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Abstract 

Vernonia amygdalina is a member of the Asteraceae family and a shrub of 2-3m tall with a petiole leaf of about 6mm 
wide and naturally distributed in many parts of West Africa. It is reported to have several health benefits including 
antimicrobial efficacy. The study assessed the antimicrobial effects of aqueous and ethanolic extracts of Vernonia 
amygdalina on clinical isolates of Escherichia coli and Proteus spp. Of the 41 urine samples collected included in this 
research, 21 clinical samples (urine) were collected from Kwararafa Hospital Wukari while the remaining 20 samples 
were taken from students of Federal University Wukari. Standard microbiological techniques were employed in this 
investigation. Extracts of the leaves were made using Ethanol and aqueous procedures. The antimicrobial activity of the 
extracts was tested using pathogenic isolates of Proteus species and Escherichia coli. It was observed that Escherichia 
coli were susceptible to both extracts of the leaf in high concentrations. The aqueous extract of the leaf shows moderate 
growth on the Proteus species but the ethanolic extract of the leaf presented significant antimicrobial activity on Proteus 
spp. This study has revealed greatly that extracts of Vernonia amygdalina in high concentration possess strong 
antimicrobial activities against the tested clinical isolates Proteus species and Escherichia coli with ethanolic extract of 
the leaves exhibiting greater antimicrobial significance against the tested clinical isolates compared to aqueous extracts 
of the leaves. 
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1. Introduction

Antimicrobial resistance (AMR) being a consequence of the vast genetic plasticity of microbial pathogens triggering 
specific rebellious reactions resulting in mutational adaptations and acquisition of genetic material has continued to 
cause serious threats to global efforts of antibiotic use in public health [1]. This occurrence has stimulated the insistent 
attention of medical professionals who now seek a global solution to supplementing chemotherapeutic efforts with 
herbal remedies of antimicrobial efficacy [2]. It is estimated that antibiotic-resistant pathogens are responsible for over 
2 million illnesses and about 23,000 deaths annually in the U.S [3]. On a global scale over 700,000 deaths results from 
AMR, and could rise to about 10 million yearly by 2050 if adequate action is not taken [4]. According to a [3], AMR is 
estimated to force up to 24 million people into extreme poverty by the year 2030. Drug resistivity typically stems from 
drug overuse particularly on common illnesses and frequent infections such as Urinary Tract infections (UTI) [5]. It is 
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estimated that 50% of women and 10% of men will experience UTI in their lifetimes which may prompt indiscriminate 
antibiotic use thereby enhancing genetic mutation of uropathogens to assume antibiotic resistance [5].  

Aerobic gram-negative bacilli, including the family of Enterobacteriaceae and non-lactose fermenting bacteria such as 
Escherichia coli and Proteus species, are chiefly responsible for UTI [6]. According to [7], Escherichia coli is the most 
isolated bacteria from UTI in clinical settings. Interestingly, owing to its sophisticated virulence factor particularly it’s 
swarming and pleomorphic attributes, Proteus species has great uropathogenic potentials, causing about 10% of all 
reported UTI cases globally [8]. Proteus species are the leading cause of more complicated UTIs compared to other 
uropathogens [9].  

Escherichia coli is a Gram-negative rod shape, facultative anaerobic bacteria. Escherichia coli is a ubiquitous bacterial 
which is commonly found in the lower intestines of warm-blooded organisms [10]. Although Escherichia coli are largely 
regarded as commensals, some isolates however have the potential to also cause disease. Apart from being an etiological 
agent of urinary tract infections, pathogenic Escherichia coli is also a leading cause of diarrhea, often with high mortality 
rates, in developing countries [11]. Proteus species are Gram-negative, pleomorphic bacteria and consist of Proteus 
mirabilis, Proteus. vugaris, Proteus penneri Proteus hauseri and Proteus myxofaciens are the five known Proteus species 
and Proteus mirabilis is the most isolated among others members of the species from clinical specimens, responsible for 
about 44% catheter-associated UTI in the United States [12]. Proteus is a free-living saprophyte in soil, vegetation, water, 
and sewage, and is found in the intestine of many healthy individuals [13]. Proteus species causes opportunistic infection 
in humans only when the virulent form of the organism leaves the intestinal tract [14]. The Urease producing organisms 
are is presents with bacteremia, pneumonia, and focal lesions in debilitated patients particularly those receiving 
contaminated intravenous infusions [13; 14]. The complicity of Proteus species in wound infection, meningitis in the 
neonate, and rheumatoid arthritis have also been reported by [13; 15].  

