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INTRODUCTION

Medicinal plants have always played a governing role in the up-
keeping of the human health since primordial time.1Medicinal 
plants are rendered to be the best sources offering an array of 
novel herbal medications.2Use of crude plant extracts as medi-
cines although currently becoming popular all over the world, 
in India it was a common practice since Vedic times. Use of 
plant based traditional folk medicine is still a major practice in 
most of the developing countries including India.3,4

The matchless availability of the chemical diversity offered 
by these herbal remedies provides limitless opportunities for 

new drug formulations. Infectious diseases being amongst 
the prominent causes of death in the world and owing to the 
advent of multiple drug-resistant pathogens, researchers are 
now focusing their search for new, better antimicrobial com-
pounds from plant sources.5,6,7

Annona squamosa (Annonacea) is a medium height, well 
branched, flower bearing shrub with sweet edible fruits. It is 
believed to be native of West-indies and USA. Every part of 
A. squamosa Linn. is claimed to possess medicinal proper-
ties viz. roots, leaves, fruits, seeds and bark. 

A. squamosa leaves due to their high fiber and antioxidant 
content are believed to help in the regulation of blood sugar 
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ABSTRACT
Introduction: The plant kingdom offers an infinite and therapeutic unexploited source of medicines. Various parts of some plants 
viz. fruits, flowers, bark, stem and roots, are seen to possess enormous bactericidal and fungicidal potential.
Aim/objective: The aim of the study was to evaluate the in vitro-antimicrobial activity of Annona squamosa Linn. leaf extract. 
Methods: In-vitro antimicrobial activity of the sequential leaf extracts of Annona squamosa Linn. in different solvents like petrole-
um ether, chloroform, ethyl acetate, acetone, ethyl alcohol, methyl alcohol, and water, was studied against various gram-positive 
& gram-negative bacterial strains using zone of inhibition. 
Agar well diffusion method & Agar disc diffusion methods were selected to evaluate the antibacterial efficacy and the minimum 
inhibitory concentration (MIC) of all the extracts was done using Agar well diffusion method.
The reference Antibacterial antibiotics viz., Chloramphenicol & Ampicillin; and Antifungal antibiotics viz., Nystatin & Clotrimazole 
were also tested against these standard microorganisms used in the assay and the results were compared with that of the plant 
extracts.
Results: The study results revealed that all the seven sequential Annona squamosa Linn. leaf extracts showed significant bac-
tericidal and fungicidal potential against the microorganisms under study. 
Highly polar solvents i.e. ethyl alcohol, methyl alcohol, and water showed the most significant antibacterial and antifungal activity 
against all tested organisms.
Conclusion: It can thereby be concluded that the plant material under study can be considered as a possible source of various 
phytochemical constituents having an in vitro antimicrobial potential.
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and quenching of free radicals, preventing cell damage. There-
by possessing anti-ageing properties. It is also believe to have 
anti-inflammatory properties which aids in faster healing of 
wounds. 

Considering the aforesaid, it is believed that the need of the 
hour is to search for new antimicrobials. With this in mind, 
in the present work, the leaf extracts of Annona squamosa 
Linn. were screened for their probable antimicrobial activity. 

MATERIALS AND METHODS 

1. In-vitro Antimicrobial Study

a. Plant Material: 
The plant material to be screened was collected from Mum-
bai and Talegaon – Dabhade (district - Maval, Pune). The 
plant sample was authenticated by the expert taxonomist of 
St. Xavier’s College, Mumbai.  (Acc.no.-102268, 00469). 
Matured leaves were selected for the study. The plant mate-
rial was thoroughly washed, 3-4 times with tap water and 
once with distilled water, so as to remove all the impurities 
and foreign organic matter. These samples were then placed 
in between filter paper pads to remove maximum moisture 
and then shade dried in the beginning and further dried in 
an oven at 50-600C for 25 minutes. The dried material was 
powdered to obtain a fine powder (mesh size 2 mm) and then 
sieved. This was then stored in plastic containers at 4°C until 
use.

