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In vitro antibacterial activity of 17 plants, available in semiarid region of Rajasthan (Jaipur), was
studied against E.coli and the results were compared with tetracycline which was used as control.
Some of the plants studied here like, Syzygium aromaticum, Cassia fistula and Moringa oleifera
showed antibacterial activity even stronger than the wide spectrum antibiotics like tetracycline. So
the use of these and other herbal plants is recommended as alternatives to antibiotics.
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lntroduction
Most of the drugs of the past were substances with a
particular therapeutic action extracted from plants. More
and more resemchers found that food and their individual
constituents perform similar fashion to modern drugs and
sometimes better without the dreaded side effects.
Throughout the world herbs and medicinal plants are used
as the first medicines. Every culture on earth has relied
on the vast variety of natural chemistry found in healing
plants for their.therapeutic propertiesr. From prehistoric
times, herbal medicine is being used by various
communities and civilization throughout the world to
combat diseases2. Herbal formulation has reached
widespread acceptability as therapeutic agents like anti-
diabetics, antiarthritics, aphrodisiacs, hepatoprotective,
cough remedies, memory enhancers and adaptogens3.

Worldwide infectious diseases are the leading
cause of death. The clinical efficacy of many existing
antibiotics is being threatened by the emergence of
multidrug-resistant pathogens4. It has been noted since
long time that bacterial and fungal pathogens evolve
numerous defense mechanisms against antimicrobial
agents, and become resistant to old and newly produced
drugs. Therefore, this increase in incidences of failuie of
chemotherapeutics and antibiotic resistance exhibited by
pathogenic microbial infectious agents has led to the
screening of several medicinal plants for their potential
antimicrobial activity5'6. There have been several
incidences ofnew and re-emerging infectious disease and
development of resistance towards antibioticsT. The
present study deals rvith screening ofalcoholic extracts
collected from various plants or their parts available in

the semi-arid region of Rajasthan for their antibacterial
activities.
Material and Methods
The antimicrobial activity of 17 different plant species
was studiedwiththe help ofdisc diffirsionmethod. These
species which included both cultivated and wild plants
normally available in the vicinity were selected for the
study. The species were Syzygium aromaticum, Cassia

Jistula, Moringa oleifera, Cuminum cymimtm, Terminalia
chebul a, El ett ari a cardamomum, Coriandrum s ativum,
Grevillea robusta, Croton oblongifolius, Nerium indicum,
Foeniculum vulgare, Allium cepa, Curcuma longa,
Epipremnum aureum (Money plant), Zingiber oficinale,
Cassiq siamea and Cuica popaya. There were some plants
which were neither cultivated nor found in wild semi-arid
region of Rajasthan, i.e. Elettaria cardamomum,
Tbrminalia chebula, Foenicalum vulgare and Syzygium
aromaticum. Plant materials of such plants were purchased
from grocery shops. Escherichiq coli (E.coli) test
bacterium was procured from microbiology laboratory of
our Institute and was maintained on nufient agar medium
(NAM). Tetracycline, a broad-spectrum polypeptide
antibiotic produced by the Streptomyces genus of
Actinobacteria was used as control in disc diffusion
method.

Desired plant parts were collected and washed
in running tap \ilater to remove dust. Four gm plant part
was weighed, in each case, and was grinded in l0ml of
70% ethanol with the help of mortar pestle. The extract
was then left for 24 hours in test tube. The extract was
then cenkifuged at 5000 rpm for 10 minutes. The residue
was discarded and supernatant was taken for the
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antibacterial study. Six mm (diameter) discs were punched

from Whattman's filter paper no.l with the help of a

punching machine. The prepared discs were autoclaved

and left for 35 minutes after attaining a temperature of
l2l"C at20lbs pressure. After sterilization the discs were

dipped in semidried supernatant plant extract obtained

after centrifugation. To prepare I lt nutrient agar medium
(NAM) constituents like, Agar (18 gram), Beef Extract (3

gram), Sodium Chloride (3 grap) and Peptone (5 gram)

were taken. All the above constituents except agar were

dissolved in distilled water and the final volume was made

upto l000ml. The pH of the medium was set to 6.8 and

then kept on hot plate for the proper dissolution of Agar'

The medium was then transferred to conical flask and

plugged with cotton and autoclaved for 20 minutes after

attaining a temperature of 121"C and20 lbs pressure.

Autoclaved medium was poured in petriplates under

aspetic conditions in a laminar air flow cabinet. Nine
percent saline solution of NaCl was prepared and

autoclaved. With the help of sterilized inoculating loop, a

loop full ofpure culture of E.coliwastransferred into the

testtube containing lOml of the saline solution to prepare

a saline suspension ofbacteria under laminar air flow hood.

