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ABSTRACT 

Background: Campylobacter jejuni is a prevalent human pathogen and a major cause of bacterial gas-
troenteritis worldwide. In humans, C. jejuni colonises the intestinal tract, and its tolerance to bile is 
crucial for bacteria to survive and establish infection. Campylobacter jejuni and C. coli have the high-
est rate of foodborne-related clinical Campylobacteriosis. The study aims to determine the effect of 
bile salts, acid, and bacteriocin on campylobacter isolates obtained from stool samples. 

Methods: Campylobacters were identified phenotypically in this study using biochemical tests and 
genotypically using 16S rRNA species-specific gene amplification by PCR. The confirmed twenty-five 
Campylobacter isolates comprising18 C. jejuni and7 C. coli were tested for physiological factors such 
as bile tolerance, bacteriocin tolerance and ability to synthesise proteolytic enzymes on a solid medi-
um. 

Results: Campylobacter isolates survived at different concentrations of bile (2.1 -6.8%), low pH (7.1-
3.2) and in the presence of bacteriocin (3.8-6.8 AU/mL) with the production of proteolytic enzymes in 
the range of 16.2-15.2 mm. 

Conclusion: The ability of Campylobacter spp to survive in the presence of bacteriocin and different 
concentrations of acid and bile salt indicates the strains' virulence 
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1.  INTRODUCTION 

Campylobacter is the most common bacterial cause of 
gastroenteritis in most populations, especially in children, 
the elderly and immunocompromised people [1]. One of 
the species, Campylobacter jejuni, is the most common 
cause of community-acquired inflammatory enteritis. It 
causes an enteric infection which produces an inflamma-
tory, sometimes watery or bloody diarrhoea or dysentery, 
headache and abdominal pain [2].  Campylobacter causes 
tissue injury in the jejunum, ileum and colon. C. jejuni 
appears to achieve this by invading and destroying epi-
thelial cells [3]. Bile is secreted into the small intestine 
via the bile duct and plays a significant role in the disper-
sion and absorption of fats from ingested food. Apart 
from the digestive activity, bile has a confounding effect 
on the microbiome and pathogenic bacteria by having 
antimicrobial activities, sometimes causing disruption of 
cellular membranes, protein misfolding and oxidative 
damage to DNA [4-8]. Instead, enteropathogenic bacteria 
adapt and respond to the antibacterial activities of bile, 
e.g. by modifying outer membrane proteins, using porins, 
activating efflux mechanisms, and stress responses. Bile 
also acts as an environmental signal regulating bacterial 
gene expression [5]. This may have significant conse-
quences for pathogenic bacteria' temporal expression of 
virulence genes. Campylobacter causes tissue injury in 
the jejunum, ileum and colon. C. jejuni appears to 
achieve this by invading and destroying epithelial cells 
[7]. Some strains of C. jejuni produce a cholera-like en-
terotoxin which is essential diarrhoea observed in infec-
tions. The organism produces diffuse, bloody, oedema-
tous and exudative enteritis. In a small number of cases, 
the infection may be associated with the haemolytic urae-
mic syndrome and thrombotic thrombocytopenic purpura 
through a poorly understood mechanism [9].In this study, 
we analysed how Campylobacter responds to low bile 
concentrations of bacteriocin and synthesis of protein and 
can cause infection. 

 

2. MATERIALS AND METHODS 

2.1 Sample Collection 

Rectal swabs were collected from subjects between the 
age of 1 to 36 months who presented with watery and 
offensive diarrhoea. Collected rectal swabs were used to 
inoculate the Butzler-type—medium by streaking. The 
plates were placed inside a CO2 incubator (Sanyo CO2 
incubator Model MCO-15A, Japan).  The incubation was 
done in a microaerophilic environment of 5% oxygen 

with added carbon dioxide (10%) and 85% N2. They 
were incubated at 42oC, which prohibits the growth of 
most other bacteria in faeces, thus simplifying the identi-
fication of Campylobacter.   

