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The study was conducted to isolate, identify and characterize bacterial samples from broiler meat
collected from 20 different upazilla markets of Jamalpur, Tangail, Netrokona and Kishoreganj districts
of Bangladesh. A total of 20 samples were subjected to bacteriological isolation and identification, and
the isolated bacteria were subjected to antimicrobial susceptibility testing using disc diffusion method.
Among the samples, 75% (n=15) were contaminated with Campylobacter spp., 70% (n=14) were with
Salmonella species and 85% (n=17) were contaminated with Escherichia coli. The Campylobacter spp.,
Salmonella spp. and E. coli were isolated and identified by culturing on Blood agar, Xylose-Lysine
Deoxycholate (XLD) agar, and MacConky and eosin methylene blue (EMB) agar respectively. Isolates of
Campylobacter spp., Salmonella spp. and E. coli were biochemically analyzed. Campylobacter specific
16S rRNA genes were amplified from the isolates. Campylobacter spp. and E. coli isolates were positive
to 16S rRNA gene based polymerase chain reaction (PCR). Almost all isolates of Campylobacter spp.,
Salmonella spp. and E. coli showed highest susceptibility to ciprofloxacin, norfloxacin and gentamicin.
However, most isolates were resistant to amoxicillin and erythromycin. Some isolates showed
susceptibility to tetracycline, streptomycin and azithromycin. The findings of this study revealed that
there is presence of multidrug resistant isolates of Campylobacter spp., Salmonella spp. and E. coli in
broiler meat. Results of this research project demonstrated the high level of microbial contamination
and occurrence of pathogenic bacteria in broiler meat sold in markets of Bangladesh.
Key words: Broiler meat, Escherichia coli, Salmonella, Campylobacter, molecular detection, characterization.

INTRODUCTION
Poultry industry which has started during 1980s is an
excellent agribusiness (Haque, 2001) now in Bangladesh.

Over the last decades surprising development has
occurred in this sector (Rahman, 2003). It has become a
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vital sector for generating employment, creating
additional income and improving the nutritional level of
the country. Broiler meat is more popular to the
consumers because of its easy digestibility and
acceptance by the majority of people, although it could be
contaminated with various potential food borne
pathogens such as Salmonella, Campylobacter,
Escherichia coli (Mulder et al., 1999). Broiler entering
slaughter processing is highly contaminated by
microorganisms such as Salmonella and Campylobacter
and tends to be disseminated during processing (Mead et
al., 1994).
Particular concern for human health is the inappropriate
use of antibiotics in poultry production and the
development of antibiotic resistant strains of bacteria
(Sarker et al., 2018). Effective control systems are critical
in ensuring product safety, and considerable information
is available on how to minimize the risks (FAO, 2013).
Various pathogenic microbes, such as E. coli, Salmonella
spp. and Staphylococcus have been implicated to reduce
the growth of poultry including duck.
Campylobacter is one of the most important pathogen
and is regarded major bacterial cause of human
gastroenteritis worldwide. Food animals, mainly poultry,
cattle, sheep and pigs, may act as asymptomatic
intestinal carriers of Campylobacter and animal food
products can become contaminated by this pathogen
during slaughter and carcass dressing (Berndtson et al.,
1996). The abusive use of antimicrobials in food animals
has resulted in the emergence and dissemination of
antimicrobial resistant bacteria, including antimicrobial
resistant Campylobacter, which has potentially serious
impact on human health. Moreover, Campylobacter
infections pose a serious public health problem for which
many countries have monitored their infection and
antimicrobial resistance patterns (Kabir et al., 2014). E.
coli frequently cause bacterial infections including urinary
tract infection, cholangitis, bacterimia and traveler’s
diarrhea. Enteropathogenic E. coli (EPEC) are an
important cause of diarrhea in humans (Savkovic et al.,
2005). Haemolytic uramic syndrome caused by Shiga
toxin producing E. coli (STEC) is dependent on release of
Shiga toxin during intestinal infection and subsequent
absorption into the blood stream. Poultry meat can be
contaminated with E. coli during processing. Any food
that has been in contact with raw meat can also be
contaminated. The bacteria also spread from person to
person, usually when infected person does not wash his
hands well after using a toilet. E. coli cause different
types of public health hazards including cholangitis,
bacteremia, traveler’s diarrhea, Shiga toxicity etc.
(Savkovic et al., 2005).
Salmonella spp. is potentially responsible for various
pathogenic processes in man and animal including
poultry (Freeman, 1985). It can cause diarrhea, vomition,
fever, abdominal cramps in human. Sometimes severe
diarrhea requires medical interventions such as

intravenous fluid therapy. In cases, where bacteria enter
into the bloodstream, symptoms include high fever,
malaise, pain in the thorax and abdomen, chills and
anorexia (Bell, 2002).
Antibiotics are extensively used in poultry industry
either as growth promoters or to control infectious
diseases (Sarker et al., 2018). Concern about antibiotic
resistance and its transmission to human is important
because these resistant bacteria may colonize the human
gastrointestinal tract and may contribute to the
development of resistance genes to human through Rfactor, conjugative plasmids or chromosomal elements as
reviewed by Kabir (2010). Therefore, the disease causing
microbes that have become resistant to antibiotic drug
therapy are increasing public health importance.
Undoubtedly, the poultry slaughtered and dressed
under Bangladesh conditions carry extremely high initial
contamination loading from the point of slaughtering
process to the point at which the consumers are offered
the product. There occurs biomagnifications at all levels
of handling, poor transport and retailing conditions.
Therefore, considering the present perspective, the
present research project was designed to detect and
characterize the bacteria specifically Campylobacter spp.
Salmonella spp. and E. coli and their antimicrobial
resistance patterns in broiler meat.
MATERIALS AND METHODS
Collection and transportation of samples
A total of 20 apparently healthy dressed broilers were collected
randomly from 20 different upazilla live bird markets of Jamalpur,
Tangail, Kishoreganj and Netrokona district of Bangladesh. Five
upazilla were selected randomly from each district. After collection,
samples were immediately brought to Bacteriology Laboratory of
the Department of Microbiology and Hygiene, Bangladesh
Agricultural University, Mymensingh through maintaining cool chain
using ice box.
Bacterial culture media
Solid and liquid culture media were used to isolate the bacteria.
Blood agar (BA), MacConkey (MC), Salmonella-Shigella (SS),
Eosin Methylene Blue (EMB), Xylose-Lysine Deoxycholate (XLD),
Mueller Hinton agars were used as solid culture media for this
study. The liquid media used in the study were nutrient broth (NB),
peptone broth, methyl-red and voges-proskauer broth (MR-VP),
and sugar media, 1% hippurate solution, 3.5% ninhydrin solution,
oxidase solution and sugar media.
Isolation and identification of bacteria
Pure culture of E. coli and Salmonella spp. were obtained as per
the methods described by Krieg et al. (1994). Briefly; 10 g of
samples were homogenized with 90 ml of 0.1% peptone water and
50 µl of homogenized sample was poured on to selective agar
media and spread with glass spreader and incubated at 37°C for 24
h. Isolation of Campylobacter spp. was carried out by filtration
method (0.45 μm filter) according to Shiramaru et al. (2012). The

Islam et al.

763

Table 1. List of primers used in this study.

Primer

Sequence (5'-3')

Target

Amplicon
size (bp)

References

16S9F
16S154OR

GAGTTTGATCCTGGCTC
AAGGAGGTGATCCAGCC

Campylobacter
16S rRNA gene

1530

Samosornsuk
et al. (2007)

Upper strand
Lower strand

ACTGGCGTTATCCCTCTGGTG
ATGTTGTCCTGCCCCTGGTAAGAGA

Histidine transport
Operon gene

496

Cohen et al. (1993)

ECO-1
ECO-2

GACCATCGGTTTAGTTCACAGA
CACACGCTGACGCTGACCA

E. coli 16S rRNA gene

585

Schippa et al. (2010)

collected samples were allowed to prepare meat homogenates and
then 50 μl of meat homogenates were spread on the filter papers
that were placed on the surface of Blood base agar no.2 and
allowed to stand for 30 min at room temperature, after 30 min filter
papers were removed from the BA and the plates were incubated at
37°C for 48 h in microaerobic condition (5% O2, 10% CO2 and 85%
N2). The colonies of primary cultures were repeatedly sub-cultured
by streak plate method (Cheesbrough, 1985) until the pure cultures
with homogenous colonies appeared. The representative bacterial
colonies were characterized morphologically using Gram's stain
according to the method describe by Merchant and Packer (1967).
Biochemical characterizations of the E. coli and Salmonella isolates
were performed with Sugar fermentation test, Methyl Red test (MR),
Voges-Proskauer test (V-P) and indole test (Cheesbrough, 1985).
Differentiation of isolated Campylobacter spp. with supporting
growth characteristics were subjected to various biochemical tests
such as catalase, oxidase and hippurate hydrolysis test according
to the procedures followed by Nachamkin (2003) and Foster et al.
(2004).

Molecular identification by polymerase chain reaction (PCR)
DNA template was prepared by boiling method as described by
Rawool et al. (2007). All the samples were examined by two pairs of
primers (Table 1) to detect 16S rRNA gene of Campylobacter spp.,
E. coli and Histidine transport operon gene of Salmonella spp. For
Campylobacter spp. the PCR reactions were carried out using a
thermocycler (ASTEC, Japan) with the following programme: initial
denaturation for 5 minutes at 94°C, followed by 30 cycles of
denaturation at 94°C for 30 s, annealing at 47°C for 30 s and
extension at 72°C for 1 min and 30 s. The final extension was
conducted at 72°C for 10 min. For E. coli, the PCR reactions were
carried out using a thermocycler (ASTEC, Japan) with the following
programme: Initial denaturation for 5 min at 95°C followed by 30
cycles of denaturation at 94°C for 45 s, annealing at 55°C for 45 s
and extension at 72°C for 1 min. The final extension was conducted
at 72°C for 5 min. For Histidine transport operon gene identification
in Salmonella spp. initial denaturation for 5 min at 94°C, followed by
30 cycles of denaturation at 94°C for 30 s, annealing at 56°C for 30
s and extension at 72°C for 45 s. The final extension was
conducted at 72°C for 5 min. 1 and 2% agarose (Invitrogen, USA)
gel was used for electrophoresis of the PCR products.

Antibiotic sensitivity test
All isolates randomly selected from the three genera were tested for
antimicrobial drug susceptibility against eight commonly used

antibiotics by disc diffusion method according to the guidelines of
Clinical and Laboratory Standard Institute (CLSI), 2012. The
selected antibiotics used were ciprofloxacin (5 μg/disc),
azithromycin (30 μg/disc), amoxicillin (30 μg/disc), gentamicin (10
μg/disc), Norfloxacin (10 μg/disc), erythromycin (30 μg/disc),
streptomycin (10 μg/disc), and tetracycline (30 μg/disc). The
interpretation on susceptibility was done according to the guidelines
of Clinical and Laboratory Standard Institute (CLSI, 2007) (Table 1).

RESULTS
Isolation of bacteria from poultry meat
A total of 20 samples were collected for isolation of
bacteria from broiler meat of different upazilla markets of
four districts where three types of bacteria were isolated
from the collected meat samples. The isolates were
identified as E. coli, Salmonella spp. and Campylobacter
spp. on the basis of their morphological, cultural
properties, biochemical characteristics with standard
reference organisms and molecular methods. Among the
isolated bacteria, E. coli were detected in 85% (n=17),
Salmonella and Campylobacter in 70% (n=14) and 75%
(n=15), respectively of the samples. The highest
percentage of E. coli (100%) isolates was observed in
Jamalpur and Tangail district. Salmonella isolates were
higher (80%) in samples of Jamalpur, Tangail and
Kishoreganj. Furthermore, Campylobacter isolates were
100% in samples of Jamalpur District.