The autoclaved filter paper discs were saturated with the

semidried plant extract and air dried at room temperature

in order to remove any residual solvent. The petri plates

containing the NAM were inoculated with the test bacteria

(E-co&) from the saline suspension. Forthat 0.2m1bacterial

suspension was spreaded over the medium using glass

spreader. Two discs with (containing extract) were then

placed on the surface of a sterilized nutrient agar medium

plate. A standard disc of tetracycline was used in each

agar plate as control. The petriplates were placed in an

incubator at37oC for 24 hours to allow the diffirsion of
active compounds. The zone of inhibition or depressed

growth was measured with the help of geometrical scale.

Four to six discs were taken for every plant material and

an average diameter ofzone of inhibition was calculated.

Activity index (A.I.) ofevery plant extract was calculated

using following formula:

Activitv 1n6"* 14.1.1-lnhibition zone ofthe sample (mm)
'---"--J - - ' lnhibition zone of the standard

(Tetracycline) (rnn)
Result and Discussion
The l7 species taken for the antibacterial screening

including both cultivated and wild plants were randomly

selected, depending upon their availability. Different
alcoholic extracts screened shdwed growth inhibitory
activity against test bacteri a (E.coli). The inhibition zones

of various plant extracts were compared among

themselves. The inhibition zones of plant extracts were

also compared with that of tetracycline and the activity
index was calculated (Table l; Fig. 1). Ethanolic exract
of dried floral buds of Syzygium aromaticum or clove

showed maximum antibacterial activity (29.5mm). This

activity was found even better than the average activity of
tetracycline (25.3mm). Similarly ethanolic extract of fresh

leaves and fruits of Cass ia fistula and Moringa oleifera,

respectively also showed better antimicrobial property than .

tetiacycline against the test organism (E.coli). Their
diameters for zone of inhibition were 26.5mm and

25.5mm, respectively, with paper disc diameter of 0.6mm

in all the cases. Cuminum cyminum (24.0mm), Terminaliq

chebula (23.}mm), Elettaria cardqmomum (2l.5mm), and

C oriandrum s ativum (20.Omm) showed. antimicrobial
activities moderately similar to tetracycline (25.3mm).

Plants which showed 50% less activities in comparision

to tetracycline were Zingiber fficinale (l2.5mm),
Epipremnum aureum (Money plant) (l25mm), Cassia

siamea (ll.0mm), Carica pqpqyo (l0.0mm). Grevillea
robusta (l7.5mm), Croton oblongifulius (15.0mm),
Nerium indicum (l4.5mm), Foeniculum vulgare.
(l4.5mm), Allium cepa (l4.5mm) and Curcuma longa
(l4.0mm) whereas showed activities slightly more than

5 UYo to that of tetracycline.
Spices and herbs are used worldwide and their

antimicrobial potential has been recogrized since antiquity.

Medicinalplants as agroup comprises approximately 8000

species and account for around 50o/o of all the higher

flowering plants species of lndia. Rajasthan-the largest

state of India consists of arid and semi arid regions

harboring lots of medicinal plants. Also there are several

plants which are introduced in this region and are being

cultivated for ornamental and other purposes but possess

medicinal valuess.

Phongpaichit et al.e studied crude methanol

extracB from leaves of Cassia alatq, Cassiq fistula and

Cassia tora for their antifungal activities on three
pathogenic fungi (Miuosporum glpseum, T?ichophyton

rubrumand Penicilliuu marnffi).They found the extract

of C. fistulathe most potent inhibitor of P marneffei. They

also found all three Cassia leafextracts effectively acting

against M glpseum conidial germination. Duraipandiyan

et al.to evaluated the antimicrobial activity of 18

ethnomedicinal plant extracts against nine bacterial strains

(B acillus subtilis, Staplrylococcus aureus, S aplrylococcus

epidermidis, Enterococcus faecalis, Escherichis coli,
Kl ebsiella pneumoni a, Ps eudomonas ueruginos a, Ervin ia
sp, Proteus vulgaris) and one fungal str4in (Candida

albicans). They found Cqssia auriculctta among the most
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SJ{o. Plant name Plant Part Used Average Diameter
of Zoneof
Inhibition (mm)

Activity
lndex*
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Syzygium aromaticum
Cassiafistulo
Moringo oleifera
Cuminum cyminum
Terminalio chebula
Elettariq cqrdsmomum
Coriandrum sqtivum
Grevillea robustq
Croton oblongifolius
Nerium indicam
Foeniculum vulgare
Allium cepa
Curcama longa
Epipremnum oureum.
Zingiber fficinole
Cassia sismea
Carica papaya

