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ABSTRACT

Objective: The present study was carried out to evaluate the in vitro antimicrobial activity of water, methanolic and pet ether extracts from leaves
and fruit of A. marmelos and C. papaya.

Methods: Crude extract of leaves and fruit of Aegle marmelos and Carica papaya were prepared for series of polar solvents by hot extraction
method in soxhlet then the extracts were first screened for its antimicrobial activity by “Disc Diffusion Assay” against medically important bacteria,
plant pathogen and fungi. Fractions showing activities were then used to determine MIC (minimum inhibitory concentration) and MBC/MFC
(minimum bactericidal and fungicidal concentration) by broth dilution and total activity were also calculated.

Result: Aegle marmelos shows comparatively significant antimicrobial activity than Carica papaya. However antimicrobial activity was found both
solvent and organism dependent. Almost all the extracts of Aegle marmelos show an inhibitory effect against most of the test organism whereas the
test extracts Carica papaya show an inhibitory effect against the very few test organisms. Lowest MIC values 0.0195 mg/ml were recorded against
Roultella planticola and Klebsiella pneumonae indicate the significant antimicrobial potential of the test extracts. The high value of TA was recorded
against Roultella planticola in both the plants. Data were analyzed by one way ANNOVA and values were considered significant at P<0.05

Conclusion: The MIC and MBC/MFC values of Aegle marmelos showed its broad antimicrobial potential and is promising in the development of
phytomedicine for antimicrobial properties then Carica papaya.

Keywords: Aegle marmelos, Carica papaya, Antimicrobial activity, Minimum inhibitory concentration, Minimum bactericidal concentration,
Minimum fungicidal concentration Phytomedicine.
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INTRODUCTION

Antibiotics are promising in the treatment of microbial infection
since their introduction but the inadequate and indiscriminate use of
its leading to the selection of multi-resistant strains. Nowadays,
synthetic antimicrobials are less effective to act against
microorganism due to development of resistant to microorganism
against commonly used antibiotics. The antimicrobial potential of
plant extracts and essential oils is intended to delay this process
through the emergence of new antimicrobial substances [1].
Therefore, the screening of medicinal plants is required for the
development of novel agents advocating good efficacy against
pathogenic microorganism with minimal side effects. For the present
study, Aegle marmelos and Carica papaya were examined for
antimicrobial attributes.

Aegle marmelos Linn. From Rutaceae is one such plant which is
commonly known as Beal (wood apple plant) and is a sacred tree in
Hindu mythology. Leaves, fruit, stem and root of this tree at all stages
of maturity are used as ethno medicines against various human
ailments [2]. Previous studies on Aegle marmelos [3-11] concluded to
exhibit antidiabetic, antiulcer, anti-inflammatory, antioxidant,
antimalarial, anticancer, anti-hyperlipidemic, anti-spermatogenic
effects on various animal models by the crude extracts of this plant.
Carica papaya belongs to family Caricaceae is an important medicinal
plant. Fruit, leaves, the bark of this plant are used as medicine for
treatment of various diseases like warts, constipation, amenorrhea,
sinuses, eczema, glandular tumors, blood pressure, dyspepsia, cancer
cell growth, diabetes, malaria, expel worms and stimulate
reproductive organs, syphilis and gonorrhea [12-13].

A known set of eight pathogens were selected to examine the
antimicrobial activity of Aegle marmelos and Carica papaya. S. aureus
is a commensal found on the skin as well as in the nose and throat of
a human. It causes a range of infections, from minor skin infections

to abscesses, endocarditis and sepsis, cause of food poising induced
by heat resistant enterotoxin A and it is one of the leading cause of
nosocomial infections [14]. The Raoultella planticola is an
environmental organism which causes infection such as bacteraemia
[15], soft tissue infection [16], pancreatitis [17] and urinary tract
infection [18]. Agrobacterium is a serious pathogen of walnuts, grape
vines, and stone fruit. Pseudomonas aeruginosa is an opportunistic
bacterium migrates from its natural environment, colonizing and
infecting a wide range of organisms [19-20] and it is hard to treat it due
to its ability to acquire resistance against multiple classes of antibiotics
[21]. Aspergillus flavus cause invasive and non-invasive aspergillosis [22].
Trichophyton mentagrophyte requires keratin for growth and it can
cause a variety of cutaneous infections in humans and animals which is
considered to be anthropophilic or zoophilic in nature [23-25]. A
comparative study of the antimicrobial activity was examined in
terms of a zone of inhibition, activity index, minimum bactericidal
concentration, minimum fungicidal concentration and total activity
of an extract of Aegle marmelos and Carica papaya in three different
solvents is presented in this manuscript.

