10.

11.

30

LONA1591909

Amit-Romach, E., D. Sklan, and Z. Uni. 2004. Microflora ecology of the chicken
intestine using 16S ribosomal DNA primers. Poult Sci 83:1093-8.

Apajalahti, J. H., A. Kettunen, M. R. Bedford, and W. E. Holben. 2001. Percent G+C
profiling accurately reveals diet-related differences in the gastrointestinal microbial
community of broiler chickens. Appl Environ Microbiol 67:5656-67.

Chaveerach, P., L. J. Lipman, and F. van Knapen. 2004. Antagonistic activities of
several bacteria on in vitro growth of 10 strains of Campylobacter jejuni/coli. Int J Food
Microbiol 90:43-50.

Gong, J., R. J. Forster, H. Yu, J. R. Chambers, P. M. Sabour, R. Wheatcroft, and S.
Chen. 2002. Diversity and phylogenetic analysis of bacteria in the mucosa of chicken
ceca and comparison with bacteria in the cecal lumen. FEMS Microbiol Lett 208:1-7.
Hansson, I.,, E. O. Engvall, J. Lindblad, A. Gunnarsson, and I. Vagsholm. 2004.
Surveillance programme for Campylobacter species in Swedish broilers, July 2001 to
June 2002. Vet Rec 155:193-6.

Hume, M. E., L. F. Kubena, T. S. Edrington, C. J. Donskey, R. W. Moore, S. C. Ricke,
and D. J. Nisbet. 2003. Poultry digestive microflora biodiversity as indicated by
denaturing gradient gel electrophoresis. Poult Sci 82:1100-7.

Humphrey, T. J., D. G. Lanning, and G. C. Mead. 1989. Inhibition of Campylobacter
jejuni in vitro by broiler chicken caecal contents. Vet Rec 125:272-3.

Johansen, C. H., L. Bjerrum, K. Finster, and K. Pedersen. 2006. Effects of a
Campylobacter jejuni infection on the development of the intestinal microflora of broiler
chickens. Poult Sci 85:579-87.

Kizerwetter-Swida, M., and M. Binek. 2009. Protective effect of potentially probiotic
Lactobacillus strain on infection with pathogenic bacteria in chickens. Pol J Vet Sci
12:15-20.

Lu, J., U. Idris, B. Harmon, C. Hofacre, J. J. Maurer, and M. D. Lee. 2003. Diversity
and succession of the intestinal bacterial community of the maturing broiler chicken.
Appl Environ Microbiol 69:6816-24.

Mead, G. C., M. J. Scott, T. J. Humphrey, and K. McAlpine. 1996. Observations on the

Pathol 25:69-79.




12.

13.

14.

15.

16.
17.

18.

19.

20.

31

Pearson, A. D., M. H. Greenwood, J. Donaldson, T. D. Healing, D. M. Jones, M.
Shahamat, R. K. Feltham, and R. R. Colwell. 2000. Continuous source outbreak of
campylobacteriosis traced to chicken. J Food Prot 63:309-14.

Santini, C., L. Baffoni, F. Gaggia, M. Granata, R. Gasbarri, D. Di Gioia, and B. Biavati.
2010. Characterization of probiotic strains: An application as feed additives in poultry
against Campylobacter jejuni. Int J Food Microbiol.

Schoeni, J. L., and M. P. Doyle. 1992. Reduction of Campylobacter jejuni colonization
of chicks by cecum-colonizing bacteria producing anti-C. jejuni metabolites. Appl Environ
Microbiol 58:664-70.

Tauxe, R. V. 1997. Emerging foodborne diseases: an evolving public health challenge.
Emerg Infect Dis 3:425-34.

Tauxe, R. V. 2002. Emerging foodborne pathogens. Int J Food Microbiol 78:31-41.
Tauxe, R. V. 1998. Foodborne illnesses. Strategies for surveillance and prevention.
Lancet 352 Suppl 4:SIV10.

Voetsch, A. C., T. J. Van Gilder, F. J. Angulo, M. M. Farley, S. Shallow, R. Marcus, P.
R. Cieslak, V. C. Deneen, and R. V. Tauxe. 2004. FoodNet estimate of the burden of
illness caused by nontyphoidal Salmonella infections in the United States. Clin Infect Dis
38 Suppl 3:S127-34.

Wine, E., M. G. Gareau, K. Johnson-Henry, and P. M. Sherman. 2009. Strain-specific
probiotic (Lactobacillus helveticus) inhibition of Campylobacter jejuni invasion of human
intestinal epithelial cells. FEMS Microbiol Lett 300:146-52.

Wise, M. G,, and G. R. Siragusa. 2007. Quantitative analysis of the intestinal bacterial
community in one- to three-week-old commercially reared broiler chickens fed

conventional or antibiotic-free vegetable-based diets. J Appl Microbiol 102:1138-49.



32

ANAHWIN

Saofi

1. Title:

Antibacterial activity of medicinal plant crude extracts against Campylobacter spp. isolated from chickens

Authors:

Chaiyaporn Soikum1 , Prapansak Chaveerach1., Komkrich Pimpukdee1, Peerapol Sukon2

Affiliations:

1Department of Veterinary Public Health, Faculty of Veterinary Medicine, Khon Kaen University, Khon Kaen. 40002, Thailand
zDepartment of Anatomy, Faculty of Veterinary Medicine, Khon Kaen University, Khon Kaen. 40002, Thailand