Dried flower buds
Fresh leaves

Fresh fruits
Dried fruits
Dried seeds

Dried fruits
Fresh leaves

Fresh leaves

Fresh leaves
Fresh leaves
Dried fruits
Fresh bulbs
Dried rhizomes
Fresh leaves
Fresh rhizomes
Fresh leaves
Fresh leaves

29.5
26.5
25.5
24.0
23.0
2t.5
20.0
17.5

15.0

14.5

14.5

14.5

14.0

t2.s
12.5

r 1.0

10.0

t.l7
1.05

l.0l
0.95
0.91

0.85
0.7.9

0.69
0.59
0.57
0.57
0.57
0.55
0.49
0.49
0.43
0.39

tNote: For tetracycline, average diameter of zone of inhibition was 25.3mm.

rtive. Somchit et al.tt tested crude ethanol and water
crhact bfleaves and barks from Cassia.alataagainstfingj,
(ilspergillus fumigatus and Microsporum canis), yeast
(Cordida albicans) and bacteria (Sophylococcus aereus
d Escherichia coli). They used water and ethanolic
qtracts of leaves of C. alata agatnst S. aureus. The water
ortract exhibited higher antibacterial activity than the
c$mol exfact from leaves (inhibition zones of I l-l4mm
nd 9-l I mm, respectively), but in their case E. coli
Sowed resistance to all types of extracts. Based on their
fudings, they concluded that C. alatq has antimicrobial
rtivity, as potent as standard antimicrobial drugs against
cstain microorganisms. Samy and Igracimuthut2 studied
34 plant species belonging to 18 different families, selected
m the basis of folklore mcdicinal reports practised by the
rribal people of Western Ghats, tndia. They were assayed
for antibacterial activity against Escherichia coli,
Klebsiell a aerogenes, Prot eus vul garis, and, ps eudomonas
trurogenes (Gram-negative bacteria) at 1000-5000. ppm
using the disc difrrsion method. Ofthese 16 plants qhowing
atrtacterial activity; Cassia fistula showed sifificant
mn'bacterial activity against the tested bacteria. In present
sn'dies also leaf extract of Cassia /istzla showedhigher
atimicrobial activity in comparision to tqtracycline. Its
fohibition zone was wider (26.5mm) than the tetracycline

(25.3mm). Etbanolic exfiact of Cass ia siamea alsoshowed
feeble antibacterial activity with an activity index of 0.43
only. Therefore, the use of Cassiafrsaloas antimicrobial
agent in place of antibiotics is supported.

Emeruwar3 reported that among various extracts
(epicarp, endocarp, seeds and leaves) fromCarica papcya
except that of leaves produced very significant
antibacterial activity on Staptrylococcus aureus, Bacillus
cereus, Escherichio c;oli, Pseydomonas aeruginosa and
Shigella fl *neri. The minimum inhibitory concentration
(MIC) of the substance was small (0.2-0.3 mg/ml) for
gram-positive bacteria.and large (1.5-4 mg/mD for gram-
negative bacteria. The substance was bactericidal and
showed properties of a protein. Similarly the work carried
out by Emeruwar3 as in case of extact from leaves of
Carica papaya least aptivity index (Q.39) was observed,
out of the total 17 planr studied.

. "-Jabeen :e1 ala assayed the seed extracts of
Moringa oledera for the evaluation of antimicrobial
activity againit bacterial (Pasturella multocida,
Escherichia coli, Bacillus subtilis and Stdphlocuccus
aureus) and fwryal (Fus arium solani and Rhizopus sol ani)
strains. They reported that the crude, supernatant, residue
and dialyzed samples inhibited the growth ofall microbes
to various extents. The zones ofgrowth inhibition showed
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Fig.l. Antimicrobial activities of various plant exffacts

greater s€Nrsitivity against the bacterial strains as compared

to the fungal strains. Janil et a/.r5 reported antimicrobial
properties of seed €xtract of Moringa oleifera. Present

findings equally support the antimicrobial activity of
Moringa oleiferofulitas it showed activity strongerthan

that of tetracycline with an average diameter of 25.5mm

and an activity index of 1.01.

