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In this study we assayed on antimicrobial activity of peel, pulp, waxy coating of Benincasa hispida. 
Various parts of the plant are reported as antibacterial agents worldwide. Leaves, flower, root, seed are 
the most studied elements as antibacterial agent. Some fruits are also proved as antibacterial agent and 
used as herbal medicine as well as nutritional supplements during disease. Different parts of mature 
and immature winter melon fruits were extracted with different organic solvents viz., methanol, ethyl 
acetate and chloroform. These extracts were subjected to test against selected pathogenic bacterial 
(Bacillus subtilis IFO 3026, Sarcina lutea IFO 3232, Xanthomonas campestris IAM 1671, Escherichia coli 
iw 3310 IFO 3007, Pseudomonas denitrificans KACC 32026, and fungal (Fusarium oxysporum, 
Aspergillus niger KTCC 1700, Collectotrichum melongenae) strains using the well diffusion method. 
The waxy coating and peel of mature fruit of B. hispida extracts has strong antibacterial activities than 
immature fruit. In these cases, the minimum inhibitory concentration was 128 μg/ml. Ethyl acetate and 
chloroform extracts of waxy coating of B. hispida showed inhibition rate against fungal infection 43% 
and 33%, respectively against F. oxysporum but there is no inhibition against A. niger, C. melongenae. 
These results suggested that. So, the B. hispida would be a potential source that may help to develop 
natural antimicrobial agents. 
 
Key words: Antibacterial, a fruit, winter melon, infectious, extracts, minimum inhibitory concentration (MIC). 

 
 
INTRODUCTION 
 
The common agricultural products are rice, wheat, jute, 
tea, cotton, sugarcane, flower, vegetables, fishes and 
seed development, livestock, horticulture are main 
agricultural sectors . Microbial contamination is one of the 
most alarming causes of agricultural production. 

According to the Food and Agriculture Organization 
(FAO), pests and diseases are responsible for about 25% 
of crop loss (Sheahan and Barrett, 2017). To solve this 
issue, new methods are needed to detect diseases and 
pests  early  such  as  novel   sensors   that   detect  plant
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odours, and spectroscopy and biophotonics that are able 
to diagnostic plant health and metabolism (Martinelli et 
al., 2015). Globally, plant extracts are employed for their 
antibacterial, antifungal and antiviral activities. It has 
been reported that more than 400,000 species of tropical 
flowering plant showed medicinal properties and the 
usages of medicinal flowering plant make the folk 
medicine cheaper the other medicine (Yuan et al., 2016). 
Benincasa hispida (Thunb.) which commonly called as 
winter melon belongs to the cucurbitaceae family. It is a 
popular vegetable crop, especially among Asian 
communities both for nutritional and medicinal purposes 
(Al-Snafi, 2013; Arora and Kaushik, 2016). Phytochemical 
screening of various extracts of fruits  indicate the major 
constituents of the fruit are triterpenoids, flavonoids, 
glycosides, saccharides, carotenes, vitamins, ß-sitosterin, 
and uronic acid (Mandal et al., 2012).  

Extracts of winter melon may be a natural drug with 
anti-ulcer activity and as well as antioxidant property (Lee 
et al., 2005). It contains terpenes, flavonoids, glycosides 
and sterols which have antioxidant effects (Shetty et al., 
2008). Seed extract of winter melon howed anti-
angiogenic property through inhibition of endothelial cell 
proliferation (Wen et al., 2008). The methanolic extracts 
of B. hispida showed excellent protection against 
histamine-induced bronchospasm probably through an 
antihistamine activity that is H1 receptor-antagonism 
(Simons and Simons, 2008). The ethanol extract of B. 
hispida have antinociceptive and antipyretic activity and 
used as herbal medicine against fever and pain 
conditions (Rahmatullah et al., 2012; Sharma et al., 
2014). The antioxidant property of winter melon may be 
beneficial in the management of colchicene-induced rat 
model of Alzheimer's disease (Yagnik et al., 2009). The 
hypoglycemic effects of B. hispida waxy coating may be 
used to prevent diabetes mellitus (Gu et al., 2013).The 
methanol extract of winter melon fruit showed significant 
inhibition against fungus namely Candida albicans (Xing 
et al., 2012) also methanolic and petroleum ether extracts 
showed significant inhibition of carrageenan-induced paw 
edema, histamine induced paw edema and cotton pellet-
induced granuloma in a rat model (Ashok et al., 2010; 
Elhassan et al., 2020; Patil and Patil, 2017). The ethanol 
extract of seeds showed an anti-urolithiatic effect with 
reduction in stone forming constituents in the urine and 
decreased kidney retention that reduced the solubility 
product of crystallizing salts (Juliana et al., 2018; 
Meshram et al., 2016; Tatiya et al., 2017). The seeds of 
B. hispida having bioactive peptide, Hispidalin showed 
inhibitory effects against human bacterial and fungal 
pathogens (Salas et al., 2015; Sharma et al., 2014) .The 
aqueous extract of stem of winter melon for hypoglycemic 
effect in alloxan-induced diabetic rabbits showed 
significant dose-dependent reduction in blood glucose 
levels (Jhonatas et al., 2019; Khan et al., 2012).  

 In this study the authors tried to analyse antimicrobial 
activity of the different parts of mature and immature 
winter melon fruits. The different parts were extracted with  

 
 
 
 
different organic solvents viz, methanol, ethyl acetate and 
chloroform. These extracts were subjected to test against 
selected pathogenic bacterial and fungal strains using the 
well diffusion method. The potentially of the different 
organic extract of B. hispida will be assayed to find strong 
antimicrobial activities. If they found B. hispida would be 
a potential source that may help to develop natural 
antimicrobial agents for the control of plant pathogens. 
 
 
MATERIALS AND METHODS 
  
Materials  
 
The phytochemical analysis showed that different solvents are 
responsible for extracting different components from the plants.  So, 
several solvents of different polarity are used to extract different 
plant components. Chloroform, Ethyl Acetate and Methanol were 
selected according to their degree of polarity. The different types of 
media were used during experiment Mueller-Hinton Agar (MHA), 
Lactose Broth, Potato Dextrose Agar (PDA) (Mahboob et al., 2019). 
 
 
Microorganisms 
 
Five different pathogenic bacteria and three fungi were collected 
from the microbiology laboratory of the department of 
Biotechnology and Genetic Engineering, Islamic University, 
Kushtia. The following strains were used as test strain Bacillus 
subtilis IFO 3026, Sarcina lutea IFO 3232, Xanthomonas 
campestris IAM 1671, Escherichia coli iw 3310 IFO 3007, 
Pseudomonas denitrificans KACC 32026, Fusarium oxysporum, 
Aspergillus niger KTCC 1700 and Collectotrichum melongenae. 
 
 
Sample collection 

 
The healthy, disease free, fresh immature and mature fruits of B. 
hispida were safely collected from farmers land. Various parts of B. 
hispida waxy coating, peel of mature and immature fruits were 
used. 
  
 
Plant extract preparation 

 
The fleshy surface, wax gourd of B. hispida dried under the shade 
and then powdered with mechanical grinder. It was later stored in 
air tight containers protected from direct sunlight for further 
experiments. The fine grinded powder was mixed (10 gm/100 ml) 
separately with chloroform, ethyl acetate and methanol. The 
samples with solvent were placed in rotatory shaker for 24 h at (30-
36ºC) (Elnaggar et al., 2019; Ikeda et al., 2007; Sasidharan et al., 
2011).The extracts of plant material were filtered more than three 
times and performed by passing the extracts through filter paper. 
The extracts with different solvents then allowed to air dry after 
filtration to concentrate. 

 
 
Antimicrobial Assay 

 
The crude organic extracts of selected solvents were used In vitro 
screening of antibacterial and antifungal activity. The screening of 
antibacterial and antifungal activity is a typical microbiological assay 
which is performed with culture of microorganisms. One of the most 
commonly used methods of bacterial assay is the well diffusion 
method  (Mohsenipour   and  Hassanshahian, 2016;  Valgas  et  al.,
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Figure 1. Antibacterial activity of methanol extract of B. hispida different parts against B. subtilis IFO 3026 (A), E. coli coli iw 3310 IFO 
3007 (B). N.B: Negative control-Methanol (only solvent). 

 
 
 
2007). The antimicrobial activity was evaluated by measuring the 
zone of inhibition expressed as mm against test organisms. 

The antibacterial activity of plant extract was carried out by well 
diffusion assay using 100 µl of inoculum suspension of bacteria. 
Then each well was loaded with 100 µl of the different 
concentrations of extracts. Negative controls were used to screen 
the activity of solvents which may have effect on antimicrobial 
activity, for this the same solvents which were used to dissolve the 
plant extracts employed as negative control. Positive control was 
used to measure the antibacterial sensitivity of the test strain as 
well as it can confirm the effectiveness of the methods.  
Streptomycin (10µg/disc from Banex Ltd., USA) was used as 
positive reference standard to determine the sensitivity of the tested 
strain in each bacterial species.  

The crude sample which showed the best potentiality against the 
selected organisms used In vitro screening of minimum inhibitory 
concentration (MIC). In microbiological research, minimum inhibitory 
concentration (MIC) is the lowest concentration in which the extract 
showed inhibition of the visible growth of a microorganism after 
incubation. In this study, it was determined by the serial dilution 
technique (Meenakshi and Anoop, 2019). The process of serial 
dilution was continued up to nine tubes. It contained 16384 µg ml-1 

in the first tube and 64 µg ml-1 in the last test tube. 
The antifungal activity of plant extract was carried out by well 

diffusion assay using the mycelia from a 24-h culture. Each of them 
was well loaded with 100 µl of the different concentrations of 
extracts. Negative controls were used for the same solvents as was 
discussed earlier. The plates were incubated at 27 ± 2 ⁰ C for 48-72 
h. The antifungal activity was evaluated by calculating Growth 
Inhibition Rate (%) against test organisms (Bhalodia and Shukla, 
2011). Each test in this experiment was replicated four times. 

 
 
Data analysis 

 
Analysis of variance of antimicrobial activities of extracts from 
winter melon was assayed using SPSS-16 Program. Total 
antimicrobial activities were expressed as the mean ± S.D. (n=4). 
Significance of difference was calculated by Duncan’s new multiple 
range test and results with P<0.05 were considered statistically 
significant. 

RESULTS  
 
Agar well diffusion method was used to test antibacterial 
efficacy of crude aqueous extracts of waxy coating, peel 
(mature fruit) and immature fruit of winter melon. In this 
case 100 µl aqueous methanol extract of different sample 
of B. hispida were applied in each well. The wells of 9 
mm diameter were prepared in pre-inoculated Mueller-
Hinton Agar (MHA) plates with the test organism. 
 
 
Methanol extract 

 
At the concentration of 4.096 µg/µl (applied 100 µl), the 
methanol extract of waxy coating showed zone of 
inhibition against B. subtilis IFO 3026, S. lutea IFO 3232, 
X. campestris IAM 1671, E. coli iw 3310 IFO 3007, P. 
denitrificans KACC 32026 were 15.6 mm, 16.4 mm, 15.6 
mm, 16.8 mm, 15.7 mm, respectively. Peel extract of 
mature fruit produced zone of inhibition against these 
strains 15.3 mm, 14.9 mm, 13.2 mm, 16.2 mm and 13.5 
mm, respectively whereas immature fruit extract showed 
inhibition in the diameter 11.5 mm, 11.2 mm and 12.1 
mm against S. lutea IFO 3232, X. campestris IAM 1671, 
E. coli iw 3310 IFO 3007 but B. subtilis, P. denitrificans 
were not inhibited by methanol extract of immature fruit 
(Figures 1 and 2). 

 
 
Ethyl acetate extract 
 
At the concentration 4.096 µg/µl (applied 100 µl), ethyl 
acetate extract of waxy coating of winter melon, the zone 
of inhibition against B. subtilis IFO 3026, S. lutea IFO 
3232, E. coli iw 3310 IFO 3007, and P. denitrificans KACC 

 1 

                                                    2 
 3 

Immature fruit 

Peel of mature fruit 

Waxy coating 

Negative control 
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Figure 2. Comparative antibacterial activity of commercial antibiotic and 
methanol extract of B. hispida against selected pathogenic bacteria. 

 
 
 

 
 

Figure 3. Antibacterial activity of ethyl acetate extract of B. hispida different parts against B. subtilis IFO 3026 
(A) and P. denitrificans KACC 32026 (B). Negative control- Ethyl acetate (only solvent). 

 
 
 
32026 produced 15.7 mm, 14.4 mm, 16.5 mm, and 16.9 
mm, respectively. In case of mature fruit extract, the zone 

of inhibition showed 14.8mm, 13.2 mm, 15.6 mm, and 
15.2 mm against tested bacterial strains B. subtilis IFO 
3026, S. lutea IFO 3232, E. coli iw 3310 IFO 3007, and P. 
denitrificans KACC 32026, respectively. X. campestris 
IAM 1671 did not shown inhibition zone when the waxy 
coating and peel extract were applied in the well. 
Immature fruit extract exhibited inhibition zone in the 
diameter of 11.5 mm and 12.1 mm against S. lutea IFO 
3232, and E. coli iw 3310 IFO 3007, respectively. In this 
study, the most sensitive strain was P. denitrificans 
KACC 32026 with the inhibition zone of 16.9 mm 
produced by waxy coating of B. hispida (Figures 3 and 4).  
 
 
Chloroform extract 
 
Chloroform extract of waxy coating of B. hispida 
produced inhibition against B. subtilis IFO 3026,  S.  lutea 

IFO 3232, and E. coli iw 3310 IFO 3007. At the 
concentration 4.096 µg/µl (applied 100 µl), the diameter 
of zone of inhibitions were found 14.6 mm, 14.4 mm, and 
16.4 mm, respectively. Peel extract of chloroform also 
produced inhibition zones against these strains in the 
diameter of 12.7 mm, 12.5 mm, and 13.4 mm, 
respectively. X. campestris IAM 1671 and P. denitrificans 
KACC 32026 did not show any sensitivity with these 
extracts. Immature fruit extracts showed small zone of 
inhibition in the diameter of 10.2 mm, and 10.1 mm 
against S. lutea IFO 3232, and E. coli iw 3310 IFO 3007, 
respectively but did not produce any inhibitions against 
other bacterial strains (Figures 5 and 6). 
 
 
Comparative study of different crude extracts of 
waxy coating of B. hispida against tested pathogenic 
bacteria 
 
Different concentration of crude extracts of  waxy  coating  

 
 

 

0

5

10

15

20

25

30

Zo
n

e 
o

f 
In

h
ib

it
io

n
 

Bacteria 

Antibacterial activity of methanol extract of B. hispida 

Waxy coating

Peel of mature fruit

Immature fruit

Streptomycin

 

 

 

 

             

        

                     

               

                 
   



Alam et al.          353 
 
 
 

 
 

Figure 4. Comparative antibacterial activity of commercial antibiotic and ethyl acetate 
extract of B. hispida against selected pathogenic bacteria. 

 
 
 

 
 

Figure 5. Antibacterial activity of chloroform extract of B. hispida different parts against B. subtilis IFO 3026 (A) and S.  
lutea IFO 3232 (B). Negative control- Chloroform (only solvent). 

 
 
 
of B. hispida was examined. It is found that methanol and 
ethyl acetate extract of waxy coating showed better 
antibacterial activity than chloroform extract. It was found 
that E. coli iw 3310 IFO 3007 showed minimum inhibitory 
concentration (MIC) of Methanol and ethyl acetate extract 
at lower extent than other bacteria (Figures 7 and 8). 
  
 
Comparative study of different crude extracts of 
mature fruit (peel) of B. hispida against tested 
pathogenic bacteria 
 
The comparative study of peel extracts of B. hispida 
mature fruit were evaluated against different test strains. 
It is indicated that methanol and ethyl acetate extract of 
mature fruit (peel) showed better antibacterial activity 
against E. coli iw 3310 IFO 3007 than chloroform extract. 
Ethyl acetate extract produced better inhibition zone 
against   P.   denitrificans   KACC  32026  than  methanol 

extract, whereas chloroform extract did not show 
inhibition zone against this bacteria and it was found that 
E. coli iw 3310 IFO 3007 showed minimum inhibitory 
concentration (MIC) of different extract at lower extent 
than other bacteria. Methanol extracts showed good 
results in case of MIC (Figures 9 and 10). 
 
 
Comparative study of different crude extracts of 
immature fruit of B. hispida against tested 
pathogenic bacteria 
 
The comparative study of immature fruit extracts of B. 
hispida along with standard antibiotic streptomycin. It is 
indicated that methanol, ethyl acetate and chloroform 
extract of immature fruit didn’t show better antibacterial 
activity against B. subtilis IFO 3026, X. campestris IAM 
1671 and P. denitrificans KACC 32026, whereas showed 
small inhibition  zone against S. lutea IFO 3232, E. coli iw 
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Figure 6. Comparative antibacterial activity of commercial antibiotic and chloroform extract of B. 
hispida against selected pathogenic bacteria. 

 
 
 

 
 

Figure 7. Comparative antibacterial activity study of different waxy coating extracts of B. hispida 
mature fruit. 

 
 
 
3310 IFO 3007. It was found that methanol extract 
showed good results in case of MIC than ethyl acetate 
and chloroform extracts (Figures 11 and 12). 
 
 
Antifungal activity study 
 
Agar well diffusion method was used to test antifungal 
efficacy of crude aqueous extracts of waxy coating, peel 
(mature fruit) and immature fruit of winter melon. Ethyl 
acetate extract of waxy coating and  peel  of  mature  fruit 

showed more positive results against Fusarium 
oxysporum than methanol or chloroform extract. Immature 
fruit extract did not show any considerable inhibition 
against this fungus (Figures 13 and 14). 
 
 
DISCUSSION 
 
The importance on the investigations of natural 
antimicrobials from plant extracts which can substitute 
synthetic chemicals may  reduce harmful side effects due  
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Figure 8. Comparative study of minimum inhibitory concentration (MIC) of different waxy coating extracts of B. 
hispida mature fruit against pathogenic bacteria. 

 
 
 

 
 

Figure 9. Comparative antibacterial activity study of different peel extracts of B. hispida mature fruit. 

 
 
 
to potential toxicity of these commercially available drugs. 

Now days multiple drug resistance become great threat 
of public health due to indiscriminate use of commercially 
available antimicrobial drugs. There is a significant role of 
phytochemical to mitigate societal health issues and to 
avoid drug resistance (Zhang et al., 2015; Karuppiah and 
Rajaram, 2012). Humans from the pre-historical times have 
used the herbs, spices, and plants as a natural sources 
of antimicrobial agents, although the levels and range of 
activity were not fully defined. Studies have pointed out 
that many drugs that are used in commerce have come 
from folk-use and use  of  plants  by  indigenous  cultures 

(Cowan, 1999). The antimicrobial activity of the leaves of 
some wild Cucurbitaceae species against some human 
pathogenic microorganisms has investigated recently 
(Anyanwu and Okoye, 2017). The present study was 
conducted to find out the antimicrobial effects of different 
extracts of B. hispida belongs to Cucurbitaceae family.  

In this study, different samples that are the waxy 
coating, peel of mature fruit, and immature fruit of B. 
hispida were extracted with methanol, ethyl acetate and 
chloroform. These extracts were evaluated againsttwo 
species of Gram-positive bacteria B. subtilis IFO 3026, S. 
lutea  IFO  3232   and   three   species of  Gram-negative 
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Figure 10. Comparative study of minimum inhibitory concentration (MIC) of different peel 
extracts of B. hispida mature fruit against pathogenic bacteria. 

 
 
 

 
 

Figure 11. Comparative study of antibacterial activity of different immature fruit extracts 
of B. hispida. 

 
 
 
bacteria, X. campestris IAM 1671, Escherichia coli iw 
3310 IFO 3007, P. denitrificans KACC 32026. These 
organic extracts were also investigated against three 
pathogenic fungal species such as F. oxysporum, A. 
niger KTCC 1700, C. melongenae. The inhibition zone 
was the highest in case of standard antibiotic but 
methanol extract inhibited all bacterial strain efficiently 
than ethyl acetate or chloroform extract. Methanol extract 
has been reported effectiveness in many studies (Atef et 
al., 2019). This study explored a query about the reason 
of the effectiveness of methanol extract comparing other 
solvent extracts. Further study is required to  find  out  the 

chemical composition of methanol extract and other 
extracts to search the responsible components of 
antimicrobial activity. B. hispida known as water melon is 
a common and popular fruits all over the world. These 
findings explore the health benefit of B. hispida which the 
authors take very frequently. So, B. hispida can be 
recommended antimicrobial agent. 
 