MATERIALS AND METHODS
Collection and identification of plants

Leaves and fruit of A. marmelos and Carica papaya were collected
from the campus of University of Rajasthan Jaipur (INDIA). Plants
were identified by the senior taxonomist at Department of Botany,
the University of Rajasthan and (voucher specimen no. of Aegle
marmelos and Carica papaya are RUBL211335 and RUBL211336
respectively) were submitted in ‘Herbarium’, Department of Botany,
University of Rajasthan.

Test pathogens

Total eight pathogens were screened of which Six bacteria and two
fungi were selected which include Staphyllococcus aureus (MTCC-
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3610), Pseudomonas aeruginosa (MTCC-1934), Bacillus subtilis
(MTCC-121), Klebsiella pneumonae (MTCC-4030), Agrobacterium
tumifacian (MTCC-431), Roultella planticola (MTCC-530), Aspergillus
flavus (MTCC-277) and Trycophyton mentegrophyte (MTCC7687).
The pathogens were procured from IMTECH, Chandigarh (INDIA).
Bacterial strains were grown and maintained on Muller-Hinton agar
medium and the fungal strain was grown and maintained on
Sabouraud Dextrose Agar medium.

Extract preparation

The crude extract of leaves and fruit of Aegle marmelos and Carica
papaya were prepared for a series of solvents (water, methanol and
pet ether) by hot extraction method [26] in soxhlet. Extracts were
then first screened for its antimicrobial activity by “Disc Diffusion
Assay” against medically important bacteria, plant pathogen and
fungi fractions. These were further used to determine MIC
(minimum inhibitory concentration) and MBC/MFC (minimum
bactericidal concentration/minimum fungicidal concentration) by
broth dilution.

Drugs and chemical

Streptomycin and ketoconazole and terbinafine were used as
standard antibiotics for bacteria and fungi, respectively whereas
petroleum ether, methanol and water used for extract preparation.
Mueller-Hinton agar was used for bacteria and Sabouraud Dextrose
Agar was used for fungi.

Antimicrobial assay

‘Disc Diffusion Assay’ method [27-28] was employed for
antimicrobial screening of test extracts. The bacteria (1x108
CFU/ml) and fungi (1x107 CFU/ml) were cultured in sterilized
distilled water. Muller-Hinton agar and Sabouraud dextrose agar
media were used for bacteria and fungi, respectively. These media
were prepared and autoclaved at 15 lbs pressure for 20 minutes for
sterilization. The prepared media was poured into sterilized Petri
plates and was cooled for solidification. The solidified media plates
were seeded with the prepared culture suspensions. Sterilized filter
paper discs of 6 mm diameter (Whatman no.1) were impregnated with
100 pl of an extract of 10 mg/ml concentration to give a final
concentration of 1 mg/Disc. These discs were left to dry in vaccuo to
remove residual solvent. The extract discs were placed on the seeded
media plates along with discs impregnated with standard drugs
(streptomycin for bacteria, ketoconazol for T. mentagrophyte and
terbinafine for A. flavus) in the same (1 mg/disc) concentration. These
plates were kept at 4 °C for 1 h for the diffusion of extracts into the
media and thereafter were incubated at 37 °C+2 °C for 24 h for
bacteria and at 27 °C+2 °C for 48 h for fungi. However, T.
mentagrophyte was kept at 27 °C+2 °C for 5-7 d. Zone of inhibitions
(IZ) produced by the extracts around the discs was measured and the
‘Activity Index’ (AI) was calculated by the established formula. The
experiment was performed three times to minimize the error and the
mean values were recorded for the final estimation of the resultant
values.

Activity Index (AI)

. sample
= Inhibition zone of the —————=zone of the standard.
Inhibition
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Determination of minimum inhibitory concentration and
minimum bactericidal concentration (MBC)/minimum fungicidal
concentration (MFC)

