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ABSTRACT

The present investigation was carried out to evaluate the phytochemical constituents and antibacterial activities of
fruit pulps of Aegle marmelos (Linn.) Correa. The phytochemical screening of the crude extract revealed the
presence of Reducing Sugars, Saponins, Tannis, Flavonoids and Phenols. Further the total phenolic and flavonoid
content was also estimated. Besides, the crude extract was tested for antimicrobial activity against two gram
positive strains of Staphylococcus aureus (ATCC 29213, ATCC 700699) at different concentrations of 10, 50, 100,
250 and 500ug/ml at different time span of 3hrs. It was found that a concentration range 50-100ug/ml of the
ethanolic extracts was effective in inhibiting the growth of bacterial strain Staphylococcus aureus ATCC 29213.
250ug/ml was effective for aqueous extract and 500ug/ml concentration was effective for petroleum ether extractsin
inhibiting the growth of the above strain. When the similar study was carried out using other strain, Staphylococcus
aureus ATCC 700699, it was found that 100ug/ml of ethanolic extract, 250ug/ml and 500ug/ml of petroleum ether
was effective in inhibiting the growth of bacteria,where as the concentration of aqueous extracts taken were
ineffective against the growth of the bacteria. The broad spectrum antimicrobial activity of fruit pulp extracts of
Aegle marmelos was indicated by the inhibition of growth of the bacteria, which in turn in future, might lead to
further study for the development of novel bioactive antimicrobial agents.
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INTRODUCTION

India is a treasure trove of aromatic and medicplahts. Today medicinal plants play a major radepdlar of
traditional healthcare systems of medicine in mdayeloping countries [1]. Since from the anciemtes, different
drugs have been formulated using the bioactive camgs present in these medicinal plants. More @24 of the
world’s population depends on phytomedicines deriirem these medicinal plants for primary healthecaceds

[2]. The Phytoconstituents from these medicinahfdaerve as lead compounds in the modern eraigndiscovery
and design [3]. The most important phytoconstitsemhich are biologically active in plants are Tai
Flavonoids, Alkaloids and Phenolic compounds [4].cArrelation needs to be established in between the
phytoconstituents and pharmacologically bioactieenpounds present in these medicinal plants in cieolve

and cure many diseases prevailing in the preseniso [5].

Plants are considered as the bank of effective ollemapeutants. The biological screening of the ppmmds
present in these medicinal plants proved theiwvigtin treating diseases like dysentery, diarrhagamach pain,
dyspepsia [6]. In the past few years several gdaBties have been assessed and evaluated foartieiicrobial
activity. The present study targets on a biologycahd pharmacologically active plant that showsgesal medicinal
properties.

Aegle marmelos (Linn) Correa commonly known as Bael belongs tmifa Rutaceae, having cosmopolitan
distribution present throughout the deciduous fsres$ India. The therapeutic value of the plant basn referred
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by almost all the ancient Ayurvedic treatises I#ddha, Unani, Sushruta Samhita and Charaka Samhita etc [7].
Bael tree is a medium sized deciduous tree witrsualubranches surrounded by aromatic trifoliatedeasweet
scented and greenish-white flowers [8]. StudieBaal fruit shows that it consists of fiber 2.9 pent, fat 0.3 per
cent, protein 1.8 per cent, moisture 61.5 per amimierals 1.7 per cent, carbohydrates 31.8 permenfi00 grams
of edible portion and the estimated calorific valoend to be 137 [9].

In the past, many researchers has evaluated threnpbeutical importance of different parts Adgle marmelos

plant and found that the plant possesses naturingecapacity in curing many ailments along withtia
inflammatory, antipyretic, anti-diarrhoeal, antatetic, analgesic, antimicrobial, radio protectigaticancer and
antiviral properties [10-13]. The blessed naturéBatl plant can be recognized by analyzing itsapeutic uses,
such as for treatment of Swollen Joints, High Bldbdssure, Asthma, Fractures, Dyspepsia, Healinafnds,
Stomach pain, Vomiting, Brain Typhoid Troubles dgriPregnancy, Diabetics, Anaemia, Jaundice, Diaatand
Healthy Mind [14]. The Bael fruit pulp contains nyaiunctional, biological and pharmacological acte@mpounds
such as alkaloids, coumarins, flavonoids , caratenderpenoids , phenolics and antioxidants wlrielps us in
protecting against various chronic diseases [15].