 
Conclusion 
 
Winter melon  is  used  for  the  management   of  various 
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Figure 12. Comparative study of minimum inhibitory concentration (MIC) of different 
immature fruit extracts of B. hispida against pathogenic bacteria. 

 
 
 

 
 

Figure 13. Antifungal activity of ethyl acetate (A) and chloroform (B) extracts of waxy coating of B. 
hispida mature fruit against pathogenic fungus F. oxysporum. 

 
 
 
diseases and also used as antioxidant, styptic, anti-
inflammatory, astringent, anthelmintic, aphrodisiac, 
demulcent, diuretic, febrifuge, and tonic agents. The 
results of the study revealed that the different extracts of 
waxy coating  and peel of mature of B. hispida possess 
many active ingredients that inhibited the growth of 
selected pathogenic bacteria (B. subtilis IFO 3026, S. 
lutea IFO 3232, X. campestris IAM 1671, E. coli iw 3310 
IFO 3007, P. denitrificans KACC 32026) . On the other 
hand, ethyl acetate extracts of waxy coating and peel of 
mature winter melon fruit showed maximum antifungal 
activity against F. oxysporum. So, it is concluded that 
waxy coating and peel of mature fruit has better 
antibacterial and antifungals activities. If it is possible to 
find  out   the   reason  of   self-protective   mechanism  of 

mature fruits of B. hispida, there is enormous possibility 
to prevent immature fruit-rot of winter melon from various 
infections and also will help to develop antifungal and 
antibacterial agents. 
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Figure 14. Growth Inhibition Rate (%) of different extracts of B. hispida against pathogenic fungi F. 
oxysporum. 
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The control of tuberculosis (TB) has become a global health challenge due to the emergence of 
multidrug-resistant tuberculosis (MDR-TB) in Mycobacterium tuberculosis (MTB). This highlights the 
need for faster and more accurate detection of tuberculosis cases. The study aims to detect MDR-TB 
strains of pulmonary tuberculosis using resistance ratio method and to compare the diagnostic value of 
drug susceptibility testing (DST) with line probe assay (LPA) using Genotype MTBDRplus. All the 
sputum samples were tested for Acid Fast Bacilli (AFB) by Ziehl-Neelsen’s staining method and were 
cultured on Lowenstein-Jensen (L-J) media. The identification and confirmation of M. tuberculosis were 
done using various biochemical tests. DST was carried against the first line of anti-TB drugs. MTB 
positive samples were subjected to LPA. A total of 57 samples were subjected to DST and LPA for the 
detection of drug resistance of MTB to RIF and INH after conventional detection methods were applied 
to all the samples. Among these 57 MTB samples, 11 (19.29%) were resistant to INH, 4 (7.14%) were 
resistant to RIF; eleven (19.29%) isolates were identified as MDR-TB. LPA revealed 54 MTB positive 
among 57 MTB culture-positive samples and 3 showed invalid results. In LPA, MDR-TB was found in10 
samples (17.54%) in which one was RIF-resistant. The study concludes risk factors that resulted in the 
development of TB are biomedical, socio-cultural, and behavioral interactions. LPA can be used as a 
rapid diagnostic technique for the detection of MDR-TB. 
 
Key words: Tuberculosis (TB), multidrug resistance (MDR-TB), drug susceptibility testing (DST), line probe 
assay (LPA). 

 
 
INTRODUCTION 
 
Tuberculosis (TB) caused by Mycobacterium tuberculosis 
(MTB) is one of the leading causes of deaths due to 
infectious diseases in developing nations, including India.  
According to the World Health Organization (WHO), 1.8 
million people died due to TB, and 10.4 million people 

were infected with TB in 2015. Overall, 95% of the total 
TB deaths occurred in low- and middle-income countries. 
Six countries had accounted for about 60% of the global 
total, with India leading the burden of tuberculosis in the 
world (WHO, 2016). Globally India has become a home
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for one-fourth of TB burden patients. In 2015, around 
280, 00, 00 TB cases occurred in India, and 48, 0000 
people had died due to this disease. The global 
emergence of Multidrug-resistant tuberculosis (MDR-TB) 
is a major public health problem as it causes a major 
challenge to control the disease and the mortality rates 
associated with it. India has a high burden of patients 
with MDR-TB. Annually, according to India reports, 
130,000MDR-TB cases among which 79,000 MDR-TB 
cases are pulmonary TB (TB Statistics for India; WHO, 
2008). 

Early diagnosis of MDR-TB is necessary for the 
effective treatment and control of MDR-TB strains. It is 
known that resistance to isoniazid (INH) and rifampicin 
(RIF) is a key factor to determine the efficacy of the 
currently recommended standard treatment regimens. 
(Telenti et al., 1997; Cavusoglu et al., 2002; de Viedma et 
al., 2002; Morcillo et al., 2002; Saribas et al., 2003). 
Conventional techniques for MDR-TB detection are time-
consuming and require sophisticated laboratory 
infrastructure, which causes delay in reporting the results. 
This in turn delays the proper treatment which increases 
the risk of transmission of the disease (Chauhan and 
Arora, 2004). Despite various measures available for the 
detection of MDR-TB, the prevalence of MDR-TB rate 
has remained unchanged in recent years (Havumaki et 
al., 2017). There is an urgent need for standardizing rapid 
molecular tests such as Line Probe assay (LPA) 
(Hillemann et al., 2005). 

Identification of infectious cases is an important step for 
TB control programs worldwide. Detection of AFB in 
sputum by smear microscopy continues to be the 
mainstay diagnostic technique since its introduction in the 
late nineteenth century (Chakravorty and Tyagi, 2005). 
Drug susceptibility testing in Lowenstein-Jensen (L-J) 
culture media remains the cornerstone and gold standard 
for the diagnosis of resistance patterns in TB. There are 
different conventional methods (proportion, resistance 
ratio, and absolute concentration methods), the 
radiometric method, and other newer methods used for 
determining antimicrobial susceptibility patterns. The 
most extensively used is the proportion (PR) and the 
resistance ratio (RR) methods. The RR method compares 
the resistance of unknown strain of tubercle bacilli (test 
organism) with that of a standard laboratory strain of M. 
tuberculosis (H37Rv) (Acharya et al., 2010). 

The drug resistance of Indian isolates varies from 52.2 
to 2% (Iqbal et al., 2003). As there are variations in the 
resistance pattern to address this, the hospital-based 
study was undertaken to perform microscopy, 
biochemical analysis, and drug susceptibility testing using 
the RR method for the first line of anti-TB drugs. This 
method gives faster results than other DST methods.The 
revolution of TB diagnosis started in 2008 when WHO 
and Foundation of Innovative Diagnostics (FIND) 
endorsed the use of Line Probe Assay (LPA) which was 
developed by Genotype MTBDRplus (Hain  Life  Science, 
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Nehren, Germany) for the detection of MDR-TB 
(Nathavitharana et al., 2017). The assay is based on the 
multiplex polymerase chain reaction (PCR) method and 
uses reverse hybridization to identify MDR-TB from MTB 
culture and smear-positive sputum specimens (Barnard 
et al., 2012). LPA detects the wild-type sequencing or 
specific mutations associated with the rpoB gene for RIF 
resistance, the katG gene for high-level INH resistance, 
and inhA regulatory region gene for low-level INH 
resistance (Chauhan and Arora, 2004). It targets a 
mutation in the 81 base pair “core region” of the rpoB 
gene which detects almost 95% of RIF resistant strains 
and ahpC-oxy R intergenic region which detects 5-10% 
mutation in INH resistant (Nathavitharana et al., 2017). 
The study aimed to compare the conventional drug 
susceptibility testing (DST) and LPA for the detection of 
RIF and INH resistance in MTB. 
 
 
MATERIALS AND METHODS 

 
Sample size and patient recruitment 

 
The study was approved by the Institutional Ethical Board, KLE 
Academy of Higher Education and Research, Belagavi (Karnataka, 
India). Patients attending Out Patient Department (OPD) and wards 
of the Karnataka Lingayat Education Society (KLES) Dr.Prabhakar 
Kore Hospital and Medical Research Centre with symptoms such 
as fever, night sweats, and cough for more than 2 weeks with 
sputum, chest pain from January 2013 to December 2014 were 
included in the study. Non-TB patients, extra-pulmonary TB, and 
culture-negative samples excluded. The sampling method for this 
study was inverse sampling. The estimated sample size according 
to this method should be 125 positive cultures. However, in this 
study 232 smear, positive samples were obtained out of which 75 
samples were culture-positive. Hence to establish the validity of 
results, bootstrapping analysis was carried out (Haldane, 1945). 
 
 
Collection of samples 

 
Samples were collected after the Ethical clearance was obtained 
from the Institutional Ethical Board of KLE University Belagavi 
(Karnataka, India).The study was carried out at the Department of 
Microbiology, J.N Medical College, KLE University, and Belagavi, 
India between January 2013 and December 2014. This is a 
Hospital-based study. Sputum samples of all the 3453 patients (1 
sputum sample per patient) were collected from Hi-Tech 
Laboratory, KLES Dr.Prabhakar Kore Hospital, Belagavi from 
January 2013 to December 2014. Patients attending Out Patient 
Department (OPD) and wards of the KLES Dr. Prabhakar Kore 
Hospital and Medical Research Centre, who have fever, night 
sweats, cough for more than 3 weeks with sputum and chest pain 
were included sputum sample was collected in a clean, dry, sterile 
wide-neck, leak-proof screw cap container (Figure 1).  
 

 
Microscopic technique 

 
From purulent part of the specimen, and subjected to smear 
microscopy by Ziehl-Neelsen (ZN) staining for acid-fast bacilli in 
laboratory level 3 biosafety level 2. The grading of smears was 
done according to the guidelines provided by the Revised National 
Tuberculosis Control Program (RNTCP) of India (WHO, 2009).  The
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Figure 1. Schematic flow of procedure followed for confirmation of the species of Mycobacterium tuberculosis. 

 
 
 
results of the microscopic examination were reported according to 
the Revised National Tuberculosis Control Programme (RNTCP). 
The processing of samples was carried out in a biosafety cabinet 
with standard procedures (Revised TB Programme, 2005; Central 
TB Division, 2005). 

 
 
Culture technique 

 
All sputum specimens were handled at the bio-safety level (BSL-3). 
Only smear-positive samples were cultured by Petroff's method (N-
acetyl-L-cysteine and sodium hydroxide (NALC-NaOH) the 
sediments were suspended in distilled water. The supernatant was 
discarded after centrifugation and two slopes of Löwenstein–Jensen 
(LJ) media was taken for inoculation of each sample. The 
inoculated LJ media was incubated at 37°C. Reading and 
interpretation was done for the colony formation every week, 
preferably twice within the first week. The contaminated cultures 
and rapidly growing mycobacteria (colonies apparent in less than 7 
days) were removed. M. tuberculosis colonies were developed 
within 3-4 weeks. Cultures were kept for up to 8 weeks before being 
reported as negative (Figure 2a) (Protocol for Processing, 1998). 

 
 
Biochemical tests 

 
The identification and confirmation of M. tuberculosis were done 
using various biochemical tests. Catalase Test- Into two screw-cap 
test-tubes 0.5 ml of phosphate buffer was dispensed (pH7.0). One 
tube was placed in the water-bath at 68°C for 20 min. Another tube 
was left at room temperature (Figure 2c). 

 
 
Nitrate reduction test 

 
Two loopful of bacterial growth was emulsified in 0.2 ml distilled 
water; then 2 ml of the substrate medium was added. Incubation 
was done at 37°C for 2 h. To each tube in sequence one drop of 
reagent 1 (HC1), two drops of reagent 2 (Sulfanilamide), and two 
drops of reagent 3 (n-naphthyl ethylenediamine dihydrochloride) 
was added. The development of a  red  colour  indicated  a  positive 

reaction (Figure 2b). 

 
 
Tween-80 hydrolysis 

 
A volume of 0.5 ml freshly prepared Tween 80–peroxide substrate 
was added to each tube. The formation of bubbles was observed. 
The release of the oleic acid from Tween 80 results in the change of 
colour from the neutral indicator yellow to red within 5-10 days. 

 
 
p-nitro benzoic acid (PNB) susceptibility 

 
Single slope of LJ medium was inoculated containing Para-Nitro 
Benzoic acid (PNB Sodium Salt) 500 mcg/ml with bacterial 
suspension. It was incubated at 37°C and growth was recorded on 
the 28th day (Manual on isolation, 1998). 

 
 
Drug susceptibility testing (DST) 

 
Minimal Inhibitory Concentration (MIC) on solid LJ medium was 
used for DST which is expressed as a resistance ratio method 
according to the standard operating procedure of RNTCP. All the 
culture-positive MTB isolates (showing colonies more than 20) were 
further analyzed by DST resistant ratio method. The media 
containing two-fold dilutions of the primary anti-TB drugs were 
prepared as follows: INH, 0.5and 1.0 µg/ml; RIF, 32.0 and 64.0 
µg/ml; streptomycin (SM), 16.0 and 32.0 µg/ml; and ethambutol 
(EMB), 4.0 and 8.0 µg/ml. One drop (100 µl) of 1 mg/ml bacillary 
suspension (McFarland No.1) from a Pasteur pipette was spread on 
the surface of each drug-containing slope of media of different 
concentrations. The same procedure was done for the H37RV strain, 
which was used as a positive control for the test. All the tubes were 
incubated at 37°C for 4 weeks and were observed every week. The 
growth was examined after 28 days and this was defined by the 
presence of 20 or more colonies in the drug-containing media 
(Figure 2a and b). The isolates were considered resistant when the 
growth appeared on the drug-containing media (Revised TB 
Programme 2014). MTB in all isolates were  identified  by  the  slow
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Figure 2. M. tuberculosis a) colonies on L-J Media,  Biochemical tests b) Nitrate Reduction Test c) Catalase Test. 
 
 
 

Table 1. Cycling reaction for PCR. 
 

Temperature (°C) Time Cycle 

95 15 min 1 

95 30 s 
10 

58 120 s 

95 25 s 

20 53 40 s 

70 40 s 

70 8 min 1 
 
 
 

growth rate, colony morphology and biochemical tests such as the 
incapability to grow on PNB acid, niacin positive and catalase-
negative test, nitrate negative test (Chauhan et al., 1998). 
 
 
Line probe assay (LPA) 
 
The bacterial colonies from cultures were used for DNA extraction 
(Bhawan, 2009). The bacterial DNA was extracted from the 
colonies of solid media according to the manufacturer‟s instructions. 
Molecular grade water of 300 µl was added to and the DNA was by 
vortexing. This bacterial suspension was centrifuged for 15 min at 
10,000 rpm. The supernatant was aspirated and the pellet was 
resuspended in 100 µl distilled water. The specimens were heat-
killed at 95°C for 20 min, sonicated for 15 min and centrifuged at 
13000 rpm for 5min. The supernatant containing DNA was 
transferred into a fresh tube. The extracted DNA was kept in4°C 
and was used within 1-7 days. The procedure of LPA was 
performed according to the manufacturer‟s instructions (Hain 
Lifescience, Nehren, Germany, 2012). It consists of three  steps:  1) 

multiplex PCR, 2) amplification and 3) reverse hybridization 
(Khanna et al., 2010). To avoid contamination, these steps were 
carried out in three separate rooms with restricted access and 
unidirectional flow.  

A total of 5 µl DNA was added to 45µl of the master mix for each 
PCR reaction and the amplification procedure for cultured isolates 
were followed as per the directions given by the manufacturer 
(QIAGEN, Hilden, Germany). The cycling reaction is given in Table 
1. Hybridization and detection is the final step in the assay, which 
was performed by using all the materials and reagents provided by 
the kit manufacturer (GmbH, Hain Life Science). A twelve well 
plastic tray was used for all three steps: denaturation, hybridization, 
and detection. In this tray, a denaturation buffer of 20 µl was 
dispensed to this 20 µl of DNA amplicons and mixed thoroughly. 
The solution was incubated at room temperature for 5 min. After 
denaturation, a 30 min hybridization step was done by adding 1ml 
of pre-warmed green hybridization buffer (HYB). After the aspiration 
of HYB 1ml of preheated red stringent wash buffer was added. To 
remove the excess STR buffer 1 ml of rinse (RIN) solution was 
added which was followed by  the  addition  of  previously  prepared

FIG 2: M.tuberculosis  a) colonies on L-J Media,  Biochemical tests b) Nitrate Reduction Test c) Catalase 

Test 

(a)  (b)  

(c)  
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Table 2. Age-gender distribution of pulmonary tuberculosis. 
 

S/ N Age group 

Total no. of patients = 57 

Male Female Total 

Total count % Total count % Total count % 

1 >18 3 5.26 1 1.75 
4 7.01 

11 19.3 

2 20-30 6 10.54 5 8.77 15 26.31 

3 30-40 11 19.3 4 7.01 
2 3.51 

15 26.31 

4 40-50 1 1.75 1 1.75 8 14.04 

5 50-60 12 21.05 3 5.26 2 3.51 

6 61-70 7 12.28 1 1.75 57 100 

7 71-80 1 1.75 1 1.75 
  

 
Total 40 71.18% 16 28.07% 

   
 
 

Table 3. The general characters distribution of pulmonary tuberculosis. 
 

Character Number of patients = 57 

Habits 
Smoking 38   (67.85%) 

Alcoholism 32   (49.23%) 

   

Health status 
Diabetes Mellitus 07   (10.76%) 

HIV  - 

   

Socioeconomic status 

Labour 25   (38.46%) 

Farmer 22   (33.84%) 

Business 09   (13.84%) 

 
 
 
conjugate solution. Once again the strips were washed by 1ml of 
RIN solution and 1 ml of distilled water. In the final step, 1 ml of 
diluted substrate solution was added to each well and the tray was 
washed with 1 ml of distilled water. The bands were air-dried and 
the staining reaction was observed, showing whether the probes 
have been hybridized or not (GmbH, Hain Life Science). 

The LPA strip has 27 reaction zones or bands for verification of 
the test procedures. The strips of LPA consist of two internal 
controls; conjugate control (CC) and amplification control (AC). The  
presence of positive MTB control tuberculosis-complex DNA band 
(TUB) reaction indicates the given specimen is positive for MTB 
complex. The test is considered valid only when wild type (WT) and 
mutation (MUT)  bands are present, if these two bands are absent 
the test is considered invalid (GmbH, Hain Life Science). 

 
 
RESULTS 
  
All the 3453 sputum samples were subjected to Z-N 
staining. The smear examination yielded the following 
bacillary load: +1 AFB in 92 (39.65%), 2+ in 69 (29.75%) 
and 3+ in 71 (30.6%). Of these 232, 167 samples 
(71.18%) were males and 65 samples (28.07%) females 
(Table 2). Smoking (67.85%) and alcoholism (49.23%) 
were the commonest predisposing conditions and  72.3%  

were labour and farmer by profession (Table 3). 
Out of 232 smear-positive samples, 75 were culture-

positive, 70 were culture-negative, 34 were contaminated 
and 53 had less than20 colonies. Biochemical tests were 
performed for 65 samples (10 were excluded due to issues 

associated with culture handling). The samples were 

further tested by biochemical analysis using catalase, nitrate 
reduction test, tween-80 hydrolysis, and p-nitrobenzoic 
acid (PNB) susceptibility for the confirmation of MTB. Out 
of these, 60 (25.86%) isolates were MTB and 5 isolates 
(2.1%) were non-tuberculosis Mycobacteria (NTM). 

Among 60, 3 yielded less than 20 colonies in a culture 
which were excluded from further tests. The remaining 57 
samples were subjected to DST analysis (Figure 4). 
Among these 57 MTB samples, 11 (19.29%) were 
resistant to INH, 4 (7.14%) were resistant to RIF, and11 
(19.29%) isolates were identified as MDR-TB through the 
resistance ratio method of DST (Table 4). LPA revealed 
54 MTB positive among 57 MTB culture-positive samples 
and 3 showed invalid results (Figure 3). The TUB band 
was absent in all five NTM specimens. In LPA 10 
samples (17.54%) were MDR-TB, in which one was RIF-
resistant (Table 5).  
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Figure 3. LPA results. 
 
 

 

 
 

Figure 4. Graphical representation of (a) Drug resistance pattern obtained by DST (b) Drug 

resistance percentage obtained by DST. 
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Table 4. Drug resistance pattern obtained by DST. 
 

Resistance Number of isolates (N=57) Percentage Total Percentage 

Mono-resistance 11 
  

INH 4 19.64 26.78 

RIF 0 7.14 
 STM 0 - 
 EMB 

 
- 

 Resistance  to two drugs 
   

INH+RIF 2 3.57 3.57 

STM+INH 0 - 
 STM+RIF 0 - 
 STM+EMB 0 - 
 INH+ EMB 0 - 
 RIF+EMB 0 - 
 Resistance to three drugs 

   
STM+RIF+EMB 2 3.57 3.57 

Resistance to four drugs 
   

STM+INH+RIF+EMB 9 16.07 16.07 
 

INH:  Isoniazid, RIF: Rifampicin, STM: Streptomycin, EMB: Ethambutol . 
 