Minimum inhibitory concentration (MIC) was estimated for each plant
extract showing antimicrobial activity against the given test pathogens.
Broth microdilution method [29] was followed by determination of MIC
values. Plant extracts were then re-suspended in acetone (acetone has
no activity against test microorganisms) to make a final concentration of
10 mg/ml. Two-fold serially diluted extracts were added to broth media
of 96 wells of microtitre plates. Thereafter, a 100ul inoculum of bacteria
was added to each well. Bacterial suspensions were used as negative
control, while broth containing standard drug was used as positive
control. Microtitre plates were then incubated at 37 °C for 24 h. Each
extract was assayed in triplicate and each time two sets of microtitre
plates were prepared, one was kept for incubation and another was kept
at 4 °C for comparing the turbidity in the well of a microtitre plate. The
MIC values were taken as the lowest concentration of the extracts in the
well of a microtiter plate that show no turbidity after incubation. The
turbidity of the well in the microtiter plate was interpreted as the visible
growth of the microorganism. The minimum bactericidal and fungicidal
concentration was determined by subculturing 50pl from each well. The
least concentration of extract showing no visible growth on subculturing
was taken as MBC and MFC.

Total activity determination

Total activity is the volume up to which test extract can be
diluted without losing the ability to kill microorganisms. It is
calculated by dividing the amount of extract from 1g plant
material by the MIC of the same extract or compound isolated
and is expressed in ml/g [30].

Statistical analysis

Results are expressed as mean+SD (n=3). Data were analyzed by one
way ANNOVA and values were considered significant at P<0.05.

RESULTS

Antimicrobial potency of serial extracts viz; water, methanol and pet
ether was assessed using various parameters and quantity of
extracts per gram of plant material. In the present study, six extracts
were screened and all the extracts were found to be active against
one or the other test pathogen. The results and the assessment of the
antimicrobial potential of the serial extracts water, methanol and pet
ether extract from leaf and fruit of the A. marmelos and C. papaya
show significant activity against tested pathogens (table 1, 2, 3). This
study suggests the insignificant activity of pet ether extracts from
both of the plants against all test pathogens.

A. tumifacians and T. mentegrophyte were found to be more resistant
because none of the extracts shows activity against these two except
water extracts of the fruit of Carica papaya. The aqueous extract of leaf of
A. marmelos exhibits highest 1Z value of 29.3+0.9 mm against R
planticola followed by an aqueous extract of the fruit of A. marmelos
exhibiting IZ value of 29+2.82 mm against K. pneumonae. The aqueous
extract of leaf and fruit of C. papaya does not show significant potential
for these two pathogens with lower values 14.9+2.6 mm and 19.55+.636
mm for R. planticola and K. pneumonae respectively.

Table 1.1: Antimicrobial activity of different solvent extracts of leaves A. marmelos and C. papaya

Pathogens Extracts of leaves of A. marmelos Extracts of leaves of C. papaya

Water Methanol Pet ether Water Methanol Pet ether

1Z Al 1Z Al 1Z Al 1Z Al 1Z Al 1Z Al
B. subtillis 15.5+0.1 0.5 12.9+0.1 0.42 9.2+0.3 0.3 9.60.6 - - - - -
S. aureus - - 7.5£0.7 0.3 9.5+2.1 0.4 9.8+0.3 04 - -
A. tumifacian - - - - - - - - - - - -
K. pneumonae 13.5+3.5 0.56 7.620.8 0.32 9.5+0.85 0.39 17.5+.7 0.6 - - 10.065+.1 0.7
R. planticola 29.3+x0.9 1.04 - - - - 14.9+2 0.6 - - - -
P. aeruginosa 8.5+0.7 0.3 8.5+0.7 0.33 9+1.41 0.35 - - - - 8.65+.5 0.6
A. flavus - - 7.5+0.3 0.4 8.45+0.4 - - 7.1+0.4 04 - -
T. mentegrophyte 7+0.1 0.4 - - - - - - - - - -

All values are mean+SD; n=3; [Z= Inhibition zone in mm (mean value; include 6 mm diameter of disc), Al= Activity Index (IZ developed by extract/IZ

developed by standard), (-) = No activity
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Among all the test extracts of C. papaya, aqueous extracts were found to
be most active against K pneumonae than any other tested pathogens.
Water and methanolic extracts from both the plants were found most
bioactive metabolite as antimicrobial activity was recorded against most
of the tested pathogens. MIC and MBC/MFC values (table 2) were
calculated from the plant extracts which were found active against the
test pathogens. The MIC value ranges from 0.625-0.0195 mg/ml, MBC
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and MFC values ranges from 1.25-0.039 mg/ml and 0.625-0.156 mg/ml,
respectively. The lowest MIC value 0.0078 mg/ml was recorded against
R. planticola and K. pneumonae indicates the significant antimicrobial
potential of test extracts. The quantity of extracts per gram of the plant
material and TA (table 3) were calculated. The high value of TA was
recorded against R. planticola followed by K. pneumonae which shows
their broad antimicrobial potential.