b. Preparation of extract of plant leaf powder for the 
assay:
The dried and finely ground leaf powder of Annona squamo-
sa Linn., (20g each) was sequentially extracted with petro-
leum ether, chloroform, ethyl acetate, acetone, ethyl alcohol, 
methyl alcohol and water were performed using known and 
standardized methods.8

c. Preparation of standard antibiotics solution:
Two standard broad spectrum antibacterial antibiotics (for 
both gram-positive & gram-negative bacterial strains) viz. 
Ampicillin (Bacteriocidal) – from Beta-Lactum medicines, 
Chloramphenicol (Bacteriostatic) – Other antibacterials and 
two commonly used antifungal antibiotics viz. Nystatin and 
Clotrimazol (used for fungal infections; especially for mold 
and yeast infections - most notably Candida) were used for 
the assay for comparative analysis of the leaf extract of An-
nona squamosa Linn. (According to WHO Model List of Es-
sential medicines, 1977; 18th edition).8

Commercially available powdered forms of the antibiotics 
were dissolved in distilled water to make up standard antibi-
otic solutions of concentration 0.5mg/ml, (Potency specifi-
cations of antibiotics, WHO, 1997) which were further used 
for the assay.8

d. Preparation of culture (inoculum):
The bacterial and the fungal cultures were isolated and stored 
in the refrigerator and used whenever required following the 
known and standardized methods.8

e. Preparation of culture suspension:
Loopful of culture from the slants was suspended in small 
amount of nutrient broth or saline as required.8

f. Agar well diffusion method:  
Agar well diffusion method was followed as standardized by 
Bauer and Kirby,1996 and  Pawaskar and Sasangan, 2015.8, 9

g. Agar disc diffusion method:
Agar disc diffusion method was followed as standardized by 
Bauer and Kirby,1996 and  Pawaskar and Sasangan, 2015.8, 9

h. Minimum Inhibitory Concentration:
Minimum inhibitory concentrations i.e.,  the agar well con-
taining the least concentration of the plant extract; showing 
inhibitory zone was performed following the standard proto-
col by Bauer and Kirby., 1996 and  Pawaskar and Sasangan, 
2015.8, 9

RESULT

The percentage of extraction in various solvents for the leaf 
powder of Annona squamosa Linn is shown in Table-1.

The zones of inhibition for the selected organisms using se-
quential extracts of the leaf powders of Annona squamousa 
Linn. by Agar well diffusion method and Agar disc diffusion 
method are presented in Table-2 and Table-3 respectively 
and the minimum inhibitory concentration (mg/ml) of the 
leaf extracts of Annona squamosa Linn. in different solvents 
is presented in Table-4.

All the seven sequential extracts of the leaf powder of An-
nona squamosa Linn. exhibited prominent antimicrobial and 
antifungal activity against all microorganisms used in the 
study. In Agar well diffusion method, highly polar solvents 
i.e. ethyl alcohol,  methyl alcohol and water exhibited the 
most promising antibacterial and antifungal activity against 
all tested organisms for the leaf extracts of Annona squamo-
sa Linn.; with the methyl alcohol extract showing maximum 
inhibition in the range of 12 mm - 17 mm for the leaf extract 
of Annona squamosa Linn.

Similar pattern of results was also observed in Agar disc dif-
fusion method. Highly polar solvents i.e. ethyl alcohol, me-
thyl alcohol and water showed the most significant antibac-
terial and antifungal activity against all tested organisms for 
the leaf extracts of Annona squamosa Linn.; with the methyl 
alcohol extract showing maximum inhibition in the range of 
9 mm - 14 mm for the leaf extract of Annona squamosa Linn.
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The minimum inhibitory concentration results of the leaf ex-
tracts of Annona squamosa Linn. in all the different solvents, 
indicated that – Salmonella typhi and  Salmonella paratyphi 
A and Pseudomonas aeruginosa were the least susceptible 
among the organisms tested for Annona squamosa Linn. 

The results of the entire study revealed that the leaf extracts 
of Annona squamosa Linn. in all the different solvents used 
for extraction, possesses potential antimicrobial activity 
against the pathogens used for screening.