Molecular detection of bacteria
Screening of E. coli isolates from meat sample in this
study was performed by genus specific (16S rRNA gene)
polymerase chain reaction (PCR). The PCR assay was
able to amplify 585 bp fragment of the targeted gene from
the genomic DNA of E. coli successfully (Figure 1).
Specific 496 bp fragment of targeted histidine transport
operon gene of Salmonella was amplified successfully
(Figure 2). Genus specific (16S rRNA gene) PCR was
performed for Campylobacter spp. 1530 bp fragment of
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presented in Figure 3.
1

3

2

4

5

6

7

585 bp

Figure 1. PCR targeting 16s rRNA gene for identification of E. coli. Lane 1: 100 bp DNA
Figure 1. PCR targeting
16s
rRNA
for
ofwithout
E. coli.
marker,
lane 2,
3, 4, 5, 6:gene
DNA of E.
coli,identification
lane 7: negative control
DNA.

control without DNA.
1

2

3

4

496 bp

2. Detection of
Salmonella
spp. by histidine
transport operon
operon genegene
based
Figure 2. Detection ofFigure
Salmonella
spp.
by histidine
transport
PCR. Lane 1: 100 bp DNA marker, lane 2, 3, 4: DNA of Salmonella.

based PCR. Lane 1: 100 bp DNA marker, lane 2, 3,
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2

3

4

5

765

6

1530 bp

3. Detection of Campylobacter spp. by 16S rRNA gene based PCR.
Figure 3. Detection ofFigure
Campylobacter
spp. by 16S rRNA gene based PCR.
Lane 1: 100 bp DNA marker, lane 2, 3, 4, 5: DNA of Campylobacter spp. and
lane 6: negative control.

targeted gene was amplified successfully. The result of
PCR is presented in Figure 3.

Antimicrobial susceptibility of isolated
Salmonella and Campylobacter spp.

E.

coli,

A total of 17 E. coli isolates were subjected to
antimicrobial susceptibility testing. Most of the isolates
were resistant to erythromycin (70.58%) and amoxicillin
(88.24%) and few isolates were intermediate. Almost all
the isolates of E. coli showed their highest sensitivity to
gentamicin (76.47%), norfloxacin (82.35%), ciprofloxacin
(82.35%) and azithromycin (64.70%). Some isolates of
E. coli were resistant and some were sensitive to
tetracycline. The result is presented in Table 2. A total of
14 Salmonella isolates were subjected to antimicrobial
susceptibility
testing
against
eight
selected
antibiotics. Almost all isolates of Salmonella spp.
were resistant to tetracycline (85.71%) and erythromycin
(64.28%) whereas most of the isolates of Salmonella spp.
were susceptible to gentamicin (92.85%), norfloxacin
(78.57%) and ciprofloxacin (78.57%) respectively. 5
(35.71%) were sensitive to streptomycin and 10 (71.42%)
isolates were intermediate to amoxicillin. Results are
presented in Table 2.
The
result
of
antimicrobial
susceptibility
of
Campylobacter jejuni and Campylobacter coli are
summarized in Table 2. Out of 11 C. jejuni isolates, 10
(90.90%) isolates were susceptible to gentamicin, 9
(81.81%) were sensitive to norfloxacin, 8 (72.72%) were

sensitive to ciprofloxacin and 7 (63.63%) were susceptible
to streptomycin. Most of the isolates were resistant to
amoxicillin (81.81%) and 9 (81.81%) isolates were
intermediate resistant to erythromycin. On the other
hand, out of four C. coli isolates, all (100%) were sensitive
to both ciprofloxacin and norfloxacin. 3 (75%) were sensitive
to gentamicin, and 4 (100%) were resistant to amoxicillin, 2
were resistant to streptomycin.

Antimicrobial resistance pattern
Antimicrobial resistance pattern of E. coli
The results of the antimicrobial resistance pattern by disk
diffusion method with 8 chosen antimicrobial agents are
presented in Table 3. Out of 17 isolates, 6 (35.29%) were
resistant to 1 antimicrobial agent. Each 1 (5.88%) was
resistant to each of 2 antibiotics. Moreover, 2 (11.76%)
were resistant to 2 antibiotics. Furthermore, each 1
(5.88%) was resistant to each of 3 antibiotics.

Antimicrobial resistance pattern of Salmonella spp.
The results of the antimicrobial resistance pattern by disk
diffusion method with 8 chosen antimicrobial agents are
presented in Table 4. Out of 14 isolates no resistance
observed in 1 isolate. 1 (7.14%) was resistant to 1
antibiotics. Furthermore, each 2 (14.28%) were resistant
to each of 2 antibiotics. Moreover, 1 (7.14%), 2 (14.28%),
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Table 2. Antimicrobial susceptibility pattern of E. coli, Salmonella spp., C. jejuni and C. coli identified by disk diffusion
method.

E. coli

Amoxicillin
Azithromycin
Ciprofloxacin
Erythromycin
Gentamicin
Norfloxacin
Streptomycin
Tetracycline

S
0 (0.0%)
11(64.70%)
14 (82.35%)
0 (0.0%)
13 (76.47%)
14 (82.35%)
4 (23.52%)
9 (52.94%)

No. (%) of isolates
I
2 (11.76%)
4 (23.52%)
3 (17.64%)
5 (29.41%)
2 (11.76%)
2 (11.76%)
10 (58.82%)
5 (29.41%)

Salmonella spp.

Amoxicillin
Azithromycin
Ciprofloxacin
Erythromycin
Gentamicin
Norfloxacin
Streptomycin
Tetracycline

0 (0.0%)
3 (21.42%)
11 (78.57%)
0 (0.0%)
13 (92.85%)
11 (78.57%)
5 (35.71%)
0 (0.0%)

10 (71.42%)
7 (50%)
2 (14.28%)
5 (35.71%)
1 (7.14%)
3 (21.42%)
2 (14.28%)
2 (14.28%)

4 (28.57%)
4 (28.57%)
1 (7.14%)
9 (64.28%)
0 (0.0%)
0 (0.0%)
7 (50%)
12 (85.71%)

C. jejuni

Amoxicillin
Azithromycin
Ciprofloxacin
Erythromycin
Gentamicin
Norfloxacin
Streptomycin
Tetracycline

0 (0.0%)
6 (54.54%)
8 (72.72%)
0 (0.0%)
10 (90.90%)
9 (81.81%)
7 (63.63%)
3 (27.27%)

2 (18.18%)
3 (27.27%)
2 (18.18%)
9 (81.81%)
1 (9.09%)
1 (9.09%)
0 (0.00%)
2 (18.18%)

9 (81.81%)
2 (18.18%)
1 (9.09%)
2 (18.18%)
0 (0.0%)
1 (9.09%)
4 (36.36%)
6 (54.54%)

C. coli

Amoxicillin
Azithromycin
Ciprofloxacin
Erythromycin
Gentamicin
Norfloxacin
Streptomycin
Tetracycline

0 (0.0%)
2 (50.00%)
4 (100%)
0 (0.0%)
3 (75.00%)
4 (100%)
2 (50.00%)
0 (0.0%)

0 (0.0%)
2 (50.00%)
0 (0.0%)
3 (75.00%)
1 (25.00%)
0 (0.0%)
0 (0.00%)
1 (25.00%)

4 (100%)
0 (0.0%)
0 (0.0%)
1 (25.00%)
0 (0.0%)
0 (0.0%)
2 (50.00%)
3 (75.00%)

Antimicrobial agents

R
15 (88.24%)
2 (11.76%)
0 (0.0%)
12 (70.58%)
2 (11.76%)
1 (5.88%)
3 (17.64%)
3 (17.64%)

S= Susceptible; I= Intermediate; R= Resistant.

1 (7.14%) and 1 (7.14) were resistant to each of 3
antibiotics respectively. Furthermore, 1 (7.14%) and 1
(7.14%) were resistant to each of 4 antimicrobial agents.
On the other hand, 1 was resistant to 5 antimicrobial
agents.

Antimicrobial resistance pattern of Campylobacter
spp.
The result of antimicrobial resistance patterns of C. jejuni
and C. coli are summarized in Table 5. Out of 11 C. jejuni
isolates, each 1 (9.09%) was resistant to each

1 antimicrobial agent. Furthermore, 3 (27.27%) and 1
(9.09%) were resistant to each of 2 antibiotics
respectively. Moreover, 1 (9.09%) and 1 (9.09%) were
resistant to each of 3 antibiotics. On the other hand, 1
(9.09%) and 1 (9.09%) were resistant to each of 3 and 4
antibiotics respectively. Out of 4 C. coli isolates, each 1
(25%) were resistant to each of 1 antibiotic. Furthermore,
2 (50%) were resistant to 3 antibiotics.

DISCUSSION
Meat products are important not only from nutritional

Islam et al.

Table 3. Results of antimicrobial resistance pattern of E. coli.

Isolates

E. coli (n=17)

Resistance profiles
No resistance demonstrated
Resistant to 1 agent AMX
Resistant to 2 agent (AMX-NOR)
Resistant to 2 agent (S-TE)
Resistant to 2 agents (AMX- S)
Resistant to 2 agents (AMX-E)
Resistant to 3 agents (AMX-E-S)
Resistant to 3 agents (AMX-E-AZM)
Resistant to 3 agents (E-GEN-TE)
Resistant to 3 agents (AMX-E-TE)
Resistant to 3 agents (E-AMX-GEN)
Resistant to 3 agents (AMX-S-AZM)
Total resistant isolates

No. of isolates (%)
6 (35.29%)
1 (5.88%)
1 (5.88%)
1 (5.88%)
2 (11.76%)
1 (5.88%)
1 (5.88%)
1 (5.88%)
1 (5.88%)
1 (5.88%)
1 (5.88%)
17 (100%)

Table 4. Results of antimicrobial resistance pattern of Salmonella spp.

Isolates

Salmonella
(n=14)

spp.

Resistance profiles
No resistance demonstrated
Resistant to 1 agent TE
Resistant to 2 agent (E-TE)
Resistant to 2 agent (S-TE)
Resistant to 3 agents (E- AMX-TE)
Resistant to 3 agents (S-E-TE)
Resistant to 3 agents (AMX-AZM-TE)
Resistant to 3 agents (E-AZM-TE)
Resistant to 4 agents (AMX-E-S-TE)
Resistant to 4 agents (E-AZM-S-TE)
Resistant to 5 agents (AMX-S-E-CIP-AZM)
Total resistant isolates

No. of isolates (%)
1 (7.14%)
1 (7.14%)
2 (14.28%)
2 (14.28%)
1 (7.14%)
2 (14.28%)
1 (7.14%)
1 (7.14%)
1 (7.14%)
1 (7.14%)
1 (7.14%)
14 (100%)

Table 5. Results of antimicrobial resistance pattern of Campylobacter spp.