Thus, considering the uses and owing to the siganifie of this important phytochemicals in the pmeseenario,
this study aimed at evaluating the phytochemicaémiial and antibacterial activity @fegle marmelos aqueous,
petroleum ether and ethanolic fruit pulp extracts.

EXPERIMENTAL SECTION

Collection of Plant materials

The plant materials (Bilva fruits) were obtainednfrthe trees growing in Puttaparthi Mandal situatethe south of
Anantapur town in the Sri Sathya Sai taluk of Aot district, Andhra Pradesh, India and the iatgitampus.
The fruits were collected from the villages of Rptrti, Gangireddipall, Ammagondapalem, Pedapalli,
Nidimamidi, Neredukonda, Gajaulapalli. These werarkad one to ten respectively. Fruits were shadeddr
naturally for a period of thirty to forty-fives day After drying, fruits pulp was scraped using &ndnd was
powdered and stored in tight containers for variexperiments. The solvents and chemicals of awalygrade
used in the experimental setup were purchased 8@ma Aldrich Co., Ltd (Steinheim, Germany) frongi®a
Chemical Co., Ltd (St.Louis, MO, USA).

Preparation of plant extracts

Three solvents (water, ethanol, petroleum etherewssed. The plant material (fruit pulp powder) vpas in a
conical flask and the solvent (double distilled evatwas added till the material submerged. Therflteks were
kept for shaking at 145 rpm for a period of twefatyr hours at room temperature in an orbital shakethe end of
twenty four hours, the content was filtered usirftatiman paper-grade 1 and the solvent thus obtamedstirred in
refrigerator by covering with aluminum foil. The tasal which was left in the filter paper was keggain for
extracting by adding solvent newly and the wholecpss was carried out thrice. Then the materiathviias left in
filter paper was kept for extraction by adding solv(ethanol) and then with petroleum ether. Theeg@dure was
followed three times for each solvent and a gradatias maintained. Then the solvents (fractiong} thbtained
was further processed to remove the solvent. le cdsaqueous extracts lyophilizer was used to remexcess
water. Ethanol and Petroleum ether were air dried@m temperature. The compound thus obtainedstzasd in
vials and are stored at € till further use.

Qualitative Phytochemical Analysis
The Plant extracts of fruit pulp of Aegle marmeloere tested for the presence of reducing sugapmngss,
tannins, flavonoids (phenolic compounds) by follogvthe methods given by D Venkatesan et al [16].

Test for reducing sugars

2 ml of crude plant extract was taken in test tudoas$ 5ml of Distill water was added. The sample fileesed using
whatman paper. The filtrate was boiled with 4 drop$ehling solution A followed by Fehling’s solati B for 2
minutes. An orange red precipitate was observedmwinidicated the presence of reducing sugars.

Testsfor Saponins

0.2 gm of plant extract was taken in test tubes @mdl of distilled water was added to each and dukéd boil.
Occurrence of frothing (appearance of creamy méassnall bubbles) in the test tubes indicated thesence of
Saponin.
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Testsfor Tannin
To 2ml of each plant extract, a few drops of 10%dlecetate were added. The appearance of whit@itaée
indicated the presence of tannins in the sample.

Test for Flavonoids

2ml of plant extracts were taken in separate telses and diluted Sodium hydroxide was added foltb\s
addition of diluted Hydrochloride. Yellow solutiomgere observed turning colorless which indicatedpresence of
flavonoids.

Test for phenols
1ml of aqueous /alcoholic solution was taken i telses and 3-4 drops of ferric chloride reagers added. Violet
color was obtained indicating the presence of plseindhe test samples.

Quantitative Estimation of Phytochemicals

Determination of Total phenolic content in fruit pulp

Total phenol estimation can be carried out withphadlthe Folin-Ciocalteau reagent as described B/Réajanandh
et al [17]. 10mg of plant extract (aqueous and reshi@) was taken in a conical flask and 10mL of Inagtol was
added to get a concentration of Img/mL solutioritaBle volume of the above plant extract contairsnfyition was
transferred into a 10mL standard flask. The colrefopment was carried out as that for standaitiresion curve.
The absorbance of the test solution was measur@@5am against reagent blank. Total phenolic comagon in

the test sample was quantified by extrapolatiomfithe calibration graph. Total phenol values arpressed in
terms of gallic acid equivalent (mg/g of dry masshich is a common reference compound. It was egae as
ug/mil.

