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ABSTRACT

Aqueous and methanolic extracts of three planfeuat different concentration viz. at 50, 100, 150
and 200 mg/ml were tested on clinical bacteriagigite disc diffusion methodin vitro antibacterial
activity was screened by using Nutrient Agar (NAhe qualitative phytochemical analysis depicted
the presence of terpenoids, saponins, alkaloidspfioids, carotenes and glycosides in the plants.
Results showed broad spectrum antimicrobial act@gginst the Gram-negative and Gram-positive
bacteria. The methanol extract inhibited the groeftmore bacteria compared to the aqueous extract.
Results fromin vitro study revealed that the antimicrobial activity htiave been influenced by the
solubility of active compound(s) in extracting semd. Methanol extracts were relatively more
effective than aqueous extract. Out of three ineapiants studie&arthenium hysterophorus seemed
more effective, for inhibiting the growth of badg#érstrains with maximum zone of inhibition (24.85
mm diam.), shown againEnterococcus faecalis at a concentration of 200 mg/ml. The demonstration
of activity against all these organisms had shohat &ll three alien invasive speciesgeratum
haustonianum, Mikania micrantha and Parthenium hysterophorus can be used to produce raw
materials/substances for further development cérdizr antibiotics with broad spectrum of activity.

Key words: Invasive alien plants, Antibacterial activity, @ of Inhibition, Phytochemical
screening.

INTRODUCTION species that colonize unmanageably out-compete
An invasive plants also referred to aSthe native species are known as invasive alien
indigenous or non-native, is one that has bee§pecies. Invasive alien species are considered as
introduced by humans intentionally or otherwisd® Second biggest threat, after deforestation, to
through human agency or accidently from Ongiodiversity conservation. They disrupt the ecology
region to another. An alien species has bee(?'r natural ecosystem, displace the native plant and
defined as a species that is non-native, nor@nimal species as well as degrade the landscape’s
indigenous, exotic, foreign and/or introduced to affnique and diverse biological resources. Invasive
ecosystem other than its natural home. Those alié\”en species reduce  biodiversity,  replace
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economically important native plant species andpace and nutrients, hence are present in large
decrease the investment in agriculture anduantities. By virtue of their better defenses and
silviculture,  disrupt  prevailing  vegetation enhanced competitive ability, the invasive alien
dynamics, alter nutrient cycling and cause changepecies may exhibit phytochemically unique
in the pattern of plant succession. Several exotexotics (Lockwoodkt al. 2001).

plants have invaded the high-value biodiversity

Invasive plants have important ecological and
areas and have adversely affected the natural and L . . .

) - ) economic impacts world-wide and increasing
semi-natural  vegetation/ecosystems  (Tripathi Lo : . L
2009). F ¢ it q loqist attention is now being paid to eradication and

). Farmers, taxonomists and ecologist are rK)r\"nvanagement efforts (Pimentaét al. 2000).

well aware of the invasion of alien species int% . . . .
, , anagement of such alien invasive plant is
natural areas and associated negative effects gn

’ S ) necessary for conservation of biodiversity and
global patterns of native biodiversity. Once

tablished i ies h the abilit native species. Antibacterial study of alien plants
e;a Ished some alien sp_eC|es ave the ‘_a Yy H)elp to find the potentialities of effect of these
displace or replace native plant species the

o - plants on bacterial and fungal growth. Further
problem will likely worsen with time because of . ) .
T ) ) - phytochemical study also help to find the chemical
climatic changes that promote species migration . .
\dwid constituents that may be useful for pharmaceutical
worldwide- formulation. So the result of this study may have
The diverse bioclimatic zones of Nepal rang@reat significance in the management of such
from tropical to alpine favor the introduction ofinvasive alien weed.
seve.ral alien species (leaet.al. 2005). These The present study focused on the qualitative
species have been spreading aggressively bX . .
T screening of secondary metabolites from three
colonizing several landscapes and ecosystems . : . . .
displacing th i Lock 2001 Invasive alien weeds and their antibacterial assay.
isplacing the native ones (Lockwo ' ) The result of this type of study may provide

In search for characteristics of exotic plants thaﬁotential health applications at affordable cost.