Isolates

C. jejuni (n=11)

C. coli (n=4)

Resistance profiles
No resistance demonstrated
Resistant to 1 agent AMX
Resistant to 1 agent (E)
Resistant to 1 agent (AZM)
Resistant to 2 agents (AMX- TE)
Resistant to 2 agents (AMX-S)
Resistant to 3 agents (AMX-S-TE)
Resistant to 3 agents (E-S-CIP)
Resistant to 4 agents (AMX-NOR-AZM-TE)
Resistant to 5 agents (AMX-S-E-AZM-TE)
Total resistant isolates
Resistant to 2 agent (AMX-TE)
Resistant to 2 agent (AMX-E)
Resistant to 3 agent (AMX-S-TE)
Total resistant isolates

No. of isolates (%)
1 (9.09%)
1(9.09%)
1(9.09%)
3 (27.27%)
1(9.09%)
1 (9.09%)
1 (9.09%)
1 (9.09%)
1 (9.09%)
11 (100%)
1 (25%)
1 (25%)
2 (50%)
4 (100%)
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point of view, but also as an item of international trade
and foreign exchange for a number of countries.
However, they can also function as carriers of several
microbial and other health hazards. The greatest risk to
human health is due to the consumption of raw or
contaminated meat and meat products.
In this study, E. coli, Salmonella and Campylobacter
were found in the poultry meat, which was similar to the
reports by Zhao et al. (2001), Ahmed et al. (2009), AwadAlla et al. (2010), Torok et al. (2011), Voidarou et al.
(2011), Sudershan et al. (2012), Malmuthuge et al.
(2012) and Hossain et al. (2015). Several selective
culture media were used simultaneously in this study to
culture the organism. The media used in this study were
selected considering the experience of the past
researcher worked in various fields relevant to the
present study by Kabir et al. (2014). The colony
characteristics of Campylobacter spp. were gray color
spreading colony which was supported by (Doyle, 1990;
Rowe and Madden, 2000). In Gram's staining, the
morphology of the isolated Campylobacter spp. was also
supported by Doyle (1990). The colony characteristics of
E. coli observed in Mac conkey, EMB agar were similar to
the findings of Sharada et al. (1999). And in gram
staining isolated bacteria showed pink color small rod
shaped organism which was reported by others
previously Sharada et al. (1999) and Merchant and
Packer (1967). The colony morphology of Salmonella
spp. was similar to that of Sarker et al. (2009) and Khan
et al. (2005). In Gram's staining, the morphology of the
isolated bacteria exhibited Gram negative small rod
arranged in single or paired and motile which was
supported by Sharada et al. (1999).
In catalase test, all the isolates (n = 15) produced
bubbles those indicated positive for Campylobacter. In
oxidase test, a purple color change was observed within
ten seconds in all the isolates (n=15). In hippurate
hydrolysis test, some of the isolates (n=4) develop a faint
purple to no color change that indicated the isolates were
C. coli and some of the test isolates (n=11) developed
deep purple color that indicated the isolates were C.
jejuni. These findings are similar to the findings of Kabir
et al. (2014) and Jamshidi et al. (2008).
The E. coli isolates revealed a complete fermentation of
5 basic sugars by producing both acid and gas which was
supported by Thomas (1998) and Beutin et al. (1991).
The isolates also revealed positive reaction in MR test
and Indole test but negative reaction in VP test (Honda et
al., 1982). The antimicrobial susceptibility of most of the
isolates was sensitive to ciprofloxacin; gentamicin and all
the isolates were resistant to amoxycillin. Some of the
isolates were multidrug resistant which was similar to the
result of Kabir et al. (2014). In this study, it was observed
that the E. coli isolates were sensitive to ciprofloxacin,
norfloxacin and gentamicin. The results strengthen the
earlier observations of Akond et al. (2009) and Islam et
al. (2004). Resistance of E. coli was observed against

erythromycin, amoxycillin. The result was supported by
Akond et al. (2009). The cause of such resistance by the
E. coli might be for the fact that the organisms might have
gained the resistance property due to the indiscriminate
use of antibiotics.
The occurrence of isolation of bacterial pathogens from
broiler should be considered as hazardous to health and
advocate the preventing risk factors. However, in the
present study ciprofloxacin were proved to be the best
antibiotics to treat E. coli infection since they were highly
effective. The results agreed with those reported by
several investigations of Islam et al. (2004) and Ozaki et
al. (2011) who also obtained similar resistant patterns of
E. coli isolated from broiler. It was revealed that
Salmonella spp. were sensitive to ciprofloxacin,
gentamicin and norfloxacin. This result was supported by
Jahan et al. (2013) and Khan et al. (2005) where isolates
were sensitive to ciprofloxacin and chloramphenicol. The
result is also consistent with Wouafo et al. (2010). The
isolates were resistant to erythromycin, and amoxycillin
which is similar to report of Hyeon et al. (2011) and Khan
et al. (2005).

Conclusion
In this study, bacteria were isolated from only 20 samples
of 20 different upazila of Bangladesh. The findings of the
present study revealed the presence of multidrug
resistant bacteria in broiler meat sold in markets of
Bangladesh. Most of the isolates showed resistance to
amoxycillin but sensitive to ciprofloxacin and gentamicin.
Some isolates showed multidrug resistance.
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Campylobacter spp. (Campylobacter jejuni and Campylobacter coli) are one of the major cause of foodborne bacterial diarrhoea in human worldwide. This study was conducted for the isolation, identification
and antimicrobial resistance profiling of Campylobacter spp. from diarrhoeal samples of human
collected from Surya Kanta (SK) hospital, Mymensingh Medical College, Mymensingh during the period
of August 2016 to October 2017. Using cultural and biochemical techniques, a total number of 150
samples were subjected to Campylobacter isolation and identification. The isolated Campylobacter
species (C. jejuni and C. coli) were characterized by antimicrobial susceptibility testing. Among 40
positive Campylobacter isolates, 23 (57.50%) were C. jejuni and the rest 17 (42.50%) isolates were C.
coli. Furthermore, out of 40 Campylobacter like organisms, 22 Campylobacter isolates were found in
male patient and 18 Campylobacter isolates were found in female. 13 (16.04%) C. jejuni and 9 (11.11%)
C. coli were found in male and 10 (14.49%) C. jejuni and 8 (11.59%) C. coli were found in female.
Considering the different age groups, 5 (33.33%), 12 (27.91%), 19 (29.68%) and 4 (14.28%)
Campylobacter isolates were found in 1 to 15, 16 to 30, 31 to 50 and above 50 years respectively during
the period of August 2016 to October 2017. Majority of the Campylobacter jejuni were resistant to
ampicillin, nalidixic acid, tetracycline and norfloxacin. However, majority of the Campylobacter jejuni
were susceptible to gentamycin, chloramphenicol, ciprofloxacin, azithromycin and streptomycin.
Furthermore, C. coli were resistant to ampicillin, tetracycline, erythromycin, nalidixic acid, norfloxacin
and susceptible to streptomycin, chloramphenicol, gentamycin and ciprofloxacin. Out of 40
Campylobacter isolates 65.21% C. jejuni and 52.94% Campylobacter coli were detected as multidrug
resistant. The findings of the study revealed the presence of multidrug resistant Campylobacter species
in human diarrhoeal samples in Mymensingh.
Key words: Human diarrhoeal samples, Campylobacter spp., isolation, identification, antimicrobial resistance
profiles.

INTRODUCTION
Campylobacter is one of the most commonly identified
bacterial infections and is considered as the vital bacterial
cause of acute human gastroenteritis worldwide (Allos

and Taylor, 1998). Campylobacteriosis is the major
public health hazard and a common cause of gastroenteritis of human in the industrialized world (Friedman
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et al., 2000). FoodNet surveillance identified 13.4
diagnosed Campylobacter infections per 100,000 persons
(2002). Approximately 95% of diagnosed Campylobacter
infections are due to C. jejuni (Altekruse et al., 1999).
Campylobacter species are commonly inhibited in the
intestinal tracts of poultry, livestock and food products of
animal origin which are mostly associated with
diarrhoea (de Boer et al., 2000). Campylobacter spp. is
highly pathogenic causing acute diarrhoea and sometimes
reactive arthritis and Guillain –Barre syndrome (Zia et al.,
2003). Campylobacter spp. has a zoonotic impact
(Anonymous, 2008) and causes food-borne infection
resulting to human gastro-enteritis (Butzler et al., 1991;
White et al., 1997; Kabir, 2011).
The primary sources of infection are considered to be
the poultry and poultry products. Therefore, food animals
such as cattle, sheep and pigs may be considered as
asymptomatic carriers of Campylobacter species and
during slaughter and carcass dressing, these animal food
products can be contaminated by this pathogen
(Berndtson et al., 1996). It is also reported that illness
was associated with the consumption of raw milk and
participation in hand milking of cows (Black et al., 1988).
Consumption of contaminated food stuffs are the major
source of Campylobacteriosis in human which is
predominantly acquired through it (Humphrey et al.,
2007). About 2.5 million cases of Campylobacteriosis.
The Centers for Disease Control and Prevention (CDC)
estimates that over 200 deaths occur annually in the
United States. Although, Campylobacter out-breaks are
relatively rare, waterborne out-breaks have occurred
worldwide in many developed countries (Karagiannis et
al., 2010).
In campylobacterial diarrhoea, most of the patients had
diarrhoea with vomiting and fever and the onset was
mostly sudden which usually lasted for less than a week
(Goossens et al., 1990). In human and veterinary
practices, microbial resistance to antibiotic agents is a
matter of concern all over the world (Sarker et al., 2018).
Resistance of Campylobacter species to antimicrobial
agents have been reported worldwide (Isenbarger et al.,
2002). This condition seems to exaggerate rapidly in
developing countries where widespread and uncontrolled
use of antibiotics is practiced (Englen et al., 2003).
Increasing level of antimicrobial resistant Campylobacter
species is due to the excessive use of antimicrobial
agents in food animals resulting to the emergence and
dissemination of antimicrobial resistant bacteria (Hassan
et al., 2014; Engberg et al., 2001), which has a serious
impact on both Veterinary and Human health with regard
to food safety. In veterinary industry antibiotics are
commonly used as a therapeutic, prophylactic and growth
promoting agents for livestock and poultry production and

its causes accumulation in antibiotic residue in animal
food products and development of antibiotic resistance
(Donoghue, 2003).
As a microaerophilic bacteria, Campylobacter can be
detrimental to their survival within certain environmental
stresses like exposure to air, drying, low pH and
prolonged storage (Oh et al., 2015). Campylobacter is
frequently isolated from stools of infants with diarrhoea in
developing countries which is resulted from the
consumption of contaminated food or water (Coker et al.,
2002). Only few studies in Bangladesh have been
reported for the isolation of Campylobacter species from
patients having diarrhoea (Blaser et al., 1997; Alam et al.,
2006). Furthermore, no documented reports exist yet on
the prevalence and antimicrobial resistance of
Campylobacter species in diarrhoeal patients in
Mymensingh where patients are available in that case.
Therefore, the aim of the present study was to isolate,
identify and analyze the antimicrobial resistance patterns
of Campylobacter species from diarrhoeal patients in
Surya Kanta (SK) hospital, Mymensingh Medical College,
Mymensingh, Bangladesh.
MATERIALS AND METHODS
Collection and transportation of samples
A total of 150 diarrhoeal samples were collected and immediately
taken to the Bacteriology Laboratory of the Department of
Microbiology and Hygiene, Bangladesh Agricultural University,
Mymensingh through cool chain maintaining. Thereafter, the
samples were processed immediately for the isolation and
identification of Campylobacter spp.

Isolation and identification of bacteria
Isolation of Campylobacter spp. were carried out by filtration
method (0.45 μm filter) as described by Shiramaru et al. (2012).
Each of the stool samples was suspended in 500 μl of sterile saline.
100 μl of the samples was spread on the filters that were placed on
the surface of Blood agar base no. 2 and allowed to stand for 30
min at room temperature. After 30 min, the filter was removed from
the BBA and then the plates were incubated at 37°C for 48 h in
microaerophilic condition (5% O 2, 10% CO2 and 85% N2). After 48
h, the incubated media were then examined for growth of bacteria.
Grey, flat and irregularly spreading colonies were observed on
BBA. The colony was then subjected to Gram’s Method of staining
and observed under microscope for Gram negative curve. The
organisms from the agar media were then sub-cultured into Blood
agar base no. 2 with the help of an inoculating loop in the case of
Gram negative curve in the smears. In the case of Blood agar grey,
flat and irregularly spreading colony were observed. Thus, single
pure colony was obtained. These pure isolates obtained were used
for further study.
For differentiation of isolation of Campylobacter, isolated
organisms with supporting growth characteristics of Campylobacter
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Table 1. List of primer used for Campylobacter spp.

Primer

Sequence (5’-3’)

16S9F
16S1540R

GAGTTTGATCCTGGCTC
AAGGAGGTGATCCAGCC

Amplicon
size (bp)

Target
Campylobacter spp.16S rRNA gene

1530

Reference
Samosornsuk et al.( 2007)

Table 2. Isolation of Campylobacter spp. according to sex and age of patients.