'Corresponding author E-mail: chaveerach@kku.ac.th



33

Abstract

Campylobacter, particularly Campylobacter jejuni contamination of poultry products, is an important pathogen causing
gastroenteritis in healthy people, and with more severe complications in children, elderly, and individuals with underlying health
problems. Because use of antibiotics in poultry production is prohibited, alternative pre-harvest interventions such as use of
plant products and other natural products to reduce the carriage of Campylobacter in chickens are under extensive
investigations. The study was conducted to determine whether ethanolic extracts of 60 medicinal plant species from 36 families
which are effective plants on curing of diarreah human symptoms can in vitro inhibit the growth of 10 strains of Campylobacter
spp. isolated from chickens and to evaluate whether the selected plant extract exhibiting the strongest anti-Campylobacter in
vitro can prevent Campylobacter colonization in broiler chickens. In in vitro study, an agar-well diffusion method was used to
screen the antibacterial activity of the thai plants and to determine the minimal inhibitory concentration of the selected plant
extracts. Of the 60 study plants, only 6 (or 10%) medicinal plants (Terminalia chebula, Phyllanthus emblica, Senna alata,
Mammea siamensis, Morinda citrifolia, and Piper betel) inhibited all strains of Campylobacter examined. Ethanolic extracts of
Terminalia chebula and Phyllanthus emblica showed the strongest activity against Campylobacter isolation (A2) with the MIC
value as low-as 25 mg ml”". Also Terminalia chebula demonstrated wash-out effect on Campylobaccter in the adjusted media
broth. Conseqeunly, the Terminalia chebula extract was selected for study against Campylobacter colonization in broiler
chickens. The 1-day-old 40 chickens were randomly assigned into 4 groups of 10 chickens. At aged 8 days, chickens in group
1,2, 3, and 4 were received no treatment (a negative control), no treatment (a positive control), the Terminalia chebula extract
at duoble concentration of its MIC value (50 mg/bird) for 4 days by crop gravage, and commercial herbal product, respectively.
At aged 9 days, chickens in all groups except group 1 were orally inoculated with 1 x 106 CFU/ml of Campylobacter isolate (A2).
All chickens were allowed growing until aged 12 days before they were humanely killed. The caecum was aseptically removed
and its content was subjected for Campylobacter enumeration. Although the Terminalia chebula extract could not prevent
Campylobacter colonization in broiler chickens, it significantly decreased the bacterial load when compared with the positive
control and with commercial herbal medicine (P<0.05). Therefore, ethanolic extracts of some medicinal plants have a high

potential for further investigations to use as Campylobacter decontamination in poultry industry.
Keywords: Medicinal plants, Ethanolic extract, Antibacterial activity, Campylobacter, Chickens.

1. Introduction

Campylobacter is a common bacterial pathogen causing gastroenteritis in humans worldwide (Coker et al., 2002;
Organization [WHO], 2000). Campylobacter jejuni is most commonly isolated from human with diarrheal diseases (Hariharan et
al., 2004). Dose-response studies have shown that ingestion of about 10 to 500 cells of C. jejuni is sufficient to infect the human
host (Ridley and Newell, 2004; Rosenquist et al., 2003). Individuals who are infected with Campylobacter may have symptoms
of severe diarrhoea, fever, abdominal pain, nausea and vomiting that usually last for 5 to 7 days (Koenig, 2005; Tortora et al.,
2002) in addition, the infection is usually more serious in children, elderly people and people with underlying health problems
(Roberts et al.,1998). It was estimated that one out of 1,000 Campylobacter infections lead to the Guillain-Barre syndrome, an
acute demyelinating disease characterized by muscular paralysis and leading to 2 to 3 % mortality (Allos, 1997). Campylobacter
infection in humans were frequently associated with the consumption of Campylobacter contaminated meat products, especially
poultry products (Wingstrand et al., 2006).

Chicken plays a major role as a main source of campylobacteriosis in humans. It may be explianed by the
colonization mechanisms of Campylobacter which is a predominant Campylobacter jejuni species in gastrointestinal tracts of
chickens. It was belived as normal avian microbiota because chicken generally remains asymptomatic clinical sign despite
carring a huge number of the bacteria up to 108 colony forming units (cfu) per gram in intestinal content (Dhillon et al., 2006). In
contrast with this hypothesis, some studies have been reported that C. jejuni is able to invade the chicken intestinal mucosa
(Knudsen et al., 2006) and can cause systemic infection (Sanyal et al., 1984). In a recent finding, C. jejuni has particular

colonization mechanisms by escaping rapid mucosal clearance and by fast replicating in chicken intestinal mucus, which result
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in a persistent infection of chicken guts (Deun et al., 2008). Additionally, the ability to colonize the chicken gut varies between
strains or dose infecton (Young et al., 1999), but once one chicken is infected, the bacterium spreads intensively through the
whole flock, resulting in infection of almost 100% of the chickens (Lindblom et al., 1986). C. Jjejuni usually appears in broiler
flocks at an age of 2—-3 weeks (Gregory et al., 1997), which coincides with a drop in maternal antibody titers (Sahin et al., 2001).
It has been reported that as few as 2-35 CFU/g (Knudsen et al., 2006; Stern et al., 1988) was sufficient for cecal colonization,
while others mentioned a higher minimal inoculation dose, up to 5 - 104 CFU/g for 14-day-old chicks (Ringoir et al., 2007).

The use of antibotics for therapy and prevention of infectious diseases in modern intensive poultry production is
probably not a rational solution for reducing Campylobacter incidence. Several studies have actually focused on that the partial
association between the veterinary use of antibiotics and the emergence of resistant strains of Campylobacter are related to
human enteritis (Desmonts et al., 2004; Luangtongkum et al., 2006; Pezotti et al., 2003). Currently, the use of antibiotics in
feed to prevent colonization of Campylobacter in chickens has been prohibited throughout Western European countries.
Therefore, the investigation of the abtibacterial activity of medicinal plants or herbs to replacing antibiotic use in the livestock on
pathogents causing human diarrhea are remarkable. The use of alternative medicinal plant to cure diarrhea symptoms in human
has been occasionally existance in developing countries. One challenging alternative to deal with Campylobacter infection is to
use the traditional medicinal plants that have a potential for bacterial growth inhibition. Indeed, medicinal plant extracts have
been developed and proposed for use in food as natural antimicrobials (Del Campo et al., 2000; Hsieh, 2000; Hsieh et al.,
2001). However, there is still limited information in the use of medicinal plant extracts against Campylobacter.

Therefore, the objectives of this study were to investigate 60 species of Thai medicinal plants extracted by 95%
ethanol for in vitro growth inhibition of Campylobacter spp. isolated from chickens and to test the effect of the selected plant
extract against Campylobacter spp. colonization in broiler chickens.

2. Materials and Methods
2.1 Plant materials

Fresh and semi-dried samples of 60 medicinal plants purchased from the local markets of Thai traditional spices and
medicinal plants in Khon Kaen, Thailand in January 2009 were used in this study (Table 1). Selection of the plant samples
(plant species and plant parts) to use in this study was based on their ethnomedical information and bioactivity related to
antibacterial effect practiced by Thai herbalists association. The samples were prepared and deposited at Department of
Veterinary Public Health, Faculty of Veterinary Medicine, Khon Kaen University.

