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Abstract 
A comparative study for screening the antibiotic potential of Momordica charantia successive extracts in 

vitro against eleven multidrug-resistant bacterial strains. Momordica charantia fresh fruit was extracted 

successively in different solvents in the order of increasing polarity from hexane to aqueous followed by 

screening against eleven antibiotic-resistant bacterial strains including both Gram-positive and Gram-

negative bacterial strains using Kirby-Bauer’s disk diffusion and agar well diffusion method. A study on 

Staphylococcus epidermidis and Corynebacterium xerosis are reported for the first time. Significant 

inhibitory activity was noted against most of the resistant human pathogenic strains. Findings reported that 

ethyl acetate fraction shows the highest zone of inhibition while hexane, petroleum ether, chloroform and 

aqueous extract were almost resistant. The antibacterial efficacy of Momordica charantia is found to be 

significant. It’s also concluded that the controversy on the antibacterial activity of Momordica charantia 

fruit extract in different solvents is based on several factors like the solvent used for extraction, plant part, 

concentration, method of extraction, etc. M. charantia extracts could be used as an alternative anti-microbial 

to replace antibiotics for treating a broad spectrum of multidrug-resistant bacterial diseases.  
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1. Introduction 
  
In the 21st century, antimicrobial resistance is the greatest 
challenge to public health and threatens modern medicine 
where common infections could become more deadly. 
Antimicrobial resistance is the ability of a microbe to resist the 
effects of medication that once could successfully treat the 
microbe. The discovery of antibiotics was one of the most 
important developments in medicine but misuse and overuse of 
antibiotics to treat viral infections, use of broad-spectrum 
antibiotics and as growth promoters in animals leads to 
emergence of bacteria that have evolved resistance to multiple 
antibiotics and gave birth to superbugs and multidrug-resistant 
microbes in the environment (Sharma V.K, 2016).  The 
persistence of these antibiotic-resistant microbes not only 
creates increased opportunities to transfer the resistance genes 
to associated susceptible bacteria but also eventually lead to 
entry into the human food chain (Founou, et al., 2016). 
Globally, new resistance mechanisms are continuously being 
emerging and spreading. This has triggered initiatives 
worldwide to develop novel and more effective strategies to 
counteract antimicrobial resistance. Today in the synthetic 
world where common infection could become a threat, returning 
towards herbal therapy is a safe and noninvasive method for the 
betterment of healthcare. Since ages, natural products that 

include medicinal plants have been used to prevent, cure and 
treat multiple diseases. Herbal products from medicinal plants 
provide unlimited opportunities for new drug leads either as 
pure compounds or as standardized extracts. They possess a 
huge diversity of bioactive compounds having safer and more 
efficient therapeutic potential. As natural compounds have 
relatively better safety profile they are gaining a lot of attention 
in drug discovery programs. World Health Organization (WHO) 
reported about 80 % of the world’s population that utilizes 
traditional medicine as their first line of therapy (WHO, 2002-
2005). But today people are more focused on modern medicine. 
Though both therapies have several pros and cons. So, to find 
solutions to the severest problem facing the health system by 
intelligently selecting, harmonization of traditional and modern 
medicine promote the best care for patients. 
Momordica charantia commonly called bitter gourd belongs to 
Cucurbitaceae family. It is widely distributed in tropical and 
subtropical regions of the world. M. charantia is frequently used 
in the traditional medicine due to its anti-bacterial, anti-viral, 
anti-tumor, anti-oxidant, anti-diabetes, antilipolytic, anti-
inflammatory, anthelmintic, immunomodulatory and 
hepatoprotective properties (Shuo Jia, et al., 2017). Although 
hundreds of plant species have been evaluated for 
phytochemical profile and screened for antimicrobial 
properties, the vast majority of the plants have not been 
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adequately screened and evaluated. In the present study 
successive extraction of Momordica charantia was evaluated and 
each fraction was screened against several multidrug-resistant 
bacterial strains along with some novel findings. 
 
2. Material and methods  
 
All solvents used were of HPLC grade obtained from Sigma-
Aldrich. Nutrient agar, Nutrient broth medium, and 
antimicrobial disks were purchased from Hi-media Labs, 
Mumbai. The bacterial cultures were kindly provided by 
Microbiology Lab, Department of Ilmul Advia and Jawaharlal 
Nehru Medical College and Hospital, Aligarh Muslim University, 
Aligarh. 
 
