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Abstract
The present study was done to analyze the antibisr@ctivity of different extracts oferminalia belerica.
Medicinal plants serve as potent antimicrobial agieHere, the ethanolic, methanolic, choloroforthykacetate
and aqueous extracts Bérminalia belerica were examined for their antibacterial activity imgagram positive and
gram negative bacterial strains using disk diffnsiechnique. Further, Minimum inhibitory concenwas (MICs)
of the extracts were also determined using micrbbdilution test. It was observed that all the egts of
Terminalia belerica possess high antimicrobial potential against marintest bacteria used. Maximum zone of
inhibition was observed for chloroform extract Terminalia belerica againstEnterococcus faecalis ATCC 29212
(29 mm) with MIC 10.4 pg/ml and MLC 41.7 pg/ml angogram positive bacteria. Whereas, among gram ivegat
bacteria maximum zone of inhibition was observedase of methanolic extract agaifscherichia coli ATCC
11840 (20 mm) with MIC 20.8 pg/ml and MLC 83.3 pb/m
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I ntroduction

Resistance of human and food spoilage pathogens tqhere are some medicinal plant species that a:hyse
antimicrobial agents and the side effects of chamic |ndian people. Some of these plants are screened fo
agents or preservative for human are caused fdinfin  these antimicrobial activities. Recent trends in
natural new antimicrobial agents, especially amth®y  pharmaceutical industry establishing the technolingy
medicinal plants. This review introduces the method medicine which in turn leads #yurvedic preparations
that are used for antimicrobial evaluations and gnd the plant extracts against certain diseasgshala
synergistic activities and the antimicrobial poightf s a traditional Ayurvedic herbal formulation costaig
some Indian medicinal plants. In recent years, theof the dried fruits of three medicinal plarfterminalia

appearance of antibiotic resistant bacteria andiftlm  chebula, T. belerica and Embelica officinalis also
antimicrobial agents has been an important issue fo known as 'three myrobalan'.

researchers. This resistance to antibiotics ine#l®e  Triphala means 'three' (tri) fruits’ (phala). Aniditic
morbidity rate in communitie{Mazel and Davies, resjstance has become a global concern. Antibiotics
1999). Because of adverse effects of chemicalexist in large numbers in today's pharmaceutical
antibiotics and the resistant micro-organisms, the market. Despite that, their use is becoming inéngghg
scientists have interested in new sources Ofrestricted. The reason behind such a rapid dedtine
antimicrobial agent especially among medicinal fan |argely attributed to the development of drug resise

For a long time, some of plants have been medicinal among microorganisms. Such a phenomenon is
food values for humans and is used for treatment ofcoupled by the toxicity possessed by many
human ailments(Cowan, 1999). Essential oils and antimicrobial. Thus there is need for new antimriab
plant extracts based on ethno medicinal uses arggents that can overcome these drawbacks. Antbioti
potential sources of new antimicrobial compounds yere studied and proved in the period of the 18408
against microbial strains. The combined use oftplan and 1950s, thereby antibiotics chemotherapy came in
extracts or essential oils and antibiotics are wlsef  to full being. These antibiotics were effective iagh
decreasing drug resistant problerffdahboubi and  the full array of bacterial pathogens including @ra
Ghazian Bidgoli, 2010). positive and Gram-negative bacteria and intracailul

parasites. There has been a worldwide move towards
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the more invasive, expensive and potentially toxic 14579, Saphylococcus aureus ATCC 25923,
mainstream practices. Earlier study also explaiveg t Staphylococcus epidermidis ATCC 12228, Entero-
identified compounds within herbal are effective coccus faecalis ATCC 29212, Micrococcus luteus
antibiotics. The WHO estimates that 80% of the fpeop ATCC 1880,Listeria monocytogenes ATCC 2132 and
in developing countries of the world rely upon Gram-negative bacteriaSalmonella enterica ATCC
traditional medicine for their primary health careeds 1244, Klebsiella pneumoniae ATCC 10031.

and about 85% of traditional medicine involves tise The following fungal strains were also tested:
of plant extracts. Medicinal plants provide remddy Aspergillus niger ATCC 16404, Aspergillus flavus
all diseases that may afflict human being. Triphsala ATCC 9643, Fusarium graminearum ATCC 201828,
traditional alternative medicine herbal formulation Fusarium oxysporum ATCC 7601,Rhizopus nigricans
consisting equal parts of three medicinal plantseig ATCC 6227, anddlternaria alternata ATCC 6663.