All samples were washed under running tap water, sliced and air-dried at 50°C in a hot air oven. The final moisture
content of plants was 5 to 8 % (w/w), which was determined by gravimetrical method. Dried samples were ground to powder
using a mechanical grinder and kept separately in plastic bags in dry condition until use.

2.2 Plant extracts

Dried, powdered plant materials were extracted with 95 % ethanol. In brief, 50 grams of each plant sample was mixed
with 250 ml of 95% ethanol (Ahmad et al., 1998) the mixtures were left overnight on a mechanical shaker at 190-220 rpm for 2
days at room temperature and then filtered through Whatman No.1 filter using Buchner funnel. The extracts were further
concentrated to dryness under reduced pressure at 37°C in a rotary evaporator to make the final volume one-fourth of the
original volume (Parekh et al., 2005). Finally, the residue was dried in a hot air oven and dissolved in sterile distilled water to a
final 200 mg/ml. The extracts were filtered again using a 0.2 (Om filter (CE 0297, Goettingen, Germany) to obtain the sterile
extracts and the samples were then stored at 4°C until use.

2.3 In vitro antibacterial assays
2.3.1 Campylobacter preparation

In this study, 10 strains of Campylobacter isolated from locally conventional chickens kept frozen at -70°C in Mueller-
Hinton (MH) (Oxoid, CM 405) broth containing 31 % (w/v) glycerol were used. The bacterial strains were thawed at room
temperature. One loop of each stock solution was streaked on charcoal — cefoperazone — deoxycholate (CCDA) agar (Oxoid,
CM 739, Bastingstoke, Hampshire, U.K.). The plates were kept at 42°C under microaerophilic conditions (5% O,, 10% CO,,
85% N,) generated by using a gas package (BBL, Becton Dickinson, USA) in anaerobic jar for 48 hours. Thereafter, one typical
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colony of each strain of Campylobacter was transferred into a tube containing 10 ml of 85% normal saline solution. The
concentration of the culture was adjusted with 85% normal saline solution to match 0.5 Mc Farland standard. This
campylobacter culture was use in the experiment below.
2.3.2 Antibacterial screening
2.3.2.1 Agar-well diffusion assay

The antibacterial tests were performed using agar-well diffusion assay (Okeke et al., 200; Perez et al., 1990). The
campylobacter culture from the above were adjusted to a McFarland turbidity of 0.5 (approximately 1.0 x 10 4 CFU/ml) then, 150
pl of an individual active culture of Campylobacter isolation was transferred into 14 ml of semi-solid brucella agar 0.75%(w/w) (
Oxoid, Hampshire, England) at 50°C. The inoculated medium was swirled to distribute the Campylobacter and held at room
temperature for 30 min. Subsequently, wells (diameter = 6 mm. and depth = 4 mm.) were bored in the agar, and 35 pl volumes
of 200 mg/ml of each reconstituted extract was pipetted into wells. Sterilized water (35 pl) was used as negative control and 5%
glacial acitic acid (15 pl) was used as a positive control. The plates were incubated at 37°C under microaerophillic atmosphere
for 48 h, and then were observed for the presence of inhibition of bacterial growth that was indicated by a clear zone around the
wells. Antibacterial activity was determined by measuring a diameter of an inhibiting zone in millimeters (including the well, 6
mm in diameter) with a Vernier caliper. The absence of a zone inhibition was interpreted as the absence of activity. Each plant
extract was tested in tripicate. Only extracts that showed antibacterial activity with mean diameters of the clear zone at least or
exceeding 15 mm. were proceeded for the MIC assay.
2.3.2.2 Minimal Inhibitory Concentration assay

In this step, minimal inhibitory concentration (MIC) of the selected plant extracts was determined. Concentrated
extracts of the selected plants having antibacterial activity from the first screening were added in 0.85 % sterilize normal saline

to make two-fold serial dilutions (7.8 to 200 mg/ml). Then, 150 ul of Campylobacter isolate (A2), containing appoximately 10°
CFU/ml, was transferred into 14 ml of semi-solid brucella agar 0.75%(w/w) at 50°C. The inoculated medium was swirled to
distribute the Campylobacter and held at room temperature for 30 min. A well (diameter = 6 mm. and depth = 4 mm.) was made
aseptically in which 35 pl of each dilution of the extracts was transferred. The plates were incubated at 37°C under
microaerophilic atmosphere for 48 h and were observed for the bacterial growth inhibition. The lowest concentration that can
inhibit the bacterial growth was recorded as MIC of a crude extract. This study was done twice. Only a plant showing the best
MIC value was selected for the next assay.
2.3.2.3. Inhibitory effect of the selected plant extract on Campylobacter in Mueller-Hinton (MH) broth bottle
2.3.2.3.1 Preparation of MH broth bottle

100 ml of MH broth was transferred into a bottle (200 ml) covered with rubber stopper and sealed with an aluminium
cap, and then the bottle was heated at 121°C for 10 min. Briefly, the microaerophillic atmosphere, adjusted to a pressure at 1
bar in the bottle, was established by exchanging the air with gas from a cylinder containing 5% O,, 10% CO, and 85%
Ny(Chaveerach et al., 2003). After that, the bottle was sterilized again at 121°C for 15 min and kept at 4°c.
2.3.2.3.2 Inhibitory effect on Campylobacter isolation (A2)

In this assay, 150 01 of the active culture of Campylobacter (A2) was aseptically transferred into the MH broth bottle
1, 2 and 3 by using a sterile needle and syringe. In bottle 1, 0.5 ml of the Terminalia chebula extract (the extract showing the
best anti-Campylobacter from the above assay) with a duoble concentration of its MIC (the extract dissolved in 0.5 ml distilléd
sterile water) was added at 24 h and 48 h. In bottle 2 (a negative control), 0.5 ml of sterile water was added at 24 h and 48 h.
In bottle 3 (a positive control), the extract and sterile water were not added. All inoculated bottles were incubated at 42°cC.
Then, 1 ml of the samples was taken aseptically from each bottle by using a sterile syringe at 24, 36, 48, 60, 72, 84, 96 and
120 h and then was serially tenfold-diluted with 0.1% peptone water. Afterthat, 100 [(J1 of appropriate dilutions was plated onto
the CCD agar. A plate was incubated at 42°C under a microaerophilic atmosphere for 48 h. The typical colonies were recorded
and expressed as logyo CFU/mI. This experiment was done twice.