 
 
DISCUSSION  
 
TB has existed for millennia and remains a major global 
health problem. In developing countries laboratory plays 
a crucial role in diagnosing TB. It is one of the top 10 
causes of death worldwide, ranking above HIV/AIDS as 
one of the leading causes of death from an infectious 
disease (WHO, 2016). Thus, the present study was 
undertaken to study the drug resistance pattern, the risk 
factor associated with TB, and recommending the use of  
the resistance ratio method for DST. The risk factors 
which resulted in the development of TB were 
biomedical, socio-cultural, and behavioral interactions 
(Balaji et al., 2010). 

One of the predisposing factors for the cause of 
Pulmonary TB was low economic status as these classes 
of people were more illiterate and have fewer health 
facilities which resulted in more mortality (Gupta et al., 
2011). TB was more common in males (71.18%) when 
compared to females (28.07%). The accompanying risk 
factors (Smoking, Alcoholism, and DM), may have 
triggered the disease more in males as they are prone to 
such lifestyle (Acharya et al., 2010; Deodhar et al., 1999). 
Alcoholism is one of the most important morbid factors for 
TB infection (Fleming et al., 2006). This study predicts 
that Ziehl-Neelsen staining is rapid and inexpensive, but 
lacks sensitivity and specificity. It cannot be used to 
distinguish between the various members of the 
Mycobacterium and also requires a high amount of 
organisms in the specimen. Due to its low sensitivity, 
there are high chances of false negatives. Resistance 
testing is too expensive with modern techniques. In such 
cases   as  conventional  L-J  based  approach,  the  DST 

method may be a suitable alternative. There are studies 
carried out in Bijapur and Pakistan where the isolation 
rate was 34.74 and 25.84% respectively, which can be 
compared to these results. There can be a variety of 
reasons for culture-negative; the organism may have lost 
their ability to grow on culture media or patients on 
treatment with regimens have negative results (Gaude et 
al., 2014). 

Drug susceptibility testing was carried on all first-line 
anti-tubercular drugs-INH, RIF, EMB, and STM. It was 
observed that 11 specimens were sensitive to all 4 drugs. 
INH mono-resistance was comparable, INH+RIF 
resistance is nearly 50% reduced in our case, resistance 
to STM+RIF+EMB combination is reduced to one third, 
and resistance to all four drugs is double in this study. 
The MDR-TB rate is highly variable between countries 
and in between the states of India i.e. Delhi (33.7%), 
Bihar (15%), Mumbai (51%), Gujarat (17.4%) and Tamil 
Nadu (20.3%) (Tripathy et al., 2015). The resistance of 
MTB in this study was (19.64%) which can be compared 
to Tamil Nadu and Gujarat. Since drug-resistant TB has 
increased in incidence and interfered with TB control 
programs, monitoring of drug resistance patterns is very 
much important to prevent MBR-TB outbreaks. So, all 
isolates of M. tuberculosis should be tested for their 
susceptibilities to the primary anti-tubercular drugs. 

Of the conventional culture-based techniques for 
antimicrobial susceptibility testing, the Resistance Ratio 
(RR) and the Proportion (PR) methods are commonly 
used. The resistance ratio method is still in use in many 
countries especially the United Kingdom (Kent and 
Kubica, 1985). However, WHO has recommended the 
use of the proportion method to be  used  for  determining
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Table 5. The pattern of genetic mutation in drug-resistant Mycobacterium tuberculosis isolates using the Genotype 
MTBDRplus assay. 
 

Gene Band 
Gene region of the 
mutation 

RIF mono 
resistance

*,^
 N=1 

INH mono 
resistance

*,^
 N=0 

MDR
*,^

 

N=10 

katG 

WT 315 1 (100%) 0 (0%) 9 (90%) 

MUT1 S315T1 0 (0%) 0 (0%) 1 (10%) 

MUT2 S315T2 0 (0%) 0 (0%) 8 (80%) 

      

inhA 

WT1 0.9375 1 (100%) 0 (0%) 10 (100%) 

WT2 -8 1 (100%) 0 (0%) 10 (100%) 

MUT1 C15T 0 (0%) 0 (0%) 10 (100%) 

MUT2 A16G 0 (0%) 0 (0%) 0 (0%) 

MUT3A T8C 0 (0%) 0 (0%) 0 (0%) 

MUT3B T8A 
  

0 (0%) 

      

rpoB 

WT1 506-509 1 (100%) 0 (0%) 10 (100%) 

WT2 510-513 1 (100%) 0 (0%) 10 (100%) 

WT3 513-517 1 (100%) 0 (0%) 10 (100%) 

WT4 516-519 1 (100%) 0 (0%) 10 (100%) 

WT5 518-522 1 (100%) 0 (0%) 10 (100%) 

WT6 521-525 1 (100%) 0 (0%) 10 (100%) 

WT7 526-529 1 (100%) 0 (0%) 10 (100%) 

WT8 530-533 0 (0%) 0 (0%) 10 (100%) 

MUT1 D516V 0 (0%) 0 (0%) 6 (60%) 

MUT2A H526Y 0 (0%) 0 (0%) 0 (0%) 

MUT2B H526B 0 (0%) 0 (0%) 0 (0%) 

MUT3 S531L 
  

9 (90%) 
 

*Definitions of abbreviations: INH = isoniazid; RIF = rifampicin; MDR = multidrug-resistant. „Values are numbers, with 
percentages in parentheses. 

 
 
 
drug susceptibility of M. tuberculosis. The RR method 
has been used in this study this compares the resistance 
of the unknown strain with that of the control strain on the 
same batch of the medium. Resistance can be expressed 
as the ratio of the MIC (Minimum Inhibitory 
Concentration) of the test strain to the MIC of the control 
strain in the same test. The RR method was convenient 
for inoculum preparation and it required a shorter time to 
perform. Interpretation of the result was rather simple 
when it can compare to other methods. 

In MDR-TB detection, the conventional culture and 
DST on the solid LJ media is a time-consuming process. 
However, an early diagnosis of RIF and INH drug-
resistant MTB is essential for effective treatment and 
control of MDR-TB. With the advent of molecular 
techniques and the development of commercial or in-
house DNA hybridization or amplification methods, the 
results of MDR-TB can be obtained fast (Ahmed et al., 
2017). With the introduction of LPA for the rapid 
diagnosis of drug-resistant TB, there has been a 
significant reduction in time to start the treatment in MDR 
suspected cases. 

The present  study  was  conducted  to  determine  the 

pattern of mutations in MTB using LPA and to compare 
with DST for the detection of RIF and INH resistance in 
culture-positive isolates. The findings of this study 
showed that many mutations, which occurred in the rpoB 
and katG genes, are comparable to those reported in 
other countries (Taniguchi et al., 1996; Siddiqi et al., 
2002). The existence of common mutations in the rpoB 
gene, at codons 526 and 531 isolates from India and 
other countries, supports the assumption that these 
mutations are common for many drug-resistant strains 
around the globe (Telenti et al., 1993; Sun et al., 2008). 
In this study, resistance to RIF was higher than that of 
INH in LPA. This similarity was also observed in Ethiopia 
(Meaza et al., 2017). The common mutation associated 
with RIF was similar to the present study. 

The LPA test failed to detect mono- INH resistant 
strains in 11 specimens, which were detected by 
conventional DST. One MDR-TB sample detected by 
DST showed the false result in LPA as MTB which could 
be due to the presence of PCR inhibitors during the 
process of DNA extraction. Similar results were also 
observed in another study conducted in central India 
(Desikan  et  al.,  2017).  Among 57 isolates, 10 were RIF 
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resistant strains and one was RIF mono-resistant of 
MDR-TB which had a mutation on rpoB S531L diagnosed 
by the presence of MUT3 band (Table 3). The most 
frequent mutation found in INH was a katG mutation, 
which occurred more commonly in MDR-TB strains than 
in INH mono-resistant strains. RIF resistance is 
associated with the mutations in 81 base pairs region 
(codon 527 to 533) of the rpoB gene (Yue et al., 2003). 
The finding of dominant mutations for RIF resistance in 
rpoB S531L in the present study is similar to a previously 
published report (Miotto et al., 2006). 

In this study, no mutations were observed in the inhA 
gene region. Similarly, a low frequency of inhA gene 
mutations was reported in Ethiopia (Omer et al., 2016). A 
study from north India also has reported a low frequency 
of INH resistance mutation in the inhA gene. This could 
suggest that there are possibilities of mutation in other 
codons of the katG and inhA gene (Omer et al., 2016). 
The high prevalence of mutations within the rpoB core 
region in the MDR-TB strains isolated from India 
indicates the potential of a rapid diagnostic test for the 
detection of drug-resistant MTB. As stated, the detection 
of mutations in the rpoB gene is very effective for the 
diagnosis of drug resistance to RIF in MTB complex since 
the mutations in the hot spot region are prevailing. The 
invalid results observed in the present study were due to 
the lower bacillary load in sputum specimens or culture-
negative samples, which emphasizes not using the LPA 
test, directly for smear-negative clinical specimens 
(Chauhan and Arora, 2004). 

The limitation of LPA by Genotype MTBDR plus assay 
is that it requires sophisticated infrastructure, well-trained 
and skilled laboratory personnel. The test does not 
provide convenient results with sputum specimens, which 
have a lower bacillary load (Yadav et al., 2013). 
However, the use of LPA can lead to the earlier initiation 
of appropriate drug therapy which will thereby prevent 
further transmission of the drug-resistant strains. 
Applying the LPA method to detect drug resistance in the 
MTB isolates in clinical laboratories, require further 
research and method validation, aiming to enable the 
patients receive appropriate standardized MDR-TB 
treatment regime at an early stage of the illness. 
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The zoonotic potential of Escherichia coli from chicken and beef food products is well documented. The 
uses of antibiotics on agriculture encourage the development of resistance bacteria capable of causing 
human disease and passing resistance to human pathogens. This study aimed to detect the antibiotic 
susceptibility and production of extended-spectrum beta-lactamase (ESBL) of E. coli strains isolated 
from meat. E. coli was isolated and identified according to standard techniques using traditional and 
chromogenic media and confirmed by biochemical reaction. Kirby-Bauer disk diffusion method was 
used to determine antimicrobial susceptibility towards twelve commonly used antibiotics. The 
resistance of the isolated E. coli towards the third generation of cephalosporins was detected using 
cefotaxime (30µg), ceftriaxone (30 µg) and ceftazidime (30 µg). ESBL producer E. coli was investigated 
using combination test. The results showed that 135 (75%) of the 180 meat samples revealed positive 
isolation of E. coli. 77.33% of the chicken meat samples showed positive isolation of E. coli, while 
63.33% (19/30) of minced beef meat samples showed positive growth of E. coli. From these isolates, it 
was clear that most of them were highly resistant to tetracycline (10 µg), amoxiclav (30 µg) and 
cefalexin (30 µg). The lowest resistance was observed with ceftriaxone (30 µg) and ceftazidime (30 µg). 
The resistance of the isolated E. coli towards the third generation of cephalosporins was ranged 
between 5 to 33%. This study revealed that the isolated E. coli was ESBL producer as 85.71, 83.33, 
70.83, 68.18 and 66.66% were detected in chickens leg, skin, wing, abdomen and chest respectively; 
while minced meat showed isolation of 15.78% of the ESBL producer E. coli. The study concluded that 
chicken and beef minced meat sold in Khartoum state have high hazardous risk for transmission of 
ESBLs producing E. coli; thus quality control application is highly needed. Policy actions should be 
implemented in order to prevent cross transmission of ESBLs producer E. coli to human. 
 
Key words:  E. coli, ESBL producer E. coli, susceptibility pattern, meat quality. 

 
 

INTRODUCTION 
 

Microbes in meat have a matter of great public health 
concern especially  those  causing  food  borne  diseases 

(Pepin et al., 1997), particularly poultry, can be a source 
of ExPEC strain transmission to humans (Jakobsen et al.,  
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2010; Overdevest et al., 2011; Manges and Johnson, 
2012). Meats are especially common source of 
Escherichia coli contamination, which may be acquired 
during slaughter through fecal contact (Cohen et al., 
2007). 

Extraintestinal pathogenic E. coli (ExPEC) is an 
important group of pathogenic E. coli causing a diversity 
of infection in both animals and humans including 
septicemia, meningitis and urinary tract infections (UTIs). 
Also they are a major cause of economic loss to the 
poultry industry (Mellata, 2013; Köhler and Dobrindt, 
2011; Russo and Johnson, 2003). Antibiotic resistance is 
a worldwide health problem in many fields, such as 
environment, livestock, human, veterinary medicine, and 
agriculture (Marshall and Levy, 2011). Livestock animals 
are considered important reservoirs of antibiotic- resistant 
Gram-negative bacteria (Aiello and Larson, 2003; Seiffert 
et al., 2013); these bacteria automatically bring antibiotic-
resistant from animals to humans via consumption of 
meat. Major bacterial infections in humans can be traced 
back to livestock (Jakobsen et al., 2010; Overdevest et 
al., 2011). The overuse of antibiotics in food animal 
production contributes to increasing rates of antibiotic 
resistance (Ventola, 2015). 

ESBL producing E. coli strains have emerged as a 
potential health hazard from food producing animals 
(Costa et al., 2009; Smet et al., 2008), they confer 
resistance to penicillins, cephalosporins and 
aminopenicillins including the third-generation 
cephalosporins cefovecin and ceftiofur and the fourth-
generation cephalosporin cefquinome, which are 
approved veterinary drugs (Ewers et al., 2012; Madec et 
al., 2017). ESBL-producing E. coli has also been detected 
in wild animals, emphasizing the wide distribution of 
these resistance determinants (Guenther et al., 2011). 
Many studies have demonstrated the presence of ESBL-
producing E. coli in animals and meat, most likely caused 
by the use of the third-generation cephalosporin ceftiofur 
in food animals. Since the late 1990s, ESBL-producing E. 
coli have been detected in retail meat and production 
animals in Europe, Asia, Africa, and the United States 
(Jouini et al., 2007; Blanc et al., 2006). This study aimed 
to detect presence of E. coli in frozen packed raw chicken 
meat and red minced meats, determine the antibiotic 
susceptibility of the isolated E. coli and to detect the 
presence of the extended spectrum beta lactamase 
enzyme in the isolated E. coli. 
 
 
MATERIALS AND METHODS  
 
Collection of samples 
 
A total of 180 samples were collected as 150 samples of poultry 
included thirty samples from each part (wing, leg, abdomen, skin 
and chest). The chickens were purchased randomly from different 
factories in the Khartoum state from July 2015 to March 2018. The 
chicken samples were divided with sterile knives and assessors and 
kept separately in  sterile  collection  bags  at  4ºC. 30  minced  beef  
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meat from different company were purchased from super markets. 
Each package of minced meat was opened with sterile knife and 
forceps, and then collected in sterile bags. 

 
 
Isolation and identification of Escherichia coli 
 
Five grams of each food parts sample were blended by stomacher 
blinder. The samples were enriched in 45 ml Brain Heart Infusion 
Broth (Micromaster, Maharashtra-India) and incubated aerobically 
at 35°C for 3 h, then pre-enrichment by transferred to 45 ml of 
tryptone phosphate (TP) broth and incubated at 44ºC for 20 h. Each 
broth samples were inoculated on MacConkey agar medium 
(Himedia, Mumbai-India) and Eosin methylene blue (Levine) 
(Oxoid, Hampshire-England), then incubated aerobically for 18 h at 
37°C; then confirmed by cultured on chromogenic agar (brilliance 
green E. coli/ coliform agar (Himedia, Mumbai-India) at 37ºC for 18 
h. A positive E. coli bacteria were observed as purple colonies, then 
confirmed using indole test, vogues proskauer test, methyl red test, 
citrate test, motility test, Oxidase test and sugar fermentation test 
according to Cowan and Steel (1999). 

 
 
Antibiotic susceptibility test 
 
The standard Kirby-Bauer disk diffusion method was used to 
determine antimicrobial susceptibility of E. coli isolates according to 
Clinical and Laboratory Standards Institute guidelines (Clinical 
Laboratory Standards Institute Manual, 2013). The following 
antibiotics discs (Himedia, India) were tested: ciprofloxacin (5µg), 
cefixime (5µg), ceftazidime (30µg), ceftriaxone (30µg), cefotaxime 
(30 µg), amoxiclav (10µg), cefalexin (30µg), tetracycline (10µg), 
gentamicin (10µg), chloramphenicol (30µg), amikacin (30µg), and 
co-trimexazole (30µg). 18 h broth cultures were prepared and 
equivalent to the 0.5 McFarland turbidity standards. The antibiotic 
discs were impressed on inoculated plates and incubated at 37oC 
for 24 h. Diameter of inhibition zones of E. coli isolates around each 
antimicrobial disc was measured in mm, then the results were 
reported as sensitive (S), intermediate (I), and resistant (R).  

 
 
Screening of extended spectrum beta lactamase enzyme 
production 
 
The discs of antibiotics containing cephalosporin alone (cefotaxime 
30 ug, ceftazidime 30 ug, ceftriaxone 30 ug) and in combination 
with clavulanic acid were applied onto isolated E. coli inoculated 
plates, and then sufficient space between individual discs was 
ensured to allow proper measurement of inhibition zones. The 
plates were incubated at 37°C for 18 h. The inhibition zone around 
the cephalosporin discs combined with clavulanic acid was 
compared with the zone around the disc with the cephalosporin 
alone. The test is positive (ESBL producer) if the inhibition zone 
diameter is ≥ 5 mm larger with combined cephalosporin and 
clavulanic acid than cephalosporin alone. 
 
 
RESULTS 
 
Number and percentage of the isolation of E. coli  
 
E. coli was identified according to the morphological 
culture characteristic and biochemical reactions as shown 
in Table 1 and Figure 1. E. coli was isolated from 135 
(75.00%) out of 180 samples, while the negative isolation  
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Table 1. Identification of E. coli. 
 

Test Isolated E. coli reaction Test Isolated E. coli reaction 

Gram stain Gram negative MR Positive 

Motility Motile VP Negative 

Oxidase production  Negative Citrate Negative 

Catalase production  Positive Growth on MacConkey agar  Pink colonies 

Indole production  Positive Growth on chromogenic media Purple colonies 

 
 
 

 
 

Figure 1. Purple colonies of E.coli chromogenic agar (brilliance green E. 
coli/ coliform agar). 

 
 
 
Table 2. Number and percentage of Escherichia coli isolated from meats.  
 

Samples Number of samples No. (%) of positive isolation of E . coli No. (%) of negative isolation of E.   coli 

Chicken Inside wing 30 24 (80.00) 6(20.00) 

Chicken Chest 30 18 (60.00) 12(40) 

Chicken Abdomen 30 22 (73.33) 8(26.66) 

Chicken Leg 30 28 (93.33) 2(6.66) 

Chicken Skin 30 24 (80.00) 6(20.00) 

Red minced meat 30 19 (63.33) 11( 36.66) 

Total number 180 135 (75.00) 45 (25%) 

 
 
 
of E. coli was observed in 45 (25%). The highest number 
of isolation of Escherichia coli was recorded generally in 
chicken meats part samples as 116 (64.44%), while red 
minced meats showed percentage of 63.33%. There 
were variations in the number of isolation of E coli among 
chicken meats. The highest isolates was observed in leg 
part samples as 28 (93.33%) out of 30 samples, followed 
by both inside wing and skin part which showed isolation 
of 24 (80.00%) out of 30 samples of each. The abdomen 
revealed 22 (73.33%) out of 30 samples, while chest 
showed 18 (60.00%) out of 30 samples. A positive 
isolates of E. coli from red minced meat were 19 
(63.33%) out of 30 samples (Table 2).     
 
 
Antimicrobial susceptibility of the isolated E. coli  
 
The antibiotic  resistance  pattern  of  the  isolated  E. coli 

from wing parts of frozen chicken meats was recorded as 
79.2% resistance against tetracycline, 66.7% towards 
both of gentamicin and amoxiclav, while cefalexin and co-
trimexazole were resistant with percentage of 45.8%. E. 
coli isolated from skin of the chicken showed highest 
percentage of resistance towards tetracycline and 
amoxiclav as 70.8% and Cefalexin as 54.2%. On the 
other hand, all isolated E. coli showed clear sensitivity 
towards ceftriaxone. Similarly E. coli isolated from chest 
part of the chickens showed the highest percentage of 
resistance for tetracycline (72.2%) followed by amoxiclav 
(55.6%), cefalexin (50%) while all isolates (100%) 
showed clear sensitivity towards both ceftriaxone and 
ceftazidime. The E. coli isolated from the abdomen of the 
chicken showed resistance towards cephalexin and 
tetracycline as 63.6% and cefixime as 54.5%. The 
isolated E. coli showed resistance to amoxiclav and 
gentamicin  with  percentage  of  50% (Table  3).  On  the  
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Table 3. Percentage of the resistance of the isolated E. coli towards antibiotics. 
 