T. chebula (Family: Combretaaceae), T. belerica The bacterial strains were cultivated in Muller-téim
(Family: Combretaaceae) and E. officinalis agar (MH) (Oxoid Ltd, UK) at the appropriate
(Euphorbiaceae). The active constituents are unknown. temperature for each strain at 37°C and fungi wete
Triphala has been used extensively as a drug againdured on Potatoes Dextrose agar (PDA) medium at
different diseases. Formulations of Triphala isnokd 28°C. Working cultures were prepared by inoculating
to have anti-viral and anti-bacterial effect. Tiaydn is loopful of each test bacteria in 3 ml of Muller-Itbn
prescribed for anticaries agent, myocardial injury, broth and were incubated at 37°C for 12 hours.ther

cancer eftc. test, final inoculums concentrations of *1GFU/mI
Material and M ethods bacteria were used. Fungal spore suspensions were
Plant material collected from the surface of such fungal colorbgs

T. belerica leaves were collected from G.B. Pant gentle scraping with a loop and suspended in 10 ml
University of Ag. & Technology, Pantnagar, U.K. Potato Dextrose broth (PDB).

Preparation of plant organic extracts This suspension was mixed vigorously by vortexiog f

A portion of dried leaves (100 g) of. belerica was 15-20 min. The spore suspension stock was dilued t
placed in a soxhlet apparatus. Extraction wasobtain a concentration of 9@pores/ml (measured by
performed with 500 ml of an appropriate solventhwit Malassez blade).

increased polarity for 24 h at 4 temperature not = Agar diffusion method

exceeding the boiling point of the solvent. Theraott =~ The antimicrobial activity of th&. belerica was evalu-
was filtered through a 45 pm filter paper and ated by means of agar-well diffusion assay accgrdin
concentrated under vacuum. In this experiment threeto Guven et al. (2006) with some modifications.
solvents were usedn-hexane, ethyl acetate and Fifteen milli- litres of the molten agar (45°C) weer
methanol. The resulting three solutions were poured into sterile petri dishes (O 90 mm). Working
concentratedn vacuoum to dryness to give n- hexane cell suspensions were prepared and 100 pl werdyeven
extract HE (4 g), ethyl acetate extract EtOACE ()0 spreaded onto the surface of the agar plates ofidfue
and methanol extract MeOHE (12 g). The remaining Hinton agar for bacteria, or potatoes dextrose agar
residue was extracted by water infusion and lyapéd ~ medium for fungi. Once the plates had been asdigtica
to give water extract WE (15 g) and the resulting dried, 06 mm wells were punched into the agar \aith
powder material was stored until tested. The stocksterile Pasteur pipette. The belerica extracts was
solutions were kept at 4°C. dissolved in dimethylsulfoxide/water (1/1) and #éer
Essential oil extraction water to a final concentration of 50 mg/ml. Thug, 8
The oil extraction was obtasined from 0.5 kg fresh were placed into the wells and the plates were
plant by steam distillation during 3 h using a incubated at 37°C for 24 h for bacterial straind @2 h
Clevenger-type apparatus. The aqueous phase wa®r fungi at 28°C. Gentamicin (15 pg/ wells),
extracted with dichloromethane (3 x 50 ml) and dirie  Amphotericin B (20 pg/wells) and DMSO served as
with anhydrous sodium sulphate. For the deternonati positive and negative control. Antimicrobial actyi

of the procedure yield, the solvent was evaporatedwas evaluated by measuring the diameter of circular
using a rotavapory vacuum evaporator to affordg2.5 inhibition zones around the well. Tests were penfexl
The resulting essential oil (EO) was stored at 4°C. in triplicate.

Antimicrobial activity Deter mination of MIC and MFC

Test microorganism were obtain from IMTECH, Minimum inhibitory concentrations (MICs) ofT.
Chandigarh. They included Gram- positive bacteria: belerica was determined according to Gullueeal.
Bacillus subtilis ATCC 6633, Bacillus cereus ATCC (2007) against a panel of test microorganisms
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representing different species of different ecoayst positive and Gram-negative bacteria. The inhibition
The test was performed in sterile 96-well micropdat zone diameters and MIC values were in the range of
with a final volume in each microplate well of 100 17-27 mm and 0.039-1.25 mg/ml for the ethyl acetate
A stock solution of theT. belerica (50 mg/ml) was  extract and 12-20 mm and 0.0782.5 mg/ml for the
prepared in dimethyl- sulfoxide/water (1/9). The methanol one, respectively. Compared to the
inhibitory activity of the EO and organic extrastsis antibacterial activity of MeOH extract, and of the
properly prepared and transferred to each welriteo ~ EtOAc showed a significant one (p < 0.05). Negative
to obtain a twofold serial dilution of the original control did not show any inhibitory effect agairise
sample and to produce the concentration range ofested bacteria.