Worldwide, over 20,800 medically efficacious plants including fruits, leaves, and roots have been approved by WHO to 
be used for medical purposes [15]. Over 100 of the 2500 discovered medicinal species of plants in India are currently 
been produced in a large scale and used as mainstream medicine making the country the largest producer of medicinal 
plants in the world earning a reputation of “the Botanical Garden of the World” [15]. Many plants have continued to 
show efficacy against microorganisms. The recent discovery of Artemisinin, which is derived from Artemisia has 
recorded significant success in the fight against malaria in Africa and other tropics [16]. In Africa, Vernonia amygdalina 
has been ascertained to provide various culinary and medicinal properties with bacteriostatic and bactericidal effects 
on some organisms [17].  

Vernonia amygdalina otherwise known as bitter leaf owing to its bitter taste is consumed either as a vegetable for 
cooking African soups or its extracts drank as tonics for the treatment of various illnesses [17]. Vernonia amygdalina, a 
member of the Asteraceae family is a shrub that grows in tropical Africa with a typical height of 2- 5 m (6.6-16.4ft). The 
leaves are elliptical and up to 20cm (7.9inch) long with a rough back [18]. It is also known in Hausa as “Shiwaka”, in 
Yoruba as “Ewuro”, in Igbo as “Onugbu”, and in Edo as “Oriwo” [19]. The plant grows throughout tropical Africa, it is 
drought-resistant and thrives in a humid environment [18]. The leaves are green with a characteristic scent and a bitter 
taste and contains significant quantities of lipid [20], and carbohydrates [21]. Vernonia amygdalina fresh leaf had a 
moisture content of 83•0%; dry matter of 17•02%; protein 1•30% and ash content 0•50% [22].The Bitter leaf plant as 
it is locally called is claimed to be exhibit anti-helminthic and anti-malaria properties [23], as well as anti-tumorigenic 
properties [24]. Vernonia amygdalina serves as a medicinal herb in wildlife [25]. Other documented medicinal uses 
include the treatment of amoebic dysentery, wound healing, venereal diseases, hepatitis, and diabetes [26]. It is used in 
some parts of Africa to prepare cough remedies [27]. Vernonia amygdalina is increasingly becoming a strong candidate 
for prostate cancer management owing to its coumarins, flavonoids, sesquiterpene lactones and edotides composites 
[28; 29; 30]. Leaf extracts of Vernonia amygdalina have been observed by [31] to be effective against breast cancer in a 
concentrated and time-dependent manner. Interestingly, [25; 31] observed in their zoonotic study that chimpanzees 
ingest the leaves when suffering from parasitic infection. [32] linked the extensive use of Vernonia amygdalina for 
various medical purposes especially in rural settings as first aids instead of chemotherapy to the poor socioeconomic 
conditions in many African homes. Extract of the bitter leaf had been reported to exert antibiotic action against drug-
resistant microorganisms [27; 33]. Consequently, this disciplined inquiry set to investigate the antimicrobial 
effectiveness of Vernonia amygdalina on Escherichia coli and Proteus species.  
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2. Material and methods 

2.1. Collection and identification of plant samples 

Vernonia amygdalina were collected from the School Farm of Federal University Wukari and was identified by Dr. (Mrs.) 
Chibiya Paul Shinggu of the Department of Crop Production and Protection, Federal University Wukari, and transported 
to the Microbiological laboratory, Federal University Wukari.  

2.2. Preparation of dried extract of Vernonia amygdalina 

Fresh leaves of Vernonia amygdalina were air-dried in shade for 7-14days. The leaf extract was then prepared by 
grinding dried leaves using an electric blender and was successively soaked in different volumes of the extraction 
solvents of water and ethanol ranging from 5g-10ml, 10g-20ml, 15g-30ml,20g-40ml,25g-50ml, for some hours. The 
extracts were stored in a well corked universal bottle. 

2.3. Preparation of fresh extract of Vernonia amygdalina 

The leaves were washed with distilled water and grounded using a pestle and mortar to extract the water content. The 
plant was successively soaked in different volumes of the extraction solvents of water and ethanol ranging from 5g-
10ml,10g-20ml, 15g-30ml,20g-40ml,25g-50ml, for some hours. The extracts were stored in a well corked universal 
bottle. 

2.4. Urine Sample collection 

Mid-stream urine samples were collected from twenty-one (21) in-patients and out-patients at Kwararafa Hospital, 
Wukari. Twenty (20) from on-campus students of Federal University Wukari. The samples were collected aseptically 
with hand gloves and in sterile urine containers. The samples were immediately labeled and taken to the laboratory for 
investigation. 

2.5. Preparation of Media 

Cysteine lactose-electrolyte deficient agar (CLED), MacConkey agar, and Nutrient agar prepared with strict adherence 
to the manufacturer’s instructions, were used for culturing in this study 

2.6. Culture of urine specimen 

1 ml of the urine sample was poured into Petri plates containing freshly prepared nutrient agar, Cysteine lactose-
electrolyte deficient agar (CLED), and MacConkey agar respectively, and rocked thereafter, were allowed to solidify. The 
plates were then incubated at 37°C for 24 hours for further examination. 