2.4 Inhibitory effect of the selected plant extract on Campylobacter colonization in broilers
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1-day-old 40 broilers were randomly assigned into 4 experimental groups in ehich there were 10 broilers in each
group. In group 1 (a healthy control), chickens did not received any treatments. In group 2 (a positive control), chickens were
orally inoculated with 1x1 o CFUIml of Campylobacter isolation (A2) at day 9. In group 3, chickens were received the extract of
Terminalia chebula with the double concentration (as above described) via crop gavage at day 8, 9, 10 and 11 while
Campylobacter inoculation at day 9. In group 4, chickens were received commercial herbal medicine product with duoble
concentration the similar treatment like group 3. Each group of chickens was maintained separately in floor pen (size 0.6 x 1.0
mz) on clean rice husk. Light was continuous during the whole experimental period. All chickens were free allowed to feed
(without antibiotic) and drinking water adlibitum until day 12 and then they were humanely killed. The caecum was asepticaily
removed to collect caecal content for Campylobacter isolation.

Experimental protocols on chickens in this study were approved by the Research and Animal Ethnic Committee of
Khon Kaen University, Thailand. Animals care and use were conducted under the Guideline of FELASA.

2.5 Statistical analysis

In an agar well diffusion assay for antibacterial screening, descriptive statistics of antibacterial tests were calculated
from a diameter of an inhibiting zone in millimeters of three replicates for each Campylobacter isolation. MIC of a crude extract
of each selected medicinal plant was calculated from the average of two replicates.

In an assay for inhibitory effect of the selected plant extract on Campylobacter in Mueller-Hinton broth bottle,
Campylobacter colonies were calulated from two replicates and expressed as log;, CFU/ml. The different of mean of
Campylobacter number in each group was compared using simple t-test.

In an assay for inhibitory effect of the selected plant extract on Campylobacter colonization in broilers, analysis of
variance (ANOVA) was conducted to compare logy, number of Campylobacter number among treatment groups with post hoc
test using Duncan’'s multiple range test for comparison between pair of particular groups. A statistical significance was

determined when P-value less than 0.05 using SPSS version 10.1.

3. Results
3.1 Anti-Campylobacter screening

Of ethanolic extracts of 60 plant species tested, only extracts of 6 plant species were demonstrated to have
antibacterial activity against 10 strains of Campylobacter (Table 2 and Figure 1). These plants were Terminalia chebula,
Phyllanthus emblica, Cassia alata, Mammea siamensis, Morinda citrifolia and Piper betel with the inhibition zones ranging from
15 to 25 mm. The ethanolic extract of Terminalia chebula was demonstrated the highest anti-Campylobacter activity with the
average inhibiting zone of 22.4 mm. (Table 3).
3.1.2 MIC on Campylobacter

6 medicinal plants demonstrated strong anti-campylobacter activity were tested against Campylobacter isolation (A2)
(Figure 2). Of 6 medicinal plants with 9 different concentrations: 200, 100, 50, 25, 12.5, 6.25, 3.12, 1.56 and 0.78 mg/ml, an
ethanolic extract of Terminalia chebula and Phyllanthus emblica showed the strongest activity against Campylobacter isolation
(A2) with the MIC value as low as 25 mg/ml, while the extract of Piper betel showed the weakest activity (MIC=200 mg/ml). With
producing the largest inhibiting clear zone and showing the lowest MIC value, the Terminalia chebula extract was selected for
the next assay.
3.1.3 Inactivation Campylobacter (A2) by Terminalia chebula in the MH broth bottle

In the bottle 1, Campylobacter number was 3.18+0.00 log;, CFU/mI at the beginning. After 24 h, the numbers were
5.1610.02 logo CFU/mI until the end of experiment the number still remained high. As well as in the bottle 3, the Campylobacter
number was similar to the bottle 1. While in the bottle 3, The growth of the Campylobacter number was 3.18+0.00 log;o CFU/m
at the beginning then the numbers wre 5.11+0.00 logso CFU/ml at 24 h. After that the numbers were gradually decreased to
4.70%0.02, 4.1£0.08 and 3.58+0.11 log;o CFU/ml at 36, 48 and 60 h respectivetly. After that the numbers of Campylobacter
were under detection until the end of experiment (Figure 3).

3.2 Inhibitory effect of the selected plant extract against Campylobacter colonization in broilers
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In the group 1, no campylobacter was found at the end of experiment. Campylobacter number in group 2 was on
average 8.07+0.62 logso CFU/g. Interestingly, in the group 3, Terminalia chebula significantly reduced Campylobacter number at

2.35 logyo CFU/g while commercial extract in the group 4 could decrease 0.87 log, CFU/g (P< 0.05) (Table 4).

4. Discussion

Our results demonstrated that ethanolic extracts of 6 thai medicinal plants can in vitro inhibit various strains of
Campylobacter isolated from chickens. Although several studies have been reported that extracts of several plants can in vitro
inhibit various bacterial pathogens (Ramar Perumal Sammy and Ponampalam Gopalakrishnakone, 2008), few studies have
been reported that plant extracts can inhibit Campylobacter in vitro. For example, aqueous extracts of Chinese leek inhibited
Campylobacter jejuni and coli isolated from chickens (Lee et al., 2004), and roselle calyx extract inhibited antibiotic-resistant
Campylobacter jejuni, coli and fetus in agar plate and ground beef (Yin and Chao., 2008).