Campylobacters were identified phenotypically using 
biochemical tests such as catalase and oxidase and geno-
typically using 16S rRNA species-specific gene amplifi-
cation by PCR. Both Campylobacter jejuni and Campylo-
bacter coli were catalase and oxidase positive. 

2.2 Ethical Consideration. 

It is a non-invasive study. However, informed consent 
was obtained from each of the children’s mothers. The 
study was approved by the Ethical and Research Commit-
tee of the Ladoke Akintola University of Technology, 
Ogbomoso. 

2.3 Genotypic identification of Campylobacter  

2.3.1 DNA Extraction  

A bacterial cell 109wasresuspended in 200 µL of isotonic 
buffer 750 µL lysis solution, added to the tube and vor-
texed for 5 minutes. 400 µL supernatant Zymospin in a 
collection tube and centrifuged at 7,000 rpm for 1 minute. 
1,200 µL of bacterial DNA binding buffer was added to 
the filtrate in the collection tube .800 µL of the mixture 
was transferred to the Zymospin column in a collection 
tube and centrifuged at 10,000xg for 1 minute. The flow 
was discarded from the collection tube and centrifuged. 
200 µL of DNA pre-wash buffer was added to the zymo-
spin in a new collection tube and centrifuged at 10,000xg 
for 1 minute. 500 µl of bacterial DNA wash buffer was 
added to the zymo-spin and centrifuged at 10,000xg for 1 
minute. Zymo-spin was transferred to a clean 1.5mL mi-
crocentrifuge tube, and 100 µL DNA elution buffer was 
added directly to the column matrix and centrifuged at 
10,000xg for 30 seconds to elute the DNA. Ultra-pure 
DNA was eluted and ready for use.  

2.3.2 PCR Amplification species-specific for C. jejuni 
and C. coli 

PCR was performed in 25 µlL volumes, the PCR mixture 
contained 1 µL of template DNA, 10 mM Tris-HCl, 
50mM KCl, 2.5 mM MgCl2, 200 µM dATP, dCTP, 
dGTP, dTTP, 1.25 U Taq purple DNA polymerase 
(Fermentas), 1 µM of each oligonucleotide (Table 1). The 
PCR was performed on a PTC-200 thermocycler (M) Re-
search, with the following programme: initial denatura-
tion 5 min 95oC, 2 x (1min 94oC, 1 min 72oC), 2 x 
(1min 60oC, 1 min 72oC), 2 x (1min 94oC, 1 min 58oC, 
1min 72oC), 2 x (1min) 
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The PCR products were visualised by electrophoresis in 
1.5% agarose gel, stained with ethidium bromide (1 µg/
mL) and viewed under UV light. The size of the PCR am-
plicons was compared to the 100bp DNA markers 
(Fermentas EU). 

Twenty-five campylobacter isolates were identified by 
PCR comprising 18 C. jejuni, and 7 C. coli were tested for 
physiological factors: bile tolerance, bacteriocin tolerance 
and ability to synthesise proteolytic enzymes. 

 2.4 Bile tolerance 

Bile tolerance was tested using a 2ml aliquot of Campylo-
bacter cultures containing 105CFU=colony-forming units/
mL obtained on Butzler-type agar media after an incuba-
tion time of 48 hours at 37ºC were suspended in sterile 
sodium chloride 0.5 %; w/v solution. This was performed 
for each isolate. Intestinal juice was prepared by resolving 
in sterile sodium chloride solution (0.5%, w/v) bile salts 
in different concentrations (1.5%, 3.0%, 4.5, 6. 0 %), pH 
was regulated at 8.0 [23] Point two millilitre (0.2 mL) 
aliquot of each suspension of Campylobacter cell was 
transferred into a 2 mL sterile Eppendorf tube and mixed 
with 0.3 mL 0.5%, w/v sterile sodium chloride solution 
and 1.0 mL simulated intestinal juice. This mixture was 
vortexed for 10s and incubated at 37ºC. The strains' via-
bility was analysed by determining CFU/mL after differ-
ent periods of incubation (0, 6, 12, 18, 24, 30, 36, 42 and 
48 hours). 