mlght Serve as pr_edlctgrs 9f |nvaS|_veness, rnoﬁlhis type of study also keenly represents one®f th
studies have examined life-history traits rathanth best avenues in searching for new economically

attributes that more directly reflect |nteract|ons”m:)ortant plants for medicine. Hence the study

with potential natural enemies and competitors "Yeals with the screening and scientific evaluation

the plants’' new ranges (Mack 1996). Recent, . . . .
of bioactive compound possessing a diverse range

advances have shown that such interactions are . . .
of pharmacological properties that may in turn

critical in determining invasiveness. Resistance of - . .
) _ . . prove beneficial for the mankind along with the
invasive plants to antimicrobial agents has become

) ) . ) management of the weeds.
an increasingly important and pressing global

problem. Exotics escaping pathogens to a greatRf oTERIALSAND METHODS

extent are more invasive than those that are more _ _

heavily attacked by natural enemies in their ner©!/€ction of plant materials

ranges, suggesting that invasive exotics may be Three invasive alien plant species namely
better defended from enemies than non-invasiv&geratum haustonianum, Mikania micrantha, and
plants (Mitchell and Power 2003). Interactionsparthenium hysterophorus were collected for
with native competitors are also important. Thesgtudy in their vegetative stagesarthenium
species being aggressive compete for water, lighiysterophorus was collected from roadside fallow
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land of Kirtipur (27°40.20' N 85°17.32' E, alt. 830 few drops of Mayer’s reagent and the second one
m asl) Ageratum haustonianum and Mikania ml portion was treated with equal amount of
micrantha were collected from the grassland ofWagner's reagent. The samples were then
Kasara village, Chitwan National Park during theobserved for presence of turbidity or precipitation

month of June to August, 2012. Leaves of all therest for flavonoids. About 2.5 g of sample was
selected plants were collected and shade drie{?{ken in each case heated with 10 ml of ethyl
Dried samp.les were chopped, pulverized to F_’OWd%\rcetate over steam bath for 3 min. The mixture was
and stored in zipper plastic for further analysis.  fjitered and 4 ml of the filtrate was shaken with 1
ml of dilute ammonia solution. A yellow

colouration was observed indicating a positive test
Laboratory work was carried out in Laboratoryio flavonoids.

of Central Department of Botany, Tribhuvan
University, Kirtipur.

Laboratory analysis

Test for carotenes (Carr-Price test): The ether
extract corresponding to 2 g of plant material was
Extraction of plant sample concentrated to give a residue. The residue was

taken in chloroform and 2-3 drops of saturated

, .P.Iant samples  from egch species .Wergolution of antimony trichloride (Sbgladded to
individually extracted by soaking 25 g of finely s

ground plant material with 250 ml of distilled it. Appearance of blue colour, which turned red

. . Ia}ter, showed the presence of carotene.
water and methanol solvents separately in conica
flasks, plugged with cotton and kept on a rotaryfest for tannins: About 0.5 g of sample was
shaker at 180-200 rpm for 24 h. It was filteredoiled in 20 ml of water in a test tube and then
through 3 layered muslin cloths and thdiltered. A few drops of 0.1% ferric chloride
supernatant was filtered through Whatman No. olution was added and observed for brownish
filter paper. Each of the solvent extract wadréen or blue black colouration. A blue-black
concentrated separately under reduced pressuPSECiPitate was taken as evidence for the presence

After complete solvent evaporation, each of thé)f tannins.
solvent extract was weighed and preserved°@t 5 Test for glycosides. About 0.2 g of powdered

in air tight bottles until further use. medicinal plant was taken in a test tube with 5 ml
_ of water and warmed it on a water bath for two
Phytochemical study min. Resulting solution of plant extract was fiédr

The samples were grinded in a blender an@nd pipetted off the supernatant liquid. Added 0.1
used for the phytochemical screening test. THEI Of Fehling A solution and then Fehling B
extracts of all test plants were screened for th%OIUtfon until - alkaline.  Warmed the. resulting
phytochemical constituents by using standaraomtIon on a water bath for two minutes and

chemical test methods (Harborne 1998) with S“gh(%bserved for ppt.. Th? samples were observed for
e presence of precipitation.
modifications.