It is generally known that plants contain a number of organic components including alkaloids, terpenoids, flavones,
quinines, phenol and tannins, all of which have antibacterial activity (Cowen, 1999). However, there is no doubt that a great
number of factors can influence in vitro antibacterial properties of plant extracts such as cultivation conditions and extraction
methods (Shene et al., 2009). Therefore, a variety of extractants are used to get antibacterial substances from plant extracts.
Previous study, methanol or ethanol were reported to extract for alkaloid, sterols, polyphenols, tannins; acetone for flavonoids
and steroids; hexane, diethyl ether or chloroform for fat soluble and esters; dichloromethane for terpenoid group; and water for
the water soluble components like glycosides, polysaccharides, polypeptides and lectins, which are most effective against
pathogens (Ramar Perumal Sammy and Ponampalam Gopalakrishnakone, 2008). Generally, water and alcohol (either methanol
or ethanol) are mainly used for a large number of crude extract preparations for the initial anti-bacterial screening of plants. In
this study, we used ethanol and water as an extractants. In our study, it was showed that the important ingredients of Terminalia
chebula as anti-Campylobacter substances may disslove in ageous solution. Clearly, water extractant did not showed any anti-
Campylobacter activity. Therefore, although we do not know exactly what the anti-Campylobacter substances are, the plant
extracts exhibiting anti-Campylobacter may contain substances that solubilize in ethanol such as phenolics (Acharyya et al.,
2009). Some medicinal plants without anti-Campylobacter activity in this study may also contain the activity, if appropriate
extraction solvents for those particular plants are used.

In this study, ethanolic extracts of 6 medicinal plants strongly exhibiting in vitro anti-Campylobacter activity were
Terminalia chebula, Phyllanthus emblica, Senna alata, Mammea siamensis, Morinda citrifolia, and Piper betel, although degree of
the inhibition differs among the plant extracts. Of these 6 plant extracts, the Terminalia chebula extract showed the best activity
with the largest clear zone of inhibition and with MIC value as low as 25 mg/ml; therefore, we selected this plant extract for
further evaluating its efficacy against Campylobacter colonization in broilers. Even though we could not find any report from
literature search of Terminalia chebula extract against Campylobacter in vivo, several studies have been reported that this plant
extract exhibits in vitro antibacterial effects against a wide range of bacterial pathogens. Terminalia chebula extracts are
effective in inhibiting both gram-positive and gram-negative bacteria such as Salmonella typhi, Staphylococcus aureus, Bacillus
subtilis, and Pseudomonas aeruginosa (Kannan et al., 2009), trimethoprim-sulphamethoxazole resistant uropathogenic
Eschericia coli and methicillin resistant Staphylococcus aureus (Bag et al., 2009). In addition, with a variety of extractants,
Terminalia chebula extracts have antimicrobial effects against a wide range of bacterial pathogens: the extracts with ether,
alcoholic, and water showed significant antibacterial activity against Helicobacter pylori (Malekzadwh et al., 2001); the extracts
with methanol inhibited muti-drug resistant Vibrio cholerae, Aeromonas hydrophila, and Bacillus subtilis (Acharyya et al., 2009);
and the extracts with acetone showed the highest activity against dental caries pathogens (Aneja and Joshi., 2009). All of these
reports as well as our report indicate that Terminalia chebula has a potential for further development to use as an antimicrobial
agent. However, comparison among published data is complicated because the outcome of a test is affected by many factors
which vary among studies such as the volume of inoculum, growth phase, culture medium used, pH of media, and incubation
time and temperature (Friedman et al., 2002).

While ethanolic extract of Phyllanthus emblica, Senna alata, Mammea siamensis, Morinda citrifolia, and Piper betel in

vitro also exhibit anti-Campylobacter activity. In previous study, Phyllanthus emblica extract inhibited muti-drug resistance
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Salmonella typhi (Rani and Khuller, 2004) and its volatile components show in vitro antibacterial activity against both gram-
positive and gram-negative bacteria (Liu et al., 2009). In according to our result, antibacterial activity of Phyllanthus emblica is
less effective than that of Terminalia chebula (Ghosh et al., 2008). The crude extracts of Senna alata (also called Cassia alata)
containing steroids, anthraquinone, glycosides, volatile oils, and tannins exhibited antibacterial activity against Staphylococcus
aureus, Streptococcus faecalis, Micrococcus luteus, Bacillus subtilis and Pseudomonas putida (Adedayo et al., 2001), and
against acne-inducing bacteria (Chomnawang et al., 2005). Of 3 alcoholic (methanolic, ethanolic, and petroleum ether) extracts
of Senna alata leaves, the methanolic extract showed the highest antibacterial activity against various bacteria such as
Eschericia coli, Bacillus subtilis, Salmonella typhi, Pseudomonas aeroginosa and Staphylococcus aureus (Owoyale et al., 2005).
Morinda citrifolia extract exhibited antibacterial activity against Staphylococcus aureus and Methicillin resistant Staphylococcus
aureus (Zaidan et al., 2005), and against various pathogenic bacteria isolated from aquatic organisms (Wei et al., 2008). Crude
aqueous extract of Piper betle leaves caused plasma cell membrane damage and coagulation of the nucleoid, and significantly
reducing acid producing properties of Streptococcus mutans (Nalina and Rahim, 2007). The methanolic extract of Piper betel
was considerably more effect than aqueous extract against gram-positive and gram-negative bacteria (Nair and Chanda,2008).
Although chicken meat is recognized as the main source of Campylobacter jejuni contamination causing gastroenteritis
in human (Wingstrand et al., 2006), colonization strategy of Campylobacter is not well undestood and is complicated resulting in

persistent infection of the chicken gut (Deun et al., 2008). In addition, because thermophilic Campylobacter grow optimally at

temperatures near 42°c (Park., 2002), the higher metabolic temperatures (42 °C) found in poultry species may predispose
poultry to be a prominant reservoir for thermotolerant Campylobacter. Control and management strategies to reduce the risk of
campylobacteriosis are through careful management practices focus on innovation methods to avoid-cross-contamination from
raw meat products (Horrocks et al., 2009). Reduction of pathogens before arrival to the abattoir is of great concern because pre-
harvest interventions may diminish possible retail sources of infection, thereby decreasing human illness associated with
foodborn pathogens (Vugia et al., 2003). Antimicrobial treatments exist for reducing Campylobacter loading of intestinal tract;
however, because of potential residues and issues relating to antimicrobial resistance, use of antibiotics for pre-harvest control
of Campylobacter is undesirable. Therefore, considerable research has been directed forward the development of alternative
pre-harvest interventions to reduce the carriage of Campylobacter in chickens on the farm, but at present, none are widely
available or accepted. In this study, the Terminalia chebula extract did the best among the 60 plant extracts agairst
Campylobacter, therefore, the wash-out effect was found in the vitro study. We also found the decrease of Campylobacter load
in the chicken ceacum. It may be unable to prevent Campylobacter colonization in chicken caecums because many factors are
involved such as pharmacokinetics of the extract in a gastrointestinal tract of a chicken, and colonization mechanisms of
Campylobacter. The result of this study was comparable with that of the previous study (Lengsfed et al., 2007) in which the
polysaccharides extracted from immature fruit of okra plant inhibit adhesion of Campylobacter jejuni to mucosa isolated from
poultry in vitro but not in vivo. These evidences indicate that many factors are play an important role in colonising of the
chickens. Although Terminalia chebula extract can significantly reduce number of Campylobacter when compared with a positive
control or even with a commercially medicinal plant product, this is unlikely to make a practical significance for a currently real
use in poultry production because chickens were still colonized with Campylobacter in high number when compared with'a
negative control. However, Terminalia chebula has high potential for further development as a feed additive for Campylobacter
decontamination in poultry industry and further studies both on the extract and/or its chemical constituents on the colonisation of