Number of
patients

Number (%) of Campylobacter
positive case

Male
Female
Total

81
69
150

22(27.16)
18(26.09)
40 (26.67)

1-15
16-30
31-50
>50
Total

15
43
64
28
150

5 (33.33)
12 (27.91)
19 (29.68)
4 (14.28)
40 (26.67)

Parameter

Sex

Age (years)

were subjected to various tests according to the procedures
previously described by Nachamkin (2003) and Foster et al. (2004).
Molecular identification by PCR
DNA templates were prepared with the boiling method as described
by Hoshino et al. (1998). All the samples were examined by two
pairs of primers (Table 1) to detect the 16S rRNA gene of
Campylobacter spp.. The PCR reactions were carried out using a
thermocycler (ASTEC, Japan) with the following programme: initial
denaturation for 5 min at 94°C, followed by 30 cycles of
denaturation at 94°C for 30 s, annealing at 47°C for 30 sand
extension at 72°C for 1 min and 30 s. The final extension was
conducted at 72°C for 10 min. The holding temperature was 4°C
until the thermo cycler was removed. 1.5% agarose (Invitrogen,
USA) gel was used for electrophoresis of the PCR products.
Antimicrobial sensitivity test
All Campylobacter strains were tested against ampicillin (10 μg),
tetracycline (30 μg), chloramphenicol (30 μg), streptomycin (10 μg),
gentamicin (10 μg), erythromycin (15 μg), azithromycin (15 μg),
nalidixic acid (30 μg), ciprofloxacin (5 μg) and norfloxacin (10 μg) by
disk diffusion method as described by Luangtongkum et al. (2007)
with few modifications. All antimicrobial disks were obtained from Hi
Media Laboratories Pvt. Ltd, India. Briefly, within 15 min after
adjusting the turbidity of the inoculum suspension (equivalent to 0.5
McFarland turbidity), a sterile cotton swab was dipped into the
adjusted suspension and then, the swab was rotated several times
followed by pressed firmly on the inside wall of the tube above the
fluid level to remove excess inoculum from the swab. Thereafter,
the dried surface of a Muller-Hinton agar supplemented with 5%
defibrinated sheep blood was inoculated by streaking the swab over
the entire sterile agar surface and this procedure was repeated two
more times, and the plate was rotated at 60° each time to ensure
a confluent lawn of bacterial growth. After the inoculates were dry,
five antimicrobial disks were applied per plate and incubated in the

Number (%) of Campylobacter spp.
C. jejuni (%)
C. coli (%)
13 (16.04)
9 (11.11)
10 (14.49)
8 (11.59)
23 (15.33)
17 (11.33)
3 (20.00)
7 (16.27)
11 (17.18)
2 (7.14)
23 (15.33)

2 (13.33)
5 (11.62)
8 (12.50)
2 (7.14)
17 (11.33)

inverted position at 37°C for 48 h under microaerophilic conditions
(5% O2, 10% CO2 and 85% N2). The zone diameter breakpoints of
each antimicrobial agent were determined according to the
breakpoints used by the National Antimicrobial Resistance
Monitoring System (NARMS) and the CLSI-established guideline for
bacteria isolated from animals (CDC, 2003; National Committee for
Clinical Laboratory Standards 2002a, 2002b).

RESULTS
Cultural examination and biochemical tests
Campylobacter spp. produced grey color spreading
colonies on blood agar base no. 2 media after 48 h of
incubation at 37°C. In Gram’s staining under microscope,
the organism revealed Gram negative, pink color, small
curved shape arranged as single or pair. The organisms
were checked and confirmed by their purity using special
blood agar media (Blood agar base no. 2). All the isolates
of Campylobacter spp. were found positive for catalase
test and oxidase test. Only C. jejuni were found positive
in hippurate hydrolysis test but C. coli were found
negative for hippurate hydrolysis test.
Isolation of Campylobacter
according to sex and age

spp.

from

patients

A total of 150 diarrhoeal samples (male=81 and
female=69) were subjected to isolation of Campylobacter
strains by filtration method. A total of 40 (26.67%)
Campylobacter organisms were found in the studied
samples where 22 (27.16%) were male and 18 (26.09%)
were female as shown in Table 2.
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6

5

4

3

1530 bp

2

1

1500 bp

Figure 1. PCR product of 16S rRNA gene. A 1530 bp gene product in the picture confirmed the 16S
rRNA gene of Campylobacter spp. Lane, 1 was 100 bp DNA ladder (Promega, USA); lane 2 was
negative control and lanes 3 to 7 were positive samples.

The age groups of experimented samples were divided
as; 1 to 15 years (n=15), 16 to 30 years (n=43), 31 to 50
years (n=64) and above 50 years (n=28) and were
subjected to isolation of Campylobacter strains. Out of 40
Campylobacter organisms; 5 (33.33%) were in 1 to 15
years, 12 (27.91%) were in 16 to 30 years, 19 (29.68%)
were in 31 to 50 years and above 50 years, 4 (14.28%)
were found (Table 2).
Molecular detection by PCR
Genus specific (16S rRNA gene) polymerase chain
reaction (PCR) was performed. 1530 bp fragment of
targeted gene was amplified successfully. The results of
PCR are shown in Figure 1.
Antibiogram study for Campylobacter spp.
Antimicrobial susceptibility of C. jejuni and C. coli
Details results of antimicrobial susceptibility testing by
disc diffusion method with 10 chosen antimicrobial agents
are presented in Table 3. Out of 23 C. jejuni isolates, 23
(100%) were resistant to ampicillin, 7 (30.43%) were
intermediately resistant to streptomycin, and 19 (82.61%)
were susceptible to gentamicin.
Out of 17 Campylobacter coli isolates, 17 (100%) were
resistant to ampicillin, 7 (41.17%) were intermediately
resistant to azithromycin and 12 (70.59%) were
susceptible to ciprofloxacin
Antimicrobial resistant pattern of C. jejuni and C. coli
The results of antimicrobial resistance patterns of C.

jejuni and C. coli are summarized in Table 4. Out of 23 C.
jejuni isolates, 5 (21.73%) and 3 (13.04%) were resistant
to each of 1 antibiotic (AMP) and (E) respectively.
Moreover, 6 (26.09%) and 2 (8.69%) were resistant to
each of 2 antibiotic agents (AMP-TET) and (AMP-ST)
respectively. Furthermore, 2 (8.69%), 1(4.34) and 2
(8.69%) were resistant to each of 3 antibiotic agents:
(AMP-ST-TET),
(E-ST-CIP)
and
(AMP-TET-ER)
respectively and 2 (8.69%) were resistant to 4 antibiotic
agents (AMP-TET-ER-NOR).
Out of 17 C. coli isolates, 3 (17.64%) and 5 (29.41%)
were resistant to 1 antibiotic (AMP) and (E) respectively.
Furthermore, 2 (11.76%) and 2 (11.76%) were resistant
to 2 antibiotics (AMP-TET) and (AMP-ST) respectively. 1
(5.88%), 2 (11.76%) and 1 (5.88%) were resistant to
each of 3 antibiotic agents: (AMP-ST-TET), (E-ST-CIP)
and (AMP-TET-ER) respectively. 1 (5.88%) were
resistant to 4 antibiotic agents (AMP-TET-ER-NOR).
Multidrug resistant Campylobacter spp. was identified
by considering resistant to 2 or more drugs. A total of 15
(65.21%) C. jejuni (out of 23) and 9 (52.94%) C. coli (out
of 17) were identified as multidrug resistant.

DISCUSSION
For the characterization of the Campylobacter spp.
isolation, cultural characteristics based examination,
staining characteristics, biochemical testing and finally
PCR were very crucial which were performed from the
isolated Campylobacter spp. Blood agar base no. 2 as a
selective agar media was used to culture the organism
(Campylobacter spp.) under required microaerophilic
environment (5% O2, 10 % CO2 and 85% N2) as the
experiment was conducted by several researchers
(Haseena, 2017; Kabir et al., 2014a, 2014b) and

Karmaker et al.

775

Table 3. Antimicrobial susceptibility pattern of Campylobacter spp. (n=40) identified by the disk diffusion method.

C. jejuni

S (%)
I (%)
R (%)

AMP
0(0)
0(0)
23(100)

TET
5(21.74)
2(8.69)
16(69.56)

CHL
17(73.91)
6(26.08)
0(0)

ST
13(56.52)
7(30.43)
3(13.04)

Number (%)
GEN
E
19(82.61)
8(34.78)
3(13.04)
7(30.43)
1(4.34)
8(34.78)

C. coli

S (%)
I (%)
R (%)

0(0)
0(0)
17(100)

6(35.29)
2(11.76)
9(52.94)

10(58.82)
5(29.41)
2(11.76)

11(64.70)
5(29.41)
1(5.88)

9(52.94)
3(17.64)
5(29.41)

Name of isolates

3(17.64)
3(17.64)
11(64.71)

AZM
15(65.21)
5(21.73)
3(13.04)

NAL
2(8.69)
0(0.00)
21(91.31)

CIP
16(69.56)
2(8.69)
5(21.73)

NOR
7(30.43)
4(17.39)
12(52.17)

4(23.52)
7(41.17)
6(35.29)

5(29.41)
4(23.52)
8(47.05)

12(70.59)
1(5.88)
4(23.52)

1(5.88)
3(17.64)
13(76.47)

Susceptible: I = Intermediate; R = Resistance. AMP, Ampicillin; TET, tetracycline; E, erythromycin; AZM, Azithromycin; CIP, Ciprofloxacin; ST, Streptomycin; NOR, Norfloxacin; GEN, Gentamicin;
NAL, Nalidixic acid; CHL, Chloramphenicol.

Table 4. Antimicrobial resistance pattern of Campylobacter spp.

Isolate

C. jejuni (n=23)

C. coli (n=17)

Resistance profiles
a. No resistance demonstrated
b. Resistant to 1 agent (AMP)
c. Resistant to 1 agent (E)
d. Resistant to 2 agents (AMP-TET)
e. Resistant to 2 agents (AMP-ST)
f. Resistant to 3 agents (AMP-ST-TET)
g. Resistant to 3 agents (E-ST-CIP)
h. Resistant to 3 agent (AMP-TET-ER)
i. resistant to 4 agents (AMP-TET-ER-NOR)
Total resistant isolates

Number of isolates (%)
5(21.73)
3(13.04)
6(26.09)
2(8.69)
2(8.69)
1(4.34)
2(8.69)
2(8.69)
23(100)

a. No resistance demonstrated
b. Resistant to 1 agent (AMP)
c. Resistant to 1 agent (E)
d. Resistant to 2 agents (AMP-TET)
e. Resistant to 2 agents (AMP-ST)
f. Resistant to 3 agents (AMP-ST-TET)
g. Resistant to 3 agents (E-ST-CIP)
h. Resistant to 3 agent (AMP-TET-ER)
i. Resistant to 4 agents (AMP-TET-ER-NOR)
Total resistant isolates

3(17.64)
5(29.41)
2(11.76)
2(11.76)
1(5.88)
2(11.76)
1(5.88)
1(5.88)
17(100)
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filtration method (0.45 μm filter paper) was used for
selection of the Campylobacter spp. (Shiramaru et al.,
2012). The colony characteristics of Campylobacter spp.
exhibited pink or light pink color, gram negative and
slightly curved shaped that is similar to the results of
several researchers (Doyle, 1990; Rowe and Madden,
2000; Jamshidi et al., 2008; Kabir, 2011).
This study recorded 40 Campylobacter spp. by
biochemical tests. Out of 40 isolates, 23 (57.50%) C.
jejuni and 17 (42.50%) C. coli were identified. In this
study, for the identification of Campylobacter spp.
biochemical tests were performed which were also similar
to the studies of a number of researchers (Shiramaru et
al., 2012; Gblossi et al., 2012; Kabir et al., 2014a, 2014b).
PCR primers targeting 16S rRNA gene of
Campylobacter spp. were amplified. 1530 bp fragments
of DNA confirmed the identity of Campylobacter spp.
Similar results were also observed by several
researchers (Foster et al., 2004; Samosornsuk et al.,
2007; Kabir, 2011). Campylobacter spp. were found in
the collected samples of diarrhoeal patients in SK
Hospital, Mymensingh Medical College, Mymensingh.
Similar findings were reported in other studies by Awad et
al. (2010); Malmuthuge et al. (2012) and Hossain et al.
(2015).
Reliable and reproducible laboratory techniques are
required for monitoring drug resistance among the
Campylobacter
isolates.
Campylobacter
present
difficulties in antimicrobial susceptibility testing like other
fastidious bacteria because of their unique growth
requirements and test conditions. In this study,
susceptibility profiles of Campylobacter isolates were
determined through agar disk diffusion method. The
methodology has proven to be a relatively accurate
method to test antimicrobial susceptibilities of fastidious
organisms including Campylobacter spp.
The current study was conducted to detect the
antimicrobial resistance patterns by disk diffusion
methods of Campylobacter spp. that is used by several
researchers (Kabir, 2011; Gblossi et al., 2012; Wieczorek
et al., 2013; Kabir et al., 2014a, 2014b). The high level of
ciprofloxacin resistance (>80%) and tetracycline had
been found by Senok et al. (2007) in human patients that
suffered from diarrhoea. Hakanen et al. (2003) found
46% resistance to ciprofloxacin, tetracycline (46%) and
ampicillin (17%) respectively from the diarrhoeal patients.
Higher frequency of erythromycin resistance in C. coli
than in C. jejuni (0 to 11% in C. jejuni and 0 to 68.4% in
C. coli) had been reported by Sjögren et al. (1997) for
human that suffered from Campylobacterial diarrhoea.
Resistance to erythromycin was low in Japan, Canada,
and Finland but recent development of resistance in
Thailand and Sweden has been reported by Hoge et al.
(1998). The concomitant resistance rates among nalidixic
acid resistant C. jejuni isolated from patients (exclusively
children) were 2, 12, 12, 97 and 66% for gentamicin,
erythromycin, clindamycin, tetracycline, ciprofloxacin