¢ Ikaloids Ab ¢ | Test for terpenoids (Salkowski test): Five ml of
Test for alkaloids: About 2.5 g of sample was MeOH extract, corresponding to 2.5 g of plant

extracted with methanol and evaporated to dryneﬁ§aterial was mixed in 2 ml chloroform. and

a'f‘d the residue was heated on a boilir?g water blncentrated p50O, (3 ml) was carefully added to
with 2 N HCI (5 ml). The resulting mixture was form a layer. A reddish brown colouration of the

centrifuged for 10 min at 3000 rpm to removenter face was formed to show positive results for
filtrate. One ml of the filtrate was treated with athe presence of terpenoids.
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Test for saponins. About 2.5 g of the plant Antibacterial test: Inhibition of bacterial growth
material was extracted with boiling water. Afterwas tested by using disc diffusion method (Bauer
cooling, the extract was shaken vigorously to frotlet al. 1996, Parekh and Chand 2007) with some
and was then allowed to stand for 15-20 min anthodifications according to the lab facility and the
classified for saponin content as follows: no frath time. 24 h old bacterial culture was taken in
negative; froth less than 1 cm = weakly positivesterilized petriplates with the help of cotton swab
froth 1.2 cm high = positive; and froth greatemthaand was suspended in 10 ml distilled water. This
2 cm high = strongly positive. was used for the bacterial test.

Antibacterial assay Preparation of test discs: The test disc (4 mm
diameter) was made by punching the filter paper

For the antibacterial assay, different ) o
concentrations (50, 100, 150, 200 mg/ml) of eacff?gz grade). The discs were prepared by dipping

extracts were prepared in respective solvents. Tﬁgd saturating sterilized filter paper in-different
ability of various extracts to inhibit the growtli o concentrations of the plant extracts (50 ug/ml, 100
clinical bacteria were determined by disc diffusioﬁlg/ml'. 150 ug/ml, 200_ p.g/ml and control). Solvent
method (Baueret al. 1996, Parekh and Chand used in extraction; distilled water and methanol
2007) with some modifications considering thavere used as control. The discs were air dried in

access and availability of equipments andhe laminar flow.

chemicals. Preparation of Nutrient Agar: 7 g nutrient agar
and 2 g bacterial agar was dissolved in 250 ml of
distilled water (HI media method recommended)
by continuous stirring until the media started to
boil. This was transferred into the conical flaskla

Saphylococcus  aureus, were used for the was sterilized by autoclaving at 15 Ibs pressuck an

screening of antibacterial properties. The badteri%21_C for 2 h. Then t.he media was transferrgd o
strains used for the test were brought frorﬁammar flow and let it cool down for some time
Department of Microbiology, Teaching hospital.ther?_ It was _poured almost 10-10 r_nll in_each
They were taken on slants and later cultured orferilized petriplates and was left to solidify -

Petri plates having nutrient broth. 20 min.

Bacterial strain: Clinical bacterial strains namely
Bacillus  cereus, Enterococcus  faecalis,
Escherichia coli, Klebsiella pneumonia (ATCC),
Proteus wulgaris, Shigella dysentriae and

Inoculation of bacteria on petriplates. The

trient lates for th db
Nutrient broth was prepared with the help odurlen agar plates for Ine assay were preparec by

. : . rawing in each petriplates 6 chamber and labeling
manufactures (Hi- media) recommendation. It wa _ .
L . them with the date, code name of the bacteria and
sterilized by autoclaving at 15 Ibs pressure an

121°C for 2 h inside the conical flask. It Wasthe dices code. The inoculums of bacteria were

cooled and 10 ml nutrient broth was poured in thteransferred into petriplates containing solidified

sterilized petriplates. The bacterial strains to bg1ed|a using sterile cotton swab. The sterile cotton

tested were aseptically taken with the help 0?Wab was dipped into well mixed distilled water
needle from primary cultured slants and Weréest_culture and .was spread on the media by
transferred to the sterilized petriplates contzg'ninmovIng the swab in Z-shape. One swab was used

nutrient broth and was inoculated overnight th&°" One bacFenum. Seven replicates were used for
incubator at 37C each bacterium. The culture plates were allowed to