chickens are needed to pinpoint of the findings.
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2. Broiler commercial or Backyard Chickens as a potential source of developing probiotic bacteria for combating
Campylobacter spp.
Chaveerach, P, Sirirat Reangpipat

Introduction

Campylobacteriosis mainly C. jejuni and C. coli is concerned as the acute food-borne gastroenteritis in developed
countries (15-17). Increasing confirmed human cases in developed and developing countries have been reported. Young and
the elderly people are vulnerable to the disease. Contaminated chicken meat with Campylobacter is an important source for the
infection serving for human health risk (18). In commercial chicken farm, broilers are commonly hatched free of Campylobacter.
Once infected campylobacter chicken present in the farm and then the spread of the infection was intensively found in most
chickens (12). So, high prevalence of Campylobacter in chicken at farm, processing and chicken meat was found (5). Reduction
of colonization in live chickens during production should be an extrapolation to minimize the risk of human exposure.

The prevention of pathogenic bacteria relies on prophylactic use of antibiotic. This proposing in broiler is prohibited
throughout Western European countries under the regulation of EC 2160/2003. Due to awareness of public on the drug residue
in chicken meat and the spread of antibiotic resistance in bacteria is concern. The alternative intervention method based on the
use of free antibiotic and hazard chemical usage, in preventive program in the broiler farm is urgent need (17). One potential
approach to control Campylobacter colonization is to manipulate the miroflora providing competitive exclusion (CE) for chickens.
Administration of free-pathogenic microflora of healthy chicken feces could prevent the colonization of Salmonella. Several
researcher have been investigated the effect of normal flora on the growth of pathogenic bacteria like Salmonella or
Campylobacter (7). Also, the use of define or CE bacteria on the inhibition of Campylobacter was also demonstrated (7, 14).
Hence, the use of probiotic bacteria to intervene the pathogenic bacteria invader of broilers could be essential method. Mostly,
Lactobacillus and obligatory anaerobic bacteria were dominantly demonstrated the negative effect on Campylobacter growth in
several studies (3, 13).

Intestinal microflora plays an important role in preventing of gut disease in human and animal health. It is believed
that the potential bacteria could prevent the colonization of intestinal tract by the bacteria to produce bacteriocin or compete the
site of adhesive at the intestinal villi (). Nevertheless, the source of quantification of potential bacteria combating Campylobacter
growth could be free from Campylobacter infection chicken. In many reports, generally commercial chickens have been used to
study and isolate the potential bacteria inhibiting Campylobacter or Salmonella but the variation of the effect on the activity could
be found in the experiments (9, 11, 13, 19). According to the use of 16s Ribosomal DNA analysis of microbial profile in the
chicken ceca, there has also demonstrated greater diversity of the bacterial population in the commercial chicken gut (1, 4).
Perhaps, bacteria isolated from the lower or greater diversity of the microflora in the chicken gut may influence effectiveness on
Campylobacter colonisation of the gut. The development of microflora in the gut during growth is also influenced by many
factors like age (1, 10), feed (2), antibiotic (20). In the chicken ceca infected and non infected Campylobacter using 16s DNA
sequences analysis, the structure of microbial population could divide into 2 groups of infection and non-infection chickens. Also
microbial community of Lactobacillus spp., Klebsiella spp., and C. perfringens have been found in lower numbers in the infected
chickens (8). This difference gives the opportunity to select the specific bacteria to inhibit Campylobacter in chickens.

However, The healthy adult chicken has considerable variation in the composition of normal flora in the gut (6). Due
to the exposing the natural environments, the chicken rearing under organic system may possibly contains the potential bacteria
against Campylobacter growth. The chicken could be the source of potential probiotic search whereas a lack of reports on the
use of probiotic bacteria from organic chicken source is found. Under the rearing systems of chickens, commercial or orgaric
may influence on the composition of normal flora in the chicken gut (20). The organic chicken farming has rapidly increased in

numbers in Thailand, where existing old fashion of native chicken could be performed as backyard or organic chickens vice
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versa. The system is allowed chickens free to enrich environment. Under the rearing pattern, the native chicken could withstand
to some disease. Then, these chickens could possibly be the source to quantify such good bacteria to inhibit pathogenic
bacteria.

The study was to our knowledge on the finding the relationship of microflora bacteria in chicken gut of commercial
and backyard chickens and to quantify the potential bacteria demonstrating negative effect on the growth of Campylobacter.
Materials and Methods
Chicken maintenance and sample collection
On sampling for the experiment, 25 Backyard chickens were randomly obtained from local houses around Khon Kaen province.
The chickens were free to access natural feed such as unprocessed rice, small insect, drinking water and so on. Chickens were
not exposed to competitive exclusion, antibiotic or vaccination. The rearing of backyard chickens propagates around the country
and has been used to perform of organic chickens. All chicken age were average on 40 weeks. While 5 broilers were randomly
obtained from 5 commercial farm each where chickens were commercially hatched and feed. The diet for these chickens was a
commercial feed, without competitive exclusion and free from antibiotic. The age of chickens was 35 weeks. The handling and
killing of the chickens was under the protocol of FELASA (level C).