2.5 Bacteriocin tolerance 

The bacteriocin were gotten from Lactobacillus planta-
rum, Lactobacillus delbrueckii, Lactobacillus acidophilus, 
Lactobacillus fermentum, Lactobacillus cases, and Lacto-
bacillus lactis. They were supplied by the Group Leader, 
Microbial Physiology and Biochemistry Research, Uni-
versity of Ibadan, Ibadan. 10 µl of each bacteriocin type 
was introduced into sterile Butzler-type broth medium in 
several tubes already inoculated with 0.2 mL (containing 
1.0x105 CFU/ml) aliquot of 12-hour growing cells of 
Campylobacter coli. This was repeated for bacteriocin 
from other sources. The tubes were incubated in an excel-
lent Air incubator (Phillip Harris 3710) at 32 ± 5oC. At 
regular intervals, specifically after 24, 36, 48, 60, 72, 84 

and 96 hours of incubation, triplicates tubes were taken 
and inoculated onto Butzler-type agar medium using the 
10-fold serial dilution. Plates were incubated at 32 ± 5oC 
for 48 hours, after which colony counts were carried out. 
The count number obtained was taken as the number of 
survivors on each occasion [24]. 

2.6 Screening for proteolytic enzyme 

A loopful culture of Campylobacter coli was inoculated 
into a 50 ml nutrient broth (g/L): peptic digest of animal 
tissue, 5; beef extract, 1.5; yeast extract, 1.5, Sodium 
Chloride, 5, pH 8.0. The culture was incubated for 72 
hours at 37°C under shaking conditions (150 rpm). The 
crude enzyme was obtained by centrifugation at 10000 
rpm at 4°C for 10 min. 

2.7 Screening for protease activity by well diffusion 
method. 

Agar was prepared with 1% (w/v) casein, skimmed milk, 
and gelatin and poured into Petri dishes. The plates were 
solidified for 30 min, and holes (3 mm diameter) were 
punched. Crude culture supernatant from Campylobacter 
coli was loaded into the holes. These plates were incubat-
ed overnight at 32±5o. These plates were flooded with 
BCG reagent and incubated for 20-30 minutes at room 
temperature [25]. 

2.8 Statistical analysis 

All tests were duplicated, and results were presented in 
Mean±Standard Deviation (Mean±SD). A one-way Anal-
ysis Of Variance (ANOVA) was used to determine signif-
icant differences between Means for each surface and 
strain. Student-test was used to assess significant differ-
ences between strains. Statistical significance was evalu-
ated at p<0.05. 

 

3. RESULTS 

Table 2 shows an increase in the Oxgall bile concentra-
tions (1.5 to 6%) and a corresponding increase in the via-
ble cell counts from 0-48 hours. At 1.5% bile concentra-
tion, there was a 42% growth increase; at 60%, a corre-
sponding 50% growth increment of the Campylobacter 
strain was observed. 

This illustrates the effects of bile acid concentration and 
the extent of bile acid exposure on the growth of Campyl-
obacter isolates CC5 and CC7. The results showed similar 
and regular growth patterns for the different isolates. 
There was increased growth with increased concentration 
at extended hours of exposure. The highest growth was 

Organism Primer Product 
bp 

Anneal-
ing 

C. jejuni 
Hip O   

F-GAA GAG GGT TTG GGT GGT 
R-AGC TAG CTT CGC ATA ATA ACT TG 

344 56.2oC 

C. coli 
Asp-primer   

F-AAAGCTGCAGCTATGGC 
R-AAGCGCAATATCAGCCACTC 

500 50oC 

Table 1: Primers used for C. jejuni and C.coli 
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observed at the highest bile concentration, i.e. 6.0%, and 
at 48 hours. 