2.7. Isolation and identification of bacteria 

Distinct colonies of morphological characterization of Escherichia coli and Proteus specie on the cultured plates were 
carefully observed for. Noticeable colonies were then sub-cultured into Nutrient agar and were incubated for 37oC for 
24hours. Biochemical reaction test were carried out on these colonies.  

2.8. Identification and characterization of bacterial isolates  

Bacterial identification was carried out by conventional biochemical methods according to the standard microbiological 
techniques. A recommended by [34] Catalase, Indole, Methyl Red, and Sugar fermentation tests were the biochemical 
tests carried out for the identification and characterization of Escherichia coli and Proteus specie which are the 
organisms under investigation for this research. 

2.9. Antimicrobial Test of bitter leaf extract on the isolates 

Escherichia coli and Proteus species were tested against the aqueous and ethanolic extracts of bitter leaf for antimicrobial 
efficacy on Nutrient agar using the agar dilution method.  

1ml of the prepared extracts was added to each Petri plate using the pour plate method. The nutrient agar was poured 
into the plates, rocked and mixed homogeneously with the extracts an allowed to solidify. The plates were allowed to 
stand for 30 minutes; the test organisms were streaked uniformly on nutrient agar media and were labeled 
appropriately.  
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The cultures were incubated for 24 -48 hours at 37°C before final readings were taken. Control plates were also 
prepared for each test organism without the addition of extracts.  

3. Results  

As shown in Table 1, Streptococcus species, Staphylococcus aureus, Stahylococcus epidermidis, Escherichia coli, 
Pseudomonas species, Klebsiella species, and Proteus species were clinically isolated and identified from the urine sample 
collected. The table also represents their respective morphological and biochemical characteristics. The respective 
antimicrobial effectiveness of the fresh and dried extracts of Vernonia amygdalina in different concentrations on the 
test organisms, Escherichia coli, and Proteus is illustrated in Table 2 and 3. Figures 1 and 2 are histograms representing 
the results in Tables 2 and 3.  

  

Figure 1 Effect of aqueous and ethanol extracts of fresh bitter leaf on Escherichia coli and Proteus spp 

 

 

Figure 2 Effect of aqueous and ethanol extracts of dried bitter leaf on Escherichia coli and Proteus spp 
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Table 1 Identification of bacteria isolated from clinical (urine) samples  

 

Isolates 

Morphological 
characteristics 

Gram 
stainreaction 

Biochemical Tests  

Bacterial Isolates 
Cat. Coa Ind MR Lac Suc Fru Glu Gal 

A Medium, spherical, 
yellow, dried and flat 

+ve cocci (chains) - - - - + + + + + Streptococcus spp. 

B Medium, spherical, 
yellow, dried and flat 

+vecocci + + - + + + + + + Staphylococcus aureus 

C Large, spherical, white, 
dried and raised 

+veocci + + - - - + + + + Stahylococcusepidermidis 

D Small, spherical, pink, 
mucoid and raised  

-ve rods + - + + + + + + + Escherichia coli 

E Large, spherical, pink, 
moist and raised 

-ve rods + - - - - + + + + Pseudomonas spp. 

F Large, spherical, pink, 
mucoid and raised 

-ve rods + - - - + + + + + Klebsiella spp. 

 

G Large, spherical, pink, 
moist and raised  

-ve rods + - + - + + + + + Proteus spp 

 

 Key: (-) = Negative, (+) = Positive, Cat= Catalase, Coa= Coagulase, Ind = Indole, MR = Methyl red, Lac = Lactose, Suc = Sucrose, Fru = Fructose,Glu=Glucose, Gal = galactose 
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Table 2 Effect of aqueous and ethanol extracts of fresh Bitter leaf on Escherichia coli and Proteus species 

 

Conc 

Escherichia coli Proteus spp. 

Aqueous Ethanol Aqueous Ethanol 

5g – 10ml Moderate growth Moderate growth Moderate growth Moderate growth 

10g – 20ml Moderate growth Moderate growth Moderate growth Moderate growth 

15g – 30ml Moderate growth Moderate growth Moderate growth Light growth 

20g – 40ml  Moderate growth Light growth Moderate growth Light growth 

25g-50ml  Light growth Light growth Moderate growth Light growth 

 

Table 3 Effect of aqueous and ethanol extracts of dried bitter leaf on Escherichia coli and Proteus species 

 

Conc. 

Escherichia coli Proteus spp. 