Preparation of standard culture Inoculums:
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dry for 5-10 min. Then in each petriplate’s in eaclzone of inhibition (14.14 mm) was shown by
chamber different concentrated dices were put withlikania micrantha methanolic extract at 200
the help of sterile forceps. The plates were themg/ml concentration and least i.e growth was not
incubated at 37#LC for 24 h. Microbial growth effected at lower concentration d?arthenium
was determined by measuring the diameter of zormysterophorus.

of inhibition (ZOl), indicated by the clear zone

. . ) Growth of Saphylococcus aureus was also
around the disc after incubation.

inhibited by different plant extract. Effect on

RESULTS growth was concentration dependent and species of
plant. Growth of bacterium was not effected at
Phytochemical screening lower concentration of aqueous extract of plant

Phytochemical screening of the plants undegpecies; Ageratum  haustonianum,  Mikania
study is given in Table 1. Alkaloids, flavonoidsmicrantha and Parthenium hysterophorus but at
tannins, terpenoids, glycosides and saponins welégher concentration it was effected by all plant
the phytochemicals present in the plants. Alkaloidextract. Maximum zone of inhibition (23.85 mm)
were present in all studied plant samples in variegas exhibited byParthenium hysterophorus at 200
amount. Carotene was absent in all samplemg/ml and minimum (5.75 mm) ZOI was shown by
Responses to various tests were denoted by +, Parthenium hysterophorus at same concentration
and +++ signs indicating weak, moderate an@Table 3). Least zone of inhibiton (7.85 mm)
strong reactions respectively while - for noagainst Staphylococcus aureus was exhibited by
reaction. Ageratum haustonianum.

Antibacterial activity Growth of Enterococcus faecalis bacterium

The effects of plant extracts from threeWas effected significantly by both aqueous and

invasive alien plants species on growth of badterign€thanolic extracts of selected invasive alien
strains varied with plant species, and concentrati®lants (Table 4). Effect was increased with
of extract and type of solvent used. Effect wadlcreasing concentration in both solvents. Among
increased with increasing concentration of extradhe tested plants, aqueous extract Mikania
(Tables 2-9). Growth inhibition was significantly micrantha at 200 mg/ml concentration had highest
higher at 200 mg/ml concentration of extractZOl (13.28 mm), while it was maximum (24.85
Result showed that methanolic extract of planim) in methanolic extract of Parthenium
species had more inhibitory effect than agqueousysterophorus at same concentration.

extract. The effect of plant extracts from three invasive

Growth of Bacillus cereus was effected by alien plants on growth ofschigella dysentriae
aqueous and methanolic extract of different aliemaried with plant species and concentration of
plant species. There was significant differencextract (Table 5). Maximum zone of inhibition was
among the concentration and plant species (Tabéxhibited by Ageratum haustonianum in both
2). Effect of growth increased with increasingaqueous (9.0 mm) and methanol extracts (13.45
concentration. Highest inhibitory effect was showrmm). Of the 3 plant species tested, both aqueous
at 200 mg/ml concentration. Among the plantnd methanolic extracts from leavesPafthenium
species testedMikania micrantha had highest hysterophorus and Mikania micrantha did not
inhibitory effect on Bacillus cereus. Maximum  show effect on growth dichigella dysentriae.
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Table1l. Phytochemical constituentsin leaves of threeinvasive alien plants studied.
Plants species Phytochemical constituents
Alkaloids Flavonoids Carotene Tannins Terpenoid Glycosides Saponins

Ageratum haustonianum ++ + - - +++ — +
Mikania micrantha + + - ++ + ++ +
Parthenium hysterophorus + + - + + + +

If PPT is slight = +, Medium = ++, Heavy = +++, No—

Table2. Effect of three alien invasive species on growth of bacterial strain - Bacillus cereus.
Significant difference between mean zone of inhibition (ZOIl) among three invasive alien
plants are indicated by different letters (Duncan homogeneity test, o = 0.05). F and P
values wer e obtained by one way analysis of variance (ANOVA). (n=7).
Plant species Aqueous Extract (mg/ml) Methanalic extract (mg/ml)
50 100 150 200 50 100 150 200
Zone of inhibition displayed by different types and concentration of extracts (ZOl:mm)
Ageratumhaustonianum ~ 5.50+1.12 6.20+2.02 7.50£0.95 9.5:2.02 7.5+1.84 7.17+2.12 7.64+3.02 7.0+2.12

Mikania micrantha 6.0 1.82 585+2.12 6.0+1.12 7.5+2.17 9.07+1.08 11.57+1.60 13.35+1.60 14.14+1.01
Parthenium hysterophorus 0.0 6.15+2.13 7.8+2.45 95218 6.45+1.060 6.5+2.12 7.8+2.48 9.5+2.18
Control 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0

F- value 31.74 243.22 183.5 5.97 1303 1651 767 2034
p-value 0.000 0.00 0.000 0.005 0.000 0.000 0.000  00.