Antibiotics (µg) 

Percentage of the resistance of isolated E. coli 

Chicken Cattle red 
minced Meat Wing Skin Leg Chest Abdomen 

Cefalexin (30) 45.8 54.2 50 50 63.6 31.6 

Ceftriaxone ( 30) 4.2 0 7.1 0 4.5 10.5 

Cotrimexazole ( 25) 45.8 29.2 35.7 38.9 36.4 15.8 

Gentamicin (10) 25 45.8 46.4 16.3 50 10.5 

Cloramphenicol (30) 41.7 37.5 39.3 38.9 36.4 10.5 

Cetazidime (30) 8.3 8.3 3.6 0 4.5 5.3 

Tetracycline (10) 79.2 70.8 57.1 72.2 63.6 26.3 

Amikacin (30) 16.7 41.7 39.3 22.2 18.2 15.8 

Ciprofloxacin (5) 29 29.2 32.1 22.2 31.8 0 

Cefixime (5) 37.5 50 32.1 44.4 54.5 57.9 

Cefotaxime (30) 33.3 12.5 17.9 22.2 18.2 5.3 

Amoxiclav (30) 66.7 70.8 17.9 55.6 50 31.6 

 
 
 

Table 4. Percentage of resistance of isolated E. coli towards third generation of cephalosporins.  
 

Antibiotic (30 µg) 
Percentage of resistance of isolated E. coli 

Chest Abdomen Skin Leg Wing Cattle red minced meat 

Ceftriaxone  0 5 0 7 4 11 

Ceftazidime  0 5 8 4 8 5 

Cefotaxime  22 18 13 18 33 5 

 
 
 
other hand E. coli isolated from minced meat showed 
lower resistance towards tested antibiotics. The highest 
resistance was observed with cefixime as 57.9%, 
followed by cefalexin and amoxiclav as 31.6% for both. 
All isolated E. coli from minced meat were sensitive to 
ciprofloxacin. 
 
 
Resistance of the isolated E. coli towards third 
generation of cephalosporins 
           
The study revealed that the highest percentage of 
resistance to third generation cephalosporins were 
detected in chicken parts, especially wing parts as 33% 
to cefotaxime followed by ceftazidime (8%) and 
ceftriaxone (4%) compared with E. coli isolated from red 
minced meats which showed 11% resistance for 
ceftriaxone, 5% to both cefotaxime and ceftazidime. The 
highest percentages of resistance were detected in E. 
coli isolated from chicken parts towards cefotaxime which 
were distributed as follows: wing parts, 33%, chest parts, 
22%; both abdomen and leg 18%; and skin 13%. All 
isolated E. coli from chest parts showed clear sensitivity 
towards ceftriaxone and ceftazidime. In skin parts 
isolates, no resistance was observed towards ceftriaxone. 

Among all isolates of E. coli from red minced meats, the 
highest rate of resistance towards ceftriaxone was 11% 
(Table 4).   
 
 
Detection of extended spectrum beta lactamase 
enzyme  
 
The results revealed that out of 116 isolates of E. coli 
from chicken samples, 75.86% were positive as ESBL E. 
coli producer, while out of 19 isolates of E. coli from red 
minced meat samples only three of them showed 
production of ESBL enzyme (15.78%). Among the 
isolated E. coli from chicken meats parts, the leg part 
represented the highest percentage of isolation of ESBL 
E. coli producer (24%), followed by skin samples (20%), 
wing samples (17%); whereas abdomen samples 
represented 15% (Table 5). 
 
 
DISCUSSION 
 
In this study, 75% of the collected samples revealed 
positive growth of E. coli. The isolation of E. coli indicates 
low quality  of food, fecal contamination and the presence  
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Table 5. Percentage of ESBL producer E. coli from chicken meats and cattle red minced meat.   
 

Test 
Percentage of positive isolation of ESBL E. coli 

Cattle red minced meat skin abdomen wing leg chest 

Positive for combination test 3(15.78%) 20(83.33%) 15(68.18%) 17(70.83%) 24(85.71%) 12(66.66%) 

Number of the positive E. coli 19 24 22 24 28 18 

 
 
 
of high risk of transmission of enteric dangerous 
pathogens; otherwise some strain of E. coli is considered 
as pathogens that causes very serious disease. In fact, 
during and after slaughtering, the bacteria from the 
animal microbiota, the slaughter house environment, 
hands and equipment might contaminate carcasses. 
Some of these bacteria may grow and survive during 
storage, other pathogenic bacteria such as Salmonella, 
Listeria, Campylobacter, Aeromonas, Staphylococcus 
and toxin producing aerobic and anaerobic gram positive 
bacteria might be present. These confirm the findings of 
Authority (2016), Praveen et al. (2016), Höll et al. (2016), 
Line et al. (2013), and Veluz et al. (2012) who reported 
isolation of E. coli and pathogenic bacteria from poultry 
meat.  

In this study, the isolated E. coli showed high resistance 
towards many commonly used antibiotics, these strongly 
pointed to the misuse of the antibiotic in animal 
production sector. Antimicrobials are used extensively in 
food animal production for disease prevention, treatment 
and growth promotion. Sarma et al. (1981) discovered 
that approximately 80% of isolated E. coli from healthy 
and diseased poultry was resistant to chlortetracycline, 
tetracycline, oxytetracycline and triple sulfas. Similarly, 
Paula Signolfi et al. (2019) found that more than 67% of 
isolated Escherichia coli were resistant to tetracycline, 
nalidixic acid and ampicillin. The inappropriate use of 
antibiotics, not only in human medicine but also in animal 
husbandry has been considered a main driver leading to 
the increase of multi-drug resistant bacteria (Chantiziaras 
et al., 2014). The higher rates of antimicrobial resistance 
and multi-drugs resistance of the isolated E. coli in this 
study could be due to poor monitoring by regulatory 
bodies as the use of antibiotics in animal farms that used 
production of meat for human consumption, which have 
been prohibited in several countries. Furthermore, 
transmission via consumption of meat products has been 
suggested as a potential source of multidrug resistant 
bacteria in Africa (Alonoso et al., 2017; Eibach et al., 
2018).  

The increasing incidence of infections caused by 
extended-spectrum beta-lactamase (ESBL) Escherichia 
coli is of serious concern, as many studies from countries 
with a highly industrialized poultry industry suggested that 
meat products of poultry farms might be an important 
source for transmission of (ESBL) Escherichia coli  to 
human (Linda et al., 2019; Poirel et al., 2018). Hawkey 
(2008), Kumarasamy et al. (2010) and Mathai et al. 

(2002) found that 70-90% of Enteroacteriaceae are ESBL 
producers in India. Kar et al. (2015) conducted systematic 
study on multiple drugs resistant ESBL producing E. coli 
in food producing animals. Paula Signolfi et al. (2019) 
found that more than 31% of the isolated Escherichia coli 
were ESBl producer. Furthermore, ESBL producer E.coli 
was found to be more resistant to a higher number of 
antimicrobial substances compared to non ESBL 
producing E.coli. Alonso et al. (2017) reviewed lower 
prevalence of (ESBL) Escherichia coli among poultry 
meat products in African countries compared with 
European countries. However previous studies did not 
use any (ESBL) screening plates for the detection of 
Escherichia coli which might under estimate the ESBL 
production. Studies from the Netherland, Sweden and 
Vietnam detected (ESBL) Escherichia coli not only in 
chickens but also in high numbers among humans 
(Borjesson et al., 2016). These studies concluded that 
poultry farms or meat products might be an important 
source of (ESBL) Escherichia coli. Furthermore, ESBL 
strains of Escherichia coli. were found to be 1.40 times 
more likely to contain more virulence genes than non 
ESBL – producing strain and it could be transmitted to 
human via food chain. 

The percentage of the isolation of third generation 
cephalosporin resistant E. coli varied in this study 
according to meat source and parts in chicken, wing, 
chest, abdomen, legs and skin showed resistance of 33, 
22, 18, 18 and 13% respectively towards cefotaxime (30 
µg). These results indicate the highest use of cefotaxime 
in poultry farms and confirm the fact that the broiler farms 
are beginning to shift to more recently developed drugs, 
such as third generation cephalosporin as mentioned by 
Zekar et al. (2017). Third generation cephalosporin are 
used to treat urinary tract infections caused by Gram 
negative bacteria and have recently received research 
attention because of the rapid spread of multidrug-
resistance. This resistance related to a novel gene called 
fos A3, which has been reported in Escherichia coli and 
Klebsiella pneumonia and often detected in bla CTX-M 
producing and multi-resistant Escherichia coli both in 
animals and in clinical isolates (Ho et al., 2013). These 
findings raised the possibility that Escherichia coli present 
in the intestinal tract of healthy individuals could acquire 
those genes from Escherichia coli derived from chicken 
meat, which could act as reservoir for bacteria harboring 
resistance genes (Manges and Johnson, 2012). This 
study concluded  that  there is a high need for application  



 
 
 
 
of the quality control measurements to ensure serving 
good and safe food as well as prevent transmission of 
food borne pathogen and control the rise of antimicrobial 
resistance microorganisms.  
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Analysis of water bodies, such as rivers and lakes can provide an insight into their intrinsic 
composition and potential impact on the environment. Water samples collected from four designated 
sites in Idah River, were assessed for their physicochemical parameters and microbial diversity using 
standard procedures. The temperature from all sites was 26.00°C and the pH ranged from 6.93 to 7.08. 
Turbidity values ranged between 32.00 and 38.00 NTU, while dissolved oxygen ranged between 6.28 and 
9.28 ppm. Heavy metals, such as Selenium and Arsenic (with peak values of 0.10 and 0.09 ppm, 
respectively) were detected in the river. However, dissolved oxygen, arsenic and turbidity values across 
all sites exceeded the maximum limit set by World Health Organisation and the Standard Organisation 
of Nigeria. The total heterotrophic bacterial counts showed excessive bacterial load from all sample 
sites, while pathogenic bacteria, including Escherichia coli, Klebsiella and Shigella species, were 
isolated from regions with intense anthropogenic activities along the river, indicative of microbial 
pollution. Fungal studies identified the presence of Fusarium, Aspergillus and Trichoderma species as 
the most abundant in the river. Obtained results showed that Idah River is exposed to heavy metal 
seepage and subject to microbial contamination. Therefore, continuous monitoring and better 
management of the river body is recommended to prevent disease outbreak.  
 
Key words: Aquatic ecosystems, Idah River, microbial diversity, physicochemical analysis. 

 
 
INTRODUCTION 
 
Water can be sourced from water bodies such as rivers, 
boreholes, lakes, springs  and  other large  water  bodies. 

However, the quality of water bodies can be adversely 
affected by man-made  activities. For  example,  pollution  
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Figure 1. Map of the study area within Nigeria and its sampling points. 

 
 
 
of freshwater bodies such as rivers (e.g. Idah River, Kogi 
State), streams, lakes and ponds are mostly experienced 
due to industrial discharge, municipal waste disposal and 
surface run-off (Akaniwor et al., 2007). Anthropogenic 
activities, such as discharges of domestic waste, 
untreated waste from sewage treatment plants, plastic 
materials, disposal of personal care products and 
household chemicals, improper disposal of car batteries, 
construction activities, mining activities, and pilgrim 
activities constantly deteriorate the water quality of rivers 
(Environmental Pollution Centers, 2018). Such 
deterioration in water bodies include an alteration in pH, 
increased turbidity, higher content of total dissolved 
solids and metals, as well as a higher risk of such water 
body hosting water-borne pathogens (Shaji et al., 2009; 
Ananthakrishnan et al., 2012). Water-borne pathogens 
pose a great health risk to humans, animals and plants, 
most especially, infants, young children under the age of 
five and immunocompromised individuals (EPA, 2016; 
WHO, 2014). 

River Niger, at Idah, is an extension of the two major 
Nigerian rivers; River Niger- after which the country 
Nigeria is named, and River Benue, after their confluence 
in Lokoja. The Idah River is located between latitude 
7°6'1"N and longitude 6°42'23"E (Figure 1) and it serves 
as a boundary between Kogi and Edo states. The 
temperature of the  water  ranges  between  22  and 31°C 

(which greatly depends on the season). It is relatively 
turbid and has a slightly alkaline pH between 7.5 and 7.8 
(depending on the sampling location). The highest water 
levels are usually recorded between August and 
September, while the lowest water level is usually 
recorded between March and April (Adeyemi, 2010). 

Although, microbial communities represent a 
fundamental part of aquatic ecosystems, and are of great 
importance for matter and energy flux (Kavka et al., 
1996), little is known about the microbial biodiversity of 
River Niger (Idah Axis), despite its popularity in Nigeria 
and beyond. Local communities at the different axis of 
River Niger bank exploit the water for the fishery, aquatic 
medicinal plants, and domestic purposes, such as 
cooking, drinking, bathing, washing utensils and clothes, 
while the water is exposed to both human and animal 
waste, discharge of untreated industrial and domestic 
wastewater, runoff and dead organic plants and animals. 
Studying the unique diversity and functions of microbes in 
their ecological niche, as well as establishing the factors 
that affect them would aid in unraveling the role they play 
in animal, human, plant health, and in their environment 
(Marchesi, 2017).  

This study is therefore aimed at evaluating the total 
microbial content of water at different points of River 
Niger at Idah axis, using a conventional approach. In 
addition, the study seeks to link the community present to  



 
 
 
 
the physiochemical factors that characterize the river, in a 
bid to proffer necessary recommendations to avert 
infectious disease outbreaks. 
 
 
MATERIALS AND METHODS 
 
Study site 
 
Idah is a town in Kogi State, in the middle belt region of Nigeria and 
situated on the east bank of Niger River. It has a land mass of 36 
km2 and located on latitude 7°06'48.42"N and longitude 6°44'19.18" 
E. Its human population was around 79,815 as at 2006 (National 
Population Commission, 2006).  It has a tropical savannah climate 
with a wet season between late March and early November, and 
dry season between early November and late March. Idah River is 
exposed to water pollutants, such as chemical waste from farming 
activities, as well as discharge from gullies and streams, including 
the Inachalo River. The locals consume the water for domestic and 
dry farming activities. During rainy season, run-off washes domestic 
and municipal sewage, abbatoir effluents and remnants of open 
defecation of both human and animals into the river. 
 
 
Sample collection 
 
Towards the end of the dry season in February 2020, a total of 20 
water samples were aseptically collected in replicates from 4 
selected sites in the river (designated Docking Point A, Docking 
Point B and the Idah Axis - Midstream and Confluence Area); all 
characterized by different levels of anthropogenic activities (Figure 
1). Samples for bacteriological, mycological and physicochemical 
analyses were collected, at a depth of 20 cm below the water 
surface and against the water current into 250 mL sterile clean 
bottles (Ademorati, 1996). The temperature and water pH were 
monitored in situ using a mercury glass thermometer and a pH 
meter (ROHS Model), respectively before sampling (APHA, 2005). 
Collected samples were preserved in an icebox and transported 
immediately to the laboratory for microbiological and 
physicochemical analyses. 

 
 
Physicochemical examination of water samples 
 
Water samples placed on icepacks were transported to Soil 
Microbiology Laboratory at the International Institute of Tropical 
Agriculture, Ibadan, Oyo State, Nigeria within 24 to 48 h, for 
physicochemical analysis. In addition to pH and temperature 
(recorded in situ), a total of eighteen physicochemical parameters 
were evaluated. These included dissolved oxygen, specific ions 
(calcium, magnesium, potassium, sodium, iron, copper, nickel, 
arsenic, and selenium), turbidity, nitrates, sulphates, total dissolved 
solids, total nitrogen and electrical conductivity using titrimetric, 
colorimetric or spectrophotometric assays (Feng et al., 2009; 
Ologbosere et al., 2016; Adedire et al., 2021). 

 
 
Isolation and identification of bacteria 
 
Using aseptic techniques, four-fold serial dilution of each water 
sample was made, and isolation of bacteria from a serially diluted 
sample (1 mL) was done in Petri dish through the pour plate 
method on Nutrient Agar, prepared according to manufacturer’s 
specification. The plates were incubated at 37°C for 24 h. The 
mean total viable count of the isolated bacterial colonies was 
enumerated and recorded. Colonies with distinct morphological 
differences were randomly picked from the nutrient agar plates  and  
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repeatedly streaked on fresh, sterile agar plates (Nutrient Agar 
(Lifesave Biotech, USA), MacConkey Agar (Lifesave Biotech, USA), 
Eosin Methylene Blue Agar (Lifesave Biotech, USA), Salmonella-
Shigella Agar (Lifesave Biotech, USA), and Centrimide Agar (Oxoid, 
UK) and subsequently incubated at 37°C for 24 h. Pure cultures 
were stored in the refrigerator at 4°C for further characterization 
and analysis. Pure cultures of isolates were characterized and 
identified using their macroscopic and microscopic characteristics, 
as well as biochemical tests (Catalase, Oxidase, Centrimide, Citrate 
Utilization, Methyl Red, Voges Proskauer, Urease, Gelatin 
Hydrolysis, Motility, Sugar Fermentation: Glucose, Lactose, Maltose, 
Sorbitol) as described by Cheesebrough (2000) and following the 
Bergey’s Manual of Determinative Bacteriology (Genhardt et al., 
1994). 
 
 

Isolation and identification of fungi  
 
Fungi were isolated through serial dilution (10-2 and 10-4) method 
using sterile distilled water. One milliliter of each dilution was 
aseptically transferred into Potato Dextrose Agar (Lifesave Biotech, 
USA) media plates supplemented with Streptomycin (0.03 g/L) to 
inhibit bacterial growth (Hageskal et al., 2006). The plates were 
incubated at room temperature (25 ± 3.00°C) for 5 to 7 days. Using 
a flamed inoculating needle, the edge of each growing colony was 
picked and slides of the different colonies were made. A drop of 
Lactophenol cotton blue stain was added to the prepared slides, 
covered with a coverslip before microscopic examination using 10x 
and 40x magnifications to observe the microscopic features (hyphal 
characteristics, shape of sporangia, conidia and spores) of each 
isolate. Fungal colonies were also identified using cultural 
(macroscopic) characteristics (colony texture, elevation, 
chromogenesis/pigmentation, opacity and size) (Watanabe, 2002).  

 

 
Statistical analysis 

 
Data from physicochemical determinations and bacteriological plate 
counts were analyzed using Duncan’s Multiple Range Test using 
SPSS (version 25.0). Mean occurrences of bacterial and fungal 
isolates were tested using Tukey Pairwise comparison of grouping 

at a 5% level of probability using SPSS (version 25.0). 
 
 

RESULTS 
 
Physicochemical characteristics of water samples 
from different sites of Idah River 
 
The results of the physicochemical analyses of water 
samples collected from four different sites in Idah River 
are shown in Table 1. The observed water quality of the 
river was compared to acceptable standards reported by 
the World Health Organization (WHO, 2011) and 
Standard Organization of Nigeria (SON, 2007). The pH of 
water samples taken from different sampling points within 
Idah River was significantly different. However, the pH of 
Docking point A (DPA) and Idah Axis Confluence (IAC) 
water samples, as well as Docking point B (DPB) and 
Idah Axis Midstream (IAM) water samples, respectively 
were not significantly different. The pH ranges obtained 
also showed that IAM had the highest mean pH value of 
7.08, which was quite similar to that obtained at Docking  
Point B (7.07). The  lowest  pH  recorded  was  at the IAC 
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Table 1. Physicochemical quality of Idah River samples. 
 