Lo Cantore et al.t6 studied antibacterial activity
of essential oils extracted from the furit-s of Coriandrum

sativum and Foeniculum vulgare against E. coli and

Bacillus megaterium, bacteria routinely used for
comparison !n thg antimicrobial assays, and 27
phytopathogenic bacterial species and two
mycopafrogenic ones responsible for cultivated mushroom

diseases. A sipificant antibacterial activity, as determihed

wi&the qardiffirsion method, was shown by C. sativum

essential oil whereas a much reduced effect was observed

for E vulgare oil. Gulfraz et al.t1 'stttdied antimicrobial

properties ofessential oil obtained from thb seed ofE
vulgue. The antimicrobial activity of E vulgare oil was

assessed by disc diffirsion as well as MIC method. Fennel

oil showed inhibition against Bacillus cereus, Bacillus
magateriwn, Bacillus pumilus, Bacillus substilis, E. coli,

Klebsiella pneumonio, Micrococcus lutus, Pseudomonos

pupida, Pseudomonos syringae, and Candida albicqns

as compared to methanolic and ethanolic seed extracts.

The lowest MIC values of fennel oilfor Candida albicans

(0.4%o vlv), Pseudomonos putidq (0.6% vlv\ and E. coli
(0.8% v/v) was obtained. It is observed that essential oil
and seed extracts ofE vulgare exhibit different degree of
antimicrobial activities depending on the doses applied.

They recommended that fennel oil could be a source of
pharrraceutical materials requirgd for' the preparation of
new therapeutic and antimicrobial agents. The diameters

of growth inhibition zone ranged from 14 to 3l mm
(including the diameter of the disc that was 6 mm) with
the highest inhibition zone values observed against B'
magaterium (31 mm) and B. substilis (29 mm). In all, the

extracts showed less activity than essential oil. However,

some organisms showed resistance towards both oil and

seed extracts. The essential oil showed greater or similar
activity on Gram-positive and Gram-negative bacteria and

C. albicans strains at a concentration of 100 pg/disk as

compared to ofloxacin, (6 pg/ttisc) and miconazole nitrate
(50 pg/disc)used as positive controls. The MIC values of
0.4o/o (vlv\ were observed against C. albicans,0.6Yo for
P putida and 0.8% for E.coli.It was observed that out of
Corian*um ar.td Foeniculum,leaf extacts from the former

showed activity slightly lesser than that of tetracycline,
with an activity index of 0.79. An activity of around 507o

(to that shown by the tetracycline) in case of Foeniculum

dry fruit extract was also observed.

MalekzadehrE studied the effect of ether,
alcoholic and water extracts ofblack myrobalan (Teminalia

chebula) on Helicobactor pylori using an agar diffirsion

. method. Water extracts of black myrobalan showed

sigrificant antibacterial activity and had a MIC and MBC

,(minimum lacteriocidal concenfation) of 125 and 150

mgA, respectively. The extractwas active after autoclaving

for 30 min at l2l"C. Plant powder (incorporated in agar)

gave higher MIC and MBC values (150 and 175 m!1,
respectively). Water extracts of the black myrobalan at a

concentration of l-2.5 mg/ml inhibited urease activity of
H. pylori.Theresults showed that black myrobalan extracts

contain a heat stable agent(s) with possible therapeutic

potential. Other bacterial species were also inhibited by

black myrobalan water extracts. In vitro antibacterial

activity of extracts from the plants Z chebula and O.
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sdum by the disc diffirsion technique was studied. The
divity against Salmonella and, Shigella organisms was
frnm by T chebula but not by O. sanctum. T chebulq
m found to be the most potent. Dry seed extract of
btinaliq in the present studies showed antimicrobial

-i\rity at par (0.91) with that of the tetracycline. It can
b finther tested taking other antibiotics as control.

Alzoreky and Nakaharare screened exfiacts of 26
odble plants against Bacillus cereus, Staphylococcus
t tsu:t, Listeria monocytogenes, E. coli and Sqlmonella
il{antis. Buffered methanol and acetone extracted
Aibitory substances against tested bacteria from 16

;lrE, as revealed by the disc assay. The most sensitive
rlroorganism to extracts from Azadirachta indica,
Cieunomum cassia, Rutiq nervosus, Ruta graveolens,
flrynus serpyllum andZingiber fficinalewas B. cereus,
,rih MIC of 165 to 660 mg lr . E. coli and S. infantis werc
dy inhibitedby Cinnamomum cassiq extracts at the
li3hest MIC (2640 mg l'').