Table3. Effect of three alien invasive species on growth of bacterial strain - Staphylococcus
aureus, Significant difference between mean zone of inhibition (ZOl) among three
invasive alien plants are indicated by different letters (Duncan homogeneity test, a =
0.05). F and P values wer e obtained by one way analysis of variance (ANOVA). (n=7).

Plant species Aqueous extract (mg/ml) Methanolic extract (mg/ml)
50 100 150 200 50 100 150 200

Zone of inhibition displayed by different types and concentration of extracts (ZOl:mm)

Ageratum haustonianum 0.0 7.50+1.2% 8.01+1.3% 8.50+2.40 6.5+3.42 7.37+258 6.93+1.79 7.85+1.02

Mikania micrantha 0.0 5.0+2.42 45+1.4% 65218 11.42+1.13 12.64+1.2% 13.71+1.28 15.85+1.16
Parthenium hysterophorus ~ 0.0% 0.0 5.60+2.18 5.75+2.14 21.71+2.8 21.21+2.18 21.35 +2.12 23.85+3.13
Control 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0

F Value 150.60 32.66 11.76 9.63 681.64 1877 1226 844
P value 0.000  0.000 0.000 0.001 0.000 0.000 0.000  .0000

There was significant effect of plant extract on  All plant extracts had significantly inhibited
growth of Klebsiella pneumonia. At lower the growth of Salmonella paratyphi in vitro
concentration (50 mg/ml), aqueous extract ofompared to control treated with sterile distilled
Mikania micrantha and Parthenium hysterophorus  water for aqueous extract and methanol in case for
did not show any effect on growth of bacteriunmethanol extract. The antibacterial activity of
(Table 6); but effect was shown at higheraqueous extract of three alien invasive plant ektra
concentration. Maximum zone of inhibition waswas ranged from inhibition diameter of 0.00 mm at
exhibited by aqueous extract ofgeratina lower concentration to 11.2 mm at higher
adenophora at 200 mg/ml concentration. concentration (Table 7). The highest diameter of
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inhibition zone (11.2) was recorded from  The antibacterial activity of aqueous extract of
Parthenium hysterophorus at 200 mg/ml three alien invasive plant dProteus vulgaris was
concentration that was statistically different fronranged from inhibition diameter of 0.00 mm at
other plant extract and concentration. Theitro lower concentration to 6.2 mm at higher
inhibitory activity of methanol extract against theconcentration (Table 8). The highest diameter of
Salmonella  paratyphi ranged from inhibition inhibition zone (6.2 mm) was recorded from
diameter of 6. 0 mm at lower concentration to 14.@arthenium hysterophorus aqueous extract of at
mm at higher concentration. Highest diameter a200 mg/ml concentration. The highest diameter of
inhibition zone (14.0 mm) was recorded frominhibition zone (14.42 mm) was recorded from
Ipomoea carnea at 200 mg/ml concentration; and methanolic extract oMikania micrantha at 200
lowest (8.56 mm) was exhibited biikania mg/ml concentration that was statistically differen
micrantha at same concentration. from other plant extract and concentration.

Table4. Effect of three alien invasive species on growth of bacterial strain- Enter ococcus faecalis,
Significant difference between mean zone of inhibition (ZOIl) among three invasive alien
plants are indicated by different letters (Duncan homogeneity test, o = 0.05). F and P
values wer e obtained by one way analysis of variance (ANOVA). (n=7).