2.1 Plant Material 
 
Fresh Momordica charantia (MC) fruit was procured from the 
market, authenticated with the botanical literature available and 
identification made accordingly by pharmacognosy expert. The 
whole MC fruit comprising pericarp, pulp and seeds was washed 
thoroughly and subjected to grinding in a mixer to get a 
homogenized mixer. 
 
2.2 Successive Extraction and Isolation of Chemical Constituents 
 
The homogenized mixer of fresh MC fruit was subjected to 
successive extraction sequentially from hexane, petroleum 
ether, ethyl acetate, chloroform, acetone, n-butanol, ethanol and 
methanol to water (each 1:3 w/v ratio). Hexane and petroleum 
fractions were subjected to 24 hours maceration with 
continuous stirring while rest fractions were subjected to 
soxhlet hot extraction. Each fraction collected separately after 
filtration followed by drying. 
 
2.3 Alcoholic and Aqueous Extraction 
 
For alcoholic extraction the fresh MC fruit paste (250g) was 
subjected to extraction by heating to reflux with 95% ethanol 
(plant: solvent 1:2, m/v) in a soxhlet apparatus at 50°C for 5 hrs. 
Then filtered the ethanolic extract (HEE), collected the filtrate 
and reduce the concentration to a small volume by drying. 
Similarly, aqueous extraction (HAE) was done separately. 
 
2.4 Antimicrobial Assay 
 
Antibiotic susceptibility testing for multidrug-resistance: 
Multidrug-resistant testing for all Gram-positive and Gram-
negative clinical strains was determined using Kirby-Bauer disk 
diffusion method according to the Clinical and Laboratory 
Standards Institute (CLSI 2006) guidelines against certain 
antibiotics, namely, Cefixime (10µg), Amoxyclav (10µg), 
Cefotaxime (10µg) and Methicillin (10µg), and plates were 
incubated at 37°C for 24 hours. The next day, the diameters of 
the zone of inhibition around the discs were measured. 
Drug susceptibility test: The susceptibility of different extracts 
of M. charantia against multidrug-resistant bacterial strains was 
determined using Kirby-Bauer’s disk diffusion and agar well 
diffusion method according to CLSI (Clinical Laboratory 
Standard Institute) Guidelines as mentioned above. Seven Gram-
positive (Staphylococcus aureus, Streptococcus mutans, 
Streptococcus pyogenes, Streptococcus viridans, Staphylococcus 
epidermidis, Corynebacterium xerosis, and Bacillus cereus) and 
four Gram-negative (Escherichia coli, Klebsiella pneumonia, 
Pseudomonas aeruginosa, and Proteus vulgaris) multidrug-
resistant bacterial strains were used. About 50µl of the test 
sample was used against each strain swabbed on nutrient agar 
plates followed by incubation at 37°C for 24 hrs. Different 

extracting solvents were used as negative control while for 
positive control 10µg Streptomycin disk for Gram-positive and 
10µg Norfloxacin disk for Gram-negative strains were used. 
Antimicrobial activity was assessed using the zone of inhibition 
(ZoI) measured after the incubation period against each tested 
micro-organisms and was compared with the standard used and 
analyzed.  
 
2.5 Statistical Analysis 
 
The experiment was performed in a triplet, compared with the 
standard used and analyzed statistically using graph-paid 
software by Tukey Kramer Comparison test, One way ANOVA.  
 
3. Results 
 
The findings show that all Gram-positive and Gram-negative 
clinical strains are resistant against antibiotics, namely, Cefixime 
(10µg), Amoxyclav (10µg), Cefotaxime (10µg) and Methicillin 
(10µg). The sequential successive extraction in ascending order 
of polarity from hexane to aqueous extract showed different 
zone of inhibitions against each strain (Fig.1) (Table.1). Hexane, 
petroleum ether, chloroform and aqueous extract are almost 
resistant to all eleven bacterial strains while ethyl acetate, 
acetone, n-butanol, the ethanolic and methanolic extract showed 
significant activity against all bacterial strains. On average, it’s 
observed that as the polarity of the solvent increasing from ethyl 
acetate to methanol the antimicrobial activity of the extract 
decreases subsequently. Ethyl acetate crude extracts exhibited a 
considerably broader antimicrobial activity compared to other 
extracts. The maximum ZoI of 30mm was produced by ethyl 
acetate fraction against Streptococcus pyogenes. Besides, the 
ethanolic extract of successive extraction showed lesser 
antibacterial activity than extract obtained following non-
successive extraction. Further, to the best of my knowledge 
antibacterial activity of M. charantia against Staphylococcus 
epidermidis and Corynebacterium xerosis is reported for the first 
time. 
 