In Table 3, the Campylobacter isolates were screened for 
the expression of proteolytic activity. Exposure of the 
Campylobacter isolates CC5 and CC7 to bile salts, bacte-
riocin, and different pH caused a slight reduction in their 
ability to produce proteolytic enzymes compared with 
their respective controls. Exposure to 3% Oxgall, pH 2.5 
and 1% bacteriocin caused 1.59%, 4.76%, and 19.05% 
reduction in proteolytic enzyme producing ability of CC5 
isolates, respectively. For the CC7 isolates, exposure to 
3% Oxgall, pH 2.5, and 1% bacteriocin caused a 3.70, 
3.70 and 6.17% reduction in their proteolytic enzyme pro-
ducing ability, respectively. In all, 1% bacteriocin was 
most potent in inhibiting C. coli isolates from producing 
proteolytic enzyme, while HCl at pH 2.5 had the least 
inhibitory potential. 

Also, the result of Campylobacter isolates screened for 
proteolytic enzymatic activities after being grown in the 
presence of bile salt, bacteriocin and acidic pH are 
shown. At 1 hour of exposure to acid, Campylobacter 
isolate (CC5) survived most in acid concentration 1.5 and 
was most sensitive at pH 4.5. At 2 hours of exposure, iso-
late (CC5) was least sensitive at pH 2.5 and most sensi-
tive at pH 4.5. From 3 to 5 hours of exposure, C. coli 
(CC5) was most tolerant to acid at pH 1.5 and least sur-

vived (least tolerant) at pH 5.5. 

Campylobacter isolate CC7 showed a more regular pat-
tern in their tolerance to acid. From 1 to 5 hours of expo-
sure to acid, the isolate showed the least tolerance at pH 
5.5. At 1, 3, and 4 hours of acid exposure, Campylobacter 
isolate was most tolerant at pH 2.5; at 2 and 5 hours of 
exposure, the highest tolerance was observed at pH 1.5.  
Bacteriocin tolerance of Campylobacter coli isolates upon 
exposure at different time intervals is reported in Table 3. 
The source of bacteriocin were Lb. plantarum, Lb. del-
brueckii, Lb. acidophilus, Lb. fermentum, Lb. cases, Lb. 
lactis. 

At 24 hours of exposure, Lb. acidophilus bacteriocin was 
most potent, while Lb. lactis was least potent against 
Campylobacter CC5 isolate. From 84 to 96 hours of ex-
posure, Lb fermentum and Lb. cases respectively were 
most potent against Campylobacter isolates. The results 
suggested that between 24 and 72 hours of exposure to 
bacteriocin from these Lactobacilli, Campylobacter sur-
vived least in media containing Lb acidophilus and most 
in media containing Lb lactis. 

However, for the Campylobacter isolate CC7, there were 
no regular survival patterns on exposure to bacteriocins 
from Lactobacillus. At 24 hours of exposure, Campylo-
bacter isolate survived most in bacteriocin produced from 
Lb delbrueckii. On the contrary, the C. coli isolate sur-
vived least in Lb cases bacteriocin. At 36-hour exposure, 
it has the most and least tolerance in media containing Lb 
delbrueckii and Lb fermentum, respectively. From 48 to 
60 hours of exposure, CC7 survived most in media con-
taining Lb. cases and had the least survival in media con-
taining Lb plantarum. From 72 to 84 hours of exposure, 
C. coli CC7 was least sensitive to bacteriocin from Lb 
plantarum 

Bile Salt Concentration(%)/Survival count (log CFU/mL) 
  Isolates                    
Time (hr) 

1.5 3.0 4.5 6.0 

CC5 
  
  
  
  
  
  
  
  
  
  
  
CC7 

0 
6 
12 
18 
24 
30 
36 
42 
48 
  
0 
6 
12 
18 
24 
30 
36 
42 
48 

2.05±0.02 
2.21±0.03 
2.64±0.06 
2.84±0.04 
2.92±0.09 
2.96±0.08 
3.04±011 
3.22±0.18 
3.52±0.15 
  
2.05±0.02 
2.46±0.05 
2.56±0.04 
2.76±0.07 
2.91±0.05 
3.02±0.11 
3.18±0.14 
3.43±0.12 
3.66±0.13 

2.05±0.02 
2.96±0.07 
2.98±0.06 
3.07±0.08 
3.42±0.13 
3.66±0.15 
4.15±0.22 
5.64±0.18 
6.12±0.16 
  