Culturability of Campylobacter and microfiora

Chickens were euthanasia and caecum were collected. 1 gram of the fecal were transferred into 9 mL of buffered peptone water
and made 10 fold dilution using PBS solution to culture for Campylobacter and microflora as Enterobacteriaceae, total bacteria,
Lactobacillus and anaerobic bacteria. For the culture of campylobacter, approximate dilution was directly spread on CCDA
(Oxoid, CM739) plates with selective antibiotic (SR 115, Oxoid, Basingstoke, UK). The plates were incubated at 37°C under
microaerophilic condition using gas package BBL in anaerobic jars for 48 hr. For isolation of microflora, a serial ten-fold dilution
with PBS was made and spread on the appropriate selective agar plates for Lactobacillus, Enterobacteriaceae, anaerobic and
total bacteria. The plates were incubated as described elsewhere. The number of colony forming units was expressed and
record as log cfu/g. The selected defined colonies of microflora were collected and kept at -70°C for antimicrobial activity further
test.

Assessment of the inhibitory activity on Campylobacter

80 selected defined colony lactobacillus and anaerobic bacteria were selected from all negative campylobacter chickens and
tested in duplicated for the anti-campylobacter potential on the growth of Campylobacter using a well diffusion agar assay.

Campylobacter
9 strains of Campylobacter spp. isolated from the chickens, maintained at -70°C were thawed at room temperature. One loop of
each stock solution was streaked on CCDA agar (Oxoid, CM 739, Basingstoke, UK) containing selective supplement (Oxoid, SR
115). The plates were kept at 42°C under microaerophillic condition generating by using gas package (BBL, Becton Dickinscn,
USA) in anaerobic jars for 48 h. Thereafter, one typical colony of each strain of Campylobacter was transferred into Meuller-
Hinton (MH) (Oxoid, CM 405, Basingstoke, UK) broth and kept at 37°C under microaerophillic atmosphere for 48 h. There
cultures were utilized in the experiments.

Isolated microflora bacteria
80 selected microflora bacteria were isolated from Campylobacter-free chickens reared under commercial and backyard section
as described above, were grown on the appropriate selective agar (Snel, 1996). An isolated colony of each bacterium was
grown in MRS (Oxoid, CM 359) broth and aerobically incubated fro 24 h at 37°C for Enterobacteriaceae and total bacteria and

under anaerobic condition for Lactobacillus and anaerobic bacteria. After overnight incubation, the culture were collected and

filtrated aseptically by using a filter of 0.2 pm pore size ( ). These supernatants were kept at -20°C until use.
Relationship of Microflora in Campylobacter and Campylobacter-free chicken fecess
Extraction of DNA from chicken ceacum specimen
For the ceacal contents, the materials were obtained by squeezing the region of the ceacum with a sterile forceps. 1 g of ceacal

content was dispersed in tube with 5 ml of a phosphate-buffered saline at pH 7.0 and was vortexed vigorously for 10 min at

8,800 rpm. The supernatant was discarded. The pellet was kept at -20°C until DNA extraction. The total DNA was extracted by
using DNA kit (RBC Real Genomics, USA). The procedure was followed the instruction of the company (RBC Bioscience). 200



45

ML of lysozyme buffer to lyses the cell wall of bacteria was added into the cell pellet tube and vortetx in order to resuspend the
cell pellet. The cell pellet was incubated at room temperature for 10 min and invert the tube every 2-3 min. To treated the cell,
200 HLL of GB Buffer was added and vortex for 5 sec. The incubated the cell at 70°C for 10 min until the cell lysate was clear.
After that 5 |LL of RNase A (10mg/ml) was added to the cell lysate and mixed well. The incubation at room temperature for 5
min was required.
To collect the DNA, 200 LLL of ethanol (100%) was added into the cell lysate and vortex for 10 sec. The total mixture was
placed into GD column on a 2 ml collection tube. The collection tube was closed the cap and centrifuge at 13,000 rmp for 30
sec. For washing step, 400 LIL of W1 buffer was added to the GD column and centrifuge at 13,000 rmp for 30 sec and
discarded the flow-through and return the GD column to 2 ml collection tube. Adding 600 [LL of washing buffer to the GD
column to the 2 ml collection tube and centrifuge at 13,000 rmp for 30 sec. Discard the flow-through and return the GD column
to 2 ml collection tube and then centrifuge at 13,000 rmp for 3 min and to dry the column matrix. Transfer dried GD column into
a clean 1.5 ml microcentrifuge tube. The purified DNA was eluted by adding 100 L of preheated elution buffer and centrifuge
at 8,000 rmp for 30 sec. DNA was checked visually at 0.8% agarose gel electrophoresis.

_Extraction DNA of Campylobacter isolation from backyard and commercial broiler chickens
11 campylobacter isolation form back yard chickens and 5 Campylobacter isolation from commercial broiler chickens were
studied. The isolated bacterial were grown at 37°C under microaerophillic condition on MH broth (Oxiod, ). The extraction of
DNA isolated bacterial was followed the instruction of the company of Vio gene kit (RBC Real Genomics, USA). Bacterial
samples were centrifuged at 7,500 rpm for 10 min. The pellet were resuspend in 200yl of lysozme buffer. The procedure was
explained as above. The purified DNA was checked visually at 0.8% agarose gel electrophoresis.

RAPD reaction
The 7 RAPD primer sequences to study the relationship of microflora in chicken ceacum and the 13 RAPD primers to study the
Campylobacter isolation from backyard and commercial broiler chickens were used in Table 2a and b, respectively. PCR
amplication were performed using of 25 L containing 1X buffer, 2.0mM MgCI2, 0.2mM each dNTP, 0.5 UM each primer, 10 ng
genomic DNA and 1.25 units of Tag DNA polymerase (Invitrogen, Carlsbad, CA, USA). Amplification reactions were performed
in a thermal cycler (Gene Amp PCR system 9700, Applied Biosystems) as following program: (1) denaturation step at 94°C for
5 min; (2) 40 cycles of denaturation at 94°C for 45 s, annealing at 38°C for 45 s, extension at 72°C for 1 min; (3) a final
extension at 72°C for 10 min. These PCR products were detected by agarose gel electrophoresis (1.0% w/v in TAE), stained
with ethidium bromide and finally photographed under UV light exposure.