Saeed and Tariq' investigated the potential of
riB aqueous infusion, decoction and essential oil of clove
($yzygium aromaticum) as natural antibacterial agents

+rfust 100 isolates belonging to 10 different species of
Grm -ve bacilli includng E. coli. The screening was
prfrmed by standard disc diffirsion method. The aqueous
irfrrsion and decoction of clove exhibited maximum
ciyity against P. aeruginosa with 10.43 mm and 10.86
m mean diameter of zone of inhibitions, respectively.
F-s*ntial oil of clove exhibited maximum activity against
t dplerqe with 23.75 mm mean diameter of zone of
itibition.

Duraipandiyan et al.to evaluated the antimicrobial
aiyity of 18 ethnomedicinal plant extracts against nine
hterial strains. They found activity of Syzygium lineare
Dng the most active ones. In our study we found
rr}-ns1ir extract of dried floral buds of Syzygium
spaut icum showing maximum antibacterial activity
rydn$. E.coli among all the seventeen plants selected. It
rhowed maximum zone of inhibition (29.5mm) and
.uivity index of 1.17 among all the.l7 plants studied. Its
t&ct was stronger than the tetracycline. Thus Syzygium
o be used as an altemative to the antibiotics.

Alzoreky and Nakaharare screened extracts of
le plants (26 species) including Zingiber ofJicinale

ryfux Bacillus cereus and found them effective. Azt et

"dr studied the antibacterial activity of raw and aqueous

t[iEts of Allium cepa and Zingiber fficinale against
fuplrylococcus qureus and Pseudomonas aeruginosa,
*hh were common cause of nosocomial (hospital-
E+ired) and urinary tract infections using the cup-plate

diffusion method. Their result showed that ethanolic
extract ofgingergave the widest zone of inhibition against
the two test organisms at the concentration of 0.8gmtr.
However, Pseudomonqs oeruginosa was more sensitive
to the extract of onion bulbs compared to Staphylococcus
aureus. They also observed that the solvent ofextraction
and its varying concentrations affected the sensitivity of
the two organisms to ttre plant materials. The MIC of ginger
extracts on the test organisms ranged from 0.lgmlt -
O.2gmla, which showed that ginger was more effective
and produced marked inhibitory effect on the two test
organisms compared to the onion extracts. Zingiber in
preseilt case didn't show the best result against E.coli. lt
showed a zone of inhibition of l2.5mm only. Though other
extraction methods can be applied and will be considered
in future study. Ethanolic extract of Alliam cepa showed
better antimicrobial activity in comparision to Zingiber
with an activity index of 0.57 and an average diameter of
zone of inhibition of l4.5mm. During the present
investigation it was observed that ethanolic extracts of
fresh leaves of Grevillea robusta showed better
antimicrobial activity in compaisionto Cwcama, Zingiber
and Foeniculum. Similarly extract from dry fruits of
C um inum cymin zz also showed good antibacterial activity
with an activity index of0.95, almost equal to tetracycline.
Good antibacterial activity was shown by extract of
Elettaria cardamomum (0.85) too.

Cfkrykgf et a1.22 studied antibacterial and
antifungal activity of Curcuminoids isolated from
Curcuma longa and concluded that the extracts and
curcumin didn't show any sigrrificant activity against the
gram negative bacteria E.coli and Paeuroginosa. Singh
et a1.23 evaluated extracts of Curcama longa rhizome for
antibacterial activity against pathogenic sfiains of Gram-
positive (Stophylococcus aureus, Staphylococcus
epidermidis) and Gram-negative (Escherichia coli,
P s eudomonas aeruginos a, Sql monell a typhimurium)
bacteria. Essential oil was found to be most active and its
activity was compared to standard antibiotics gentamycin,
ampicillin" doxycycline and erythromycin in thpse strains.
They suggested the use of essential oil from turmeric as a
potential antiseptic in prevention and treatment of
antibacterial infections. Dried rhizome of Curcuma longa
in our case showed moderate activity with an activity index
of 0.55 against E.coli. Ethanolic exfact of fresh leaves
taken from Croton oblongifolius and Nerium indicum,
Epipremnum ctureum (Money plant) also showed activities
around 50% in comparision to tetracycline, with activities
of 0.59, 0.57 and 0.49, respectively.

Due to increase in incidence of new and re-
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emerging infectious disease and development of resistance

towards antibiotics the herbal extract should be promoted
extensivelyT. Some of the plants studied here like,
Syzygium aromaticum, Cassia fistula, Moringa oleifera,
Cuminum cyminum, Terminalia chebula and Elettaria
cqrdqmomum have shown antibacterial activities even

stronger than the wide spectrum antibiotics like
tetracycline. So we support and recommend the use of
these plants as medicinal herbs against bacteria and

recommend carrying out different extaction methodolory
to recognize their maximum antibacterial potential.
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