2.05±0.02 
2.99±0.06 
3.15±0.07 
3.41±0.05 
3.74±0.08 
3.88±0.05 
4.51±0.12 
4.92±0.15 
5.83±0.17 

2.05±0.02 
2.98±0.08 
3.14±0.07 
3.46±0.08 
3.54±0.10 
3.85±0.11 
4.67±0.17 
5.66±0.16 
6.38±0.18 
  
2.05±0.02 
3.20±0.07 
3.34±0.10 
3.68±0.13 
3.76±0.12 
3.97±0.15 
4.43±0.17 
5.18±0.18 
6.17±0.15 

2.05±0.02 
3.14±0.08 
3.44±0.12 
3.94±0.17 
4.17±0.16 
4.67±0.13 
5.53±0.15 
6.72±0.16 
7.13±0.21 
  
2.05±0.02 
3.41±0.05 
3.58±0.08 
3.77±0.11 
3.92±0.11 
3.97±0.13 
4.84±0.11 
5.61±0.18 
6.81±0.16 

Table 2: Survival of Campylobacter coli isolates in the presence of 
different concentrations of bile salt  

Key: CC5 Campylobacter coli isolate 5; CC7 Campylobacter coli isolate 7  

Isolates Parameters Zone 
  Proteolytic enzyme 16.2 ± 0.04* 

CC5 3% Oxgall 15.6 ± 0.06 
  pH 2.5 15.6 ± 0.05 

  1% Bacteriocin 15.2 ± 0.07 
    

Proteolytic enzyme 
  
12.6 ± 0.05 

CC7 3% Oxgall 12.4 ± 0.07 

  pH 2.5 12.0 ± 0.04 

  1% Bacteriocin 10.2 ± 0.02 

Table 3: Screening of selected Campylobacter coli isolates for  
proteolytic enzyme production in the presence of bile salt, bacteriocin 
and different pH 

Key: CC5 Campylobacter coli isolate 5; CC7 Campylobacter coli isolate 7 
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4. DISCUSSION 

The results indicated that Campylobacter coli could sur-
vive on different bile salt concentrations (1.5%, 3.0%, 
4.5%, 6.0%); after 48 hours of incubation of cells with 
simulated intestinal juice, their cells were still viable 
even at higher concentrations of bile salts. Tolerance to 
bile salts is considered a prerequisite for colonisation and 
metabolic activity of bacteria in the host's small intestine 
[9]. This helped Campylobacter reach the small intestine 
and colon, thus causing infection. For microorganisms to 
survive in the human gastrointestinal tract microorgan-
isms, they must endure numerous environmental ex-
tremes. 

Variations in pH, low oxygen levels, nutrient limitation 
and elevated osmolarity, constitute potential impediments 
to survival [10]. Bile is a digestive secretion that plays a 
significant role in the emulsification and solubilisation of 
lipids. It can affect the phospholipids and proteins of cell 
membranes and disrupt cellular homeostasis. Therefore, 
the ability of pathogens and commensals to tolerate bile 
is likely necessary for their survival and subsequent colo-
nisation of the gastrointestinal tract. Immunoglobulin A 
and mucus are secreted into bile to prevent bacterial 
growth and adhesion, and the presence of tocopherol may 
prevent oxidative damage to the biliary and small intesti-
nal epithelium [11].     

       Campylobacter is also considered bile resistant and 
has been isolated from the gallbladder and directly from 
bile. The observed survival of Campylobacter spp in dif-
ferent concentrations of bile solutions in this study sup-
ported the findings of [9]. Also, the slight decrease in 
Campylobacter spp proliferation in concentrations be-
yond 5% (w/v) bile was similar in these two studies. Mi-
croorganisms that inhabit the gastrointestinal tract are 

exposed to various toxic factors, one of which is bile 
salts. This potent antimicrobial can disrupt cell mem-
branes, and different bacterial species have developed 
varying resistance levels against bile salts. In this study, 
C. coli had a tolerance level for Oxgall above 4.5% (w/v). 
At Oxgall concentrations of up to 6% (w/v), the C. coli 
species was still capable of growing at 7.13 at 48 hours, 
i.e. 3.5 folds of the control culture with no bile. The abil-
ity of C. coli to survive in this study may be due to some 
factors. Specific proteins in Campylobacter have been 
implicated in bile tolerance [12]. Flagellin proteins in 
Campylobacter are an essential virulence factor of the 
bacterium [13]. Studies have shown that a bile acid con-
centration of about 2.5% (w/v) up-regulates both flagellin 
A and flagellin B, enabling Campylobacter spp to survive 
in the presence of bile [9]. 