respectively and 90% of the C. coli isolates were
concomitantly resistant to clindamycin. The rates of
resistance of 51 to 72 human strains of C. jejuni isolated
annually from 1998 to 2001 in Montréal, Québec,
Canada, varied from 1 to 12% for erythromycin, 43 to
68% for tetracycline and 10 to 47% for ciprofloxacin
(Gaudreau, 2003).
For Campylobacter infections, Hoge et al. (1998) found
100% co-resistance between Campylobacter spp.
isolates resistant to azithromycin and ciprofloxacin.
Fluoroquinolone resistance in C. jejuni, C. coli or
combination of C. jejuni and C. coli were 56.9%, 84%,
and 75 to 88%, respectively which is supported by the
findings of the present study.
This study recorded highest resistance rates to
ampicillin, erythromycin, nalidixic acid and norfloxacin
against C. jejuni and C. coli. Findings of this study
suggest that multidrug resistant Campylobacter spp.
isolated from human diarrhoeal samples might be an
important concern for human health. This study has
generated the first report on the antimicrobial resistance
pathogens of Campylobacter spp. isolated from human
diarrhoeal samples in Bangladesh.

Conclusion
The research project revealed that Campylobacter spp.
infection is a common phenomenon in the study area.
The findings of the study also revealed the presence of
multidrug resistant Campylobacter species in human
diarrhoeal samples in Mymensingh. Strictly hygienic
measures with personal hygiene, food safety especially
during consumption of food stuffs contaminated with
Campylobacter spp. organism should strictly be
prohibited. Antibiotics could be used after sensitivity test
for the treatment of clinical cases of Campylobacter spp.
infection in human. It is also necessary to avoid
excessive use of antibiotics in food animals due to their
antimicrobial resistance properties.
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Ntoba mbodi is a stable and long-life alkaline-fermented food and the domestic-scale production
depends upon microorganisms from the local environment. Previous studies on bacteria in Ntoba
mbodi have reported the presence of Bacillus related species and other bacterial taxa. But the
abundance of these bacteria in Ntoba mbodi still needs to be determined to assess their ecological
importance in this particular environment. In the present study, we used an extinction dilution approach
for isolation and taxonomic affiliation of the dominant isolates obtained from the highest positive
dilution of Ntoba mbodi. We also tested the hypothesis that there is a convergence in the bacterial
community profile in Ntoba mbodi, irrespective of the origins of the food, by assessing the set of
dominant bacteria that was found in all the samples studied. The density of the bacteria ranged from
10
10
-1
1.67×10 to 2.8×10 CFU g . Eleven distinct morphotypes were isolated at the highest positive dilution
of Ntoba mbodi and identified using 16S rRNA gene sequencing followed by phylogenetic analyses.
Eight isolates were classified as Bacillus related species. A set of five strains was shared between all
samples of Ntoba mbodi which were closest to Bacillus altitudinis, Bacillus sp. C-32, Staphylococcus
sciuri and Bacterium NLAE-ʫ-H375. Of the eleven predominant isolates, eight showed cellulase activity
and five showed xylanase and β-glucosidase activity.
Key words: Bacillus, cassava leaves, alkaline-fermentation, Ntoba mbodi, indigenous fermented foods.

INTRODUCTION
Fermentation is one of the most ancient forms of food
preservation technologies in the world. It uses
microorganisms to convert perishable and sometimes
inedible raw materials into safe, shelf-stable and

palatable foods or beverages (Ray and Montet, 2017).
Indigenous food fermentation represents an extremely
valuable cultural heritage in most regions, and harbors a
huge genetic potential of valuable, but hitherto unidentified,
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microbial strains (Tamang et al., 2016).
Steinkraus (1996) classified fermentation processes
into various categories including lactic acid, alcoholic,
acetic acid and alkaline fermentations. Unlike lactic acid
and alcoholic fermentations, alkaline fermentation is
unusual in that it causes an increase in the pH of the food
as a result of the release of ammonia from the
breakdown of proteins in the food (Sarkar and Nout,
2014; Ray and Montet, 2017). Alkaline fermented foods
are a group of lesser-known food products that are widely
consumed almost exclusively in Asian and Africa
countries (Streinkraus, 2002); Sarkar and Nout, 2014).
Ntoba mbodi is a fermented food from a householdscale alkaline-fermentation process which depends upon
the microorganisms in the local environment (Louembe et
al., 2003; Kobawila et al., 2005; Mokemiabeka et al.,
2011). A pioneering study of the microflora of Ntoba
mbodi, using phenotypic characterization of isolates,
reported the presence of Micrococcus varians, Bacillus
macerans, Bacillus subtilis, Staphylococcus sciuri and
Staphylococcus xylosus (Louembe et al., 2003).
Kobawila et al. (2005) using the same bacterial
characterization approach reported on the presence of
Bacillus subtilis, Bacillus amyloliquefaciens, Bacillus
megaterium, Bacillus macerans, Bacillus cereus, Bacillus
polymixa, Bacillus brevis and Bacillus pumilus. Recently,
Vouidibio-Mbozo et al. (2017), by combining both
phenotypic and genotypic methods identified B. safensis,
B. siamensis and Lysinibacillus spp. in Ntoba mbodi. A
novel species of the genus Lysinibacillus has even been
isolated from Ntoba mbodi (Ouoba et al., 2015).
Surprisingly, lactic acid bacteria (LAB), which are the
microorganisms responsible for acidic indigenous food
fermentations (Brauman et al., 1996; Lei and Jakobsen,
2004; Kostinek et al., 2007; Sawadogo-Lingani et al.,
2007), were also found in Ntoba mbodi (Ouoba et al.,
2010). The LAB isolates were closest to Weissella
confusa, Weissella cibaria, Lactobacillus plantarum,
Pediococcus pentosaceus, Enterococcus casseliflavus,
Enterococcus
faecium,
Enterococcus
faecalis,
Enterococcus avium and Enterococcus hirae (Ouoba et
al., 2010).
However, it is still unclear whether the isolates
previously described were the predominant bacterial taxa
in Ntoba mbodi. Indeed, isolation of colonies was based
on phenotypic characteristics of Bacillus after cultivation
of total mesophilic bacteria (Vouidibio-Mbozo et al., 2017)
or LAB (Ouoba et al., 2010). Therefore the bacterial
predominance in previous studies represents the fraction
of each distinct species complete set of isolates or
probably faster growing bacteria but does not reflect the
abundance of each cultivable species in the initial
samples of Ntoba mbodi. This raises the question of the
ecological relevance of isolates obtained under these
conditions. Are these bacteria species involved in the
fermentation of Ntoba mbodi or simply transient or
inactive forms? Knowing the abundance of different
species can provide insight into how a community

functions (Verberk, 2011). Likewise, understanding the
bacterial diversity and determining the taxonomic
classification of dominant species are necessary for
determining the bacteria forming the “functional starter”
(Leroy and De Vuyst, 2004).
Furthermore, the softening of the cassava leaves which
is the main indicator for the end of the fermentation
process in Ntoba mbodi has been ascribed to bacterial
enzyme activity in Ntoba mbodi (Mokemiabeka et al.,
2011). However, this conclusion was based on the results
obtained by screening for enzyme activities in
homogenates of fermented cassava leaves. This
experimental approach could not establish whether the
enzyme activities observed came from bacterial activity
or from enzymes secreted by cassava leaves
themselves. In addition, xylanase activity was not
investigated while xylan is the second most abundant
polysaccharide found in the plant kingdom after cellulose
and is the major hemicellulose in plant cell walls (He et
al., 2014).
The present study set out to assess the numerically
dominant bacterial species in Ntoba mbodi using a
dilution to extinction approach (Garland and Lehman,
1999; Gomez et al., 2004), focusing on colonies obtained
from the highest positive dilution of the Ntoba mbodi. We
also investigated the hypothesis that there was a
convergence of bacterial community profiles in Ntoba
mbodi irrespective of the origin of samples in Brazzaville
(Congo) as has been demonstrated in other ecosystems
(Jia et al., 2016). This hypothesis was tested by
assessing the set of bacteria shared across samples of
Ntoba mbodi purchased from different producers. Finally,
we determined whether the numerically dominant
bacteria taxa isolated had the enzyme activities
necessary for breaking down the main polysaccharides
that make up the plant material.

MATERIALS AND METHODS
Sample collection, culture and bacterial isolation
Samples of Ntoba mbodi were purchased from various markets in
Brazzaville (Congo). They were produced in four different
workshops. These samples were aseptically collected in containers
and transported to the laboratory within 2 h using cooler boxes. The
samples were immediately processed in the laboratory under sterile
conditions for subsequent analyses. Samples from the same
workshop were pooled to make a composite sample. Then a 10 g
sub-sample was put into a sterile mortar with 90 mL of sterile 0.9%
NaCl solution and homogenized using a pestle. A 1.5 mL-aliquot
was centrifuged at 800 x g for 1 min to remove suspended solids.
The supernatant was decimally diluted in 0.9% NaCl solution down
to 10-8 for use as inocula. The pH was adjusted to 6.8 ± 0.2 and a
30 µL-aliquot of each dilution was plated onto sterile plate count
agar (Merck, Germany). The plates were incubated at 37°C for 24
h. The colonies formed on the agar plates were then used to
estimate the numbers of bacteria in the original sample. Colonies
developing on plates from the last positive dilution were first
grouped by their macroscopic and microscopic morphotypes. Then
colonies representative of the most abundant morphotypes were
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isolated by streaking three times. The isolates were kept on plate
count agar (Merck, Germany) for few days at 4°C before use.

Identification of isolates using 16S rRNA gene sequencing and
phylogenetic analyses
The bacteria were identified using 16S rRNA gene sequencing
followed by phylogenetic affiliation analyses. Each isolate was
grown in liquid nutrient broth (Merck, Germany) at 37°C for 24 h
then a 1.5 mL subsample of the bacterial culture was transferred to
a sterile Eppendorf tube and centrifuged at 10,000 g for 10 min.
DNA was extracted from the pellets using Mobio kit PowerSoil,
following the manufacturer’s instructions. There were three
replicates for each sample. The concentration of the extracted DNA
was evaluated by UV absorption at 260 nm using a NanoDrop
2000C (Thermo Scientific).The 16S rRNA gene was amplified by
Polymerase Chain Reaction (PCR) as described by Miambi et al.
(2003) with some modifications. PCR reaction was performed in a
25 µL reaction mixture (total volume) using Taq polymerase ReadyTo-Go (Amersham Pharmacia Biotech, USA), 0.25 mM of primer
27F (5’-AGAGTTTGATCCTGGCTCAG-3’), 0.25 mM of primer 1390
R (5’-GAC GGG CGG TGT GTA CAA-3’) and 20 ng of the template
DNA. The PCR was carried out using a thermocycler (VWR,
France) with an initial denaturation for 8 min at 94°C; 30 cycles of
30 s at 94°C, 1 min at 56°C and 30 s at 72°C, and a final extension
for 15 min at 72°C. The PCR products were run on 1.5 % (wt/vol
agarose-0.5X TAE) buffer gel stained with SYBR Safe stain
(Invitrogen, France) at 80V for 30 min and the bands were recorded
using a GelDoc 2000 transilluminator system (BioRad, Richmond,
California, USA). The DNA sequence of both strands of the PCR
products were determined by Beckman Coulter Genomics (Essex,
United Kingdom) using an ABI 3730XL Sanger sequencer (Sanger
et al., 1977) with the original primers 27f and 1390R. 16S rRNA
gene sequences were aligned using Mega 6 (Tamura et al., 2013)
and compared with those available in the NCBI GenBank database
using the megaBLAST program (Zhang et al., 2000). Each
sequence was aligned with the first 10 database sequences giving
the highest scores of sequence similarity and the quality of the
database sequences was assessed. Identification at genus level
was defined as a 16S rRNA gene sequence similarity of ≥ 97% with
that of the closest sequence in GenBank.