Estimation of total flavonoid content

Flavonoid concentration was measured using Aluminitloride colorimetric method where Quercetin wasd as
a standard by following procedure by MG Rajanandfalg17]. 25mg of aqueous and 30 mg of ethanohtpla
extracts were weighed and dissolved in 25ml and|3ffrmethanol respectively to get a concentratiange of
1mg/ml. A 10ml standard flask was taken and regui@ume of above solution was added and coloungbavas
observed. At 415nm the absorbance was taken UsihBAGHI 2000 UV/VIS spectrophotometer. The
concentration of total Flavonoids present in thengla was determined by extrapolation and was egptess
ug/ml.

Anti Microbial Assay

Micro-or ganisms

The Gram positive bacteria Staphylocaccus aurewsusad for anti-microbial activity of different extts of fruit
pulp of Bilva. In the present study different stiaiike ATCC 29213, ATCC 700699 (Staphylococcusasrsubsp.
aureus Rosenbach) were obtained from National Galle of Industrial Microorganism (NCIM) Pune, ladand
grown at 37°C overnight on Luria-Bertani (LB) broth

Preparation of Bacterial Suspension Culture

On the day before experiment two sterile cultuleetuwere taken to laminar air flow chamber. 20uhefbacterial
strain ATCC 700699 from the glycerol stock was uated in to culture tubes containing autoclavedtrBth and
left in orbital shaker at 150rpm over night at temgiure 3%C for bacterial growth. Next day morning sub cuhgr
of the bacterial strain was done in 100ml LB broyhinoculating overnight culture(1.5ml of culturasvtransferred
into flasks containing fresh broth) in laminar fiiw chamber. Next the inoculated fresh broth wittteria strain
was left in orbital shaker at 150rpm, temperatuféC3for 1 to 2 hours to get an absorbance of 0.6nfterAhe
incubation period the turbidity was observed. Theseterial cell suspension cultures were used Ifaterthe
antimicrobial studies. 21 test tubes with LB bratbml) in each were taken and labeled from 1-BIfirkt 2 test
tubes bacterial strain ATCC 700699 was taken. Ixt hwo test tubes control antibiotic ampicillin (AmA) was
added. Then test tube no 5-6, antibiotic kanamyaginti B) was added. Next tubes onwards along withtty
bacterial culture, 10ug/ml of different fruit pulxtracts were added. It was done in triplicategerAthat the
increasing concentrations of different plant exsadruit pulp) were added in triplicates. Afterettaddition of
maximum concentration of 500ug/ml, the test tubesewin a test tube stand. All these activity wepaalinside
laminar air flow chamber. Then the absorbancedefsamples were taken at 600nm with the help ofAdIHII
2000 UV-VIS spectrophotometer. The test was donesimilar way for bacterial strain ATCC 29213
(Staphylocaccus aureus) to see the effect against aqueous, Ethanoligpatrdleum extracts ofegle marmelos fruit

pulp.
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RESULTSAND DISCUSSION

Phytochemical analysis

Plants play an important role in having benefidtaérapeutic effects in traditional Indian systemnaeédicine.
Studies on ethnomedicinal plants are gaining cawsein recent years in India and Abroad. Thushengresen
study, three different extrac{aqueous, ethanol, petroleum ether) of fruit milAegle marmelos plant growing in
Puttaparthi Mandal were subjected to both qualigatind quantitative phytochemical analysis to expits ant-
microbial activity for its medicinal applicatiol

The fruits were collected from different places of Rptirthi Mandal, were assigned numbers from 1 t
respectively and the percentage yields of varioug pulp extracts were tabulated (Tablel) and yhed of
extraction (%) of various fruit pulp excts are depicted (figure 1).