Secondly, acquiring iron by bacterium has been shown to 
represent a major significant determinant in developing a 
pathogen within its host [14]. Exposure to bile leads to 
higher expression of ferritin, which is very important in 
the metabolism and storage of iron. Hence, bile may act 
as an environmental signal for the bacterium to increase 
its iron storage capacity. Campylobacter jejuni is exposed 
to bile as it colonises and proliferates in the bovine gut 
and therefore must tolerate bile acid's bactericidal effects. 
The response regulator CbrR has been shown to modulate 
bile resistance and, as such, chicken colonisation ability 
[15]. The bacterium uses the multidrug efflux pump 
CmeABC as a mechanism of bile resistance [16], the ex-
pression of which is modulated by a transcriptional re-
pressor factor encoded by cmeR [16]. It has been deter-
mined that C. jejuni shows complex interactions with bile 
and its constituents, for example, chemoattractive behav-
iour and upregulation of essential virulence factors, such 
as the flagellin FlaA and the Campylobacter invasion 
antigens Cia [17]. Nonetheless, the current knowledge 

Incubation Time (hrs)/ Survival (log10cfu/mL) 

Isolate Source of 
Bacteriocin 

24 36 48 60 72 84 96 

  
CC5 

Lb plantarum 3.25±0.14 3.62±0.21 3.84±0.17 4.12±0.24 5.64±0.27 7.04±0.18 7.52±0.21 
Lbdelbrueckii 3.66±0.18 3.88±0.17 4.18±0.21 4.20±0.22 5.26±0.22 6.18±0.18 6.66±0.26 
Lb acidophilus 2.86±0.12 3.04±0.24 3.64±0.26 3.82±0.21 4.42±0.19 6.08±0.36 6.75±0.31 
Lb fermentum 3.04±0.11 3.55±0.11 4.22±0.24 4.64±0.18 5.18±0.27 5.62±0.29 6.82±0.31 
Lb casei 3.62±0.22 3.82±0.18 4.16±0.20 4.86±0.24 5.24±0.21 5.84±0.28 6.4±0.30 
Lb lactis 3.84±0.26 4.28±0.16 4.74±0.18 5.60±0.21 5.88±0.27 6.15±023 6.82±0.32 

CC7 Lb plantarum 2.82±0.16 3.12±0.21 3.44±0.27 3.92±0.18 5.04±0.17 6.56±0.27 6.88±0.32 
Lbdelbrueckii 3.46±0.23 3.58±0.17 3.82±0.24 4.08±0.15 4.64±0.25 4.86±0.26 5.62±0.22 
Lb acidophilus 2.55±0.17 3.41±0.21 3.88±0.21 4.08±0.27 4.57±0.32 5.43±0.21 6.18±0.23 
Lb fermentum 2.82±0.30 2.82±0.30 3.91±0.26 4.17±0,34 4.38±0.26 5.13±0.11 6.15±0.19 
Lbcasei 2.06±0.21 3.56±0.21 3.92±0.22 4.26±0.21 4.91±0.21 5.34±0.16 5.96±0.20 

Table 4: Bacteriocin Tolerance of Campylobacter coli isolates upon exposure at different time intervals. 
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about the molecular responses of C. jejuni to bile remains 
very limited. Many genes and proteins are known to par-
ticipate in the interactions of other bacterial species with 
bile; thus, a more global study of C. jejuni protein expres-
sion when exposed to bile will increase our knowledge 
about the adaptation of this bacterium to the intestine. 
Campylobacter jejuni is exposed to bile as it colonises 
and proliferates in the bovine gut and therefore must tol-
erate bile acid's bactericidal effects.  

