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INTRODUCTION 

Natural products play an imperative role in the field of 

Pharmaceutical biology. Plants have been an important 

source of medicine for thousands of years. Currently, the 

World Health Organization estimates that up to 80 

percent of people still rely mainly on traditional 

medicines. The fact that many of the current drugs either 

mimic naturally occurring molecules or have structures 

that are fully or in part derived from natural motifs holds 

true.
[1] 

 

In recent years, multiple drug/ chemical resistance in 

both human and plant pathogenic microorganisms has 

been developed due to indiscriminate use of synthetic 

drugs. This drives the need to screen medicinal plants for 

novel bioactive compounds as they are biodegradable, 

safe and have fewer side effects.
[2]

 

 

Aegle marmelos (Linn.) Corr., belongs to the family 

Rutaceae, and is popularly known as Bael tree. The Bael 

tree is native to India and is distributed throughout South 

East Asia. In Hindu mythology, leaves and wood of 

Aegle marmelos L. are used to worship Lord Shiva and is 

one of the most sacred Indian tree. The root, leaf, fruit 

and bark have been shown to possess medicinal 

properties.
[3]

 Mimusops elengi Linn. is considered as a 

sacred plant among Hindus and has obtained important 

place in religious texts as well as in ancient Sanskrit 

literature. The tree is native to India and the bark, leaves, 

flower, fruit, root and seeds are medicinally important. 

M. elengi is well documented for several medicinal 

properties like antinociceptive, diuretic effects, 

gastroprotective, antibacterial, antifungal, anticariogenic, 

free radical scavenging, antihyperglycemic etc.
[4]

 

Feronia elephantum(Linn.,) Correa commonly called as 

Wood apple is a tropical medicinal trees native to India 

and Sri Lanka. The fruit stem bark and leaf is known to 

possess ethnomedicinal properties. It is distributed in 

deciduous and arid landscapes of several countries in 

South Asia. The tree as a whole, or its parts such as 

unriped fruit, riped fruit, root, bark, trunk gum and leaves 

have a broad spectrum of traditionally established 

therapeutic properties including antimicrobial and 

antidiarrhoeal effects.
[5] 

Ficus religiosa Linn. is a large 

perennial tree, found throughout the plains of India 

within 170m altitude in the Himalayas, largely planted as 

an avenue and roadside tree especially near temples. It is 

a popular bodhi tree and has got mythological, religious, 

and medicinal importance in Indian culture since times 

immemorial. The plants have been used in traditional 

Indian medicine for various ailments. Traditionally the 

bark is used as an antibacterial, antiprotozoal, antiviral, 
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ABSTRACT  
Medicinal plants are precious and very important sources of natural products for the health of human beings. 

Natural products such as plant extracts either as pure compounds or as standardised extracts provide unlimited 

opportunities for new drug discoveries. In the present study, an attempt has been made to analyse and compare the 

antibacterial efficacy of solvent leaf crude extracts of Indian sacred trees viz., Aegle marmelous Linn. Correa., 

Feronia elephantum Linn., Ficus bengalensis Linn., Ficus religiosa Linn., and Mimusops elengi Linn.,. These leaf 

extracts were screened using agar disc diffusion method and the extracts which showed the highest activity were 

analysed using microbroth dilution assay to determine minimum inhibitory concentration. Leaf extracts of Ficus 

bengalensis Linn. showed good antibacterial activity against most of the strains tested at a concentration of 

100mg/ml. Therefore, these medicinal trees should be conserved and explored for drug development properties.  
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astringent, antidiarrhoeal, in the treatment of gonorrhea, 

ulcers, and the leaves used for skin diseases.
[6]

 Ficus 

benghalensis Linn. commonly known as banyan fig, is a 

sacred tree native to the Indian subcontinent. The tree is 

considered sacred in India and temples are often built 

beneath. The fruit, leaves, bark and latex obtained from 

this tree is widely used for its medicinal properties.
[7]

 

 

MATERIALS AND METHODS 

i) Collection and preparation of plant powder
[8]

 

The medicinal trees included in the study were Aegle 

marmelous (vilvam), Feronia elephantum (wood apple), 

Ficus benghalensis (banyan), Ficus religiosa (peepal) 

and Mimusops elengi (Magilam).The leaves of the sacred 

trees were collected from different temples in and around 

Chennai. The leaves were separated from the twigs and 

washed twice with double distilled water and then 

surface sterilised using 70% ethanol. The leaves were 

shade dried for 1-2 weeks. The leaves were then ground 

into a coarse powder form using a mixer.  