0.039-10 mg/ml. To each test well 10 pl of cell Also, our results showed that the essential oilTof
suspension were added to final inoculum belerica had great potential for antimicrobial activity
concentrations of POCFU/mI for bacteria and 20 against a panel of microorganisms. The maximum
spores/ml for fungus. Positive growth control wells inhibition zone diameters and MIC values for baeter
consisted of bacteria or fungi only in their addgua strains, which were sensitive to the EO, were ia th
medium. Dimethylsulfoxide/water (1/9) was used as range of 13-26 mm and 0.312-10 mg/ml, respectively
negative control. The plates were then covered thitgh ~ (Table 1).

sterile plate covers and incubated at 37°C for 3rh  On the basis of inhibition zone diameters, MIC and
bacterial strains and 72 h for fungi at 28°C. TheCM MBC values, Staphylococcus aureus was more
was defined as the lowest concentration of thd &sa  sensitive to the EO than the other Gram positive
sential oil at which the microorganism does notdem  bacteria with inhibition zone diameter of 24 mm and
strate visible growth after incubation. As an irsdar MIC and MBC values of 0.312 and 0.625 mg/ml
of microorganism growth, 25 ul of Thiazolyl Blue respectively. Our results are in good agreemeni wit
Tetrazo- lium Bromide (MTT), indicator solution §0. the findings of Hussain ( 2010) who reported thedr®
mg/ml) dissolved in sterile water were added to the positive bacteria are more sensitive to plant dsden
wells and incubated at 37°C for 30 min. The colessl  oils than Gram negative bacteria, especidlycoli
tetra- zolium salt acts as an electron acceptoriand Kordali et al. (2005). The resistance of Gram negative
reduced to a red-coloured formazan product by bacteria against essential oils has been attribiotdide
biologically active organisms. Where microbial gtbw = presence of a hydrophilic outer membrane contaiaing
was inhibited, the solution in the well remainedasl = hydrophilic polysaccharide chain, which acts as a
after incubation with MTT. The minimum fungicidal barrier hydrophobic essential oil. The intense
concentrations (MFCs) were determined by serial antimicrobial properties of essential oils from the
subcultivation of 10 pl in Potatoes Dextrose agarleaves of T. belerica was suspected to be associated
(PDA) plates and incubated for 72 h at 28°C. The with their high contents of oxygenated monoterpene
lowest concentration with no visible growth was appeared more active against the tested Gram \positi
defined as the MFC, indicating > 99.5% killing et  than Gram negative bacteria. This result was in
original inoculum. DMSO and etha nol were used as aagreement with many studies realized on other plant
negative control.The determinations of MIC, MBC species likeE. robusta, E. alba, E. camadulensis, E.

and MFC values were done in triplicate. citriodora, E. globulus, E. saligna, Kordali et al.
Results and Discussion (2005).
Antibacterial activity Furthermore, EtOAc and MeOHE ofT. belerica

Plant extracts are widely claimed to have a broad-showed a potent inhibition fd8. subtilis, L. monocy-
spectrum antibacterial activity and are considexech ~ togenes and S. enterica with MIC of 0.156 and 0.078
main source for the search of lead compounds. Themg/ml respectively. Infections caused by these bac-
antimicrobial activities off. belerica essential oil and teria, specially those with multi-drugs resistanaes
extracts against the tested microorganisms wereamong the most difficult to treat with conventional
qualitatively and quantitatively assessed by the antibiotics. In the current study, the growth Bf
presence or absence of inhibition zones, MIC andOMB  subtilis was remarkably inhibited by the ethyl acetate
values. The results are given in Table 1. Among theextract ofT. belerica (IZ = 27 mm). These results show
tested extracts, only EtOACE and MeOHE extractsthatT. belerica EtOAc organic extract can be used to
exhibited an antimicrobial activity. HE and WE minimize problems of drug resistance and proteati$o
remained inactive in the range of the used against multiple pathogenic bacteria. Our data ssgg
concentration (4 mg/wells). Active extracts showaed that antibacterial activities might be related tee t
potent antimicrobial activity against both Gram-

Int. J. of Pharm. & Life Sci. (IJPLS), Vol. 4, Issue 12: Dec: 2013, 3166-3171
3168



Research Article
CODEN (USA): JPLCP

[Saxena & Pal, 4(12): Dec., 2013]
ISSN: 0976-7126

phenolic compounds found in the EtOAC and MeOH References

extracts.