DISCUSSION

The effects of plant extracts on bacteria have been studied by 
a number of researchers in different parts of the world. Plants 
have been reported to possess mild to significant antimicro-
bial, antifungal and other activities. This has been elucidated 
by various workers. 8, 10, 11, 12, 13

The results of the antimicrobial activity study of the leaf ex-
tract of Annona squamosa Linn. by Patel and Kumar, (2008) 
showed the highest zone of inhibition observed in methyl 
alcohol extract against P. aeruginosa followed by petroleum 
ether extract against P. aeruginosa and methyl alcohol ex-
tract against E. coli.14 Agar diffusion method was chosen to 
check antibacterial activity. However, our study showed that 
the maximum zone of inhibition in methyl alcohol extract 
was observed against Bacillus subtilis and Streptococcus py-
ogenes followed by Staphylococcus aureus and Vibrio chol-
erae. Petroleum ether extract appears to be more effective 
against Vibrio cholera. Escherichia coli appear to have high-
est susceptibility in ethyl alcoholic leaf extract of Annona 
squamosa Linn. Results parallel to our study have also been 
reported by Padhi, et al. (2011).15 Their screening results ex-
hibited that highest inhibition was observed by the methyl 
alcohol extract followed by petroleum ether and aqueous ex-
tracts of Annona squamosa leaf. Some of the most sensitive 
bacterial strains used by them were, Staphylococcus aureus, 
Staphylococcus epidermidis, Bacillus subtilis and Vibrio al-
ginolyticus. 

CONCLUSION

In conclusion, the results of the present study have provided 
supportive scientific evidence that the leaf extracts of Anno-
na squamosa Linn. possess a potential and broad spectrum of 
activity against a panel of bacteria. These promissory results 
form a primary platform for finding new clinically effective 
antibacterial compounds.
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Table 1: Percentage of extraction in various solvents for the leaf powder of Annonasquamosa Linn.
Sr. No. Solvent % Extracted

1. Water 32.51 + 1.98

2. Methyl alcohol 28.67 + 0.93

3. Ethyl alcohol 24.52 + 1.53

4. Acetone 16.93 + 2.47

5. Ethyl acetate 12.40 + 1.22

6. Chloroform 19.12 + 0.84

7. Petroleum ether 9.35 + 1.78

*All values are expressed as mean ± SD for three determinations

Table 2: The zones of inhibtion for organisms with sequential extracts of the leafPowder of Annonasquamosa 
Linn. (By Agar well diffusion Method)

Micro-organisms PE CL EA AC ET ME WT AMP CLP NYT CLZ

E.coli 11 11 10 11 13 12 11 _ 13 _ _

Proteus vulgaris _ _ _ _ 13 12 11 _ 15 _ _

Staph. aureus 12 13 11 12 16 15 13 22 _ _ _

Klebsiellapneumoniae 11 12 10 11 14 13 12 _ 19 _ _

Pseudomonas aeruginosa 11 12 10 11 12 12 14 _ 16 _ _

Shigellaflexneri 11 12 10 11 11 12 12 _ 19 _ _

S.typhi 09 10 09 10 13 12 14 _ 20 _ _

S.paratyphi A 10 12 10 11 14 13 12 _ 21 _ _

S.paratyphi B 11 12 10 11 14 13 12 _ 12 _ _

Bacillus subtilis 12 13 11 13 14 17 13 _ 15 _ _

Strep. pyogenes 12 13 11 12 14 16 10 _ 18 _ _

Vibrio cholerae 14 12 11 12 12 15 11 _ 17 _ _

Enterobacteraerogenes 12 13 11 13 13 15 16 _ 18 _ _

Candida albicans 11 13 12 11 13 14 12 _ _ 26 30

S. cerevicae 12 14 11 12 13 15 11 _ _ 26 30

(Note: “-” means – Zone of inhibition was not seen.)
In the table: PE: Pet ether extract; CL: Chloroform extract; EA: Ethyl acetate extract; AC: Acetone extract; ET: Ethyl alcohol extract; ME: Methyl 
alcohol extract; WT: Water extract; AMP: Ampicillin; CLP: Chloramphenicol; NYT: Nystatin and CLZ: Clotrimazol.