4. Discussion 
 
Cefixime and cefotaxime are third generations broad-spectrum 
antibiotics while methicillin is narrow-spectrum β-lactam 
antibiotic. Amoxyclav is a combination of a salt of amoxicillin and 
clavulanic acid. Amoxicillin works as an antibiotic and interferes 
with the bactericidal effect by disrupting the cell wall of bacteria 
while clavulanic acid reduces resistance and acts as a β-
lactamase inhibitor. Numerous extended-spectrum β-
lactamases (ESBLs) cause resistance to the above antibiotics and 
other newer cephalosporin (Bush, K, et al., 1995). Findings 
reported resistance to all the above antibiotics. This may be due 
to the high prevalence of extended-spectrum β -lactamases and 
metallo- β -lactamases amongst the bacteria. The possible 
reason for acquiring β -lactam resistance in bacteria includes the 
production of high β -lactamase, impermeability of outer 
membrane and active efflux mediated by RND-type efflux 
systems (Poole K, 2011).   
To date, there is a controversy on the antibacterial activity of 
Momordica charantia fruit. Several studies reported 
antibacterial activity while others not. Earlier antibacterial 
activity of different plant parts has been reported against several 
Gram-positive and Gram-negative bacteria that are under the 
results gained (M. Asan Ozusaglam et al., 2013; P. Supraja et 
al., 2013; Yang Lin Yeo, et al., 2014 and Gulsum Yaldiza, et 
al., 2015). However, some of the researchers reported 
antibacterial activity of hexane, petroleum ether and aqueous 
extract (YinYin Chia et al., 2011; Abid Mahmood 2012; Yang 
Lin Yeo, et al., 2014) but in our study the results were negative. 
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Negative results were supported by the previous findings in 
which petroleum ether crude extracts of fruits showed no 
inhibitory activity against Escherichia coli and Pseudomonas 
aeruginosa (K. D. Mwambete 2009). The bitter melon extract 
was obtained from its interior, middle, and outside skin and 
mixed with sterile distilled water, the extract showed no 
inhibition against S. aureus and E. coli (Debolina Ghosh, 2014). 
Antibacterial activity of fresh juice of skin and pulp of M. 
charantia against different bacterial strains was reported earlier 
(Sabahat Saeed and Perween Tariq, 2005) with ZoI between 
14-17mm. Beside, deseeded fresh fruit water and methanolic 
extract showed no inhibitory activity against Methicillin-
resistant Staphylococcus aureus and Pseudomonas aeruginosa 
while showed antibacterial activity against Escherichia coli and 
Salmonella enteric (Yeh-Lin Lu et al., 2011). Also, several leave 
extracts of the plant were reported too. Aqueous, methanolic and 
ethanolic extracts of Momordica charantia leaves showed 
antibacterial activity (G. Leelaprakash et al., 2011; S. B. Mada 
et al., 2013; Adegbola, et al., 2016). In the present study while 
going in deep and co-relating our results with the previous 
studies it’s come to an end that the antibacterial activity of 
Momordica charantia is based on several factors. 
Hexane and petroleum ether both have a polarity index of near-
zero (P´=0.1).  The extract of M. charantia in both solvents shows 
resistance, as might be antimicrobial compounds that are 
responsible for inhibitions are not extracted.  However previous 
findings showed that E. coli was susceptible to hexane extract 
(Yang Lin Yeo, et al., 2014). It might be possible that the 
antimicrobial compounds present in the hexane and petroleum 
ether with lower polarity index tend to be extracted at longer 