Parameter 
Sample sites WHO Limits 

(2011) 
SON limits 

(2007) DPA DPB IAM IAC Significance 

pH 6.95
b
 7.07

a
 7.08

a
 6.93

b
 * 6.50 - 8.50 6.50 - 8.50 

Temperature (°C) 26.00 26.00 26.00 26.00 NS - 22.00 - 32.00 

Ca (ppm) 5.98
c
 6.93

a
 7.01

a
 6.37

b
 * 200.00 - 

Mg (ppm) 1.83
c
 2.02

bc
 2.30

a
 2.12

ab
 * 200.00 0.20 

K (ppm) 2.96
ba

 3.08
a
 3.05

ab
 2.89

c
 * 30.00 - 

Na (ppm) 3.98
b
 4.24

a
 4.12

ab
 4.23

ab
 * 200.00 200.00 

Fe (ppm) 0.49
b
 0.60

ab
 0.56

b
 0.78

a
 * 0.50 - 50.00 0.30 

Cu (ppm) 0.34
b
 0.34

b
 0.36

a
 0.34

b
 * 2.00 1.00 

Ni (ppm) 0.01 0.01 0.01 0.01 NS 0.07 0.02 

As (ppm) 0.04
b
 0.04

b
 0.09

a
 0.04

b
 * 0.01 0.01 

Se (ppm) 0.05
b
 0.06

b
 0.10

a
 0.05

b
 * 0.04 - 

Turbidity (NTU) 33.10 33.10 32.43 37.67 NS 5.00 5.00 

NO3 (ppm) 3.73
a
 3.20

b
 1.22

c
 1.19

c
 * <50.00 50.00 

DO (ppm) 9.28
a
 9.28

a
 6.67

b
 6.28

b
 * <5.00 3.00 - 5.00 

SO4 (ppm) 1.89
a
 1.84

a
 0.60

c
 0.84

b
 * 250.00 100.00 

TDS (ppm) 0.01
a
 0.00

b
 0.00

b
 0.00

b
 * 600.00 500.00 

Total N (%) 0.00 0.00 0.00 0.00 NS - - 

Electrical conductivity (S/m) 70.67
c
 78.00

b
 80.00

a
 80.00

a
 * <1000.00 1000.00 

 

DPA - Docking Point A, DPB – Docking Point B, IAM – Idah Axis Midstream, IAC – Idah Axis Confluence, Ca – Calcium, Mg – Magnesium, K – 
Potassium, Na – Sodium, Fe – Iron, Cu – Copper, Ni – Nickel, As – Arsenic, Se – Selenium, NO3 – Nitrates, DO – Dissolved Oxygen, SO4 – 
Sulphates, TDS – Total Dissolved Solids. Mean values with similar letter(s) across rows are not significantly different at 5% level of significance by 
Duncan’s Multiple Range Test (DMRT). NS: Not significant; *: Significant. 

 
 
 
site (6.93) (p < 0.05).  

The recorded temperature was uniform across all 
sampled sites at 26.00°C. The mean values of calcium 
(7.01 ppm), magnesium (2.30 ppm), copper (0.36 ppm), 
arsenic (0.09 ppm) and selenium (0.10 ppm) were all 
found to be the highest in IAM. DPA had the lowest mean 
values for calcium (5.98 ppm), magnesium (1.83 ppm), 
sodium (3.98 ppm) and iron (0.49 ppm). The mean 
values of nickel, at 0.01 ppm, were uniform across all 
sampled sites. The highest potassium (3.08 ppm) and 
sodium (4.24 ppm) were recorded at DPB, and they were 
significantly higher than values recorded from other 
locations. Copper had a uniform value (0.34 ppm) at 
three sites: DPA, DPB and IAC areas. Turbidity mean 
values ranged from 33.10 NTU (at DPA and DPB) to 
37.67 NTU (at IAC) and the values were not significantly 
different from one another. Nitrates, dissolved oxygen 
and sulphates were all found to be the highest in DPA 
with mean values of 3.73, 9.28 and 1.89 ppm, 
respectively. 
 
 
Bacteria distribution and frequency 
 
The total heterotrophic bacteria counts (THBC) of 
bacteria are seen in the four sites shown in Table 1. The 
highest microbial  load  was  recorded  at  both  DPA  and 

DPB with mean values of 1.55 × 10
4
 and 2.52 × 10

4
 

CFU/mL, respectively. The lowest microbial load was 
recorded at IAM with a mean population of 1.27 × 10

2
 

CFU/mL. Ten genera of bacteria were identified from a 
total of 97 isolates. These genera included Acinetobacter 
species, Staphylococcus species, Bacillus species, 
Pseudomonas species, Escherichia coli, Klebsiella 
species, Bacillus subtilis, Aeromonas hydrophilia, 
Shigella species and Streptococci species. Out of these 
ten species, Acinetobacter spp. had the highest 
percentage frequency of occurrence (50.52%), followed 
by Staphylococcus (18.56%) and Bacillus spp. (10.31%) 
(Figure 2). Across all sampled sites, Acinetobacter, 
Staphylococcus and Bacillus spp. were the most 
predominant. The least dominant microbes from each 
sample site were B. subtilis (in DPA and IAM), A. 
hydrophilia (in DPB and IAM), Shigella spp. (DPB and 
IAC) and lastly, Streptococcus spp. (in IAM only). 
Cumulatively, Acinetobacter spp. had a mean microbial 
prevalence of 12.25 and was the most predominant 
bacteria (P<0.05), while Streptococcus spp. was the least 
with a cumulative mean value of 0.25. Also, the two 
docking points A and B had the highest number of 
bacterial isolates with 30.00 and 39.00, respectively, 
while the least number of bacterial isolate (10) was 
observed at the Idah midstream area (Table 2).  
Concerning  the  total  viable  THBC   observed   in  water  
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Figure 2. Percentage frequency of total bacteria isolates found in sites of study at Idah River. 

 
 
 

Table 2. Number and types of bacteria species isolated from different sites in Idah River. 
 

Genus or species 
Docking 
point A 

Docking 
point B 

Idah Axis 
Midstream 

Idah axis 
confluence 

Mean values 

(Tukey’s test) 

Acinetobacter spp. 12.00 24.00 5.00 8.00 12.25
a 

Staphylococcus aureus 5.00 9.00 2.00 2.00 4.50
ab 

Bacillus spp. 4.00 2.00 0.00 4.00 2.50
b 

Pseudomonas aeruginosa 5.00 0.00 0.00 1.00 1.50
b
 

Escherichia coli 2.00 1.00 0.00 1.00 1.00
b
 

Klebsiella sp. 1.00 1.00 0.00 1.00 0.75
b
 

Bacillus subtilis 1.00 0.00 1.00 0.00 0.50
b
 

Aeromonas hydrophilia 0.00 1.00 1.00 0.00 0.50
b
 

Shigella spp. 0.00 1.00 0.00 1.00 0.50
b
 

Streptococcus spp. 0.00 0.00 1.00 0.00 0.25
b
 

THBC (CFU/mL) 1.55 × 10
4
 2.52 × 10

4
 1.27 × 10

2
 4.50 × 10

3
 11.33 ×10

4ab 

Total 30.00 39.00 10.00 18.00 - 
 

Means values (across the row) with same letters are not significantly different (P < 0.05) using Tukey’s test at 95% confidence interval. THBC: 
Total Heterotrophic Bacteria Count. 

 
 
 
samples collected from the four sample sites, bacteria 
colonies ranged from 1.27 × 10

2
 CFU/mL (IAM) to 2.52 × 

10
4 
CFU/mL

 
(DPB). 

 
 
Fungi distribution and frequency 
 
Seven fungal genera were identified from a total of 23 
fungal isolates. These included Aspergillus flavus, 
Aspergillus niger, Penicillium species, Fusarium  species, 

Cladosporium species, Trichoderma species and 
Curvularia species. Table 3 shows their distinct 
morphological differences and microscopic characteristics 
with 2 of the fungi species belonging to Aspergillus 
genus. Fusarium spp. had the highest percentage 
occurrence (39.13%), followed by Trichoderma spp., A. 
flavus and Penicillium spp. (all at 13.04%) (Figure 3). 
Fusarium spp. had the highest microbial incidence across 
all sites with a mean value of 2.25 (P<0.05), and the least 
occurring isolate being Curvularia spp. with  a  cumulative  
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Table 3. Fungi isolates and their probable identification. 
 

Isolate 
Morphological observations 

Microscopic characteristics 
Probable  fungal 
identity Form Elevation Surface Opacity Chromogenesis Size 

1 Irregular Flat Glistening Opaque White edge, yellowish green in the center Large Septate hyphae with long and erect conidiophores Aspergillus flavus 

2 Irregular Raised Rough Opaque 
Initially white, then changes to dark 
brown/black 

Covers entire 
surface 

Long smooth conidiophores with very rough conidia Aspergillus niger 

3 Irregular Flat Rough Opaque Green and black edge with a velvety look Large Broom-like conidiophores with septate hyphae Penicillium spp. 

4 Circular Flat Smooth Opaque White cottony look Medium 
Hyaline and abundant microconidia with one or two 
septa, short conidiophores 

Fusarium spp. 

5 Irregular Umbonate Smooth Opaque Suede-like and black Medium Erect conidiophores, conidia in branched chains  Cladosporium spp. 

6 Circular Raised Rough Translucent Yellowish green and white in the center Medium 
Repeatedly branched conidiophores with clusters of 
bent phialides 

Trichoderma spp. 

7 Irregular Flat Rough Opaque Black, spiky and fluffy  Medium Curved conidia Curvularia spp. 

 
 
 

 
 

Figure 3. Percentage frequency of total fungi isolates found in sites of study at Idah River. 

 
 
 
mean of 0.25. Also, DPA had the highest number 
of fungi isolates (9.00), followed by DPB (7.00) 
while the IAM area had the lowest number of fungi 
isolates 2 (Table 4). 

DISCUSSION  
 
From the analysis of the physicochemical features 
of water samples, recorded pH values were within 

a narrow range of 6.93 to 7.08. This fell within the 
acceptable range according to the standards set 
by WHO (2011) and SON (2007), thus making it 
suitable  for  aquatic  life.  This observation was in  
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Table 4. Number and types of fungi species isolated from different sites in Idah River. 
 

Genus or Species Docking point A Docking point B 
Idah Axis 

Midstream 
Idah Axis 

Confluence 

Mean values 

(Tukey’s test) 

Aspergillus flavus 2.00 0.00 1.00 0.00 0.75
ab 

Aspergillus niger 1.00 0.00 0.00 1.00 0.50
ab 

Penicillium spp. 1.00 2.00 0.00 0.00 0.75
ab

 

Fusarium spp. 2.00 2.00 1.00 4.00 2.25
a 

Cladosporium spp. 1.00 1.00 0.00 0.00 0.50
ab

 

Trichoderma spp. 2.00 1.00 0.00 0.00 0.75
ab

 

Curvularia spp. 0.00 1.00 0.00 0.00 0.25
b 

Total 9.00 7.00 2.00 5.00 - 
 

Mean values (across the row) with same letters are not significantly different (P < 0.05) using Tukey’s test at 95% confidence interval 
 
 
 
agreement with the findings of Adesakin et al. (2020) who 
reported a similar pH range for domestic water sources in 
Zaria, Nigeria. The pH values observed in this study 
could be attributed to the major soil type in the area or 
the buildup of organic materials from runoff, as described 
by Taiwo et al. (2020). 

The pH in water bodies is among the major 
physiological factors that play a critical role in shaping 
microbial structures and other biological activities in water 
(Adesakin et al., 2020). There appears to be a correlation 
between the microbial population observed across all 
sample sites and the pH of Idah River. All isolated 
microbes were neutrophilic in nature and this may be 
related to the near-neutral pH of the river body, 
encouraging the proliferation and prevalence of 
neutrophils. 

The temperature of any water body determines the 
proliferation and survival rate of microorganisms (Bouzid, 
2016). In this study, the temperature value of 26.00°C in 
water samples could be regarded as optimal for the 
growth of heterotrophic mesophilic bacteria and fungi. 
However, this was within the standard permissible 
temperature limit of SON (2007) set for aquatic water life. 
Igbinosa et al. (2012) also observed a similar 
temperature range of 26 to 27.2°C in Shanomi creek, in 
the Niger Delta region. In addition, Nwoko et al. (2015) in 
their report on the assessment of seasonal 
physicochemical parameters of Oguta Lake in Nigeria, 
observed a similar temperature range.  

The calcium (Ca) levels in water samples collected 
from different points along the river, was significantly 
different from each other and ranged from 5.98 ppm 
(DPA) to 7.01 ppm (IAM); however, these levels were 
below the permissible limit (200.00 mg/L) recommended 
by WHO (2011). As such, there might be no detrimental 
effect on aquatic life and on humans who ingest foods 
harvested from the river. Magnesium is generally 
associated with calcium in water bodies and with a 
concentration usually lower than that of calcium 
(Venkatasubramani and Meenambal, 2007). Magnesium 
values observed in this study  support  this  statement  as  

they ranged from 1.83 ppm (DPA) to 2.30 ppm (IAM). 
The potassium and sodium values ranged from 2.89 

ppm (IAC) to 3.08 ppm (DPB) and 3.96 ppm (DPA) to 
4.23 ppm (IAC), respectively. Many water bodies have 
sodium concentrations well below 50.00 mg/L (Ikhuoriah 
et al., 2016). Copper levels ranged narrowly from 0.34 to 
0.36 ppm and they were notably lower than what 
Kuz’mina and Ushakova (2007) reported in their metal 
assessment of fishponds (10.6 ppm). The heavy metal, 
Nickel is known to be associated with gastrointestinal 
irritation without inherent toxicity (Hammer and Hammer, 
2003). In this study, Nickel value was recorded as 0.01 
ppm across the four different samples, which was within 
the acceptable limit in WHO (2011) recommendations, 
hence, the river appeared devoid of the heavy metal. 
These values were contrary to the much higher values 
reported by Okereke (2014), who assessed the 
physicochemical properties of the Ihuku River (0.07 - 
0.082 mg/L). 

Arsenic is a metalloid widely distributed in the earth and 
usually found in natural groundwater (Thi et al., 2009) but 
its concentrations vary based on the geological 
formations, weathering processes of rocks, microbial 
activities, leaching or other anthropogenic activities such 
as mining and application of pesticides (Katsoyiannis et 
al., 2004; Oremland and Stolz, 2003). The metal has no 
known biological function and is extremely toxic in high 
concentrations. The arsenic mean values in this study 
were slightly above the WHO permissible limit, with the 
highest being 0.09 ppm in the IAM area. This can pose 
certain risks to consumers of water from the river, as this 
metal has been characterized as a carcinogen. Regular 
consumers of contaminated water and contaminated 
aquatic foods may be at risk of arsenic buildup in the 
body. Selenium is an essential micronutrient found in 
groundwater as well but toxic at elevated levels. Its 
concentration levels usually rise when there is an 
occurrence of industrial emissions or mining activities 
(Fernandez-Martinez and Charlet, 2009). Selenium 
recorded for the different water samples were relatively 
close to  recommended  WHO limit (0.05 mg/L) except for  
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the IAM sample, which showed a high value of 0.10 ppm.  
Turbidity is the degree of clarity or cloudiness of water 

and it is evaluated by the presence of suspended solids 
in the water (Health Canada, 2012). The mean turbidity 
values obtained from all water samples ranged from 
32.43 to 37.67 NTU. This raises another concern, as the 
values obtained exceeded recommended limits by WHO 
and SON, thereby rendering it unfit for drinking.  
Suspended solids in water promote the growth of 
microorganisms and as such, high turbidity is often 
correlated with a high presence of disease-causing 
microorganisms (Shittu et al., 2008). The high turbidity 
values obtained are clear indicators of Idah River 
pollution. The concentrations of the nutrients (nitrates and 
sulphates) were within the acceptable limits for both 
WHO and SON standards. Therefore, they did not pose a 
serious water quality issue. 

Dissolved oxygen (DO) is a measure of oxygen levels 
dissolved in an aqueous solution, which plays a major 
role in the biological activities of cultured organisms 
(Murphy, 2005). It is an important criterion for assessing 
quality, as it provides details on pollution levels, 
metabolic activities of microorganisms and nutrient 
availability (Premlata, 2009). The DO concentration range 
for the four sites: DPA (9.28 ppm), DPB (9.28 ppm), IAM 
(6.67 ppm) and IAC (6.27 ppm) were all higher than the 
statutory permissible limit (5 mg/L) necessary for aquatic 
life. Although, slightly above the permitted threshold, 
there have been higher concentrations of DO reportedly 
used for agricultural purposes in brackish aquaculture 
(Ayedun et al., 2011). Also, microorganisms use DO for 
the decomposition of organic materials at the bottom of 
water bodies. Low DO may lead to an anaerobic 
environment, resulting in a bad odour of water (Adekunle 
et al., 2007).  

Electrical conductivity is defined as a measure of the 
degree of ions in an aqueous solution or the capacity of 
water to pass electrical flow. The source of these 
conductive ions could be from dissolved salts and 
inorganic materials such as chlorides, carbonate 
compounds or sulfides (Miller et al., 1988). The range of 
electrical conductivity values recorded from all sample 
sites was within the acceptable limit reported by WHO 
(2011). This may imply that the river receives low 
amounts of dissolved salts and inorganic substances 
(Kidu et al., 2015). 

Results also showed that lesser concentrations of 
calcium, magnesium, potassium, nitrates and sulphates 
were recorded in IAM and IAC sample sites. This might 
be connected to the continuous movement of water, 
thereby diluting the concentrations of organic and 
inorganic wastes that might have been introduced at the 
docking sites of the river. 

The total heterotrophic bacteria counts of bacteria 
exceeded the WHO’s stipulated standards for water 
bodies. Notably, the high population of bacteria seen at 
the two docking points could be due to the fishing and 
other observed anthropogenic activities occurring  around 

 
 
 
 

the Idah riverbank. The high abundance of bacteria 
isolated from these two areas could also be linked to the 
bathing activities, washing and sewage run-offs, which 
was noticed at the riverbank, and is most likely to 
transmit an array of infectious diseases (Anyanwu and 
Okoli, 2012). 

In the IAM area, the highest arsenic and selenium 
values were recorded, which were above the WHO limit. 
This might be indicative of toxicity, and could be the 
reason for the low heterotrophic bacterial plate count and 
the low number of bacteria and fungi isolated (Leon et al., 
2018). 

The bacteriological analysis showed that Gram-negative 
bacteria were predominant amongst the bacterial isolates 
from Idah River. The microorganisms isolated in order of 
prevalence were Acinetobacter spp., Staphylococcus 
aureus, Bacillus spp., Pseudomonas aeruginosa, E. coli, 
Klebsiella spp., B. subtilis, Aeromonas hydrophilia, 
Shigella spp. and Streptococcus spp. The bacterial 
diversity reported in this study had some similarities to 
previous reports by Anyanwu and Okoli (2012) who 
reported the presence of Enterobacter species, 
Alcaligenes species, E. coli, Proteus species, Klebsiella 
spp., P. aeruginosa, Acinetobacter spp., S. aureus and 
Bacillus spp. in different water supplies at Nsukka, 
Nigeria. Also, Umeh et al. (2020) reported the prevalence 
of Klebsiella pneumoniae, Acinetobacter calcoaceticus, 
E. coli, S. aureus, Vibrio species, Pseudomonas spp., B. 
subtilis, Shigella flexneri, Salmonella Typhi in selected 
fish ponds in Anambra State, Nigeria.  

Based on the frequency rate of isolated bacteria, 
Acinetobacter spp. was found to be the most predominant 
across the four sites, constituting 50.52% of the total 
bacterial community. The high prevalence of this species 
is most likely linked to the observed discharge of abattoir 
effluents into the Idah River, which was also reported in 
the study of Tsai et al. (2018). This is also in agreement 
with the report of Okechi et al. (2020) who found that 
Acinetobacter was the most predominant bacteria in the 
sediment area of Otamiri River, constituting about 
42.10%. In Northeastern China, Zhao et al. (2014) found 
that the genus Acinetobacter was also the most 
prominent group of isolates in zinc and arsenic polluted 
rivers. Species of the genera Acinetobacter are 
ubiquitous in a wide range of ecological areas like water, 
soil, sludge, and wastewater (Hamouda et al., 2011). 
However, some scientific reports argued that the 
Acinetobacter genus is a nosocomial pathogen and the 
possibility of it thriving in natural environments is low 
(Peleg et al., 2008). It would also seem that they are 
resilient, as documented by few reports, which showed 
that they can survive in various environments containing 
low amounts of nutritious components, as well as their 
resistance to adverse environmental conditions 
(Gospodarek and Ziolkowski, 2000). Strains of this 
organism are commonly known to harbor antibiotic 
resistance genes and they are regarded as emerging 
opportunistic   pathogens    of    fish    farmed  in   Poland 



 
 
 
 
(Kozińska et al., 2014). There might be a possibility of 
this occurring in Idah River, if precautionary measures 
are not taken.  

The isolated Gram-positive bacteria, S. aureus, were 
also widespread across the river with a total percentage 
of 18.56%. The daily routine of washing, sand packing 
and fishing activities observed at the riverbank might 
account for its abundance at the docking sites. At the 
midstream and confluence areas of the river, its 
prevalence was relatively low. S. aureus is known to be 
commensal in the mucosa of mammals and birds. 
However, they can also be opportunistic pathogens 
(Quinn et al., 2004). The risk of S. aureus infections is 
premised on the possibility of its resistance to beta-
lactamase antibiotics, including penicillin and thus, its 
presence in water calls for public health concern. 
Streptococcus spp. was found only in the midstream area 
of the river. This organism has been associated with 
illnesses such as pneumonia and upper respiratory tract 
infections. Bacillus spp. were identified across all sample 
sites. Bacillus spp. can occupy a wide range of ecological 
niches and its spores are quite ubiquitous (Nicholson, 
2004). In particular, B. subtilis found in the docking and 
midstream area could have the potential to be used as 
probiotic additives in aquaculture, as reported by Guo et 
al. (2016). 