Int J Cur Res Rev | Vol 14 • Issue 04 • February 202273

Pawaskar et al: In-vitro antimicrobial analysis of the leaf extracts of annonasquamosa Linn

Table 3: The zones of inhibtion for organisms with sequential extracts of the leaf powder of Annonasquamosa 
Linn. (By Agar disc diffusion Method)
Micro-organisms PE CL EA AC ET ME WT AMP CLP NYT CLZ

E.coli 09 09 08 09 12 09 10 _ 11 _ _

Proteus vulgaris _ _ _ _ 12 10 11 _ 15 _ _

Staph. aureus 12 12 11 11 13 13 13 13 _ _ _

Klebsiella pneumoniae 09 10 08 09 12 11 11 _ 19 _ _

Pseudomonas aeruginosa 10 10 10 10 11 11 12 _ 14 _ _

Shigella flexneri 11 11 09 10 11 11 11 _ 18 _ _

S. typhi 09 09 08 09 11 10 12 _ 17 _ _

S. paratyphi A 10 10 09 10 11 10 11 _ 14 _ _

S. paratyphi B 09 10 08 10 12 11 11 _ 12 _ _

Bacillus subtilis 12 12 11 12 13 14 13 _ 14 _ _

Strep. pyogenes 12 12 11 11 13 14 08 _ 16 _ _

Vibrio cholerae 12 12 11 12 13 13 10 _ 14 _ _

Enterobacter aerogenes 10 11 09 11 11 12 13 _ 15 _ _

Candida albicans 09 11 10 09 11 12 10 _ _ 18 23

S. cerevicae 10 12 09 10 11 13 09 _ _ 19 25

(Note: “-” means - Zone of inhibition was not seen.)
In the table: PE: Pet ether extract; CL: Chloroform extract; EA: Ethyl acetate extract; AC: Acetone extract; ET: Ethyl alcohol extract; 
ME: Methyl alcohol extract; WT: Water extract; AMP: Ampicillin; CLP: Chloramphenicol; NYT: Nystatin and CLZ: Clotrimazol.

Table 4: The minimum inhibitory concentrations (mg/ml) of the leaf extract of Annonasquamosa Linn. in 
different solvents.
Micro-organisms PE CL EA AC ET ME WT AMP CLP NYT CLZ

E.coli 11 14 11 12 12 15 13 _ 13 _ _

Proteus vulgaris 08 11 09 10 _ _ _ _ 15 _ _

Staph. aureus 08 10 13 11 10 14 11 22 _ _ _

Klebsiella pneumoniae 09 10 09 10 _ _ _ _ 19 _ _

Pseudomonas aeruginosa 08 10 11 09 11 13 12 _ 16 _ _

Shigella flexneri 08 11 08 10 11 15 13 _ 19 _ _

S. typhi 11 12 13 11 12 18 13 _ 20 _ _

S. paratyphi A 11 13 14 10 11 14 12 _ 21 _ _

S. paratyphi B 12 12 14 11 10 14 12 _ 12 _ _

Bacillus subtilis 11 12 11 12 11 13 12 _ 15 _ _

Strep. pyogenes 11 12 11 11 11 14 12 _ 18 _ _

Vibrio cholerae 12 12 11 10 10 14 11 _ 17 _ _

Enterobacter aerogenes 10 13 11 10 12 15 13 _ 18 _ _

Candida albicans 10 13 10 12 12 14 11 _ _ 26 30

S. cerevicae 11 12 12 11 11 14 12 _ _ 26 30

(Note: “-” means - Zone of inhibitionwas not seen.)
In the table: PE: Pet ether extract; CL: Chloroform extract; EA: Ethyl acetate extract; AC: Acetone extract; ET: Ethyl alcohol extract; 
ME: Methyl alcohol extract; WT: Water extract; AMP: Ampicillin; CLP: Chloramphenicol; NYT: Nystatin and CLZ: Clotrimazol.