maceration time or by using a hot extraction method. Similarly, 
though the polarity index of chloroform is high (P´=4.1) but 
extraction time and method limit its activity. Ethyl-acetate with 
polarity index 4.4 is widely used as an extraction solvent. 
Extraction in ethyl acetate showed the highest antimicrobial 
activity against all bacterial strains with ZoI ranging from 20-30 
mm. This indicates that the active ingredients of the plant are 
more readily dissolved and extracted in ethyl-acetate compared 
with other solvents used. Next, to ethyl acetate, acetone with 
polarity index 5.1 showed significant activity. Though the 
polarity index of acetone is higher than ethyl acetate during 
successive extraction most of the phytochemicals are already 
extracted in ethyl acetate. Preceding, solvents such as n- butanol 
(P´=3.9), ethanol (P´=4.3), methanol (P´=5.1) and distilled water 
(P´=10.2) extracted lower phytochemical profiles and thus show 
no or very little inhibition against different bacterial strains. 
Findings showed that intermediate-polar solvent systems used 
in extracting antimicrobial compounds from fruit of Momordica 
charantia L showed significant activity.  
Further, when a comparative study on the ethanolic and aqueous 
extracts following successive extraction and non-successive 
extraction protocol was done, it’s found that aqueous extracts of 
both the procedure do not show any antibacterial activity while 
the ethanolic extract of the non-successive extract showed more 
activity than successive extract. This might be because during 
successive extraction phytochemicals such as flavonols and 
phenols are extracted by solvents such as ethyl acetate and 
acetone so, the ethanolic extract shows less activity (Table. 2). 
 

 
 
 
 
 

 

Figure 1. In vitro antibacterial activity of M. charantia extracts 
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Table 1. Drug susceptibility readings against various multidrug-resistant microbial strains 
 
Name of Microbial 

Strains 
Zone of Inhibition (in mm) 

[ Mean±SEM (SD)] 
HE PE EAE CE AcE BE EE ME AE 

G
ra

m
 P

o
si

ti
v

e
 B

a
ct

e
ri

a
 

Staphylococcus 
aureus 

6.6±0.3 
(0.57) 

6.3±0.3 
(0.57) 

27.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

19.6±0.3 
(0.57) 

10.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

6.3±0.3 
(0.57) 

Streptococcus 
mutans 

6.3±0.3 
(0.57) 

6.6±0.3 
(0.57) 

28.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

14.6±0.3 
(0.57) 

10.6±0.3 
(0.57) 

11.6±0.3 
(0.57) 

11.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

Streptococcus 
pyogenes 

6.3±0.3 
(0.57) 

6.3±0.3 
(0.57) 

30.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

22.6±0.3 
(0.57) 

10.6±0.3 
(0.57) 

11.6±0.3 
(0.57) 

10.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

Streptococcus 
viridans 

6.6±0.3 
(0.57) 

6.3±0.3 
(0.57) 

26.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

21.6±0.3 
(0.57) 

11.6±0.3 
(0.57) 

7.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

6.6±0.3
(0.57) 

Staphylococcus 
epidermidis 

6.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

25.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

15.6±0.3 
(0.57) 

12.6±0.3 
(0.57) 

12.6±0.3 
(0.57) 

12.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

Corynebacterium  
xerosis 

6.3±0.3 
(0.57) 

6.6±0.3 
(0.57) 

27.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

16.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

8.6±0.3 
(0.57) 

8.3±1.3 
(2.3) 

6.6±0.3 
(0.57) 

Bacillus cereus 6.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

27.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

14.6±0.3 
(0.57) 

11.6±0.3 
(0.57) 

8.6±0.3 
(0.57) 

8±1.0 
(1.7) 

6.6±0.3 
(0.57) 

G
ra

m
 N

e
g

a
ti

v
e

 
B

a
ct

e
ri

a
 

Escherichia coli 6.3±0.3 
(0.57) 

6.3±0.3 
(0.57) 

20.6±0.3 
(0.57) 

6.3±0.3 
(0.57) 

13.6±0.3 
(0.57) 

11.6±0.3 
(0.57) 

7.6±0.3 
(0.57) 

8.3±1.3 
(2.3) 

6.3±0.3 
(0.57) 

Klebsiella 
pneumonia 

6.3±0.3 
(0.57) 

6.6±0.3 
(0.57) 

27.6±0.3 
(0.57) 

7.3±0.3 
(0.57) 

15±1.0 
(1.7) 

11.6±0.3 
(0.57) 

10.6±0.3 
(0.57) 

11.3±0.8 
(1.5) 

6.3±0.3
3 (0.57) 

Pseudomonas 
aeruginosa 

6.6±0.3 
(0.57) 

6.3±0.3 
(0.57) 

26.6±0.3 
(0.57) 

6.3±0.3 
(0.57) 

17.6±0.3 
(0.57) 

10.6±0.3 
(0.57) 

7.6±0.3 
(0.57) 

11.6±0.3 
(0.57) 

6.3±0.3 
(0.57) 