Table 1.2: Antimicrobial activity of different solvent extracts of fruit A. marmelos and C. papaya

Pathogens Extracts of fruit of A. Marmelos Extracts of fruit of C. papaya

Water Methnol Petether Water Methnol Petether

1Z Al 1Z Al 1Z Al 1Z Al 1Z Al 1Z Al
B. subtillis 20.35+0.49 0.64 17+2.83 0.53 17.5¢2.12  0.54 9.85%0.21 0392 - - - -
S. aureus 11.5+2.12 0.52 10+1.41 0.45 - - 9.84£0.283 0.426 - - - -
A. tumifacian - - - - - - 11.9+0.1414 0.566 - - - -
K. pneumonae 29+2.82 090 - - 8.5+2.12 0.26  19.55+0.636  0.630 7.5+0.72  0.242 - -
R. planticola 25.15+0.21 093 15.5+0.71 0.57 7+0.14 0.25 9.9+£0.141 0.412 - - - -
P. aeruginosa 10.85+0.21 0.37 16%0.21 0.70 - - - - - - - -
A. flavus - - 9.35+0.49 0.467 - - - - - - - -
T. mentegrophyte - - 7.25¥0.353 0.362 - - - - - - - -

All values are mean+SD; n=3; [Z= Inhibition zone in mm (mean value; include 6 mm diameter of disc), Al= Activity Index (IZ developed by extract/IZ

developed by standard), (-) = No activity

Table 2.1: MIC and MBC/MFC of active leaf extracts of A. marmelos and C. papaya

Pathogens Extracts of leaf of A. marmelos Extracts of leaf of C. papaya
Water Methanol Pet ether Water Methanol Pet ether
B. subtillis MIC 0.156 0.156 0.312 0.312 - -
S. aureus MBC 0.312 0.312 0.625 0.625 - -
MIC - 0.625 0.312 - 0.312 -
A. tumifacian MBC - 1.25 0.625 - 0.625 -
MIC - - - - - -
K. pneumonae MBC - - - - - -
MIC 0.156 0.625 0.312 0.078 - 0.312
R. planticola MBC 0.312 1.25 0.625 0.156 - 0.625
MIC 0.0195 - - 0.156 - -
P. aeruginosa MBC 0.039 - - 0.312 - -
MIC 0.312 0.312 0.312 - - 0.312
A. flavus MBC 0.625 0.625 0.625 - - 0.625
MIC - 0.625 0.312 - 0.625 -
T. mentegrophyte MFC - 1.25 0.625 - 1.25 -
MIC 0.625 - - - - -
MFC 1.25 - - - - -

MIC = Minimum Inhibitory Concentration (mg/ml), MBC = Minimum Bactericidal Concentration (mg/ml), MFC = Minimum fungicidal Concentration

(mg/ml)
Table 2.2: MIC and MBC/MFC of active fruit extracts of A. marmelos and C. papaya
Pathogens Extracts of fruit of A. marmelos Extracts of fruit of C. papaya
Water Methanol Pet ether Water Methanol Pet ether
B. subtillis MIC 0.039 0.078 0.078 0.312 - -
MBC 0.078 0.156 0.156 0.625 - -
S. aureus MIC 0.156 0.312 - 0.312 - -
MBC 0.312 0.625 - 0.625 - -
A. tumifacian MIC - - - 0.156 - -
MBC - - - 0.312 - -
K. pneumonae MIC 0.0195 - 0.625 0.078 0.625 -
MBC 0.039 - 1.25 0.156 1.25 -
R. planticola MIC 0.0195 0.156 0.625 0.312 - -
MBC 0.039 0.312 1.25 0.625 - -
P. aeruginosa MIC 0.312 0.156 - - - -
MBC 0.625 0.312 - - - -
A. flavus MIC - 0.312 - - - -
MFC - 0.625 - - - -
T. mentegrophyte MIC - 0.625 - - - -
MFC - 1.25 - - - -

MIC = Minimum Inhibitory Concentration (mg/ml), MBC = Minimum Bactericidal (mg/ml), MFC = Minimum fungicidal Concentration (mg/ml)
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Table 3.1: Total activity of active leaf extracts of Aegle marmelos and Carica papaya

Extracts Quantity of extracts/g dry weight mg/ml Total activity mg/g

A. marmeloss B.s S.a At Kp Rp P.a Af T.m
w 150 961.53  961.53 - 961.53  7692.30  480.76 - 240
M 65 416.66 20833 - 104 - 208.33 104 -

