



International Journal of Agricultural Technology 2017 Vol. 13(7.1): 1487-1504 

 

1497 
 

 

 

Table 5. Comparison between conventional method and high-throughput 

identification analyzed by MALDI-TOF MS of Salmonella spp., S. aureus and 

E. coli 

Samples 
Bacterial identification 

Biochemical test MALDI-TOF MS 

Salmonella spp.   

P1-TS-1 Salmonella spp. Salmonella spp. 

P3-SX-1 Salmonella spp. Salmonella spp. 

C5-SX-1 Salmonella spp. Salmonella spp. 

C7-TX-2 Salmonella spp. Salmonella spp. 

C7-SS-1 Unknown Salmonella spp. 

P3-SS-1 Unknown C. freundii 

C3-TS-2 Unknown C. freundii 

P5-TS-2 Unknown M. morganii 

C5-SS-4 Unknown P. mirabilis 

P1-SX-1 Unknown P. mirabilis 

 % Detection  of  Salmonella spp. 40 50 

S. aureus   

SP4-3 S. aureus S. aureus 

SP6-2 S. aureus S. aureus 

SC4-2 Unknown S. epidermidis 

SP3-1 Unknown M. caseolyticus 

SP5-1 Unknown M. caseolyticus 

SP7-1 Unknown M. caseolyticus 

SC1-4 Unknown S. warneri 

SC1-5 Unknown S. pasturi 

SC2-5 Unknown S. pasturi 

SC3-5 Unknown S. pasturi 

% Detection of S. aureus 20 20 

E. coli   

EC2-1 E. coli E. coli 

EP2-6 E. coli E. coli 

EP4-1 E. coli E. coli 

EC1-6 E. coli E. coli 

EC6-2 E. coli E. coli 

EP6-2 Unknown E. coli 

EP4-6 Unknown E. coli 

EP1-4 Unknown C. freundii 

% Detection  of E. coli 62.4 87.5 
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In our study, forty bacterial contaminants were isolated from fresh meat 

which collected from open market in Ladkrabang, Bangkok, Thailand. The 

samples (12 isolates) of coliform and total microbial count was studied by 

morphological analysis. It could be separated to three groups. The main group 

was Gram-negative bacteria in rod shape and could be found in both of chicken 

and pork samples. Based on biochemical and MALDI-TOF methods, thirteen 

genus of bacterial contaminants were successfully identified as pathogenic and 

spoilage bacteria. The most important pathogens associated with fresh meat 

included E. coli, K. pneumoniae, Salmonella spp. and S. aureus. 

Salmonella spp. , E. coli and Klebsiella are members of the 

Enterobacteriaceae group, (Gwida et al., 2014) especially Salmonella spp. and 

E. coli are the species, which colonize in the gastrointestinal tracts of a variety 

of animals particularly animals raised for human consumption (Resta-Lenert et 

al., 2003; Dunkley et al., 2009). Additionally, these species can contact or 

transmit by farm animals, pets or person-to-person (Zhao et al., 2001). 

Ordinarily, Salmonella spp. and E. coli are an indicator of food safety and 

sanitation (Keeratipibul et al., 2010). They can cause severe foodborne disease 

such as diarrhea and gastroenteritis (Hanson et al., 2003). The previous studies 

revealed that E. coli and Salmonella spp. were detected in daily product, raw 

and undercook poultry, ground beef and pork (Zhao et al., 2001; Gómez-

Aldapa et al., 2012). In Thailand, pathogenic E. coli were detected 

approximately 25% and 10% in chicken and pork, respectively (Sukkua et al., 

2017). Moreover, the other bacteria can be found in meat also.  

Angkititrakul et al., (2013) studied about Salmonella species from local 

retail market in Thailand, the prevalence of pork and chicken showed the 

percentage about 65% and 75%, respectively. In our studies, the isolation of 

Salmonella spp. and E. coli were detected from both chicken and pork using 

MALDI-TOF MS analysis. Therefore, both Salmonella spp. and E. coli usually 

occurred in open market or retail meat (Sukkua et al., 2017). Klebsiella is 

commonly an opportunistic and a hospital-acquired pathogen, causing various 

clinical syndromes (Frazee et al., 2009). Generally, Klebsiella infections in 

humans include (i) community-acquired pneumonia, (ii) nosocomial infection 

(Yinnon et al., 1996), (iii) urinary tract infection or UTI (López-Sastre et al., 

2005), (iv) rhinoscleroma and ozena, (v) Chronic pulmonary disease (Sinha et 

al., 2003), and (vi) colonization. Normally, K. pneumoniae is colonizer in the 

gastrointestinal tracts of human and domesticated animal such as turkey, 

chicken and pork (Kim et al., 2005; Davis et al., 2015). K. pneumoniae is a 

better indicator for meat sanitation and hygiene at the retail market (Stiles and 