The main indicator of faecal pollution, E. coli, was 
found in all sites, except for the midstream area of the 
water. These bacterial isolates were discovered from 
both docking areas, which is suggestive of sewage 
pollution and abbatoir effluents observed at the Idah 
riverbank.  Contamination of the river by other members 
of the Enterobacteriaceae family seen in this study – 
Shigella spp., A. hydrophilia, P. aeruginosa and Klebsiella 
spp. could be related to a combination of direct faecal 
contamination and agricultural run-off at the docking 
sites. These Gram-negative bacteria are typically 
responsible for some waterborne diseases, including 
Shigellosis, typhoid, dysentery, diarrhea, as well as 
urinary tract infections, and they have been implicated in 
high mortality rate across the world (WHO, 2011). 
Pseudomonas spp. has been isolated from fishes in 
contaminated rivers. When consumed raw or insufficiently 
processed, such fishes could serve as a vector for the 
transmission of pathogens to humans (Jeyasekaran et 
al., 2006). Generally, the prevalence of Gram-negative 
bacteria in this river could be as a result of faecal 
contamination and other human interference, which could 
result in the proliferation of pathogenic organisms in fish, 
affecting human consumers (Kay et al., 2008). Their 
presence is most likely linked to the washing activities in 
the area, as well as the agricultural/seepage runoffs 
entering the river (Abulreesh, 2012). This implies a 
significant health risk for humans consuming this water 
(Franciska et al., 2005).  

The mycological analysis in this study showed the 
presence of A. niger, A. flavus, Penicillium spp., Fusarium 
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spp., Cladosporium spp., Trichoderma spp. and 
Curvularia spp. in Idah River. This agrees with the 
observations of Ifi et al. (2019), who reported Candida 
species, Fusarium spp., A. flavus, Penicillium spp., A. 
niger and Mucor species in Okokpon River, Edo State. 
Furthermore, Agbabiaka and Oyeyiola (2012) 
documented the presence of Curvularia, Aspergillus, 
Penicillium, Saccharomyces, Cladosporium, Geotrichum, 
Trichoderma, Mucor, Rhizopus, Fusarium and Mortierella 
(fungi) as sediment contaminants of Foma River, Ita-
Nmo, Ilorin. 

The abundance of fungi, in the docking areas of Idah 
River, is likely linked to its high sulphate concentration, 
thus constituting an indicator of water pollution from 
anthropogenic and agricultural origins. Pietryczuk et al. 
(2018) reported a similar observation in their study of 
fungi diversity in selected rivers. Fungal population 
increases with pollution and this might be connected to 
the high number of fungal contaminants observed at the 
docking areas of the river. 

Amongst the various fungi species isolated in this river 
samples, Fusarium spp. was the most predominant, 
constituting about 39.13%. Fusarium spp. are plant 
pathogens or rhizosphere fungi, and their presence in 
Idah River could be attributed to agricultural activities 
occurring around this river. This is quite similar to the 
observation of Sharma and Tiwari (2015) who reported 
Fusarium spp. as one of the most abundant soil fungi 
isolated from the Shivnath River and it is known to cause 
several superficial infections. A. niger and A. flavus found 
in this river are known to be among the main agents of 
food spoilage but it is co-related to a range of infections 
such as Aspergillosis, leading to respiratory infections. 
Refai et al. (2010) also confirmed Aspergillus as 
pathogenic fungi of freshwater fishes. Trichoderma spp. 
was found only in DPA and DPB, which had the most 
observed anthropogenic activities. It is one of the 
beneficial fungi in the environment that can serve as a 
bio-fungicide against various fungal pathogens (Schuster 
and Schmoll, 2010). It was suggested that it might have 
the potential to also control infectious diseases in 
aquaculture (Citarasu et al., 2012). Penicillium spp. was 
prevalent only in the two docking points, and the genus 
was reported to produce mycotoxins (Pohland and Wood, 
1997). Contamination of fish with these mycotoxins could 
accumulate in their tissues, which could invariably affect 
humans when consumed. The processing of fish does 
not necessarily eliminate the presence of mycotoxins in 
their tissues. Cladosporium and Curvularia spp. isolated 
from the docking points in the river are predominantly 
saprophytic in nature, and they are known to colonize 
and parasitize aquatic plants. 
 
 
Conclusion 
 
In     this      study,     physicochemical     and     microbial  
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(bacteriological and mycological) profiling of Idah River 
were assessed from four designated sampling points. 
Although, thirteen physicochemical parameters were 
within the safe limits as indicated by the WHO (2011) and 
SON (2007) standards, parameters indicative of pollution 
were obtained. They included high total heterotrophic 
bacterial counts, presence of pathogenic microbes and 
toxic levels of certain physicochemical factors, such as 
arsenic, selenium, turbidity and nickel, when compared 
with standards. Such extreme values derived from 
physicochemical analysis might be connected to 
anthropogenic activities of locals of the community, 
resulting in inorganic pollution. In addition, the various 
fungi and bacterial species found in the river raises health 
concerns, with regards to direct consumption of water 
and ingestion of food (such as fishes and aquatic plants) 
sourced from the water body. It is therefore recommended 
that programs and policies, such as continuous monitoring 
and public health awareness programs are set in place to 
enlighten locals of the community, about the dangers of 
unsuitable discharge of animal, human and inorganic 
wastes into the river. This could in turn, prevent the river 
from being an environmental reservoir of antibiotic-
resistant pathogens, hence preventing public disease 
outbreaks. 

This study provides the first report about 
physicochemical properties and microbial diversity (using 
culture-based techniques) inherent in the Idah River. 
However, additional microbial analysis, such as 
metagenomic studies, could be used to reveal a deeper 
microbial structure inherent in the river, which culture-
dependent methodology might not have captured. 
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The fungi are living organisms of great importance around agriculture, food industry, and the 
pharmaceutical industry. The usage of these microorganisms in agriculture is for the biocontrol of 
diseases in plants of commercial interest. Some yeasts can fight phytopathogens through secondary 
metabolites produced, inhibiting their development. Some species show positive results in the control 
of pathologies in different cultures. Yeasts have been used as biocontrol agents, and among them, a 
Lachancea (Kluyveromyces) thermotolerans, which is present in plants (such as grapes), soil and 
insects, can be adapted to different environments and, possibly perform biological control, although it is 
not known its mode of action. This work aimed to analyze and identify secondary metabolites used by 
the yeast L. thermotolerans CCMA 0763 isolated from commercial grapes in the Agricultural 
Microbiology Laboratory (Federal University of Lavras-MG/BR), using the analytical method of Ultra 
High-Efficiency Liquid Chromatography (UHPLC) (HRMS) and Tandem Mass Spectrometry (MS/MS). 
Four heterocyclic compounds of the Alkaloids class were ident i f ied , three (03) natural: 4-
Hydroxyquinoline, Xanthine and Calistegine A3, and one (01) synthetic: Clausehainanine C. Therefore, 
these compounds can be tested against phytopathogenic microorganisms. 
 
Key words: Yeast, biological control, secondary metabolite, ultra high-efficiency liquid chromatography 
(UHPLC), mass spectrometry. 

 
 
INTRODUCTION 
 
Non-Saccharomyces yeasts are sources of complex 
aromatics, glycerol content and responsible in ethanol 
reduction and polysaccharide concentrations in industrial 
processes. Its main functionality is associated with the 
production  of   alcoholic    beverages   from  fermentation 

processes (Contreras et al., 2014; Belda et al., 2015, 
2017; Domizio et al., 2017).  This fungus is mainly in the 
production of wine, on substrates containing hexoses, 
playing an important role in the characteristics of the 
drink  not  producing  spores  or allergenic toxins; and are  
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not nutritionally demanding. They present rapid growth, 
they do not present risks to the consumer and they act 
as antagonists, either through competition for nutrients, 
antibiosis or hyperparasitism (Domizio et al., 2017; 
Mehlomakulu et al., 2014, 2015). However, its use is not 
limited to wines, beers, breads and cheeses productions, 
but on other products for example control of 
phytopathogens. The good performance of yeasts as 
biocontrol agents is due to the different modes of 
action of these microorganisms against phytopathogens. 
Among these, we can highlight the competition with 
phytopathogens for space and nutrients, mycoparasitism, 
antibiosis, resistance induction in plants and the 
production of antimicrobial toxins and alcohol by 
yeasts. Understanding these biocontrol mechanisms is 
essential to improve the action of these microorganisms 
in combating plant diseases (Hatoum et al., 2012; 
Muccilli and Restuccia, 2015). Biological control is an 
important management strategy for fungal diseases, with 
the basic principle of using antagonistic microorganisms 
to reduce and/or keep the population of a phytopathogen 
below levels that cause economic loss (Carmona-
Hernandez et al., 2019). Organic control using biological 
agents against mycotoxins is considered a safer option 
until now, gaining popularity in the food industry 
(Tsitsigiannis et al., 2012). In fact, the application of 
yeasts (cells and their volatiles) and yeast derivatives has 
great potential to minimize the economic losses caused 
by mycotoxigenic fungi. Several of yeast and bacteria 
species have been identified as having effective fungi 
biological control activities at pre- and pos-harvest, where 
they were tested against toxigenic fungi to inhibit their 
growth and mycotoxin synthesis (Catara, 2007; Haiissam, 
2011). Within the microorganisms tested, the non-
saccharomyces yeasts are promising antimicrobial and 
bio-remediation agents (Ùbeda et al., 2014). However, 
the antimicrobial properties associated with yeast are 
linked to the production of killer toxins. Killer toxins have 
been identified as glycosylated proteins that bind to 
specific receptors. Their strains were called killer yeast. 
Killer yeasts secrete lethal toxins to and their strains are 
insensitive to their own toxins (Alturki et al., 2019; 
Mannazzu et al., 2019).  

In addition, the biological properties associated with 
this type of microorganism are not limited only to the 
production of proteins, but in the direct and/or indirect 
interactions between the different strains through the 
physical-transformed changes in the environment caused 
by the reaction of one strain to another. The effect of a 
specific yeast strain on its environments is unique suited 
to its metabolites and their respective (Roullier-Gall et al., 
2020). Thus, it is evident that non-saccharomyces yeasts 
have a favorable metabolic engineering for the production 
of new and well-known compounds with wide biological 
activity (Kulkarni et al., 2015; Liu et al., 2020). Currently, 
thousands of secondary metabolites have been identified 
from various living organisms, mostly plants.  However,  it  
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is estimated that this number is higher, being, in part, 
limited to analytical techniques. With the instrumental 
advance, compounds with a high degree of difficulty in 
analysis, whether due to their abundance, structural 
diversity or the complexity of the matrix, have been 
constantly identified (Zhao et al., 2013). Among the 
technological tools used to identify these molecules, is 
Ultra High Efficiency Liquid Chromatography (UHPLC) 
(HRMS), to analyze the yeast metabolome, for its 
excellent resolution, mass accuracy, new possibilities for 
improving analytical methods for matrices complex 
samples (ingredients, food and biological samples) and a 
wide range of spectrometric data (Motilva et al., 2013). 
Thus, the present work aimed to partially characterize the 
secondary metabolites produced by the yeast Lachancea 
thermotolerans CCMA 0763, isolated from commercial 
raisin, using the analytical technique of (UHPLC)(HRMS) 
and Tandem Mass Spectrometry (MS/MS). 
 
 
MATERIALS AND METHODS 
 

Crude extract obtainment 
 

The yeast L. thermotolerans CCMA 0763 (Sample) belonging to the 
Agricultural Microbiology Culture Collection at the Federal 
University of Lavras - Minas Gerais/Brazil was grown in a Petri dish 
containing Potato-Dextrose-Agar (PDA) (Culture Medium) for 2 
days and inoculated in 500 ml Erlenmeyers containing Potato-
Dextrose (PD) with pH 6.8 and incubated without shaking for 21 
days at 28°C (Quality Control). The mycelium was separated from 
the fermented broth by filtration in cotton and hydrophobic gauze 
and the aqueous phase was centrifuged at 2750 rpm for 15 min. 
The liquid-liquid extraction was performed with Ethyl Acetate in the 
proportion of 1:3 (Ethyl acetate: fermented broth) in a separating 
funnel. This step was repeated three times. The solvent was 
collected and evaporated in a Rotary Evaporator (Tecnal TE-210) 
at 400°C and the Crude Extract (1.014 g) subjected to Ultra High 
Efficiency Liquid Chromatography Analysis (UHPLC) (HRMS) and 
Tandem Mass Spectrometry (MS/MS). The same procedure was 
used for the Quality Control sample.  
 
 

Chemical analyses 
 

The solvents used were: Acetonitrile grade UHPLC-MS (JT Baker-
Phillipsburg, NJ, USA), Deionized Water from a Millipore Milli-Q 
water reagent system (Millipore, Bedford, MA, USA) and Analytical 
grade Formic Acid (85%). The extract of the yeast L. 
thermotolerans (1.0141 g) was solubilized in methanol and the 
concentration of the solution corrected to 1.0 mg. mL-1. For the 
Mass Spectrometry Analysis, a volume of 1.0 ml of Yeast Extract 
was collected and 10.0 μl of 0.1% Formic Acid (v/v) (Analysis in 
positive mode) was added and stored in a vial for analysis.  
 
 

Liquid chromatography 
 

The extracts (Sample and Control) were analyzed by Ultra-High 
Performance Liquid Chromatography (Shimadzu, Nexera X2, 
Japan) coupled to a High Resolution Mass Spectrometer (Impact II, 
Bruker Daltonics Corporation, Germany) equipped with an 
ionization source by eletrospray. The chromatographic separation 
was  performed   with   an   Acquity  UPLC® CSHTM  C18  column,  
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Figure 1. UPLC-Q-TOF/MS BPI chromatogram in mode positive from Quality Control (a), and yeast 
Lachancea  thermotolerans (b). 

 
 
 
particle size of 2.1 μm, with 2.1 × 100 mm (Waters, Ireland) and 
flow rate of 0.200 ml min-1. The gradient of the solvent mixture A 
(H2O with 0.1% (v/v) formic acid) and B (acetonitrile with 0.1% (v/v) 
formic acid) as follows: 5% B 0-1 min, 50% B 1- 5 min, 95% B 5-10 
min and maintained at 95% B 10-16 min, 5% B 16-18 min and 
maintained at 5% B 18-32 min at 40°C. 

 
 
Mass spectrometry 
 
The ionization source was operated in positive ionization modes 
and set to 4500V with a potential displacement of the final plate of 
500V. The drying gas parameters were adjusted to 8 L min-1 at 
180°C and the nebulizer gas pressure was set to 4 bar. The data 
were collected from m/z 50 to 1300 with an acquisition rate of 5 Hz 
and the 4 most intense ions were selected for automatic 
fragmentation (Auto MS/MS). 

 
 
Data processing and statistical analyses 

 
The software used for data processing for peak detection, 
multivariate analysis and identification was Data Analysis 4.0 
(Bruker, Germany). The specialized databases were: MoNa 
(http://mona.fiehnlab.ucdavis.edu/), ChemSpider 
(http://www.chemspider.com/) and Metlin (https: //metlin.scripps. 
Edu) for the identification of compounds. The search parameters in 
the online databases were: precursor mass with error ≤ 10 ppm and 
fragment tolerance ≤ 10 ppm. Principal component analysis (PCA) 
and projection discrimination in an orthogonal latent structure 
(OPLC-DA) were generated using the ProfileAnalysis  2.1  software. 

 
 
RESULTS AND DISCUSSION 
 
Figure 1 represents the diversity of the chemical profiles 
of L. thermotolerans and Quality Control extracts in the 
positive mode chromatogram generated from the UHPLC-
HRMS. The chromatographic run had an injection time of 
28.0 min with 4.0 min for column balance and cleanliness. 

It was revealed in this first analysis that in the time 
between 1.0 to 6.0 min, the two chromatograms behave 
differently in relation to the intensity and areas of the 
peak. This is also seen in the time between 14.0 and 25.5 
min. However, the chromatographic profile is very similar 
between the Control and the Sample, little difference 
between them. However, UHPLC-HRMS analyzes 
provide coverage of the chemical space based on MS 
and MS/MS data and are capable of presenting the best 
differentiation between Sample and Control. For this 
experiment, the molecular masses studied were 50 to 
1300 Dalton (Da). This mass distribution of precursors 
was based on studies in the literature (Maciá-Vicente et 
al., 2018). 

The global chemical space observed in the complete 
data set comprised eight thousand exclusive MS/MS 
spectra after the first performed for a sample and control. 
To minimize and discard potential noise or artifacts 
present  in  the  UHPLC-HRMS analyzes, three boundary 
conditions were imposed: first, the removal of the spectra 
present only in the control or in the whites; second, 
consider the final spectra that occurred only in the 
sample; third, consider spectra with acquired MS/MS, an 
important identification of the compounds in the sample. 
All spectral data were collected and processed using 
centralization, isotopic pattern, filtering, retention time 
and peak recognition methods to generate a datamatrix 
including sample identity, ion identity and ion abundance. 
The result of this mathematical deconvolution procedure 
provided 126 exclusive ions from the sample. The 
software used for data processing for peak detection, 
multivariate analysis and identification was DataAnalysis 
4.0 (Bruker, Germany) and Software ProfileAnalysis 2.1. 
For the identification of compounds, specialized 
Database sites were used, such as: MoNa, ChemSpider 
and  Metlin.  Other   parameters,  such  as  fragmentation
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Table 1. Results of high resolution UHPLC-HRMS mass spectrum analysis. 
 

Library Compound 
[M+H]

+ 
 

m/z 
RT 

(min) 
Exact 
mass 

Formula MS/MS 

Mona 1 1.460.585 6.49 1.450.528 C9H7NO 
128.1057; 118.0634; 111.0423;              
104.1057;99.0426; 86.0953 

Mona 2 1.530.395 2.70 1.520.334 C5H4N4O2 
136.0133; 110.0343 142.0853; 130.0854; 
124.0748; 112.07 

Goldmann et al. 
(1990) 

3 1.600.958 1.03 1.590.895 C7H13NO3 52; 103.0385; 94.0648; 86.0600; 82.0648 

Ma et al. (2018) 4 2.921.332 0,34 2.911.259 C19H17NO2 246.1301; 200.1253; 158.1159; 1121110 
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Figure 2. ESI-MS/MS spectrum for 4-Hydroxyquinoline. 

 
 
 
score and bibliographic record on the occurrence of the 
molecules, were also considered for disambiguation. The 
main exclusion factors used for identification were: mass 
error less than or greater than 10 ppm to decrease the 
number of candidates, fragmentation profile to justify and 
prove the identification and the probability of ionization by 
ESI. 

This attention with several exclusion factors is 
associated with the possibility of compounds within a 
mass range of 0.5 to 5 ppm, which generally have very 
different numbers of carbon atoms and the biosynthesis 
of units with a common elementary composition that 
provides information limited. Thus, mass accuracy and 
isotopic ratio, are almost orthogonal parameters that can 
be used to exclude hypothetical elementary compositions, 

but do not establish a consistent identification (Nielsen et 
al., 2011). In these cases, MS/MS, or preferably by 
Sequential Mass Spectrometry (MSn), with subsequent 
fragmentation patterns is more efficient, assuming that 
reference standards are available to model the 
fragmentation of the class of compounds (Sharma et al., 
2007). Thus, all precursors were submitted to the 
parameters presented here to support their identification. 
Four compounds were identified (Table 1), with their ESI-
MS/MS spectra, respectively (Figures 2 to 5). 

All compounds identified are alkaloids (Figure 6). They 
have nitrogen atoms and a differentiated fragmentation 
profile in their chemical skeleton. The compound identified 
as 4-Hydroxyquinoline belongs to the group of 
nitrogenous  heterocyclic   compounds   of   the  quinoline
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Figure 3. ESI-MS/MS spectrum for Xanthine. 
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Figure 4. ESI-MS/MS spectrum for Calystegine A3. 

 
 
 

alkaloids class. They play an important role in several 
areas of knowledge and have a wide range of natural 
substances.  Quinolones    are     molecules    structurally 

derived from the heterocyclic Quinoline, being distributed 
in nature as a product of the secondary metabolism of 
several  species  of  plants and fungi, mainly in species of 
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Figure 5. ESI-MS/MS spectrum for Clausehainanine C. 