Phylogenetic analysis
Each RAPD bands was considered as an independent character and the bands were scored visually as either absent (0) or
present (1) for each band across all samples with the same primer pairs. Qualitative differences in band intensity were not
considered. With the band data, a pair-wise genetic similarity matrix was generated among bacteria species using Ochiai
similarity coefficients which were then converted to a genetic distance matrix. Based on the genetic distance matrix, cluster
analysis was performed and corresponding dendrograms were constructed for bacteria species using the single linkage cluster
method. Cophenetic correlations were computed from the clustering matrix in order to get the best fit dendrogram. All there
analyses were done using the Fingerprinting Il program (BioRad, USA).
Statistical Analysis
A mean of the bacteria as Campylobacter, anaerobic Lactobacilllus, total bacteria and Enterobacteriaceae numbers from
backyard and commercial chickens of was compared using simple t-test. Significant difference was determined as p < 0.05.
Results
Microflora numbers in backyard and commercial chickens
In general, the number of anaerobic, lactobacillus, total bacteria and enterobacteriaceae bacteria in commercial chicken group
was 0.87, 0.27, 0.21 and 0.53 log CFU/g slightly higher than in backyard chicken group, respectively. In contrast, the number of
Campylobacter in backyard chicken group was 0.73 log CFU/g higher than in commercial chicken group. No difference in

microflora number was found between two group chickens (Fig 1).
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The inhibitory activity on Campylobacter

In agar diffusion well assay, a clear zone of 21 of 80 isolated bacteria were demonstrated the negative effect on the growth of 9

strains of Campylobacter (Table 1). Most effective bacteria were aerobic and lactobacillus bacteria. 11 isolated bacteria from

backyard chickens and 10 isolated bacteria from the commercial chicken showed the negative effect on the 9 strain of

Campylobacter.

16s DNA relationship of microflora bacterial in ceacal contents of backyard and commercial broiler chickens

High variation of the DNA profile of microflora of chickens from backyard and commercial system was found as similarity index

was between 29-77% (Fig 2 and 3). On the result of phylogenetic tree, the biodiversity of microflora in the ceacal contents of

the chickens was mostly divided into 2 groups corresponding to chickens as Campylobacter positive (a) and Campylobacter-

negative (b) chickens on the result of cultural method (Fig 3). The microflora from the chickens of group a and b had a 46%

similarity. Clearly, in the group b, chickens were group and negative to Campylobacter infection by cultural method. Whereas in

the group a by biodiversity, at the similarity 52%, the DNA profile of chicken feces was divided into 3 groups as 1, 2 and 3

corresponding chickens from commercial, backyard and commercial broiler farm respectively. The samples as group 2 from the

backyard chicken had more 67% similarity than those commercial chickens pattern as group 1 and 3.

Relationship of Campylobacter isolation of backyard and commercial broiler chickens

The 16s DNA profile using 13 primers of the 16 Campylobacter isolation is shown in figure 4. High variation of DNA band

pattern was found particularly in chickens from backyard system (in chicken A and B). The profile band patterns of the samples

were clustered into 5 distinct groups comprising group a, b, ¢, d and e as it illustrated by the phylogenetic tree (Fig 4 ).

Obviously, the band pattern were group in backyard chickens as group a, d and e whereas the commercial chickens as group b

and c. The DNA band pattern of backyard chickens was lower similarity at 56%, 63% and 43% in the group a, d and e

comparing with the pattern of DNA of commercial chickens the similarity at 86% and 78% in the group b and c (Fig 5).

Conclusion

The study was demonstrated that

There are some potential flora bacteria which could inhibit the growth of Campylobacter.

There are no different number in Campylobacter between backyard and commercial chickens. Commercial and backyard

chickens showed different of DNA profile of flora bacteria. Campylobacter and Campylobcater-free chickens could have

relatively different of the DNA profile of flora bacteria

Fig. 2a The phylogenetic tree of the variation of flora bacteria in the fecal of Campylobacter (plus) and Campylobacter-free

chickens (non plus) was shown. Group A, B and G were from backyard chickens and group C, D, E and H were from

commercial chicken farms.

Fig. 2b The demonstration of the relationship of DNA profile of normal flora bacteria of fecal chicken with and without

Campylobacter by using RAPD and microsatellite.

Fig. 1a The flora bacteria numbers from chickens reared by backyard (dark bar) and commercial systems (white bar). Group 1,

2, 3, 4 and 5 were represented as a group of Campylobacter, Anaerobic, Lactobacillus, Enterobacteriaceae and Total aerobic

bacteria, respectively. *, different significant at p < 0.05

Table 1. Inhibitory effect of isolated bacteria from Campylobacter-free chickens on the growth of Campylobacter spp. was

demonstrate by using agar diffusion method. The diameter of inhibition zone was measured in mm. Control was culture media

without the growth of bacteria. Acetic acid was used as positive control.
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Risk factors of Campylobacter contamination on pig carcasses
from slaughterhouse
Sudthidol Chaichin‘, Prapansak Chaveerachz', Komkrich Pimpukdee2
Abstract

Objective --- The study was to identify risk factors for Campylobacter contamination on pig carcasses in pigs slaughterhouse
Materials and Methods -— The study based on HACCP practice was divided into2 groups. The first group was strongly
operation followed the good practice of Thai Agricultural Commodity and Food Standard (TACFS) 9009 — 2549. The second
group was operation under common practice on slaughtering process. 28 pigs per group was passed through three critical
points of slaughtering stage as behead, open (splitting carcass), and meat inspection. Each point was collected, carcass and
knife. In each carcasses the sampling was done by smearing all five positions as rectum, tail, hind legs, vertical saddle and
neck.

Results -—- The results were found that the contamination of Campylobacter on pig carcasses slaughtered by common practice
group in the critical point of behead, splitting carcass and meat inspection in carcass was 33.33% (8/24), 45.83% (11/24) and
41.67% (10/24) respectively. At the position of inspection, knife was found contamination at 41.67% (10/24). In the other
group, using the plastic cover around the anus following TACFS method, it reduce contamination Campylobacter on pig
carcasses from 45.83% (11/24) to 4.17% (1/24) (P <0.05). Cleaning knife before and after to used can reduced contamination
Campylobacter from 41.67% (10/24) reduced to 8.33% (2/24). The correlation risk (Odds ratio) of the contamination
Campylobacter on carcass pigs of the group Il wast 3.69 times the group | in the pig carcass. (P <0.05; 95% CI [1.99 - 6.87])
Conclusion - It was concluded that the important risk factors for contamination Campylobacter on pig carcass was fecal
intestines contamination on pig carcasses and knife.

Keywords: Risk factors, Campylobacter, Pig carcasses, Slaughterhouse.
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