Enzyme assays
The predominant purified isolates obtained after enumeration were
used for screening for extracellular enzyme activities. Each of the
predominant isolates was transferred into 10 mL of sterile nutrient
broth (Merck, Germany) and incubated at 30°C in a stirring
incubator for 16 h. Then, the absorbance was measured using a
spectrophometer (VWR, France) and adjusted to the same value for
all cultures. Aliquots of these cultures were taken and placed in
microplates for screening for cellulase, hemicellulase (xylanase),
amylase and β-glucosidase activities. The protocol was based on
methods described by Popova and Deng (2010); Shao and Lin
(2018) with some modifications.
For cellulase, xylanase, amylase and β-glucosidase activities, the
activities were assayed using carboxymethyl-cellulose, xylan, starch
and p-nitrophenyl-β-D-glucopyranoside as substrates, respectively.
All substrates were of analytical grade (from Sigma–Aldrich, St.
Louis, MO, USA). For cellulase, hemicellulase and amylase assays,
a 100 µL aliquot of culture suspension of each isolate was put into a
well in a 96-well microplate with 50 µL of Mac Ilvain buffer (pH 7).
Then 50 µL of the substrate was added to each well. The reaction
solution was mixed by pipetting up and down several times with
multi-channel pipette. Each microplate had a minimum of three
replicates for each substrate and three control wells containing
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sterile water, buffer and substrate. The microplate was then
incubated at 37°C for 30 min. Aliquots (25 µL) of this reaction
solution were transferred to a 96-well microplate with 200 µL of
Somogyi’s reagent. The microplates were held at 100°C for 20 min
and then cooled on ice. The microplate wells were covered to avoid
evaporation. Finally, aliquots (50 µL) of the resulting reaction
solution were transferred to a 96-well microplate with 25 µL of
Nelson’s reagent. Then, 200 µL of distilled water was added to
each well and mixed by pipetting up and down several times using
a multi-channel pipette. Absorbance was measured at 630 nm
using a microplate reader (Bio-Tek EL800, Bio-Tek Instruments,
Winooski, VT). The activities were expressed as pmol glucose min 1
ml-1 for cellulase, xylanase and amylase. The glucose
concentrations in the reaction solution were calculated using a
calibration curve constructed using glucose solutions at various
concentrations.
For -Glucosidase activity, 50 µL of culture suspension from
each isolate was put into a well in a 96-well microplate with 25 µL of
Mac Ilvain buffer (pH 7). Then 50 µL of the substrate was added to
each well and the contents were mixed by pipetting up and down
several times. Controls were prepared similarly but without bacterial
suspensions. After incubating the microplate at 37 °C for 1 h, they
were centrifuged at 14,000 g for 5 min and 50 µL of the supernatant
was transferred to a 96-well microplate with 250 µL of 2% Na2CO3
to stop the enzyme reaction. Absorbance was measured at 410 nm
using the same microplate reader. The p-Nitrophenol concentrations
in the reaction solutions were calculated using a calibration curve
that was constructed using pNP standards. There were five
replicates for each bacterial suspension and each microplate
included a minimum of three replicates three controls. The enzyme
activity was expressed as pmol of PNP min-1 mL-1.

Statistical analysis
The correlations between of isolates obtained from Ntoba mbodi
and their potential enzyme activities were tested by principal
component analysis (PCA) using ADE 4 (Thioulouse et al., 1997). A
permutation test was used to determine whether the differences
were large enough to reject the null hypothesis. Significant
differences between isolates on the first two axes were determined
by one way ANOVA after verifying that the data distribution was
normal. The Tukey post hoc test was used after ANOVA. Values
were considered different at p < 0.05. Correlations were analyzed
using Statgraphics, Centurion XVI (Sigma Plus, France) to establish
statistical relationships.

RESULTS
Bacterial enumeration and isolation of predominant
morphotypes in Ntoba mbodi
The density of total mesophilic bacteria in Ntoba mbodi
varied with the samples (Figure 1). All four samples had a
high number of mesophilic bacteria cultivable ranging
10
10
-1
from 1.67×10 to 2.8×10 CFU g (Figure 1). Bacterial
density for samples 1 and 2 were of the same order and
lower than samples 3 and 4. Based on macroscopic and
microscopic observations of the colonies at the highest
dilution, eleven distinct morphotypes were isolated from
the four samples of Ntoba mbodi. These isolates are
listed in the Table 1. Of the eleven isolates, five (M1, M2,
M3, M4 and M7) were found in the all samples and
represented the core bacteria of Ntoba mbodi. Isolates
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Figure 1. Enumeration of bacterial cells in the different samples of Ntoba-mbodi.

M10 and M11 were specific to samples 1 and 2 while
M12 and M8 were only found in samples 4 and 2
respectively (Table 1).

Phylogenetic affiliation of predominant isolates
Verification of PCR products of the 16S rRNA genes of
predominant isolates by electrophoresis in agarose gel
indicated that the amplicons were about 1360 pb long
(data not shown). The amplicons were nearly full-length
and provided enough phylogenetic information for
taxonomical identification of 55% of the isolates down to
species level (Table 1). Most of the sequences showed
97% identity to the closest sequences already in the
databases, and none was found to be apparently
chimeric. About 73% of predominant were classified as
Bacillus related species including a Bacillus pumilus
strain, three strains of Bacillus altitudinis, two strains of
Bacillus sp. C-32, two strains of Bacillus sp.01105 and
Bacillus aerophilus strain. Non-Bacillus related species
account for about 27% of the population and comprised
Staphylococcus sciuri, Kurthia sp. B2 and Bacterium
NLAE-ʫ-H375. The set of isolates found across all
samples of Ntoba mbodi were closest to Bacillus related
species (Bacillus altitudinis strain 126YG20, Bacillus sp.
C-32) and Staphylococcus sciuri.

Screening the isolated bacterial
polysaccharide-degrading capacity

strains

for

In the principal component analysis (PCA) of the four
enzyme activities and the eleven isolates, axes 1 and 2

accounted for 48.1 and 21.6% of the variance
respectively (Figure 2A). Together, these two axes
explained about 70% of the variance. Xylanase, cellulase
and β-glucosidase activities were opposed to amylase
activity on axis 1. One group consisted of the strains M1,
M4, M6, M10 and M12. Four of these strains were
affiliated with the genus Bacillus and one with the genus
Kurthia. They all showed higher xylanase and cellulase
activities and, to a lesser extent β-glucosidase activity,
than other isolates (Figure 3). A second group had two
strains (M8 and M9), one affiliated with the genus Bacillus
and one (M2) whose the closest relative was not well
determined and classified as a relative of Bacterium
NLAE-ʫ-H375 with 96% identity. Unlike the first group,
the β-glucosidase, xylanase and cellulase activities of
these strains were not significantly different from the other
isolates (Figure 3). The strains M3 and M11, affiliated
with the genus Bacillus, formed a third group. Their
enzyme activities were the same order as those of the
first group or second group. There were no significant
differences in amylase activities between isolates and the
amylase activity was lower than the cellulase, xylanase
and β-glucosidase activities (data not shown).

DISCUSSION
This study set out to assess the variability in the bacterial
populations across samples of Ntoba mbodi and the
potential enzyme activities associated with the
predominant strains isolated from Ntoba mbodi.
Consistent with previous studies (Ouoba et al., 2010;
Vouidibio-Mbozo et al., 2017), we showed that Ntoba
mbodi contains high density of bacteria that varied with
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1

A

2
B

3
Figure 2. Principal component analysis (PCA) based on enzyme activities of the
predominant strains. (A) Correlation circle. (B) Ordination of the strains in the plane deﬁned
by axes 1 and 2 of the PCA highlighting the profile of enzyme activity of the strains.
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Cellulase (pmol glucose min-1 mL-1)

1
(1)

4

β-glucosidase (pmol PNP min-1 mL-1)

3

Xylanase (pmol glucose min-1 mL-1)

2
(2)

(3)

3. Enzyme
of the
predominant
strains. strains.
(1) cellulase;
(2)
5 Figure
Fig.3:
Enzymeactivities
activities
of the
predominant
(1) cellulase;
(2) xylanase; (3) β-glucos
xylanase; (3) β-glucosidase. 1 and 2 are expressed as -1
pmol -1
glucose min -1 mL-1
6 and C
and
2 are expressed as pmol glucose min mL and C as pmol PNP min-1 mL-1. Co: controls. D
as pmol PNP min-1 mL-1. Co: controls. Different letters means that the
are signiﬁcantly
different
(p<0.05)
according
to Fischer's PLSD-test.
7 results
letters
means that
the
results
are signiﬁcantly
differentMean
(p<0.05) according to Fischer's PL
values (n=5) ± standard error.
8
Mean values (n=5) ± standard error.

9
the samples from different producers. The variability of
10 underlines that, like most
the bacterial community
indigenous food fermentation processes, the fermentation
11 by indigenous microorganisms
of Ntoba mbodi is driven
originating in the raw materials, in autochthonous starter
cultures, or in the processing environment itself (Bokulich
and Mills, 2013).