 

ii) Preparation of crude extracts
[9]

 

The crude extracts were prepared by hot and cold method 

of extraction. In the hot method of extraction, about 1 

gram of the powdered plant material was mixed with 10 

ml of the solvent, incubated in a shaker at 37ºC for 4 

hours at 250 rpm after which it was placed in a water 

bath at 60ºC for 2 hours. The supernatant was filtered 

and dried in air at room temperature. For the cold method 

of extraction, about 1 gram of the powdered plant 

material was mixed with 10 ml of the solvent, incubated 

in a shaker at 37ºC for 4 hours at 250 rpm. The 

supernatant filtered and then dried in air at room 

temperature. The solvents used were methanol, 

chloroform, ether and acetone. The residue obtained after 

drying was dissolved in the appropriate solvent and used 

for antibacterial activity evaluation. 

 

iii) Microbial cultures used 

The test organisms used for screening were 

Staphylococcus aureus, Bacillus cereus, Escherichia 

coli, Klebisella pneumoniae, Salmonella paratyphi A, 

Salmonella typhi, Salmonella typhimurium, Shigella 

dysenteriae, Shigella flexneri, Pseudomonas aeruginosa, 

Proteus mirabilis and Vibrio cholerae. All the strains 

were laboratory isolates of the Department of 

Microbiology, J.B.A.S College for Women, Chennai. 

 

iv) Preliminary Screening using Disc Diffusion 

Assay
[10],[11]

 

Discs(6mm) prepared from Whatmann No.1 filter paper 

was sterilised and impregnated with 20µl of various 

crude solvent extracts (concentration:100mg/ml). Broth 

cultures of the bacteria were prepared in nutrient broth. 

The culture was checked for turbidity by comparing with 

McFarland Standard (0.5).A lawn culture of the 

organisms to be tested was made on Mueller Hinton agar 

media. The prepared discs were placed on the plate so 

that each disc was at least 20mm from one another. The 

plates were then incubated at 37°C for 24 hours. The 

inhibition zone around each disc both in the experiment 

and the control were measured. Standard antibiotics as 

per the organisms tested were included as positive 

control and respective solvents without the plant extracts 

were used as the negative control. 

 

v) Determination of Minimum Inhibition 

Concentration/Minimum Bactericidal 

Concentration
[12]

 

The Microbroth dilution was performed on a microtitre 

plate. Doubling dilutions of the crude extract were 

prepared in Mueller Hinton broth. Bacterial cultures of 

10
6 

cfu/ml dilution were prepared with McFarland 

standard (0.5) and 10µl were added to each well of the 

microtitre plate and mixed well. The microtitre plates 

were incubated at 37ºC overnight and a loopful of the 

culture was streaked on to Nutrient agar plates. The 

plates were incubated at the same temperature and time 

as before. The growth/no growth pattern of the 

organisms corresponded to the MIC /MBC of the crude 

extract. 

 

RESULTS  

Table- i: Agar Disc Diffusion Assay. 

SAMPLE TESTED: Crude extract of the five medicinal plants, 

SOLVENT EMPLOYED: methanol 

Organisms tested 
Aegle 

marmelous 

Feronia 

elephantum 

Ficus 

benghalensis 

Ficus 

religiosa 

Mimusops 

elengi 

 
H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

1.Staphloccus aureus 12 9 15 14 7 9 12 12 8 12 

2.Bacillus cereus 8 15 12 12 9 12 16 14 18 12 

3.Escherichia coli 11 8 9 9 8 9 19 8 12 9 

4.Klebsiella 

pneumonia 
11 15 13 12 11 15 15 13 11 12 

5.Salmonella paratyphi 

A 
12 9 14 11 11 9 16 14 14 9 

6.Salmonella typhi 11 9 12 11 12 11 14 13 11 12 
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7.Salmonella 

typhimurium 
13 9 12 10 12 13 12 11 13 9 

8.Shigella dysenteriae 11 9 11 9 14 11 12 11 10 11 

9.Shigella flexneri 13 12 14 12 12 11 13 13 12 9 

10.Proteus mirabilis 8 11 9 9 9 9 11 11 12 12 

11.Pseudomonas 

aeruginosa-1 
13 13 7 9 9 9 21 9 14 11 

12.Pseudomonas 

aeruginosa-2 
10 10 14 11 9 14 11 9 19 11 

13.Vibrio Cholerae 11 9 14 11 9 9 11 9 11 8 

H-hot extract; C-cold extract 

 

Table-ii: Agar disc diffusion assay. 