Aqueous Ethanol Aqueous Ethanol 

5g – 10ml Moderate growth Moderate growth Moderate growth Moderate growth 

10g – 20ml Moderate growth Moderate growth Moderate growth Moderate growth 

15g – 30ml Moderate growth Moderate growth Moderate growth Light growth 

20g –401ml  

25g- 50ml  

Light growth 

Light growth 

Light growth 

Light growth 

Moderate growth 

Light growth 

Light growth 

Light growth 

Heavy growth ≥ 5; No growth ≤ 1 

4. Discussion 

There exists a great variation in the antibacterial effect of aqueous and ethanol extracts of dried and fresh Vernonia 
amygdalina on Proteus species and Escherichia coli at different concentration levels of 5g-10ml,10g-20ml,15g-30ml 
volume but significant at 20g-40ml,25g-50ml. On the one hand, aqueous and ethanolic extracts of fresh Vernonia 
amygdalina presented less antimicrobial effect on Proteus species and Escherichia coli in lower concentrations but, 
effective at higher concentration of both solutions as “light” growth of the organisms were observed except that, 
moderate growth of Proteus species was still seen even in high concentrations of aqueous extract of the fresh leave. It is 
evident from this study that the ethanolic extracts of both dried and fresh Vernonia amygdalina is more effective than 
the aqueous extracts on the test organisms under this study. This is consistent with the study conducted by [35] on the 
effects of ethanol and aqueous solutions as extraction solvents where the ethanolic extract was found to be more potent 
than the aqueous extract in extracting components of herbal plants with antimicrobial potentials. This is because, when 
compared to aqueous extraction, ethanol best extracts in higher concentrations antimicrobial phytochemicals of such 
as saponins and alkaloids, terpenes, steroids, coumarins, flavonoids, phenolic acids, lignans, xanthones, anthraquinones, 
edotides and sesquiterpenes [36]. On the other hand, a significant level of growth of Proteus species and Escherichia coli 
was observed in the aqueous and ethanolic extracts of dried Vernonia amygdalina at various concentration levels as 
”moderate” and “sparing” growth of both organisms were observed at low and high concentrations of aqueous and 
ethanolic solutions respectively. The distinction here is that the dried ethanolic and aqueous extracts of Vernonia 
amygdalina possess strong antimicrobial activities against the tested clinical isolate compared to the fresh extracts. This 
is consistent with the discoveries of [37] that naturally air-dried leaf extracts have reduced concentrations of toxic non-
nutrients than fresh leaf extracts. The high concentration of nutrients and phytochemicals in plants is a consequence of 
a natural extraction process of its moisture content which supports microbial activity [38]. 

The present study has enormously presented that Vernonia amygdalina has antimicrobial potentials on Proteus species 
and Escherichia coli. This is in line with [35; 38] which gave that ethanolic extracts of Tetrapleura tetrapteraon inhibit 
the growth of Streptococcus salivarus and Streptococcus mutans. In a comparative analysis of antimicrobial effects of 
extracts of Carica papaya leaves on bacterial and fungal isolates by [39], it was observed that C. papaya leaves showed 
better antibacterial activity than antifungal activity. Similar to the current study, [36; 39] had ascertained that the 
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pharmacologic activities of Vernonia amygdalina extract are not limited to hypoglycaemic, antimalarial, hypolipide 
activities but extends to antibacterial as extracts of the plant inhibit the microbial growth of a panel of bacterial. Also, 
[40] had argued that extracts of Vernonia amygdalina has the potency of exerting antibiotic action against drug-resistant 
microorganisms. This is not unconnected to the fact that plants synthesize secondary metabolites that not only aid their 
reproduction but inform its defense mechanism against microbial attacks by disrupting microbial cell membrane 
functions and structure, also interfering with intermediary metabolism [41]. According to [42] plant products have the 
ability to interfere with “protein to protein” interactions, thereby triggering effective modulators of an immune 
response, mitosis, apoptosis, and signal transduction. The complex molecular features of plants are key in disrupting 
the development of antimicrobial resistance by bacterial [43]. Nonetheless, there have been arguments on 
microorganisms assuming resistance to antimicrobials of plant origin as in the case of synthetic drugs. [44] had 
maintained that there are not enough study to substantiate the claim of microorganism assuming resistance to plants 
of antimicrobial efficacy. Whereas, [45] still purports that there is possibility of bacteria developing resistance to herbal 
antimicrobial therapy. These discrepancies, necessitates the need for extensive research in this regard. 

5. Conclusion 

This research concludes by noting the great potentials which plants have continued to show in supplementing 
chemotherapeutic advancement in public health particularly in the era of antimicrobial resistance to existing drugs of 
choice. Ultimately, the extracts of Vernonia amygdalina has been observed to inhibit the growth of Proteus species and 
Escherichia coli and consequently recommended as a good natural antimicrobial candidate for advancing the 
therapeutic efforts of treating clinical cases of multi-drug resistant uropathogens.  
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