The detection of predominant groups within the bacterial
assemblages is the basis for determining the “functional
starter” (Leroy and De Vuyst, 2004). Therefore we
assessed the predominant taxa in samples of Ntoba
mbodi from different producers. We found that Ntoba
mbodi contain only a few predominant taxa, mainly
Bacillus related species (72%), which were closest to
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Bacillus pumilus, Bacillus altitudinis strain 126YG20,
Bacillus sp. C-32, Bacillus sp.01105, Bacillus altitudinis
strain SH156 and Bacillus aerophilus strain JF11. The
presence of Bacillus related species is in agreement with
previous studies in Ntoba mbodi (Louembe et al., 2003;
Vouidibio-Mbozo et al., 2017) and in other alkaline food
fermentation products (Steinkraus, 2002; Parkouda et al.,
2009; Tamang et al., 2016). Comparison at species level
revealed that the Bacillus related species previously
reported in Ntoba mbodi, including B. subtilis, B.
amyloliquefaciens, B. megaterium, B. macerans, B.
cereus, B. polymixa, B. brevis and B. pumilus (Louembe
et al., 2003; Kobawila et al., 2005), B. safensis, B.
siamensis and Lysinibacillus louembei (Ouoba et al.,
2015; Vouidibio Mbozo et al., 2017), were not found at
the highest dilution of inoculum (Ntoba mbodi). The
differences in the composition of bacteria assemblage in
African alkaline-fermented foods can be explained by the
variability in raw materials (Ouoba et al., 2010; Tamang et
al., 2016). But the discrepancy between our results and
those reported previously is more likely to be related to
the different approaches used for determining the
predominant strains using bacterial cultures. In the
present study, only colonies obtained from the highest
positive dilution of Ntoba mbodi were distinguished, on
the basis of differences in macroscopic and microscopic
observations, and isolated. These isolates were
considered to be the predominant bacterial taxa in Ntoba
mbodi. In previous studies, however, the various
phenotypes of the Bacillus colonies were selected after
enumeration of mesophilic bacteria (Vouidibio-Mbozo et
al., 2017) and isolated at various dilution factors. The
predominance in previous studies represents the
percentage of distinct species among the total number of
isolates but did not reflect the abundance of each species
in initial sample of Ntoba mbodi. Knowing the abundance
of different species can provide insight into how a
community functions (Verberk, 2011). This raises the
question of the relevance of isolates obtained in the
present study. Do these bacterial species drive the
fermentation of Ntoba mbodi or are they simply transient
or inactive forms?
To address this question, we assessed whether there
were predominant cultivable mesophilic bacteria found in
all samples of Ntoba mbodi, irrespective of the producers.
Although the household-scale fermentation process
depends upon microorganisms from the local
environment, we found a set of five isolates affiliated to
Bacillus altitudinis strain 126YG20, Bacillus sp. C-32 (2
isolates), Bacterium NLAE-ʫ-H375 and Staphylococcus
sciuri isolate YXY-5 that were found in all samples of
Ntoba mbodi. These findings confirm our hypothesis that
there is a set of bacteria common to all samples of Ntoba
mbodi, irrespective of their origins, in Brazzaville (Congo)
and suggest that the colonies isolated in the present
study were not simply transient bacterial taxa.
Determination of the set of bacteria common to all
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samples of Ntoba mbodi confirmed the convergence in
taxonomic profiles of predominant bacteria regardless of
the origin of the Ntoba mbodi. The convergence in
taxonomic profiles of bacterial community has also been
reported for other fermentation processes (Jia et al.,
2016). Interestingly, the majority (60%) of the bacteria
common to all samples of Ntoba mbodi were Bacillusrelated species. Our results confirmed the importance of
members of the genus Bacillus in vegetable fermentation
processs (Steinkraus, 2002; Parkouda et al., 2009;
Tamang et al., 2016). Bacillus spp. are also known for
their ability to produce toxins that may cause food
poisoning (Stenfors et al., 2008) and potentially
pathogenic bacteria such Bacillus cereus have been
reported in Ntoba mbodi (Vouidibio-Mbozo et al., 2017).
Interestingly, these bacteria were not found among
predominant isolates obtained in the present study.
Furthermore, the presence of strains affiliated with
Staphylococcus sciuri in all samples of Ntoba mbodi in
the present study raised the question of role of this
bacteria group in fermentation of Ntoba mbodi. Members
of this bacterial group are widespread in nature and have
been isolated from various food products of animal origin
(Garcia et al., 2002; Papamanoli et al., 2002). They are
commonly present on skin and mucus membranes of a
wide range of pets and farm animals (Kloos, 1980). It is,
therefore, possible that their presence in Ntoba mbodi is
from contamination during Ntoba mbodi processing due
to handling practices. Recently, however, Amao et al.
(2018) demonstrated that Staphylococcus spp. played
important role by increasing free amino acids in iru
(fermented locust beans) and by providing lipolytic
enzyme activity during the fermentation. The role of
Staphylococcus spp. in the fermentation of Ntoba mbodi
still needs to be determined.
The softening of cassava leaves in Ntoba mbodi has
been
ascribed
to
bacterial
enzyme
activities
(Mokemiabeka et al., 2011). But, unlike the extensively
studied role of bacterial enzyme activities in softening
cassava roots (Brauman et al., 1996; Kouhoundé et al.,
2014), this has not previously been confirmed. Since it
was still unclear whether the enzymes were from the
bacteria or from the cassava leaves in Ntoba mbodi, the
predominant isolates obtained were screened for some
polysaccharide-degrading enzyme activities. Cellulase,
xylanase, amylase and β-glucosidase were targeted
because plant biomass is made of complex
polysaccharides, primarily cellulose and hemicelluloses
(Cragg et al., 2015). Out of eleven predominant isolates,
eight showed cellulase activity and five showed xylanase
and β-glucosidase activities. These findings demonstrate
for the first time the bacterial origin of enzyme activities in
Ntoba mbodi and confirm that microorganisms change
the chemical composition of the raw materials during
fermentation (Tamang et al., 2016). It is noteworthy to
underline that 18% of predominant isolates including
Bacillus related species did not have any of the enzyme
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activities targeted. This finding suggests that despite the
abundance and the role of Bacillus related species in
alkaline fermentation processes (Tamang et al., 2016),
not all members of this bacterial group are involved in the
degradation of polysaccharides in Ntoba mbodi. It is
possible that, in this alkaline fermentation, these bacteria
may be involved in the production of bioactive and
nutritive compounds during the process (Marco et al.,
2017). The absence of amylase activity in all isolates was
not expected. These results can be explained by the low
starch content in cassava leaves compared to the roots.

Conclusions
Our study has shown that the density of bacteria in Ntoba
mbodi was high and varied with the origin of the samples.
Predominant bacteria in Ntoba mbodi comprised a few
bacterial taxa dominated by Bacillus related species.
Although the fermentation of Ntoba mbodi depends on
microorganisms from the environment, there is a core set
of bacteria that was found in all final products. More than
50% of predominant strains had enzyme activities for
breaking down cellulose and xylan, which are the main
components of plant materials. Further studies are
needed to investigate the diversity of bacteria in Ntoba
mbodi, without using cultures, to gain a better insight into
the role played by bacteria in the functioning of this
particular ecosystem.
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Starch degrading bacteria are important for different industries such as food, fermentation, textile, and
paper. The aim of this study is to isolate and characterize bacteria able to degrade starch from the
rhizospheres of various plants at four sites located in Jimma University main campus. Collected soil
samples were labeled as kobo (AJUMC), Avocado (BJUMC), Banana (CJUMC), and Cana indica (DJUMC)
respectively. Soil samples were serially diluted in sterilized peptone water, poured on sterilized starch
agar plates, and incubated at 32ºC for 48 h. The representative colonies showing different morphology
was randomly picked up using the streaking method on nutrient agar. A total of 53 bacterial isolates
were obtained from the soils rhizospheres. Microscopic characteristics showed that among the 53
isolates, 38 (72%) were Gram-positive rod shaped bacteria, while 15 (28%) were Gram-negative rod
shaped bacteria. Based on the biochemical tests, the results revealed that the 38 isolates belonged to
the genera Bacillus while the remaining isolates belonged to the genera Pseudomonas. All isolates were
catalase positive and only 15 isolates (Pseudomonas) were KOH positive with negative growth at 80°C,
while the 38 (Bacillus) isolates have positive growth at 80ºC. The highest values of starch degrading
index were the Gram positive bacteria isolates. The amylase activity was also carried out with respect to
time, temperature and pH of the media. The maximum activity of amylase at different temperatures from
35 to 45°C was recorded at 35°C (0.94 U/ml) within 24 h, while maximum activity at different pH from 5 to
9 was recorded at pH 7 (1 U/ml).
Key words: Rhizobacteria, starch degrading, amylase enzyme, Bacillus, Pseudomonas.

INTRODUCTION
The diversity of microbes are associated with plant roots
(Berendsen, 2012). The narrow zone of soil directly
surrounding the root system is referred to as rhizosphere,
while the term „rhizobacteria‟ implies a group of
rhizosphere bacteria competent in colonizing the root

environment (Ahmad and Kibret, 2014). The rhizosphere
is soil ecological environment for plant-microbe
interactions
involving
colonization
of
different
microorganisms in associative, symbiotic, naturalistic, or
parasitic interactions depending upon plant nutrient
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status in soil, soil environment, and the type of
microorganism proliferating in the rhizosphere zone
(Kennedy, 2005). When microbes are close to epidermis,
plants secrete signal molecules against invasive
microbes in the root zone. Consequently, differentiation
takes place between pathogenic, symbiotic, or naturalistic
adaptation of microbes with the plant (Hayat et al., 2010).
Rhizosphere
bacteria,
especially
species
of
Pseudomonas and Bacillus have been identified in the
rhizosphere of various leguminous and non-leguminous
plants (Halverson and Handelsman, 1991; Parmar,
1999). Different bacterial genera are vital components of
soils. They are involved in various biotic activities of the
soil ecosystem to make it dynamic for nutrient turnover.
Ahmad and Kibret (2014) reported that based on the
functional activities, rhizobacteria are classified as (i) biofertilizers (increasing the availability of nutrients to plant),
(ii) phytostimulators (iii) Rhizoremediators (degrading
organic pollutants), (iv) biopesticides (controlling
diseases, by production of different metabolites).
There are various starch degrading microorganisms
from different sources (Aiba et al., 1983; Tonkova et al,
1993; Kathiresan and Manivannan, 2006). Rhizospere
bacteria are one sources of starch degrading
microorganism as it contains mostly starch substrate
(Alariya et al., 2013). Among the bacterial species,
Bacillus spp. Bacillus amyloliquefaciens, Bacillus
licheniformis and Pseudomonas are widely used for
enzyme production. Other species like Bacillus cereus
and Bacillus subtilis also used for production of the
amylase enzyme. Amylases produced from B.
licheniformis, Bacillus stearothermophilus, and B.
amyloliquefaciens show promising potential in a number
of industrial applications in processes such as food,
fermentation, textiles and paper industries. (Konsoula
and Liakopoulou-Kyriakides, 2007; Ha et al., 2001). Thus,
the objective of the present study is to isolate and
characterize the starch degrading bacteria from different
soils rhizopheres of Jimma University.
MATERIALS AND METHODS
Description of study area
The study was conducted at Jimma, located 353 km southwest of
Addis Ababa, the capital city of Ethiopia. The town‟s geographical
coordinates are 7°41‟N latitude, 36°50‟E longitude, and an average
altitude of 1, 780 m above sea level. It lies in the climatic zone
locally known as “Woyna Daga” (1,500 - 2,400 m above sea level)
which is considered to be ideal for agriculture as well as human
settlement. The town is generally characterized by warm climate
with a mean annual maximum temperature of 30°C and a mean
annual minimum temperature of 14°C. The annual rainfall ranges
from 1138 - 1690 mm. The maximum precipitation occurs during the
three months period from June through August, with minimum
rainfall occurring in December and January. From a climatic point of
view, abundant rainfall makes this region one of the best watered of
Ethiopian highland areas, conducive for agricultural production
(Alemu et al., 2011).
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Samples collection
Ten grams of soil were collected from the rhizopheres of various
plants at four sites located in Jimma University. The soil sample
were put in the sterilized bag and transferred immediately to the
laboratory.

Sample preparation and isolation of starch degrading bacteria
Each 10 g of soil samples from different sites was mixed with 90 ml
of sterile peptone water in different 250 ml beaker and
homogenized in a flask for ten minutes using orbital shaker at 110
rpm. Subsequently, 1 ml of each sample was transferred aseptically
into 9 ml of sterile peptone water and mixed thoroughly using
vortex. The homogenates was serially diluted up to 10-5; thereafter,
0.1 ml aliquot of appropriate dilution was spread properly on starch
agar plates. The plates were incubated at 32ºC for 48 h. The
bacterial isolates showing different colonies morphology were
picked out and purified. A fourth gram of soil samples was collected
from four different sites (10 g from each site) of Jimma University
plant rooted by streaking on nutrient agar (Oseni and Ekperigin,
2013).

Identification of bacterial isolates
The bacterial isolates were subjected to identification using
morphological characteristics such as Gram reaction and
endospore formation according to Silva and Nahas (2002).
Biochemical tests including catalase test, KOH test, and the growth
at 80°C were also performed (Naik et al., 2008; Williams et al.,
1990).
Determination of starch degrading index (SDI)
Ability of the bacterial isolates to degrade starch was described by
the starch degrading index (SDI): the ratio of the total diameter of
clear zone and colony diameter. On the basis of degrading index,
potential colonies with the best efficiency were selected as best
starch degrading colonies (Nusrat and Rahman, 2007).

Screening for amylase activity (Starch Iodine Test)
Isolated strains were picked up from each plate containing pure
culture and streaked in straight lines in starch agar plates as carbon
source. The plates were incubated at 32ºC for 48 h. After
incubation, the plates were flooded with (Gram‟s iodine- 250 mg
iodine crystals added to 2.5 g potassium iodide solution, and 125 ml
of distilled water, to produce a deep blue coloration (Prameela et
al., 2016).
Amylase production
Amylase was produced by using complex medium containing starch
1.0%, yeast extract 0.04%, (NH4)2HPO4 0.4%, KCl 0.1% and
MgSO47H2O 0.05%, and semisynthetic medium containing peptone
0.4%, (NH4)2HPO4 0.4% and KCl 1.0% (Kim et al., 1995).
Enzyme assay
A suitable volume of isolated broth culture was incubated for 48 h;
thereafter, it was centrifuged at 5000 rpm for 20 min. at 4°C.
Supernatant was recovered and amylase determined using
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Figure 1. Morphology and biochemical tests.