Antifungal activity

Contamination by Aspergillus, Fusarium and
Alternaria species especially with their respective
mycotoxins is considered as a challenge for the
pharmaceutical and food industries. The currerdystu
reports the capacity of the crude extracts andnéiste
oil of T. belerica to controlAspergillus sp., Fusarium

sp. and Alternaria alternata strains. Among the tested
extracts, only MeOH and EtOAc exhibited an
antifungal activity.

Results showed a strong inhibitory effect of EtCakc
the growth ofA. niger and A. flavus with inhibition
zone diameters of mm and MIC values of 0.312 and
0.625 mg/ml respectively (Table 1). Also, the
belerica EO exhibited an antifungal activity against
Fusarium and Aspergillus sp. such a#\. niger andA.
flavus which are responsible for food spoilage. The
maximum inhibition zone diameters were 14 - 34 mm
and MIC values ranged from 0.078 to 1.25 mg/ml
(Table 1). The inhibition zone of the EO against
Aspergillus sp. was recorded as 18-22 mm and the
minimum inhibition concentration values were 0.625-
1.25 mg/ml. Essential oil is a complex mixture of
compounds with low molecular weights and the
antimicrobial effect of total oil is related to ome a
few principles

To the best of our knowledge, this is the firstdstu
providing data on the antifungal activity of theses-
tial oil and organic extracts ofT. belerica plants
evaluated against a wide range of fungal straiirsl-F
ings revealed that the extracts of this aromatanipl
could be useful as an alternative antimicrobialnage
natural medicine for the treatment of many infacsio
diseases.

Conclusion

T. belerica is a medicinal and edible herb growing in
India and used for a long time in Mediterranean
cuisine, not only to improve or modify food flavdiut
also to avoid its deterioration. We also invesggathe
antimicrobial activities of the essential oil andyanic
extracts from this herb. The ethyl acetate extodcE.
belerica, revealed a very importantin vitro
antibacterial activity on the studied bacteria, feamed

by low minimum inhibitory concentrations (MIC). It
can therefore be used as a natural antimicrobiahtag
for the treatment of several infectious diseases.
Furthermore studies are needed for the purificatibn
the methanol extract and the identification of \aeti
molecules.
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Table 1: Determined MIC, MBC and MFC values of T. belerica organic extracts and essential oil against
bacterial speciesand fungal strains

Bacteria Extracts EtOACE MeOHE EO

Gram positive MIC MBC MIC MBC MIC MBC
Bacillus subtilis ATCC 6633 0.156 5 0.078 0.156 5 5
Bacillus cereus ATCC 14579 0.039 20 0.156 20 10 20
Staphylococcus aureus ATCC 25923 0.625 20 2.5 10 0.312 0.625
Saphylococcus epidermis ATCC 0.156 0.312 5 10
12228

Enterococcus faecalis ATCC29212 1.25 10 0 0 25 20
Micrococcus luteus ATCC1880 0.312 20 25 10 10 10
Listeria monocytogenes ATCC 2132 0.156 0.625 25 5 25 10
Gram negative

Salmonella enterica ATCC 1244 0.078 25 0.312 5 5 5
Klebsiella pneumoniae ATCC 10031 0.312 5 0.312 10 10 10
Fungal strains MIC MFC MIC MFC MIC MFC
Aspergillus niger ATCC 16404 0.312 25 1.25 20 0.625 5
Aspergillus flavus ATCC 9643 0.625 5 2.5 20 1.25 10
Fusarium graminearum ATCC 1.25 10 0.625 5 0.312 5
201828

Fusarium oxysposium ATCC 7601 1.25 5 0.312 25 0.156 5
Alternaria alternata ATCC 6663 0.625 5 1.25 10 0.625 5
Rhizopus nigrcans ATCC 6227 1.25 20 1.25 20 0. 10

Values are expressed on mg/ml.

MIC: Minimum inhibitory concentrations.
MBC: Minimum bactericidal concentrations.
MFC: Minimum fungicidal. concentrations.
EtOAeE: ethyl aeetate extract.

MeOHE: methanol extract.

EO: essential oil.
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