 
 
 

the family Rutaceae (Suárez et al., 2011). Several 
derivatives of Quinolone have been isolated from this 
family with analgesic, amebicidal, antiviral, herbicidal and 
fungicidal activities (Barrera and Suarez, 2007). The 
compound 8-Hydroxyquinoline and its derivatives are a 
subclass of Quinolines with a wide variety of biological 
activities. They have been used as a fungicide in 
agriculture and a preservative in the textile, wood and 
stationery industries (Oliveri and Vecchio, 2016). 

Xanthines  are  a   class  of  Purine  Alkaloids  found  in 
many different plants, including yerba mate (1,3- and 3,7- 
Dimethylxanthine), coffee (1,3,7-Trimethylxanthine) and 
cocoa (Athayde et al., 2000). Another particularity 
associated with these compounds is their biological 
function in conjunction with the enzyme Xanthine A 
dehydrogenase (XDH), a Hydroxylase containing 
Molybdenum, being important for regulating the metabolism 
of Purines and Uric Acid responsible for the regulation of 
Arabidopsis aging and resistance to stress, peas, corn 
and grapes (Barabás et al., 2000; Zdunek-Zastocka and 
Lips, 2003; Brychkova et al., 2008; Werner and Witte, 
2011; Shuanghong et al., 2017; Han et al., 2020). 

Calistegines are a group of alkaloids (glycoalkaloids) 
initially discovered in the roots of cultures of Calystegia 
sepium and Atropa belladonna. The chemical structures 
contain   a  Nortropane  ring   system   with  3-,  4-,  or  5-
Hydroxyl groups (Calistegines A, B or C, respectively), 
located in various positions with different stereochemistry 

(Aminocetal functionality), and an Amino bridge group 
(Asano et al., 2000). These compounds were identified in 
several genera such as Atropa, Datura, Duboisia, 
Hyoscyamus and Escopolia belonging to the Solanaceae, 
Convolvulaceae, Erythroxylaceae and Brassicaceae 
families (Schimming et al., 2005; Brock et al., 2005, 
2006; Torres-Romera et al., 2019). The biological activities 
associated with polyhydroxylated alkaloids are their 
levels of toxicity to bacteria, fungi, viruses, insects, 
animals and humans (Friedman, 2006).  

Carbazolic Alkaloids are characterized by a basic 
aromatic tricyclic skeleton consisting of a central Pyrrole 
ring fused with two Benzene rings. Carbazol itself was 
originally isolated from the Anthracene fraction of coal tar 
(Greger, 2017). They have been found in bacteria, 
myxomycetes, fungi, sponges, tunicates and in the 
related plant families Apocynaceae and Loganiaceae. 
The vast majority of Carbazoles, comprising more than 
330 derivatives, have been shown to be derived from 3-
Methylcarbazole as a common precursor (Ryvolova et al., 
2012). The vast majority of Carbazoles, comprising more 
than 330 derivatives, have been shown to be derived 
from 3-Methylcarbazole as a common precursor. This 
type of Carbazoles was called Fitocarbazoles 
(Chakraborty and Roy 2003). However, there is no 
scientific evidence from recent studies related to the 
application of this compound in the area of agriculture, so 
it can be the object of research to be investigated. 



 

 

394         Afr. J. Microbiol. Res. 
 
 
 

              
                                    4-Hidroxiquinoline                              Xanthine 

                                                                                                               
                                        Calystegine A3                                       Clausehainaine C 

 
 

                       Figure 6 - Compounds identified in the extract of  Lachancea thermotolerans. 
     

 
 

Figure 6. Compounds identified in the extract of  Lachancea thermotolerans. 

 
 
 
Conclusion  
 

The crude extract of secondary metabolites from the 
yeast L. thermotolerans presents eight thousand exclusive 
MS/MS spectra through the UHPLC-HRMS analysis. 
These data were included in the mathematical 
deconvolution procedure, obtaining 126 exclusive ions 
from the sample. The analytical method of UHPLC-
HRMS has been a high performance tool for the 
identification of compounds and biomolecules of great 
structural diversity for the analysis of secondary 
metabolites. Thus, four components of the class of 
heterocyclic alkaloids were identified, three (03) naturals: 
4-Hydroxyquinoline, Xanthina and Calistegina A3; and 
one (01) synthetic: Clausehainanina C from the crude 
extract of L. thermotolerans.  

These compounds present, through the literature: 
antimicrobial, antiproliferative, inhibitory and regulatory 
activities, applied in the most diverse areas of knowledge, 
being able to be tested as biocontrol agents in antagonistic 
tests of biological tests against phytopathogens that cause 
fungal and bacterial diseases in agricultural cultures 
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Nosocomial infections are enhanced due to a flop in the infection control processes such as 
disinfection. The aim of this study was to assess long term effectiveness and the stability of 
disinfectants currently used within healthcare settings in Accra, Ghana against two indicator 
pathogens. Two locally produced and two imported disinfectants usually used in health care settings 
were obtained. The efficacy and long-term stability of the disinfectants was done using the in-use 
method, with identified microbial culture isolates of Pseudomonas aeruginosa and Staphylococcus 
aureus. Counts of both test organisms (Pseudomonas aeruginosa and Staphylococcus aureus) were 
over and above the 5 ≥ CFU recommended standard. All the disinfectants failed the test. However, 
contamination was observed to be higher in local disinfectants as compared to those imported. 
Furthermore, Enterobacter spp was isolated as contaminant from one imported disinfected and Proteus 
spp was also isolated from one local disinfectant. Interestingly, one of the imported disinfectants 
(Disinfectant I) showed more stability and was effective in the long term. All disinfectants did not pass 
the in-use test. However, disinfectants that are produced locally are more unstable and ineffective.  
 
Key words: Infections, disinfectants, drug stability, hospital, pathogens, contamination. 

 
 
INTRODUCTION 
 
Disinfectants are widely used in hospitals and various 
health care facilities for diverse applications, including 
topical as well as hard surface. Generally, they are 
important part of infection control practices and help in 
the prevention of hospital acquired infections (HAI) or 
nosocomial  infections   (Cadnum   et  al.,  2017;  Liu  and 

Dickter, 2020; Rutala, 1951; Ling, 2020). HAI are one of 
the foremost infectious diseases that present an 
enormous economic effect globally (Barrasa-Villar et al., 
2017; Kollef et al., 2021). HAI accounts for the 
hospitalization of about two (2) million people worldwide 
annually  (Abbasi et al., 2010). Empirical evidence shows 
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Table 1. Composition and pH of the concentrated product. 
 

Disinfectant Active ingredient Concentration (%) pH of concentrated product 

I Dichloro-meta-xylenol 65 7 

II 

Chloroxylenol  

Oleum pini Aromaticum Isopropyl Alcohol 

Sapo vegetails 

4.8 

8.3 

9.4 

5.6 

11 

III Chlorine  70 8 

IV Chlorine 33 8.3 

 
 
 
that the occurrence of HAI is more than two folds higher 
in the developing world (Nasiri et al., 2021; Nejad et al., 
2011). The hospital environment serves as an essential 
reservoir for various infectious microorganisms. Thus, the 
prevention and control of HAI is a matter of grave 
concern and a key challenge to contend with (Liu and 
Dickter, 2020; Ling, 2020). This is because within the 
health care environment, inanimate objects are potential 
conduits for the transmission of infections 
microorganisms. However, disinfection provides the 
avenue in to help break the epidemiological sequence of 
infections (Liu and Dickter, 2020). Disinfection involves 
the application of chemical agents to remove 
microorganisms, except spores of bacteria (Liu and 
Dickter, 2020; Ling, 2020). The level of annihilation of 
microorganisms is largely dependent on their relative 
sensitivities to the chemical disinfection process. Usually 
high-level disinfection comprises the removal of all except 
huge quantities of bacteria spores, second, intermediate 
level disinfection provides for the annihilation of all 
microbial life excluding spores. Low-level disinfection will 
not dependably destroy mycobacteria or spores.  

Multiple HAI outbreaks resulting from the use of a 
contaminated disinfectants are well documented (Kampf, 
2018; Rosca et al., 2021). For example, in 1966, Mitchell 
and Hayward reported that seven different incidents of 
urinary tract infections observed in children following a 
cystoscopy procedure, were later traced to the 
contamination of chlorhexidine solution that was applied 
for the disinfection to bladder-irrigation reservoir. 
Similarly, Dulake and Kidd (Dulake and Kidd, 1966; Pitten 
et al., 2003) described the isolation of Alcaligenes foecalis 
from samples of urine obtained from thirty gynaecological 
patients. These patients underwent bladder drainage via 
indwelling catheter. The cause of the infection was 
subsequently traced to a jar that contained 0.1% 
chlorhexidine, which was used for spigots storage 
(Dulake and Kidd, 1966). Disinfectants could be 
contaminated due to extrinsic and intrinsic occurrences. 
Inappropriate manufacturing techniques or through 
transportation unusually accounts for intrinsic occurrences 
(intrinsic contamination). Extrinsic contamination on the 
other hand occurs during the use of the disinfectants 
within the healthcare environment Extrinsic contamination 

is further reflected in contaminated in stock of 
disinfectants, that are contaminated not replacing 
disinfectants after long usage, failure to wash disinfectant 
jars prior to refilling as well as refilling containers that are 
contaminated (Rosca et al., 2021). 

However, on the market today there are varieties of 
products available that presents with moderate or even 
inadequate antimicrobial action (Pitten et al., 2003). 
Ideally disinfectants must possess ‘permanent’ 
antimicrobial activity without compromising the danger of 
engendering resistant microorganisms. Thus, 
disinfectants must not only be easy to use but safe, and 
effective against an extensive range of microbial 
pathogens, without leaving any toxic residues (Tipton et 
al., 2018; Simoes et al., 2010; Fraise, 1999). However, 
many medical facilities in developing nations are still 
actively using phenolic disinfectants, contrary to the 
developed nations where their use is being discouraged. 
Similarly, the use of gluteraldehydes has been ceased, 
due to toxicity and related issues (BSG Guidelines, 
2003). However, in developing nations, they are still in 
active use. Additionally, some local companies have 
gotten into the production of disinfectants locally with very 
little or no regulation to guarantee quality. 

Regrettably, most healthcare facilities such as hospitals 
in developing world, lack the needed resources to 
evaluate and monitor the efficacy of these new 
disinfectants against set microbiological standards before 
usage. The aim of this paper was to assess long term 
effectiveness and the stability of disinfectants currently 
used in healthcare settings in Accra, Ghana.  
 
 
MATERIALS AND METHODS 

 
Disinfectants usually used in hospitals and other health care 
settings in Accra were randomly selected for this research work. 
Two locally produced and two imported disinfectants were obtained 
randomly from different places within Accra. The samples obtained 
were labelled and transported to the laboratory in their original 
packages. Contents of the various disinfectants were aseptically 
withdrawn from their respective containers for the antimicrobial 
study. They were then prepared according to manufacturer’s 
instructions. The composition and pH of the disinfectants used in 
the study are presented in Table 1. Data analysis was performed 
using GenStat statistical analysis soft software. 
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Table 2.  Inhibition of disinfectants against Pseudomonas aeruginosa microbial count (Log10 cfu/ml) of survivors. 
 

Disinfectant 

Identity 

Working 

concentration 

Bacteria Count 

Interpretation Standard Bacteria count at 
37°C (3-day contact 

time) 

Bacteria count at 
room temperature (7 
days contact time) 

I 81 to 2919 ml Dist. H20 100 (2) 230(2.36) Fail 5≥CFU on 
either 

plate=Fail, 
5≤CFU on 

either 
plate=Pass 

II 13 to 2000 ml Dist. H20 307(2.49) TNTC Fail 

III 50 ml to 4.5 l of water TNTC TNTC Fail 

IV 
One part to three parts of 
water (1:3) 

TNTC TNTC Fail 

 

Log10 counts are shown in brackets whiles raw counts are outside. TNTC implies too numerous to count 
 
 
 
Table 3.  Inhibition of disinfectants against Staphylococcus aureus (Microbial count (Log10 cfu/ml) of survivors. 
 

Disinfectant 

Identity 

Working 

concentration 

Bacteria Count 

Interpretation Standard Bacteria count at 
37°C (3-day contact 

time) 

Bacteria count at 
room temperature (7 
days contact time) 

I 81 to 2919 ml Dist. H20 92 (1.96) 197(2.29) Fail 5≥CFU on 
either 
plate=Fail, 
5≤CFU on 
either 
plate=Pass 

II 13 to 2000 ml Dist. H20 288(2.46) 320(2.51) Fail 

III 50 ml to 4.5 L of water TNTC TNTC Fail 

IV 
One part to three parts of 
water (1:3) 

TNTC TNTC Fail 

 

Log10 counts are shown in brackets whiles raw counts are outside.   TNTC implies Too Numerous to Count.  

 
 
 
Microbial culture and inoculum preparation 
 

Identified microbial culture isolates of Pseudomonas aeruginosa - 
ATCC 15442 and Staphylococcus aureus - ATCC 8043 were 
obtained for this study. A 24 h culture of the test isolates was 
prepared; Staphylococcus aureus isolate was prepared on a Baird 
Parker agar (Oxoid). Pseudomonas aeruginosa on the other hand 
was prepared on a Pseudomonas C-N agar (Oxoid).  Each of the 
isolates was subsequently sub-cultured into 1% sterile peptone 
water and the turbidity concentration standardized to 0.5 McFarland 
standards corresponding to 108 cfu ml-1. Pure culture inoculum of 
both microbes was thoroughly mixed on a vortex mixer for 2 min 
after which 2.5 ml of each organism was pipetted aseptically into a 
sterile universal bottle. A mixed inoculum from the two microbes 
was also prepared and the turbidity standardized as above.    
 
 

Disinfectant testing 
 
The efficacy and long-term stability of the disinfectants obtained 
was done using the in-use method (Burdon and Whitby, 1967). The 
in-use test method was opted for because of its ease to use and 
requires no sophisticated or complicated equipment. Plastic screw-
cupped tubes, each containing 9 ml of disinfectants, were used. 
The manufactures’ instructions were followed to the letter during the 
preparation of the disinfectant for the test. Tubes were prepared in 
triplicates (3 sets) for each disinfectant as follows: 1 for 
Pseudomonas aeruginosa, 1 for Staphylococcus aureus and 1 for a 
mixture of both microbes. Dirty conditions were stimulated by the 
addition of 1ml of blood to each test tube. 1 ml of each standard 
inoculum was then  added  to  each  disinfectant.  The  preparations 

were then then kept at room temperature in the laboratory for 4 
days. 1 ml of the prepared sample was aseptically withdrawn from 
each disenchants after a proper shake to mix. It was then added to 
sterile peptone water (0.1%) that contained 3% between 80 (an 
activator). Ten drops form each diluted sample was subsequently 
placed on Nutrient Agar plates, and kept for seven days at 37°C in 
an incubator and also at room temperature. Contamination was 
indicated by the presence of 5 or more colonies on either plate. 

 
 
RESULTS 
 
The results in Table 2 present the sensitivity results of 
Pseudomonas aeruginosa to the four disinfectants that 
were tested. The results as shown in Table 2 indicate that 
at both room temperature and at 37°C incubation all the 
disinfectants (4) failed the test against Pseudomonas 
aeruginosa. A similar observation is in seen in Table 3, 
where   Staphylococcus aureus was used as the test 
organism. However, Local products (disinfectant III and 
disinfectant IV) had higher counts (Too Numerous to 
Count- TNTC) of Staphylococcus aureus than imported 
products (disinfectant I and disinfectant II) which ranged 
from 92CFU-320CFU per plate. Sensitivity of a mixed 
inoculum of Staphylococcus aureus and Pseudomonas 
concentrations tested. However, locally produced 
disinfectants  (disinfectant  III   and   disinfectant  IV)  had  
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Table 4. Inhibition of disinfectants against a mixed population of Pseudomonas aeruginosa and Staphylococcus aureus (Microbial count 
(Log10 cfu/ml) of survivors. 
 

Disinfectant 

Identity 

Working 

Concentration 

Bacteria count 

Interpretation Standard Bacteria count at 
37°C (3-day 

contact time) 

Bacteria count at 
room temperature (7 
days contact time) 

I 81 m to 2919 ml Dist. H20 120(2.08) 260(2.41) Fail 5≥CFU on 
either 
plate=Fail, 
5≤CFU on 
either 
plate=Pass 

II 13 ml to 2000 ml Dist. H20 TNTC TNTC Fail 

III 50 ml to 4.5 L of water TNTC TNTC Fail 

IV 
One part to three parts of 
water (1:3) 

TNTC TNTC Fail 

 

Log10 counts are shown in brackets whiles raw counts are outside. TNTC implies Too Numerous to Count. 
 
 
 
higher microbial counts were compared to imported 
products (disinfectant II and disinfectant I). Interestingly, 
Enterobacter spp was isolated as a contaminant in 
disinfectant II, while Proteus spp was also isolated from 
disinfectant III. 
 
 
DISCUSSION 
 
The results from this current study found all of 
disinfectants tested to be contaminated at the conditions 
and concentrations tested. Generally, locally produced 
disinfectants, both of which contain chlorine compounds 
were found to be more contaminated compared to 
disinfectants that were imported. The very high 
resistance of Staphylococcus aureus and Pseudomonas 
aeruginosa to the tested disinfectants (Table 4) is of great 
concern. Staphylococcus aureus and Pseudomonas 
aeruginosa are associated pneumonia, cystic fibrosis and 
chronic wound (Kawamura-Sato et al., 2010; Harrison, 
2007). Originally, only a hostile relationship between both 
organisms was portrayed as the existence of one is 
associated with the absence of the other (Harrison, 
2007). In wound infection for example, Staphylococcus 
aureus mostly inhabits the wound surface; whereas 
Pseudomonas aeruginosa is located in the deep layers 
(Kirketerp-Møller, 2008). However, in this study 
Staphylococcus aureus and Pseudomonas aeruginosa 
appeared to have acted in synergy presenting with high 
resistance and contamination (Table 4). 

This study also found that disinfectant I and III were 
contaminated with Enterobacter spp and Proteus spp 
respectively. Proteus rods are well known opportunities 
microbial pathogen. They cause urinary tract infection 
under favorable conditions (Hasan et al., 2021; Hamilton 
and Kamm, 2018). They have also caused rheumatoid 
arthritis, meningitis in infants, and wound infection 
(Hasan et al., 2021). Enterobacter species on the other 
hand are known to cause a wide range of hospital 
acquired infections including but not limited to those that 
affect the urinary tract,  the  lungs,  intraabdominal  cavity 

(Toleti et al., 2015; Dautzenberg et al., 2018). 
E. sakazakii causes meningitis and neonatal sepsis 
(Elkhawaga et al., 2020). Thus, the contamination of 
disinfectants as observed in this study by the 
aforementioned pathogenic microorganisms is of huge 
significance. In the case of disinfectant II and disinfectant 
IV, no microorganisms aside the test bacteria were 
identified; which suggest these disinfectants were more 
active in the presence of organic matter than the other 
disinfectants.  

Contamination of disinfectants has been linked to 
nosocomial infection and thus it is of a serious concern. 
Several studies have demonstrated this. For example, 
contaminated solution of chlorhexidine was reported by 
Mitchell and Hayward (1966) to have caused urinary tract 
infections in children after a cystoscopy procedure.  
Contaminated disinfectants could arise due to a number 
of reasons including but not limited contaminated 
disinfectant stock, prolonged usage of disinfectants 
without changing, improper washing and cleaning of jars 
before the next refilling and refill of containers that are 
contaminated (Kirketerp-Møller, 2008). In this present 
study, the contamination observed in the disinfectants 
could be as a result of overgrowth of test organisms and 
residual microorganisms as a result of the inactivation of 
some of the disinfectants tested. This may be accounted 
for when the inoculum was left until the fourth day in the 
disinfectant. Furthermore, the blood that was added to 
stimulate dirty condition may have also aided the 
subsequent in activation of the active ingredients in the 
disinfectants. In an earlier study, Lewis and Arens (1995) 
indicated all manner of organic matter presented in the 
form of fecal, pus, blood or lubricant material may have 
an adverse interference with the antimicrobial activity and 
potency of disinfectants. This may occur in two ways first, 
through a chemical reaction between disinfectant and the 
organic material, thus less active ingredient in the 
disinfectant to attack the microbes. Second, the organic 
material may shield the microbes from attack by forming 
a physical barrier (Lewis and Arens, 1995; Sasaki and 
Imazato, 2020). 
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CONCLUSION AND RECOMMENDATIONS  
 

In conclusion, all though, all disinfectants did not pass the 
in-use test, disinfectants that are produce locally are 
more unstable and ineffective. However, the key purpose 
of disinfectant usage is premised on their ability to 
efficiently and effectively curtail the spread of pathogenic 
microorganisms transmitting by direct or indirect contact 
within the healthcare environment. This has dire 
implication for infection control measures. This is 
because health workers and patients seeking health 
services in healthcare settings may acquire infection 
through contaminated and ineffective disinfectants.  
Efforts ought to be made towards the regular testing of 
disinfectants that are used in the hospital to monitor and 
ensure its efficacy.  
 