Table 1: Plant sampleswith yield of extraction (%)

Name of the Place fruits Serial no Assigned for tt Agqueous extract | Ethanolic extrac Petroleum ether extract
collected experiment (%) (%) (%)

Prasanthi Nilayam 1 15.94 3.45 0.44
Pedapalli 2 25.15 8.96 0.19
Ammagondapalem 3 7.92 2.74 0.27
Gangireddipalli 4 15.04 3.92 2.1

Nidimamidi 5 16.89 2.36 1.29
Neredukonda 6 11.02 3.59 0.67
Gajaulapall 7 39.07 2.93 0.38
Puttaparthi 8 20.62 4.24 1.96
Gangireddipalli 9 26.21 1.74 0.3

Ammagondapalem 10 27.67 1.38 0.75

Figure 1: Percentageyield of extraction of fruit pulp of Bilva

B Aqueous extract  EEthanolicextract ~ MPetroleum ether extract

30 +
20 A
10 -

1 2 3 4 5 6 7 8 9 10

plant samples(fruit pulp powder)

Yield of extraction{in%)

Table 2: Qualitative phytochemical analysisof different extract of fruit pulp

Samples

Extractions Compoundtested | 2 | 7 | 8] 9] 10
Agueou: ReducingSugar | + | - | + ]| - | -
Agueou: Tannins + |+ |+ |+ | +
Agueou Saponins + |+ |+ |+ |+
Aqueou: Flavonoids + |+ [+ [+ ]+
Agueou Phenols + |+ |+ -] +
Ethanolic ReducingSugar | + | + | + | + | +
Ethanolic Tannins + |+ |+ |+ ]| +
Ethanolic Saponins + |+ |+ [+ ] +
Ethanolic Flavonoids + |+ -+ ] +
Ethanolic Phenols + |+ |+ |+ ] +
Petroleum Eth¢ | Reducing Sugar | - | - | - | - | -
Petroleum Eth¢ | Tannins -l -] -] - -
Petroleum Eth¢ | Saponins -l -l -1 -1 -
Petroleum Eth¢ | Flavonoids -l -l -1 -] -
Petroleum Eth¢ | Phenols -l -] -] - -

+ Presence of constituent, - Absence of constituent
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Among the above mentioned plants in tablel, th@sénly the maximum yield of extraction are highligght(the
fruits from the areas of Pedapalli (sample 2), Glapalli (sample 7), Puttaparthi (sample Gangireddipalli
(sample 9), and Ammagondapalem village (sample &) were subsequently taken for qualitative phaaucal
analysis.

Phytochemical analysis showed the presence of ieglstigars, flavonoids, saponins, tannins, pheimcagueous,
ethanolic extracts and these biochemicals werenalisepetroleum ether extracts as shown in theet@Thes¢
results were in consonance with the studies canigdy various researchers, TS Dhanraj et al, jarReat al,MS

Baliga et al, P Kauet al, Amit Pandey et al and K Sudharameshwaal Eit€-23].

From the above plant species the fruits collectechfputtaparthi village (sample 8) was taken fatHer analysit
(quantitative phytochemical analysis and antimi@blctivity) as the grcentage yield in three extraction tak
were found to be more as comparatively to othentdpecies. The amount of phenolic compounds irEthanolic
extracts ofAegle marmelos was found to be 15.588 ug per mg of extract. Siyilthe total amount of phenol
compounds in the aqueous extracAegle marmelos was found to be 10.509 ug per mg of extract asngimethe
table 3.

Table 3: Total phenolics contentsin the aqueous and ethanolic extracts of fruit pulp

Fruit pulp extracts(samples) | Concentration of phenolics (ug/mg)
Ethanolic extrac 15.588
Aqueous extra 10.509

The amount of Flavonoids in the Ethanolic extradtAegle marmelos was found to be 32.305ug per mg of extr
Similarly the total amount of flavonoids compouridsthe aqueous extract Aegle marmelos was found to be
6.388ug per mg of extract as given in the tak

Table4: Total Flavonoids content in the extracts of fruit pulp

Fruit pulp extracts(samples) | Concentration of phenolics (ug/mg)
Ethanolic extrac 32.305
Aqueous extra 6.388

In the present study, the amounts of flavonoids @meholic compounds were found more in ethanoltcaets thar
theaqueous extracts which show a similar correlatioserved by the studies of S Raet al [19] and HR Gheisari
et al [24].The presence of above mentioned biochemical congmwhich are generally the secondary metabc
in the plants have significant robé medicinal properties for curing various ailments.