SAMPLE TESTED: Crude extract of the five medicinal plants 

SOLVENT EMPLOYED: acetone 

Organisms tested 
Aegle 

marmelous 

Feronia 

elephantum 

Ficus 

benghalensis 

Ficus 

religiosa 

Mimusops 

elengi 

 
H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

1.Staphloccus aureus 15 9 14 7 11 12 17 9 12 16 

2.Bacillus cereus 12 15 19 15 16 16 16 15 21 12 

3.Escherichia coli 12 19 18 15 15 16 12 20 19 23 

4.Klebsiella pneumonia 12 14 19 20 12 19 19 16 14 12 

5.Salmonella paratyphi A 13 13 16 15 16 17 9 16 12 12 

6.Salmonella typhi 15 15 15 12 14 15 13 14 15 15 

7.Salmonella typhimurium 15 14 16 16 19 22 10 18 20 14 

8.Shigella dysenteriae 18 14 15 14 15 19 14 15 13 14 

9.Shigella flexneri 21 19 13 15 18 18 14 14 15 14 

10.Proteus mirabilis 12 14 11 11 15 14 16 17 15 12 

11.Pseudomonas 

aeruginosa-1 
14 14 20 18 19 19 17 14 19 21 

12.Pseudomonas 

aeruginosa-2 
15 18 16 17 22 16 14 11 16 18 

13.Vibrio Cholerae 14 11 14 17 14 15 12 14 22 15 

 

Table-Iii: Agar Disc Diffusion Assay. 

SAMPLE TESTED: Crude extract of the five medicinal plants 

SOLVENT EMPLOYED: chloroform 

Organisms tested 
Aegle 

marmelous 

Feronia 

elephantum 

Ficus 

benghalensis 

Ficus 

religiosa 

Mimusops 

elengi 

 
H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

1.Staphloccus aureus 10 11 12 9 9 9 10 12 14 9 

2.Bacillus cereus 8 9 10 12 8 11 9 14 8 11 

3.Escherichia coli 11 11 9 13 13 12 10 9 9 11 

4.Klebsiella pneumonia 11 14 12 11 9 9 12 12 8 16 

5.Salmonella paratyphi A 9 9 12 13 12 9 12 11 11 11 

6.Salmonella typhi 10 9 13 13 19 9 18 11 11 11 

7.Salmonella 

typhimurium 
9 11 18 12 13 11 13 11 12 11 

8.Shigella dysenteriae 10 11 11 11 11 11 10 9 11 9 

9.Shigella flexneri 9 12 16 16 11 22 13 14 12 11 

10.Proteus mirabilis 11 11 11 11 9 9 11 12 11 13 

11.Pseudomonas 

aeruginosa-1 
12 13 12 7 12 9 12 20 9 11 

12.Pseudomonas 

aeruginosa-2 
9 12 16 8 12 12 11 11 11 11 

13.Vibrio Cholerae 9 10 14 10 11 14 9 11 11 8 
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Table- Iv: Agar Disc Diffusion Assay. 

SAMPLE TESTED: Crude extract of the five medicinal plants 

SOLVENT EMPLOYED: Ether 

Organisms tested 
Aegle 

marmelous 

Feronia 

elephantum 

Ficus 

benghalensis 

Ficus 

religiosa 

Mimusops 

elengi 

 
H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

H 

(mm) 

C 

(mm) 

1.Staphloccus aureus 7 11 8 8 7 7 9 9 8 8 

2.Bacillus cereus 9 7 11 10 8 11 10 12 8 10 

3.Escherichia coli 12 11 12 12 8 13 12 10 9 9 

4.Klebsiella 

pneumonia 
11 12 12 10 11 13 12 10 9 9 

5.Salmonella paratyphi 

A 
13 10 12 9 9 9 15 12 11 9 

6.Salmonella typhi 15 14 16 14 9 14 14 15 16 11 

7.Salmonella 

typhimurium 
13 11 11 12 11 9 13 9 12 10 

8.Shigella dysenteriae 11 11 12 11 11 9 11 14 11 9 

9.Shigella flexneri 17 12 15 15 9 14 17 11 16 14 

10.Proteus mirabilis 9 10 12 9 8 8 12 11 13 12 

11.Pseudomonas 

aeruginosa-1 
8 11 14 12 12 9 13 9 8 11 

12.Pseudomonas 

aeruginosa-2 
9 11 10 9 11 9 11 10 11 12 

13.Vibrio Cholerae 14 14 11 12 9 11 10 14 13 11 

 

Table V: Determination of Minimum Inhibition Concentration. 

The crude extracts, which showed a zone diameter of 15mm or more, were chosen for the MIC assay. 