 
Limitation 
 

The efficacy and long-term stability of the disinfectants 
was done using only, two identified microbial culture 
isolates (Pseudomonas aeruginosa and Staphylococcus 
aureus). Thus, recommendations cannot be generalized 
to all bacteria. However, this effect is mitigated since 
Pseudomonas aeruginosa (gram negative) and 
Staphylococcus aureus (gram positive), represents the 
two main classes of bacteria that is, gram-negative and 
gram-positive bacteria.   
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Verotoxin-producing E. coli are getting an emergence for human health and day by day, it is also 
becoming more alarming in the fact that, they are acquiring multidrug-resistant profiles. This study 
aimed at isolation and identification of verotoxigenic E. coli followed by the antibiogram of the species 
from salad vegetables at Jashore district in Bangladesh. A total of 119 raw vegetable salad samples 
were collected from different areas of the Jashore district. The collected samples were initially enriched 
in nutrient broth and then used for streak plating on MacConkey and followed by Eosin Methylene Blue 
(EMB) agar media. Escherichia coli species were isolated and identified following observation of the 
cultural, microscopic, and biochemical characteristics and further analyzed to determine the presence 
of verotoxin (VT) producing genes through polymerase chain reaction (PCR) using specific primers 
(VT1, VT2, and Eae). A panel of antibiotics were tested following the disc diffusion method for determining 
the antibiotic profile. Total 55 (46.22%) E. coli was isolated phenotypically. 6 (10.9%) isolated E. coli 
showed positive by amplifying verotoxin-producing gene vt1, but none of the samples were positive vt2 
and eaeA gene. Antibiogram for 55 E. coli isolates showed the highest resistance to Erythromycin (83.64%), 
Streptomycin (78.18%), Ceftriaxone (70.91%). On the other hand, the most heightened susceptibility was 
observed for Nalidixic acid (76.36%). Moreover, six vt1 positive isolates showed a multidrug-resistant 
profile. Thus, the presence of toxigenic genes in the isolates suggests the proper maintenance and 
regular monitoring of raw salad items should be increase to ensure healthy life in this region. 
 
Key words: Vegetable salad, Escherichia coli, verotoxin, antimicrobial resistant, polymerase chain reaction 
(PCR). 

 
 
INTRODUCTION 
 
Escherichia coli is one of the most common bacteria on 
the planet. Theodor Escherich, a  German  bacteriologist, 

was the first to discover it in 1885. As a result, this 
bacteria was named after him.  E. coli is a Gram-negative  
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facultative anaerobe that does not generate spores 
(Parvej et al., 2018). The cells are generally rod-shaped, 
with a diameter ranging from 0.2 to 1 μm and a length of 
around two μm. Flagella-containing strains are motile, 
and the flagella are frequently arranged in a peritrichous 
pattern. It is typically found in animal excrement, 
mammalian lower intestines, and on the outskirts of hot 
springs. They thrive at 37°C. These bacteria live mainly in 
the intestines of warm-blooded mammals. E. coli contains 
a broad spectrum of strains with actions ranging from 
harmful to helpful (Law, 2000). 

Verotoxin-producing E. coli (VTEC) is an unusual E. coli 
strain. O26:H11 was the most prevalent VTEC isolated 
from sporadic instances of hemolytic uremic syndrome 
(HUS) (Foxman, 2010). Verotoxins, also known as Shiga 
toxin, initially found in Shigella dysentery. However, the 
genes for their manufacture are easily spread across E. 
coli strains by toxin-encoding bacteriophages (Herold et 
al., 2004). The antigenically unique toxins VT1 and VT2 
are encoded by two individual special lysogenic lambdoid 
bacteriophages (933J and 933W) introduced into the 
chromosome of E. coli 933 (Nazmul et al., 2008). VT 
phages have also been found in strains belonging to 
serogroups O111, O119, O128, and O157 (Ranjbar et al., 
2017). Although this virulence factor (VT) may be found 
in a variety of serotypes, only a few well-characterized 
bio-serotypes and clones, especially O157:H7 and 
O26:H11, are the most significant hosts for the verotoxin 
phage(s) and are distributed globally (Nazmul et al., 
2007). 

Infections produced by isolates of VTEC serotypes 
other than the O157 have received more attention in 
recent years. Non-O157 VTEC infections are becoming 
more common in several countries. Many non-O157:H7 
isolates linked to outbreaks do not have eae or the 
pO157 plasmid (Gyles, 2007), suggesting more non-
O157 VTEC strains are not yet non-pathogenic. As a 
result, enhancing our understanding of these organisms 
requires efficient detection, isolation, and characterization 
of non-O157 VTEC isolates. The universality of the 
Polymerase Chain Reaction (PCR) test for amplification 
of vt1 and vt2 gene sequences has been proven, with 
both toxin genes being identified and distinguished 
across a wide range of verotoxigenic E. coli. The PCR 
approach allows for the quick, reliable, and low-cost 
identification of these critical toxin genes in clinical 
samples and potentially contaminated foods (Hamed et 
al., 2017). 

Recently all over the world, food safety issues are 
given  much concern because of the increased number of 
foodborne illnesses (WHO, 2002; Peattie, 2006). 
According to World Health Organization (WHO), 
Foodborne illness is referred to as hazardous for human 
health when the pathogen-associated contaminated food 
enters the human body (WHO, 2002). VTEC isolates are 
commonly present in food. Predictions are made of the 
possible   increase   in   problems  associated  with  these  

 
 
 
 
emerging pathogens (Younus et al., 2020; Parvej et al., 
2018). As time passed, the food habits of ordinary people 
have changed rapidly in Bangladesh. Nowadays it is 
more popular in this country to take a meal in a nearby 
hotel or restaurant rather than eating homemade food. 
Here in Bangladesh, Restaurant and hotels are not only 
just food places but also assessed as refreshment sites. 
In restaurants, hotels, roadside food carts, along with 
different fast or Bengali foods, salad are common for all 
types of dishes. Mainly seasonal vegetables are used for 
making this salad, such as tomato, carrot, cucumber, 
coriander leaf, radish, and green chili are very common 
among them (Younus et al., 2020).  

Jashore is the third-largest city in the Khulna Division 
and one of the most populous cities in Bangladesh's 
southwestern area. It is the second most developed city 
in the Khulna Division and Bangladesh's most industrious 
and progressive city. According to the Jashore 
municipality's records, it has a population of around 0.298 
million people. There are various roadside food stores or 
restaurants that offer a range of foods with a vegetable 
salad throughout the city. A vast variety of 
microorganisms, particularly verotoxin-producing E. coli, 
can be found in vegetables. This organism has been 
associated with outbreaks connected to fresh vegetable 
intakes, such as lettuce, spinach, carrots, sprouts, and 
alfalfa (Younus et al., 2020). According to outbreak 
research, E. coli may live and thrive in a variety of 
minimally processed vegetables (Kabir et al., 2014). It 
can also withstand freezing temperatures and extreme 
environmental conditions. Still now there is no study on 
the microbiological aspect of this vegetable salad in this 
region. It is necessary to evaluate the food safety issue of 
this served vegetable salad from a microbial aspect. So, 
this study was conducted for isolation, identification, and 
antibiogram of verotoxin-producing E. coli from raw salad 
vegetables at Jashore, Bangladesh.  
 
 
MATERIALS AND METHODS  

 
Sample collection 

 
In this study, raw vegetables were selected as they are often eaten 
raw without any heat treatment, sometimes without washing and 
peeling. Total 119 vegetable samples (25 carrots, 22 cucumbers, 
27 tomatoes, 20 radishes, 15 coriander leaves, and 10 green 
chilies) were collected from different locations at Jeshore in 
Bangladesh. Sterile zip bags (wiped with 70% ethanol) were used 
to collect salad vegetables, and the samples were carried to the 
laboratory without any delay. 
 
 
Isolation and identification  

 
After processing the collected samples, the nutrient broth was used 
for preliminary enrichment of the bacteria where the incubation 
temperature was 37°C for overnight. Overnight incubated test tubes 
then steaked on MacConkey and Eosin Methylene Blue (EMB) 
(Both  were   HiMedia,   India)   agar   media   for   isolation   of   the  
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Table 1. Oligonucleotide sequences used in this study to detect verotoxin producing E. coli. 
 

Primer 
Target 
gene 

Primer sequence 
Annealing 

Tm (°C) 
Amplification 

size (KB) 
Reference 

VT1 vt1 
5’-CAAGAGTCCGTGGGATTACG-3’ 

5’-AGCGATGCAGCTATTAATAA-3’ 
55 130 

Lindeberg et 
al. (2018) 

VT2 vt2 
5’-ACCGTTTTTCAGATTTACACATA-3’ 

5’-TACACAGGAGCAGTTTCAGACAGT-3’ 
56 298 

Eae eaeA 
5’-CACACGAATAAACTGACTAAAATG-3’ 

5’-AAAAACGCTGACCCGCACCTAAAT-3’ 
58 376 

 
 
 

Table 2. Prevalence of E. coli in different vegetable samples. 
 

Types of vegetables 
No. of examined 

vegetables 
No. of vegetable with 

culture-positive E. coli 
% of vegetables 

Carrot 25 13 52 

Cucumber 22 7 31.81 

Tomato 27 10 37.04 

Radish 20 12 60 

Coriander leaf 15 8 53.33 

Green chili 10 5 50 

Total 119 55 46.22 

 
 
 
suspected organism. E. coli produced a pinkish colony on 
MacConkey agar and a green metallic sheen containing colony on 
EMB agar. To confirm the microscopic examination, a loop of 
bacteria from the suspected colony was taken for Grams stain and 
placed the slide under 100X microscopic view (Punom et al., 2020).  
 
  
Biochemical tests  
 
Oxidase test and citrate utilization test were performed with culture-
positive isolates according to the methods described in the 
Microbiology Laboratory Manual (Cheesbrough, 2006). Different 
sugar fermentation tests such as Dextrose, Mannitol, Lactose, 
Maltose, and Sucrose were done to confirm the organism (Punom 
et al., 2020).  
 
 
Molecular detection  
 

Genomic DNA was extracted by the conventional crude boiling 
method (Mishra et al., 2020). In short, 2-3 fresh cultured colonies 
were taken in a sterile 1.5 ml microcentrifuge tube and added 200 
µl sterile Milli-Q water. Vortexed thoroughly and heated the 
microcentrifuge tube at 99°C for 10 min, followed by rapidly frozen 
at −20°C and centrifuged at 13,000 rpm for 5 min. Finally, 100 µl 
supernatant was collected and used as the DNA template in a PCR. 
The oligonucleotide primers used to amplify the genes by PCR are 
mentioned in Table 1, and the PCR reaction mixture was prepared 
as the author described in their study. The PCR products were 
visualized on a gel documentation system (Biometra, Jena, 
Germany) after electrophoresis with 1.5% agarose gel (SeaKem® 
LE Agarose from Lonza) as described by other researcher (Shahid 
et al., 2021). 

Antimicrobial susceptibility test  
 
The antimicrobial susceptibility was carried out for all the 
phenotypically positive isolates using the standardized agar disc 
diffusion method recommended by the Clinical Laboratory and 
Standards Institute (CLSI, 2018). Commercially available disc and 
Mueller Hinton Agar (Both were HiMedia, India) were used for the 
antimicrobial assay. Total 10 antibiotics disc from a different group 
of antimicrobial agents (Amoxicillin, 10 µg; Azithromycin, 15 µg; 
Ceftriaxone, 30 µg; Chloramphenicol, 30 µg; Ciprofloxacin, 5 µg; 
Erythromycin, 15 µg; Gentamycin, 10 µg; Nalidixic acid, 30 µg; 
Streptomycin, 10 µg and Tetracycline, 30 µg) were used in this 
study. Interpretation of the test results was made according to the 
CLSI guidelines and recorded in an excel file.  
 

 
RESULTS AND DISCUSSION  
 
Out of 119 vegetable samples, 55 samples were positive 
for the presence of E. coli. These positive samples were 
phenotypically confirmed where cultural characteristics 
on different agar media, microscopic examination, and 
biochemical test results were the parameters. The 
present study showed that the overall prevalence of E. 
coli was 46.22% (n=55/119). The highest and lowest 
incidence of E. coli were 60% and 31.81% found in the 
radish and cucumber, respectively (Table 2). E. coli 
produced small, round, smooth, and greenish colonies 
onto EMB agar and pink-colored colonies on Mac-
Conkey  agar.  They  were  Gram-negative and small rod- 
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Figure 1. PCR amplification of Vt1 gene of verotoxin-producing E. coli; Lane 1 and 19 are 1kb DNA ladder; Lane 
7, 14, 23, 28, 29, and 33 are the positive E. coli isolates where they amplify verotoxin-producing Vt1 gene at 130 
bp.   

 
 
 

Table 3. Antibiotic susceptibility profile of E. coli isolates.  
 

Antibiotic name 
Antibiotic sensitivity pattern (%) 0f E. coli 

Susceptible % (n/N) Intermediate % (n/N) Resistant % (n/N) 

Azithromycin 61.82 (34/55) 14.55 (8/55) 23.64 (13/55) 

Ceftriaxone 12.73 (7/55) 16.64 (9/55) 70.91 (39/55) 

Nalidixic acid 76.36 (42/55) 12.73 (7/55) 10.91 (6/55) 

Chloramphenicol 58.18 (32/55) 25.45 (14/55) 16.36 (9/55) 

Gentamycin 25.45 (14/55) 36.36 (20/55) 38.18 (21/55) 

Erythromycin 0 16.36 (9/55) 83.64 (46/55) 

Streptomycin 0 21.82 (12/55) 78.18 (43/55) 

Ciprofloxacin 52.72 (29/55) 27.27 (15/55) 20 (11/55) 

Amoxicillin 69.09 (38/55) 18.18 (10/55) 12.73 (7/55) 

Tetracycline 63.64 (35/55) 20 (11/55) 16.36 (9/55) 

 
 
 
shaped under microscopic view. Oxidase and Citrate 
tests were both negative for these isolates. All the 
suspected isolates fermented the sugars without 
producing any gas. The findings of microscopic exam and 
biochemical results were similar to the previously 
described in Punom et al. (2020), Younus et al., (2020) 
and Hasan et al. (2018).  

A total of 6 isolates (cucumber-6a, cucumber-15c, 
carrot-11a, radish-4a, coriander leaf-13d, and coriander 
leaf-14a) were confirmed verotoxin producing E. coli by 
amplification of the vt1 gene (Figure 1), but none of the 
samples  were   positive   for   vt2   and   eaeA   verotoxin 

producing genes. Antibiogram study of all E. coli isolates 
revealed that the highest was 83.64% (46), 78.18% (43), 
and 70.91% (39) isolates found resistant to Erythromycin, 
Streptomycin, and Ceftriaxone, respectively. 76.36% (42) 
and 69.09% (38) isolates showed susceptibility to 
Nalidixic acid and Amoxicillin antibiotics (Table 3 and 
Figure 2). Isolates of verotoxin-producing E. coli were 
found multidrug-resistant.  

For maintaining a healthy life there is no alternative to 
take fresh fruit and vegetables. Because of their low fat 
and high vitamin, mineral contents, day by daily total 
consumption  ratio  is  increasing (Rekhy and McConchie,  
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Figure 2. Pattern of antibiotics for the E. coli isolates from raw vegetable salad samples. 

 
 
 
2014). Moreover, fresh fruit and vegetables are also 
prescribed to cardiovascular, cancer, diabetes-like 
diseased patients (Wang et al., 2014).  But it must be 
ensured first that the consumable fruit and vegetables are 
free from all types of contamination.  In this study, it had 
been found that Vegetable salad is working as a potential 
source of E. coli. It is predicted that foods are primarily 
contaminated during post-harvest handling and 
unhygienic processing environment. (Chowdhury et al., 
2014; Alam et al., 2015). Moreover, the excess amount of 
use of antibiotics in farm areas is increasing the number 
of MDR organisms. It has been found that pesticide 
residue, which is used for agricultural purposes, may 
affect the body homeostasis of animals (Kobir et al., 
2020).   

During this investigation, one hundred nineteen raw 
vegetable samples were collected from a different market 
in Jashore, Bangladesh. Out of the 119 samples, E. coli 
was isolated from 55 samples, with a prevalence of 46% 
for this investigation. Isolation of E. coli from raw 
vegetables is also published in Dhaka city by several 
researchers (Islam et al., 2015; Kabir et al., 2014). But 
the prevalence ratio is relatively low. It might be the 
knowledge gap on the community level in this region, 
where farmers do not maintain the necessary hygienic 
measures during the production and harvesting of their 
products. The use of untreated wastewater and manure 
as fertilizers for producing fruits and vegetables is a 
major contributing factor to contamination (Rai and 
Tripathi, 2007). Also, restaurants, and hotel kitchens' 
hygienic condition is responsible for being so high 
prevalence in this area. Another source might be the 
middle man who is unconscious about the  hygienic  
state, which plays a crucial role in contamination.   

The vt gene was also detected in E. coli utilizing a PCR 
methodology and its molecular  characterization in this 
investigation. In all, 55 E. coli isolates were tested for the 
presence of the vt gene using three sets of primers  (VT1, 

VT2, and Eae). 6 (10.9%) E. coli isolates were discovered 
to possess the vt1 gene, but no isolates carried the vt2 
and eaeA gene. According to these findings, the vt1 gene 
is the most frequent verotoxin found in vegetable strains. 
In bovine isolates, the vt1 gene is the most frequent toxin, 
while in porcine isolates, the vt2 gene is the most 
prevalent (Gyles, 2007). The presence of just the vt1 
gene in this study might be related to the geographical 
dispersion of the isolates or members of a single clone 
that has spread globally. 

The antibiotic susceptibility test yielded that the isolates 
exhibited resistance to Erythromycin 83.64% (46), 
Streptomycin 78.18% (43), Ceftriaxone 70.91% (39). 
Nalidixic acid 76.36% (42), Amoxicillin 69.09% (38), 
Tetracycline 63.64% (35) antibiotics showed the highest 
susceptibility to the isolates. Antibiotic pattern normally 
depends on the use of antibiotics on an area. For 
example, in the Chittagong district, one study says the E. 
coli isolates from salad samples are highly resistant to 
Gentamycin, Ampicillin, and Streptomycin, where our 
isolate showed only 38.18% (21) resistant to Gentamycin. 
Their isolate showed 100% sensitivity to Ciprofloxacin. 
But in our study, we found only 52.72% (29) susceptible 
to this antibiotic (Nipa et al., 2011). For any specific 
region, a class of antibiotics may be successful in any 
outbreak, whereas it may work as resistant in another 
region. To eradicate or successfully treat any outbreak, 
along with genetic information, location-specific 
information (data containing which antibiotic is mostly 
resistant or susceptible in any location) is compulsory 
(Sarker et al., 2021). These developments of antibiotic 
resistance can be deadly to both humans and other 
animals. In the investigation, the highest resistance was 
found against Erythromycin and Streptomycin. 
Uncontrolled usage of antibiotics in the treatment of 
animals and their integration in animal feeds has been 
believed to account for the increase in antibiotic 

resistance   (Kundu   et  al.,  2021;  Hassan   et  al.,  2017; 
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Woolhouse et al., 2015). In Bangladesh, all open markets 
are more or less in the same arrangement or style. There 
all types of raw vegetables, fish, meat are sold nearby. In 
this unhygienic and damp environment of the open 
market, flies play a vital role in contaminating raw 
vegetables or other food products. Resistance of E. coli 
to the Penicillin group of antibiotics has been on the 
higher side and is increasing day by day in different parts 
of the world. Nalidixic acid, the most efficient antibiotic 
against the isolates, prevents protein chain elongation by 
inhibiting the peptidyl transferase activity of the bacterial 
ribosome.   
 
 
Conclusion 
 
It might be concluded from this study that the raw salad 
vegetables collected from different areas are 
contaminated with antibiotic-resistant E. coli. The highest 
resistance was found against Erythromycin 83.64% (46), 
Streptomycin 78.18% (43), Ceftriaxone 70.91% (39) drug 
discs. They also contain the vt gene where vt1 was the 
most common verotoxin among the E. coli strains 
isolated from vegetables in Jashore, Bangladesh. vt1 
gene locates on E. coli, might play an important role in 
horizontal transfer of vt gene. Above all, we must be 
aware of proper washing of salad vegetables.  
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