Based on the results obtained after 5 hours at pH 1.5, 2.5, 
3.5, 4.5, 5.5, Campylobacter coli survives very well at 
low pH in gastric juice; there were viable cells at pH of 
1.5. Before reaching the intestinal tract, Campylobacter 
survived transit through the stomach, where the pH can 
be as low as 1.5 to 2 [18]. The results indicated that the 
Campylobacter coli at different pH (1.5 to 3.5) survived 
more than one to three hours. However, from pH 3.5 to 
5.5, there were significant cell count or viability reduc-
tions. This may indicate that pH and exposure time are 
critical factors in determining the patency/maintenance of 
the cell morphology. This finding agrees with what has 
been reported by Kelly [18], who indicated that the re-
sistance of the cells to different stress was more signifi-
cant during the exponential phase (growing period) and 
that there is a fluctuation in resistance during the early 
and late stationary phases. The results of this study 
showed that whereas the viable cell counts decreased up-
on exposure to acidic conditions, this decrease paralleled 
with an increase in time of exposure. The presented re-
sults demonstrated that acidic stress, particularly 4.5 and 
5.5, could obviously cause greater cell viability reduction. 
These higher pH 4.5 and pH 5.5 caused greater morpho-
logical changes on the cell surface of Campylobacter and 
allowed H+ to access the cytoplasmic components of the 
cell. Such changes in the cell envelope could subsequent-
ly induce lysis and a noticeable reduction in viable cell 
counts. 

Another possible explanation for the survival of Campyl-
obacter in low pH, as observed in this study, may be due 
to the possible synthesis of specific proteins, which may 
have conferred protection on the organism in acidic con-
ditions, and these proteins are acid-induced [19], suggest-
ing multiple protective mechanisms. 

The survival of C. coli in bacteriocin is in agreement with 
Hoang et al. [20], who reported C. coli strain tolerated 
bacteriocin synthesised Lactobacillus spp. In this study, 
all the C. coli exposed to bacteriocin from Lactobacillus 
spp. survived. Studies have shown that only C. coli could 

develop bacteriocin resistance in vitro. However, it is still 
unknown why only bacteriocin resistance in C .coli de-
velops more quickly than in C.  jejuni [20]. In this study, 
the wide range of resistance by C. coli to bacteriocin indi-
cates the possibility of a critically high level of arising 
resistance.  

Bacteriocins are proteins that destroy other closely relat-
ed bacteria. Bacteriocin is also an example of a microbial 
toxin used to control the population of other micro-
organisms. Campylobacter coli produced bacteriocin, 
which could destroy other bacteria, thereby allowing 
Campylobacter to thrive. Notably, recent breakthroughs 
in discovering and characterising potent anti-
Campylobacter bacteriocins (BCNs) may lead to an ef-
fective measure for on-farm control of Campylobacter in 
poultry [17]. BCNs are short antimicrobial peptides 
(AMPs) produced and exported by most bacterial species 
examined to date to destroy their competitors [21].  

Campylobacter produced proteolytic enzymes. Casein or 
skimmed milk agar plate assays allow principally for 
qualitative determinations of protease activity. The hy-
drolysis zone produced on the casein agar could be relat-
ed to the amount of protease produced by the organism 
[22]. Thus the increased concentration/synthesis of prote-
olytic enzymes (protease) observed in this study might 
have been due to degrading nonnative, misfolded proteins 
in the cell possibly formed as a result of stressed environ-
mental conditions occasioned by high pH (presence of 
Oxgall), presence of degrading enzyme (bacteriocin) and 
acidic condition (pH 2.5).  

In conclusion, growth of Campylobacter spp. in an acid 
condition implies that they can withstand Hydrochloric 
acid in the hosts’ stomach; they survived in the presence 
of bile salts in the small intestine and survived low oxy-
gen content of the gut, proves that they are microaero-
philic. The ability to survive acidic conditions, bile, and 
tolerate bacteriocin shows that Campylobacter spp isolat-
ed are likely to be virulent.  
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