Figure 2: Antibacterial activity of Aqueous extracts samplesagainst strain AT CC 29213 (Staphylococcus aur eus)
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Antimicrobial activity
In the present study three extract<Aegle marmelos fruit pulp was used to carry out the antimicrolaativity of
gram positive bacteri&aphylococcus aureus. Two differentstrains of this bacterium were used and their &ffen
extracts were studied.
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The aqueous extract carried out using ATCC 292i8instrevealed that at 250ug/ml concentration, & thee
potential to inhibit the bacterial growth, wheredth other strain ATCC700699, it was found that tomcentration
of extracts taken were ineffective against the ghoo¥ the bacteria as represented in the figure82 &

Figure 3: Antibacterial activity of Aqueous extracts samplesagainst strain ATCC 700699 (Staphylococcus aur eus)
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In case of petroleum ether extract, the conceontradif 500ug/ml was effective in inhibiting the gribmof strain
ATCC29213 and Concentration of 250ug/ml and 500uigvas effective in inhibiting the growth of strakTCC
700699 as shown in the figure 4&5.

Figure4: Antibacterial activity of petroleum ether extractsagainst strain AT CC 29213 (Staphylococcus aur eus)
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Figure5: Antibacterial activity of petroleum ether extractsagainst strain ATCC 700699 (Staphylococcus aur eus)
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When ethanolic extracts were used on strain ATCC392t was found that concentration of 50-100ugiml
effective in inhibiting the growth and concentratiof 100ug/ml was effective in inhibiting the grawef bacterial
strain ATCC 700699 as given below in the figure 6&We results were in accordance with similar sdiarried
out by VB Lambole et al [25].
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Figure 6: Antibacterial activity of ethanolic extractsagainst strain ATCC 29213 (Staphylococcus aur eus)
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Figure 7: Antibacterial activity of ethanolic extractsagainst strain ATCC 700699 (Staphylococcus aur eus)
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C Rajasekaran [2G]sed Chloroform, Ethanol, Petroleum ether, Dichteethane and Aqueous extract for the st
on selected Gram negative and Gram positive bacteie found that ethanol and chloroform extractsewaore
effective than other of solvents, more or lesslar to the preserstudy. A study by D Venkatesan [: using only
ethanolic extracts on bacteria suchStaphylococcus aureus, Bacillus subtilis, Escherichia coli and Pseudomonas
aeruginosa revealed thaBacillus subtilis showed maximum zone of inhibitiomhen treated with crude ethana
extracts which also were observed in the presewtysthat concentration of -100ug/ml iseffective in inhibiting
the growth ofbacterial strain ATCC29:3. K Sudharameshwari et al [2®8Jund out thaiAegle marmelos showed
maximum zone of inhibition against P.aeruginosa @raireus in etanolic extracts which is in consoaanith the
present study. Using Ethanolic, Methanolic, Ethgtate and Hot water extract from leaves, fruitd paels o
Aegle marmelos, MIC value ag determined by broth dilution method by Amit Ran[22] as done in the present
study. The methanolic and hot water extracts shde@st antibacterial activity as compared to etharamd ethy!
acetate extracts. The MIC values were obtained h@®nlin ethanolic and ethyl acetate extract of fruitaingt S.
aureus and 11.90mg/ml in methanolic extract agdhsaeruginosa. Hence from tprevious stud and present
study demonstrates that the ethanolic extractiotheffruit pulp can be use i potential antimicrobial activ
compound in future studies.

CONCLUSION

This present study evaluated the presence of pbgtbituents such as reducing sugars, saponinsntg
flavonoids (phenolic compounds) in the ethanolitraot and aquaeous extts fruit pulp ofAegle marmelos which
were responsible for its antimicrobial activity. éde compounds exhibited a zone of inhibition ag:
Saphylococcus aureus, when compared with the control drug penici From this study it was found that t
effediveness of ethanolic extract against both badtetiains ofStaphylococcus aureus was more or less equal to
the treatment of control antibiotic ampicilin. Asettreatment of control drug ampicilin was founchitr to the
ethanolic extract of the fruit pulp (Aegle marmelos in inhibiting the growth of pathogenic bacteriatagts of
Staphylococcus aureus, this can be attribute to ipharmaceutical important to human beings and iaréutan be
used as an important tool while formulating drugd aintments for curing different ailmer
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