Plant species Aqueous extract (mg/ml) M ethanolic extract (mg/ml)

50 100 150 200 50 100 150 200

Zone of inhibition displayed by different types and concentration of extracts (ZOl:mm)

Ageratum haustonianum ~ 6.4+1.42 6.78+1.18 7.21+1.4 7.57+1.f 6.0+1.4% 65+1.12 7.0+1.92 7.45+0.30

Mikania micrantha 6.8410.% 5+1.0P 55+1.09 6.0+1.3° 13.28+1.0f 14.85+1.0 14.07+2.§ 17.57+1.C°F

Parthenium hysterophorus 0.0? 55+1.12 7.0+1.16 8.75+1.4 12.14+1.8% 17.9242.6 23.75+2.12 24.85+3.4

Control 0.¢ 0. 0. 0. 0. 0. 0. 0.
F value 286.07 436.47 127.67 444.05 29.02 653.62 164.68 387.67
P value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table5. Effect of three alien invasive species on growth of bacterial strain- Schigella dysentriae;
Significant difference between mean zone of inhibition (ZOIl) among three invasive alien
plants are indicated by different letters (Duncan homogeneity test, o = 0.05). F and P
values wer e obtained by one way analysis of variance (ANOVA). (n=7).

Plant species Aqueous extract (mg/ml) M ethanolic extract(mg/ml)
50 100 150 200 50 100 150 200
Zone of inhibition displayed by different types and concentration of extracts (ZOIl:mm)

Ageratum haustonianum ~ 7.8+1.60 8.20+2.19 8.0+2.18 9.0+2.10° 11.45+1.94 12.0+2.02 12.55+2.1F 13.45+1.13

Mikania micrantha 0.0 0.00" 0.0¢" 0.00" 0.0¢" 0.0¢" 0.0¢" 0.0¢"
Parthenium 0.0 0.0C° 0.00" 0.0C° 0.00" 0.00" 0.00" 0.00"
hysterophorus

Control 0.6 0.0C° 0.00" 0.0C° 0.00" 0.00" 0.00" 0.00"

F value 8.68 170.95 170.95 16.49 4345 451 302 214
p- value 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table6. Effect of three alien invasive species on growth of bacterial strain- Klebsiella pneumonia
Significant difference between mean zone of inhibition (ZOIl) among three invasive alien
plants are indicated by different letters (Duncan homogeneity test, a = 0.05). F and P
values wer e obtained by one way analysis of variance (ANOVA). (n=7).

Plant species Aqueous extract (mg/ml) Methanolic extract (mg/ml)
50 100 150 200 50 100 150 200

Zone of inhibition displayed by different types and concentration of extracts (ZOI:mm)

Ageratumhaustonianum ~ 6.71+0.4 7.07#1.18 7.21+2.4f 7.85:2.0  0.0C° 0.0¢° 0.0¢° 0.0¢°
Mikania micrantha 0.00 6.01#2.08 55+1.52 6.0+1.12 14+0.89 16.78+09 15.42+1.2% 16.07+1.0
Parthenium hysterophorus 0.0 554290 7.54+2.08 7.5+1.1% 16.5+2.3 17.78+2.f 20.14+2.18 21.85:+2.1
Control 0.6 0.0¢% 0.0¢% 0.0¢% 0.0¢% 0.0¢% 0.0¢% 0.0¢%
F value 58.90 132 109 131 121 805 1271 882
P value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 .0000

Table7. Effect of threealien invasive species on growth of bacterial strain - Salmonella paratyphi;
Significant difference between mean zone of inhibition (ZOIl) among three invasive alien
plants are indicated by different letters (Duncan homogeneity test, a = 0.05). F and P

valueswer e obtained by one way analysis of variance (ANOVA). (n=7).
Plant sp Aqueous extract (mg/ml) Methanalic extract (mg/ml)

50 100 150 200 50 100 150 200
Zone of inhibition displayed by different types and concentration of extracts (ZOl:mm)
Ageratum haustonianum 2.34+2.10 8.50+2.F 9.6+1.12 10.0+1.28 8.0+2.0% 10.50+2.1% 11.85+2.8% 16+1.43

Mikania micrantha 0.0G° 0.00° 0.00 6.46+2.2% 6.00+1.08 6.71+0.2F 6.96+1.28 8.56+1.2%
Parthenium Hysterophorus 0.0 4.8+2.12 6.5+2.0f 11.241.08 7.5+2.16° 8.54+2.09 10.4+2.08 13.5+2.03
Control 0.6 0.0¢  0.0¢% 0.0¢% 0.0¢% 0.0¢% 0.0¢% 0.0¢%
F value 128 568 982 486 37.54 50.54 289 121
P value 0.000 0.000  0.000 0.000 0.000 0.000 0.000 .0000

Table8. Effect of three alien invasive species on growth of bacterial strain - Proteus vulgaris.
Significant difference between mean zone of inhibition (ZOl) among three invasive alien
plants are indicated by different letters (Duncan homogeneity test, a = 0.05). F and P
values wer e obtained by one way analysis of variance (ANOVA). (n=7).