Table 1. Total isolated colonies and their codes from 4 sites of
rhizobacteria (RB).

Isolate code
AJUMC
BJUMC
CJUMC
DJUMC

No. of isolates
17
10
11
15

Plant rhizosphere
Kobo
Avocado
Banana
Cana indicia

spectrophotometer. One milliliter of crude enzyme was placed into a
test tube and 1 ml of 1% soluble starch in sodium phosphate buffer
(pH 7) was added into test tube. The test tubes were covered and
incubated at 35°C for 10 min (Miller, 1959). Subsequently, 2.0 ml
DNS reagent was added in each tube to stop the reaction and kept
in boiling water bath for 10 min. After cooling at 25°C, final volume
was made to 10 ml with distilled water. The absorbance was
measured at 540 nm using spectrophotometer.

Table 2. Morphological features of 53 isolates of rhizobacteria.

Morphology feature
Cell shape

Bacteria isolate
Rod

Number
53

Colony arrangement

Chain
Single bacillus

41
12

Endospore

+
-

38
15

Gram reaction

+
-

38
15

Determination of optimum time
The effect of different time duration such as 24, 48 and 72 h on
amylase activity was observed.

Determination of optimum pH
One percent of starch was used as a substrate. Four sets of
substrate solution were prepared in sodium phosphate buffer with
adjusted pH values 5, 6, 7, 8 and 9. One milliliter of each of crude
enzyme solution was added into buffer tubes. Mixture was
incubated at 35°C for 10 min; thereafter, 2 ml of DNS reagent was
added to terminate the reaction and the mixture was incubated in
boiling water for 10 min. After cooling at room temperature, final
volume was made to 10 ml with distilled water and the activity of the
enzymes was measured based on the absorbance at 540 nm.
Determination of optimum temperature
One ml of the substrate was distributed into six test tubes and 1 ml
of phosphate buffer pH 7 was added in each test tubes. Tubes were
marked with different temperature (at 30, 35, 40°C). 1 ml of crude
enzyme solution was added in each tube; thereafter, tubes were
incubated at specific temperature for 10 min. Reactions were
terminated by adding 2 ml DNS reagent and the mixture incubated
in boiling water for 10 min. After cooling at room temperature, final
volume was made to 10 ml with distilled water and the activity of
enzymes was determined by taking the absorbance at 540 nm.

Determination of optimum starch concentration
Similarly, to observe the effect of different substrate concentration
on amylase activity, the dialyzed aliquot was added to different
starch concentrations (0.5, 1.0, 1.5 and 2%) and the activity was
observed following the method of Miller (1959).

RESULTS AND DISCUSSION
The morphology and biochemical tests (Figure 1)
resulted from four samples of Jimma University main
campus plant roots of 53 isolates which were
summarized in Tables 1 and 2. In the present study, on
the basis of their gram reaction, out of 53 isolates
38(72%) had rod shape Gram positive bacteria while
15(28%) were Gram negative rod shaped bacteria .All the
Gram negative were rod shaped, non-spore forming;
similarly, Gram positive bacteria were rod shaped and
spore former. Biochemically, 53 isolates were catalase
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Table 3. Biochemical tests of isolated strains of rhizobacteria (RB).

Isolate code
AJUMC
AJUMC
BJUMC
BJUMC
CJUMC
CJUMC
DJUMC
DJUMC

No. of isolate
13
4
7
3
7
4
11
4

KOH test
+
+
+
+

Catalase test
+
+
+
+
+
+
+
+

positive, only 15 isolates were KOH test positive,
whereas all other isolates showed KOH negative (Table
3).
Among the 53 isolates, four were Gram-negative and
13 were Gram-positive isolated from the rhizophere of
kobo (A site) plant. Similarly, seven isolates were Grampositive and three were Gram-negative bacteria isolated
from avocado plant rhisosphere (B site) and also 7
isolates and 4 were Gram-positive and Gram-negative
bacteria isolated from banana rhisophere (C site)
respectively. Finally, 11 Gram positive and 4 Gram
negative bacteria were isolated from Cana indica (D)
plant root. As Halverson and Handelsman (1991) and
Parmar (1999) reported, by the same token the
identification of our isolates based on morphological
characteristics and some biochemical tests indicated that
the most dominant isolates were Gram positive rod
shaped and Gram negative rod shaped of Bacillus and
Pseudomonas which were the main starch degrading
rhizobacteria isolated from starch agar plates,
respectively. Various species of bacteria, fungi and
actinomycetes are most prominent enzyme producers.
Among various amylase producers, Bacillus species are
most prominent. With increase in its application
spectrum, the demand is for the enzyme with specificity.
This finding agreed with the study of Sasmita and
Niranjan (2008) which states that “efficiency of Bacillus
species to degrade starch shows high efficiency to
reduce sugar in the area with factors such as
temperature and pH value correlated”. Therefore, this
result is true and similar to the finding of Sasmita and
Niranjan (2008).
The highest of most rhizobacteria showing high value
of starch degrading index were mostly Gram positive,
spore former bacteria; and enzyme production from
microorganism is directly correlated to the time period of
incubation (Smits et al., 1996). The highest degradation
of starch by rhizobacteria can secrete amylases to the
outside of their cells to carry out extra-cellular digestion
and facilitate other different organic matters for plants to
easily absorb and manufacture their food (Cordeiro et al.,
2003). According to Wang et al. (2016), suggesting that
the hydrolyzability of the substrate by amylase increased

o

Growth at 80 C
+
+
+
+
-

Starch hydrolysis test
+
+
+
+
+
+
+
+

Identification
Bacillus
Pseudomonas
Bacillus
Pseudomonas
Bacillus
Pseudomonas
Bacillus
Pseudomonas

with increase of starch solubility irrespective of large
diameter of the colony formed by Gram negative, nonspore former rhizobacteria. Also, the calculated starch
degrading index value formed a range that was very low
in relation to Gram positive rhizobacteria of low diameter
colony forming; this again indicate the spore forming and
rod shape. Gram positive bacteria almost shows
characteristics of Bacillus species, capable of tolerating
different factors, produces amylase enzymes to degrade
starch into soluble form and applicable to food, industrial
and leather industries (Table 4).
The amylase production of bacteria was tested by
starch hydrolysis (Figure 2). On the basis of the area of
clearance, characterization, and high amount of amylase
activity determined by parameter (pH, temperature,
incubation period and concentration of starch) (Table 5)
all isolates response showed positive result for pH value,
temperature, concentration of starch and incubation
period enhanced enzyme activity with the increase in
incubation time especially true for Bacillus species (Aiyer,
2004).
While amylase activity was recorded at different pH
from 5 to 9, it shows maximum amylase activity at pH 7
(1 U/ml) (Figure 3). There is increase in amylase activity
at basic pH 9 = 0.88 U/ml and decrease in acidic medium
pH 5 = 0.5 U/ml. As Shihui et al. (2016) reported, the
enzyme showed good activity over a broad range of
temperatures (40 - 80°C) and pH values (3 - 7), indicating
that it has potential use in a broad range of food industry
applications. Meanwhile, the result obtained correlates
this statement and can play a great role in industry
applications. The optimum temperature and pH for the
enzyme were 35°C and pH 7, respectively.
Amylase activity was recorded at different temperature
value from lowest to highest such as at 30, 40 and 35°C,
respectively (Figure 4). Therefore, the species identified
from this range of temperature was Pseudomonas
genera because the availability or growth favors
Pseudomonas species with almost all surviving at 35 40°C. This is almost similar to the suggestion of Wang et
al. (2016) in which the enzyme production reached
maximum at temperature of 30°C, pH 7, with 40 g/L
starch in the medium inoculated with 1.4% v/v spore.
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Table 4. Starch degrading index of isolated colonies (SDI).
Isolate code
AJUMC1
AJUMC2
AJUMC3
AJUMC4
AJUMC5
AJUMC6
AJUMC7
AJUMC8
AJUMC9
AJUMC10
AJUMC11
AJUMC12
AJUMC13
AJUMC14
AJUMC15
AJUMC16
AJUMC17
BJUMC1
BJUMC2
BJUMC3
BJUMC4
BJUMC5
BJUMC6
BJUMC7
BJUMC8
BJUMC9
BJUMC10
CJUMC1
CJUMC2
CJUMC3
CJUMC4
CJUMC5
CJUMC6
CJUMC7
CJUMC8
CJUMC9
CJUMC10
CJUMC11
DJUMC1
DJUMC2
DJUMC3
DJUMC4
DJUMC5
DJUMC6
DJUMC7
DJUMC8
DJUMC9
DJUMC10
DJUMC11
DJUMC12
DJUMC13
DJUMC14
DJUMC15

Diameter of colony (cm)
1.5
1.3
1.6
1.4
1.6
1
1.8
1.3
1.9
1.6
1.5
1.3
2.4
1.6
1.6
1.3
1.6
2.3
1.75
1.2
1.5
1.0
1.2
1.2
1.7
1.2
0.95
1.5
1.4
1.1
1.2
1.8
1.25
2.5
1.8
1.2
1.3
1.6
2.5
0.8
0.8
1.7
1.2
1.7
1.1
0.9
1.8
0.84
2.1
1.4
1.6
1.2
1.40

Diameter of clear zone (cm)
2.9
2.7
2.5
3.0
2.8
1.8
3.0
1.6
3.3
2.8
2.6
2.8
3.6
2.7
2.5
2.8
2.4
3.5
2.4
2.0
2.8
2.1
1.9
2.25
2.8
1.9
1.7
2.6
2.3
1.9
1.8
2.9
2.3
3.6
3
2.1
2.3
2.9
3.5
1.2
1.4
2.7
2.4
2.5
1.9
1.8
2.6
1.3
3.0
2.3
2.6
1.6
2.00

SDI of RB
1.933
2.07
1.56
2.14
1.75
1.8
1.66
1.23
1.74
1.87
1.73
2.15
1.5
1.69
1.56
2.15
1.5
1.52
1.37
1.66
1.86
2.10
1.58
1.875
1.64
1.58
1.79
1.73
1.64
1.72
1.50
1.61
1.84
1.44
1.67
1.75
1.77
1.81
1.40
1.50
1.75
1.59
2.00
1.47
1.72
2.00
1.44
1.57
1.4
1.64
1.625
1.33
1.43
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Figure 2. Amylase activity analysis on Petri-dish.

Table 5. Determination of different parameter.

Isolate code
AJUMC
BJUMC
CJUMC
DJUMC

pH (7)
+
+
+
+

Temperature (35°C)
+
+
+
+

Starch con. (1.5%)
+
+
+
+

Incubation period (24 h)
+
+
+
+

1.2

Amylase activity (U/ml)

1

0.8

0.6

0.4

0.2

0
PH5
5

PH6
6

pH7
7

pH8
8

PH9
9

pH

Figure 3. Amylase activity at different pH.

Conclusion
The present study reveals that all four sites soil samples
taken from Jimma University plant root were inhabited

with diverse microorganisms mostly of Bacillus and
Pseudomonas genera with high potential to degrade
starch, thereby degrading starch blended material
(polymers) to avoid pollution from the environment. The
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1
0.9

Amylase activity (U/ml)

0.8
0.7
0.6

0.5
0.4
0.3
0.2
0.1
0
temp3030°C

temp35
35°C

temp4040°C

Temperature (°C)
Figure 4. Amylase activity at different temperature.

result from Table 4 clearly indicates that the highest to
lowest range of starch degrading index of rhizobacteria
capacity was found from 2.15 – 1.23 cm range. Although
amylase can be acquired from many plants and animals,
microbial amylase generally meets industrial demand.
2+
Amylase activity was dramatically enhanced by Co
+
2+
addition and slightly increased by Na and Mn addition.
Bacterial isolate produced amylase at alkaline culture
conditions with different factors greatly regulating the
growth and production of amylases. The results in this
study, on different factors, will be useful during further
production of amylase by these microorganisms and the
production of amylase depends on the microorganisms
and the geographical area of the study design. Therefore,
this is almost the best result and can be a key view for
further study and commercialization. Based on the result
of this study, further study must be carried out using a
molecular identification system.
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