Organisms tested 
Aegle 

marmelous 

Feronia 

elephantum 

Ficus 

benghalensis 

Ficus 

religiosa 

Mimusops 

elengi 

 MIC MIC MIC MIC MIC 

1.Staphloccus aureus    6.25(HA)  

2.Bacillus cereus  12.5(HA) 
3.125(HA) 

3.125 (CA) 
12.5(HA) 3.125(HA) 

3.Escherichia coli 3.125(CA) 3.125(HA) 6.25(CA) 6.25(CA) 3.125(CA) 

4.Klebsiella pneumonia - 
12.5(HA) 

12.5(CA) 
6.25(CA) 

6.25(HA) 

3.125(CA) 
12.5(CE) 

5.Salmonella paratyphi A 
6.25(HE) 

6.25(CE) 
12.5(HE) 3.125(HE) 3.125(HE) 12.5(HE) 

6.Salmonella typhi  3.125(HE) 6.25(HC) 6.25(HC) 12.5(HE) 

7.Salmonella 

typhimurium 
  

6.25(HA) 

3.125(CA) 
6.25(CA)  

8.Shigella dysenteriae 12.5(HA)   6.25(HA)  

9.Shigella flexneri 
12.5(HA) 

3.125(CA) 
 

3.125(HA) 

3.125(CA) 
6.25(HA)  

10.Proteus mirabilis  -  
12.5(CA) 

3.125(HA) 
 

11.Pseudomonas 

aeruginosa-1 
- - - - - 

12.Pseudomonas 

aeruginosa-2 
- - - - - 

13.Vibrio Cholerae  6.25(CA)   3.`125(HA) 

HA- hot acetone extract; CA-cold acetone extract; CE- cold ether extract; HE-hot ether extract. 

 

DISCUSSION 

Antibiotic drug resistance is a serious public health issue 

especially in a developing country such as India because 

of easy availability and higher consumption of 

inappropriate antibiotics. The infectious disease burden 

is highest in India amongst all the countries of the world 

and recent report underlines the irrational use of 

antimicrobial agents against these diseases. 

Antimicrobial resistance will result in difficulty in 
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controlling the diseases in the community and ineffective 

delivery of the health care services.
[13]

 

 

Meta analyses of the drug susceptibility results of 

various laboratories in India reveal an increasing trend of 

development of resistance to commonly used 

antimicrobials in pathogens like Salmonella, Shigella, 

Vibrio cholerae, Staphylococcus aureus, Neisseria 

gonorrhoeae, N. meningitidis, Klebsiella, 

Mycobacterium tuberculosis, HIV, plasmodium and 

others.
[14,15] 

 

Medicinal plants have been used from time immemorial 

to treat infectious diseases. Bacteria may find it difficult 

to develop drug resistance to plant metabolites as these 

are natural. Synergistic combinations of medicinal plant 

components with known antibiotics may slow down the 

development of drug resistance in multidrug resistant 

bacterial pathogens. 

 

The present study revealed the potent antibacterial 

potentials of five Indian sacred trees against 

Staphylococcus aureus and other enteropathogens that 

are the major causative agents of diarrhoea and 

dysentery, which is a major problem that is highly 

prevailing in developing and underdeveloped countries 

especially in infants and children. Many plants that are 

conveniently available in India have been reported by 

early investigators to be effective against diarrhoea and 

dysentery as they are used by local people as traditional 

folklore medicine. These trees have been given special 

attention.
[16]

 

 

In the preliminary screening using agar disc diffusion 

assay, Ficus benghalensis, Ficus religiosa showed good 

antibacterial activity against a wide spectrum of the 

pathogens tested, followed by Feronia elephantum, 

Mimusops elengi and Aegle marmelous showed 

antibacterial activity only against bacterial pathogens. 

The concentration of the crude extract was 100mg/ml. 

 

In the microbroth dilution assay to determine the 

minimum inhibitory concentration of the crude extract 

Ficus benghalensis, showed an MIC value of 

3.125mg/ml against most of the pathogens tested, Ficus 

religiosa, Aegle marmelous and Feronia elephantum, 

showed an MIC value of 6.25 mg/ml and Mimusops 

elengi showed MIC value of 12.5mg/ml against most of 

the pathogens tested. 

 

Among the solvents used, acetone crude extracts showed 

maximum antibacterial activity against most of the 

pathogens tested followed by ether, chloroform and 

methanol. In the two extraction procedures used, the hot 

method was most effective in extracting the antibacterial 

components when compared to the cold method. 

 

CONCLUSION 

The present study confirms the presence of antibacterial 

components from the crude extracts of the Indian sacred 

trees which can be harnessed for further drug discovery 

and development especially in the current scenario of 

alarming antibiotic resistant infections. The significance 

of these trees should be taken into account for their 

conservation. Sacred groves consisting of many such 

trees should be protected and not destroyed to ensure 

maximum utilisation of nature’s resources to the utmost 

potential. 
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