Plant sp Aqueous extract (mg/ml) Methanalic extract (mg/ml)
50 100 150 200 50 100 150 200

Zone of inhibition displayed by different types and concentration of extracts (ZOl:mm)

Ageratum haustonianum 0.0¢" 0.00" 0.00" 0.0 9.85+1.03 11.67+0.98 11.85+1.8 12.71+1.2¢°

Mikania micrantha 0.0¢ 0.0¢ 589+1.2 6.72+2.2 10.42# 11.57+0.98 13.64+1.08 14.42+1.d
Parthenium hysterophorus ~ 0.0F 5.83+2.3 5.73+1.f 6.2+2.10 8.64+2.F 11.28+2.12 11.0+2.1P 13.71+2.16
Control 06 0.0¢ 0.0¢% 0.0¢% 0.0¢% 0.0¢% 0.0¢% 0.0¢%

F value 112 98.0 404 128 421 211 123 241
P value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table9. Effect of three alien invasive species on growth of bacterial strain - E. coli; Significant
difference between mean zone of inhibition (ZOI) among three invasive alien plants are
indicated by different letters (Duncan homogeneity test, a = 0.05). F and P values were
obtained by one way analysis of variance (ANOVA). (n=7).

Plant species Aqueous extract (mg/ml) M ethanolic extract (mg/ml)
50 100 150 200 50 100 150 200
Mean zone of inhibition displayed by different typesand concentration of extracts (ZOl:mm)
Ageratum haustonianum ~ 6.0+1.2f 6.28+0.98 6.78+1.f 7.85+1.f 6.0+0.98 6.28+1.1% .78+2.1% 7.85+2.9

Mikania micrantha 0.0G 0.00° 0.0G 0.00 12.57+1.8 15+1.56 16.78+1.83 16.87+0.9

Parthenium hysterophorus ~ 0.0C° 0.00 0.00 0.00 9.07+1.12 10.28+2.% 10.0+2.3f 10.78+2.02
Control 0.0 0.00° 0.0G 0.00° 0.0G 0.00° 0.00° 0.0G

F value 314 209 542 601 1548 248 551 478
P value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 .0000

The antibacterial activity of aqueous extract of It was clear from the present results, that both
three alien invasive plant oB. coli was ranged @dueous and methanol leaves extractagefatum
from inhibition diameter of 0.00 mm at lower Naustonianum,  Mikania  micrantha  and
concentration to 9.5 mm at higher concentratioﬁarthenium hysterophorus exhibited pronounced

. . o activity against almost all tested microbes in a
(Table 9). The highest diameter of inhibition Zon%oncentration depended manner (Tables 2-9).

(7.85 mm) was recorded from aqueous extract (ﬁowever antimicrobial effect varied with species
Ageratum  haustanianum at 200 mg/ml ot plants and species of micro-organisms. For
concentration. Out of three plant species testedxample methanolic extracts from leaves of
aqueous extract of four plant specibikania Parthenium hysterophorus were highly effective in
micrantha, and Parthenium hysterophorus did not inhibition of growth of Enterococcus faecalis;
show effect on growth oE. coli. The highest Ageratum haustonianum methanolicextracts were
diameter of inhibition zone (16.87 mm) wastffective in inhibition of growth ofSchigella
dysentriae; and methanolic extracts dflikania
micrantha were effective in inhibition of growtbf
E.coli. In other species there was moderate to
negligible effect on growth of bacterial strains.
Thus out of three invasive alien plant species
studied Parthenium hysterophorus seemed more
effective for inhibiting the growth of three bad&dr