P 11 35.25 - - 35.25 - 35.25 3525 -

C. papaya

w 112 35897 - - 1436 718 - - -

M 282 - 903.84 - - - - 4512 -

P 12 - - - 38.46 - 38.46 - -

Total activity= Extract per gram dried plant part/MIC,B. s.-Bacillus subtilis, S. a.-Staphylococcus aureus, A. t.-Agrobacterium tumifacian, K. p.-
Klebsiella pneumonae, R. p.-Roultellapla nticolla, P. a.-Pseudomonas aeruginosa, A. f.-Aspergillus flavus, T. m.-Trichophyton mentegrophyte, W-Water,

M-Methanol, P-Pet ether

Table 3.2: Total activity of active fruit extracts of Aegle marmelos and Carica papaya

Extracts Quantity of extracts mg/g dry weight Total activity mg/g

A. marmelos B.s S.a At K p Rp P.a Af T.m
w 36 923.07 231 - 1846.2 1846.2 115.4 - -

M 10 128.20 115.38 - - 64.10 64.10 32.05 16
P 0.5 6.41 - 0.8 0.8 - - -

C. papaya

w 76 244 244 487.17 974.35 244 - - -

M 6.2 - - 9.92 - - - -

P 4 - - - - - - -

Total activity= Extract per gram dried plant part/MIC, B. s.-Bacillus subtilis, S. a.-Staphylococcus aureus, A. t.-Agrobacterium tumifacian, K. p.-
Klebsiella pneumonae, R. p.-Roultellaplanticolla, P. a.-Pseudomonas aeruginosa, A. f.-Aspergillus flavus, T. m.-Trichophyton mentegrophyte, W-Water,

M-Methanol, P-Pet ether

DISCUSSION

The increase in microbial resistance specifically in treatment failure
is directly responsible for the current increase morbidity and
mortality associated with microbial infections. The use of antibiotics
that once regarded as one of the biggest discovery of the 20t century
is effective on saving many lives against bacterial infection.
Unfortunately, uncontrolled use of antibiotics, caused from either
patients or prescriptions made without cell cultures analyses,
increased the resistance of bacteria [31-32]. Plants can synthesize
and preserve a variety of bioactive compounds which are medically
important. World health organization reported that more than 80%
of the world population depends on medicinal plants to meet their
primary health care need [33]. In India, medicinal plants used as folk
remedies and in pharmacological preparation and they are effective
in the treatment of infectious diseases while simultaneously
mitigating the side effect that is often associated with commonly
used antibiotics [34]. The use of medicinal herbs is still a tradition
adopted by ethnic communities who are living in undulating plains
and at the foothills of dense forest [35]. Hence continuous
investigation of plants for their medicinal properties are required
for the discovery of new drugs. The present study aims to investigate
the comparative analysis of antimicrobial properties of A. marmelos
and C. papaya. A. marmelos and C. papaya have been previously
studied for their antimicrobial activity but the literature available is
meager. In the present study, we have found that some of the test
extracts showed broad-spectrum antimicrobial activity while some
extracts showed negative results. The basis of a varying degree of
sensitivity of the test microbes against extracts may be due to the
intrinsic tolerance of microorganism and the nature and
combination of bioactive compounds present in the crude extracts.
The experimental observations confirmed the dependency of
antimicrobial activity on both solvent and organism. The literature
survey on antimicrobial activity of extracts of both plant yielded only
a few reports which detailed mostly on the crude extracts without
estimation of MIC, MBC and TA values. The low value of MIC
indicates the strong bioefficacy of the plants and hence estimation of
these value carries critical importance. In the present investigation
1Z, Al, MIC, MBC and TA of each extract were determined and the
results were compared for both of the plants. The finding of the
present investigation offers a scientific evidence to support that the

phyto-compounds are promising in the development of alternative
medicines and extracts of A marmelos shows comparatively higher
antimicrobial potential than the extracts of C. papaya.

CONCLUSION

A. marmelos and C. Papaya are the important medicinal plants and are
a rich source of bioactive compounds. However, an in-depth study has
not been carried out on their biological activity. Therefore, an
extensive investigation is needed to exploit bioactive compound from
both of the plants for medicinal purpose. Results of the present study
evidencedantimicrobial properties of extracts of A. marmelos and C.
Papaya which might be helpful in preventing the development of
various diseases and can be used as an alternative system of medicine.
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