Ng, 1981). In Thailand, K. pneumoniae was detected in pork from central, 

eastern, northern, southern Bangkok about 95.65%, 80.30%, 93.75% and 
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79.55%, respectively (Namkratok and Nuanualsuwan, 2017). Moreover, the 

species of P. mirabilis, M. morganii, E. asburiae, C. freundii and S. fonticola 

are the member of Enterobacteriaceae as well as Salmonella spp., E. coli and 

Klebsiella. They can detect in food (Lindberg et al., 1998), chicken and meat 

beef (Gwida et al., 2014).  

Staphylococci are ubiquitous Gram-positive bacteria that distributed in 

nature or environmental source (Marino et al., 2011) including dust, water, soil, 

humans and animals (Rumjuankiat et al., 2016). Staphylococci are normally 

bacterial microflora of human and animal, especially the skin and mucosal 

surface (Simeoni et al., 2008). Additionally, these species are frequently 

isolated from various foods such as poultry, milk and minced meat (Huber et 

al., 2011; Simeoni et al., 2008). Staphylococcus species, consisting S. aureus 

and S. epidermidis, can cause disease in human. Especially, S. aureus is the 

most important foodborne pathogen and causing of disease outbreak related to 

food consumption such as urinary tract infections and gastrointestinal tract 

infection (Marino et al., 2011). According to, the previous studies showed the 

presence of S. aureus in food might be a possible cross-contamination by food 

workers (Gundogan et al., 2005). In our study, S. aureus was absent in chicken, 

resulting in this sample are safe. In contrast, S. aureus were detected only from 

pork. Furthermore, S. epidermidis are opportunistic pathogenic species and can 

cause severe infections (Irlinger, 2008). It is the most predominant and 

persistent staphylococci that often isolated from human skin, milk and dry 

fermented sausages (Morot-Bizot et al., 2004). Nevertheless, there are some 

species of Staphylococci including S. warneri, S. pasteuri and M. caseolyticus 

are nonpathogenic species and frequently detected in food and environment, 

respectively (Martín et al., 2006; Baba et al., 2009). The most common 

Staphylococcus species including S. aureus, S. epidermidis, S. saprophyticus, S. 

pasturi, S. sciuri, S. warneri and xylosus were isolated from food and food 

environments (Marino et al., 2011). Obviously, these species can contaminate 

in food and meat if not handled properly, considered to the various food and 

environment. Not only bacterial contaminants as mentioned above but the 

others genera including L. lactis, A. baumannii, A. caviae and A. veronii also 

detected in food such as poultry product, fruit, vegetable, meat, poultry meat 

and fermented sausage etc (Berlau et al., 1999; Melas et al., 1999; Barakat et 

al., 2000; Neyts et al., 2000; Noonpakdee et al., 2003; Fournier and Richet, 

2006; Li et al., 2011). 

In recent year, matrix-assisted laser desorption ionization-time of flight 

mass spectrometry (MALDI-TOF MS) has acquainted as a high-throughput 

method for the routine identification of bacterial isolates (Van Veen et al., 

2010). Based on bacterial identification, MALDI-TOF MS has been displayed 

https://dict.longdo.com/search/acquainted
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to be easier, more rapid, accurate and cost-efficient than conventional 

phenotypic techniques or molecular methods (Pavlovic et al., 2013). Several 

research studies have been report the identification of food associated bacteria 

such as Salmonella spp. (Kuhns et al., 2012), Listeria spp. (Barbuddhe et al., 

2008) and vibrio spp. (Dieckmann et al., 2010), Campylobacter spp. (Bessede 

et al., 2011) using MALDI-TOF MS analysis. However, there were a few 

reports of bacterial identification isolated from fresh meat and meat product by 

MALDI-TOF MS. Recently, a number of lactic acid bacteria (LAB), which 

were collected from pork meat and pork meat product, were identified using 

SDS-PAGE, 16S rRNA gene sequencing and MALDI-TOF MS. The result 

exhibited that MALDI-TOF MS has been proved as an appropriate LAB 

identification method in this study (Nicolaou et al., 2012). Consequently, 

MALDI-TOF MS has established to be a technique with powerful capability in 

bacterial characterization when compare to other methods. 

 

Conclusion 

 

In summary MALDI-TOF MS is promising platform for fast, flexible, 

and reliable identification of meat microbial isolates. The method complies 

with a variety of requirements for meat microbial laboratories. Especially the 

simple protocol and shortened analysis time assists in the maintenance of high 

level of food safety.  
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