Phytochemical analysis of the plant extracftrains with maximum zone of inhibition

showed that it contains alkaloids, flavonoids(ENterococcus faecalis 24.85 mm at a

tannins, terpenoids glycosides and saponins (Tab(fgncentration of 200 mg/ml). The observed

antibacterial effects may be due to the presence of
1). The methanol, and aqueous extracts of theh . ; . .
phytochemicals (alkaloids, tannins and saponins)
in the extract. The optimal effectiveness of a plan
may not be due to one main active constituent, but
subjected to a preliminary screening fokg the combined action of different compounds
antimicrobial ~ activity against seven humaroriginally present in the plant (Gonzalet al.

pathogenic bacteria. 1994).

recorded from methanolic extract dflikania
micrantha at 200 mg/ml concentration that was
statistically different from other plant extractdan
concentration.

DISCUSSION

leaves of Ageratum haustonianum, Mikania
micrantha and Parthenium hysterophorus were
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In the present studgnterococcus faecaliswas  barrier of the living membrane structure (Cowan
the most susceptible bacterium (ZOI; 24.85 mm &t999).
methanolic extract oParthenium hysterophorus,
at concentration of 200 mg/ml) an8chigella
dysentriae and E.coli were the most reS|stant ¥ the solubilty of active compound (s) i

bacteria among the tested organisms as growth g extracting solvent. Methanol extracts were

these bacteria were not effected by majority of
relatlvely more effective than aqueous extractsThi
plant extract (Tables 5 and 9). It has bee

) ) ?reater effectiveness of methanol extract compared
suggested that the antibacterial activity of pIa

0 aqueous extract may be due to differences in
secondary metabolites is mainly due to presence of
tial oil, f " d i t " d onstituents and amount of extraction of
essential oil, flavonoids and  tri- terpenoids anphy’tochemlcals which are toxic to targeted
other natural polyphenolic compounds or free

pathogens present in leaf parts of tested invasive
hydroxyl groups (Rojast al. 1992). The observed

alien plants.
antibacterial effects in present study also may be

due to the presence of phytochemicals (alkaloids, The leaf extracts of selected plants contain
tannins and Saponins) in the extract. alkaloids, coumarins and tannins (Table 1)
Coumarins and tannins have antibacterial and
The results of this study support thegptinelminthic properties (Hedberg al. 1983),
antibacterial activities of three invasive alieams  gjso Eloff (1998) and Cowan (1999) found that
as a broad spectrum antimicrobial agent since the¥ethanol was more efficient than distilled water in
inhibited the growth of Gram-positiv8(ereus, S extracting phytochemicals from plant materials.
aureus, E. faecalis) and gram negative bacterta. ( The absence or less effect of antimicrobial agtivit
coli, P. vulgaris, K. pneumonia andS. dysentria€).  of aqueous extracts of plant extractlicates the
The present study is in accordance with the workgsolupility of the active ingredients in this
of Okunolaet al. (2012), who reported higher sovents. Similar observations were reported from
antimicrobial activities of extracts ofCarica pimbolide isolated from neem seed oil showing
papaya in bacterial strains. antibacterial activity againstS aureus and
Results of present study is also supported bStaphoncoccus coagulase (Nazma and Rao 1977).
Iso antibacterial effects of neem extract have

Barsagade and Wagh (2010), who indicated

antibacterial activities of plants and weed extractb en demonstrated agair@ireptococeus mutans

and S faecalis (Almas 1999). These might be due
may exist in a variety of different components,

including aldehyde and phenolic compounds to presence of triterpenoids, phenolic compounds,
caroten0|ds steroids, flavinoids, ketones and

Variation in effectiveness of the extract against a
qtratrlterpenmds azadirachtin (Kraus 1995).
target microorganisms depends upon the chemic

compositions of the extract and membrane Plant products, particularly extracts of various
permeability of the microbe for the chemicalsplant parts have been used extensively as natural
Naturally occurring combination of theseantimicrobials and antioxidants. The presence of
compounds can be synergistic and often results bioactive substances has been reported to confer
crude extracts having greater antibacterial agtivitresistance to plants against bacteria, fungi and
than the purified individual constituents. Thepests and therefore explains the demonstration of
antibacterial effects of the extracts could beantibacterial activity by the plants extract used i
explained by disturbance of the permeabilitythis study (Srinivasaet al. 2001). Results of this

Results fromin vitro study revealed that the
antibacterial activity might have been influenced
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