Proteus vulgaris 6.6±0.3 
(0.57) 

6.3±0.3 
(0.57) 

24.6±0.3 
(0.57) 

7.3±0.3 
(0.57) 

17.6±0.3 
(0.57) 

11.6±0.3 
(0.57) 

10.6±0.3 
(0.57) 

13.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

Legend: Successive extraction= HE: Hexane extract, PE: Petroleum ether extract, EAE: Ethyl acetate extract, CE: Chloroform extract, AcE: Acetone 
extract, BE:  n-butanol extract, EE: Ethanol extract, ME: Methanol extract, AE: Aqueous extract 
 

 
 
Table 2. A comparative study on successive and non-successive ethanolic and aqueous extracts against various multidrug-resistant 
microbial strains. 
 

  
Name of Microbial 

Strains 

Zone of Inhibition (in mm) 
[Mean±SEM (SD)] 

Ethanolic 
(SE) 
 

Ethanolic 
(NSE) 
 

Aqueous 
(SE) 
 

Aqueous 
(NSE) 
 

Positive 
control 

Negative 
control 

G
ra

m
 P

o
si

ti
v

e
 B

a
ct

e
ri

a
 

Staphylococcus aureus 6.6±0.3 
(0.57) 

10.3±0.8 
(0.57) 

6.3±0.3 
(0.57) 

6.6±0.3 
(0.57) 

18.3±0.3 
(0.57) 

6.6±0.3 
(0.57) 

Streptococcus mutans 11.6±0.3 
(0.57) 

12.3±0.3 
(0.57) 

6.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

27.3±0.3 
(0.57) 

6.3±0.3 
(0.57) 

Streptococcus pyogenes 11.6±0.3 
(0.57) 

19. 3±0.3 
(0.57) 

6.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

19.3±0.8 
(0.57) 

6.3±0.3 
(0.57) 

Streptococcus viridans 7.6±0.3 
(0.57) 

19.3±0.8 
(0.57) 

6.6±0.3 
(0.57) 

6.3±0.3 
(0.57) 

12.3±0.3 
(0.57) 

6.3±0.3 
(0.57) 

Staphylococcus 
epidermidis 

12.6±0.3 
(0.57) 

14.3±0.6 
(0.57) 

6.6±0.3 
(0.57) 

6.3±0.3 
(0.57) 

12.3±0.3 
(0.57) 

6.3±0.3 
(0.57) 

Corynebacterium  
xerosis 

8.6±0.3 
(0.57) 

19.3±0.6 
(0.57) 

6.6±0.3 
(0.57) 

6.3±0.3 
(0.57) 

15.3±0.6 
(0.57) 

6.3±0.3 
(0.57) 

Bacillus cereus 8.6±0.3 
(0.57) 

12.3±0.6 
(0.57) 

6.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

13.3±0.6 
(1.15) 

6.3±0.3 
(0.57) 

G
ra

m
 N

e
g

a
ti

v
e

   
  

B
a

ct
e

ri
a

 

Escherichia coli 7.6±0.3 
(0.57) 

14.3±0.3 
(0.57) 

6.3±0.3 
(0.57) 

6.6±0.3 
(0.57) 

12.3±0.3 
(0.57) 

6.6±0.3 
(0.57) 

Klebsiella pneumonia 10.6±0.3 
(0.57) 

15.3±0.6 
(0.57) 

6.3±0.33 
(0.57) 

6.6±0.3 
(0.57) 

22.3±0.3 
(0.57) 

6.3±0.3 
(0.57) 

Pseudomonas 
aeruginosa 

7.6±0.3 
(0.57) 

15.3±0.6 
(0.57) 

6.3±0.3 
(0.57) 

6.6±0.3 
(0.57) 

9.3±0.6 
(0.57) 

6.3±0.3 
(0.57) 

Proteus vulgaris 10.6±0.3 
(0.57) 

15.3±0.6 
(0.57) 

6.6±0.3 
(0.57) 

6.6±0.3 
(0.57) 

16.3±0.3 
(0.57) 

6.3±0.3 
(0.57) 

Legend: SE: Successive extract;  NSE: Non-Successive extract 
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5. Conclusion  
 
It’s concluded that the antibacterial activity of M. charantia is 
based on several factors like the solvent used for extraction, 
plant part, concentration, method of extraction, etc. However, 
the isolation of the principal compound and structural 
elucidation would have yet to be achieved. 
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