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ARTICLE

Antimicrobial Effect of Ethyl Acetate Extract and Eluted 
Fraction of Ethyl Acetate Extract of Chromolaena Odorata 
with Standard Antibiotics on Different Bacteria.

Chromolaena odorata is a species of flowering shrub in the 
sunflower family, Asteraceae. It is native to North America, 
from Florida and Texas to Mexico and the Caribbean, and 
has been introduced to tropical Asia, West Africa, and parts 
of Australia. It is used as a traditional medicine in Indone-
sia. The young leaves are crushed, and the resulting liquid 
can be used to treat skin wounds.

 The several parts of this herb have been used to treat 
burns, and skin infections. Furthermore, it has also been 
shown to possess anticancer (Adedapo et al., 2016, Kouame 
et al., 2013), antidiabetic (Onkaramurthy et al., 2013, Ijioma  
et al.,2014, Uhegbu  et al., 2016), anti-hepatotoxic (Asomu-
gha et al., 2014), anti-inflammatory (Owoyele et al.,2005, 
Hanh et al.,2011,Pandith  et al.,2013), antimicrobial (Mul-
lika et al., 2005), and antioxidant properties (Phan et al., 
2001, Akinmoladun et al., 2007, Rao et al., 2010). Its phyto-
chemical components are alkaloids, flavonoids, flavanone, 
essential oils, phenolics, saponins, tannins, and terpenoids.

Kamath N et al., (2015) reported that the ethanolic, 
ethyl acetate and petroleum ether extract of Chromolaena 
odorata leaves showed antimicrobial activity against all mi-
croorganisms whereas the aqueous extract revealed vari-
able degree of antibacterial activity. Lovet T. Kigigha and 
Douye Victor Zige (2013) studied the antibacterial effect of 
Chromolaena odorata extract against the enteric pathogenic 
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The present study was aimed for the comparative analysis of antimicrobial effect of ethyl acetate extract and eluted 
fraction of ethyl acetate extract of Chromolaena odorata with standard antibiotics on different bacteria including 
Pseudomonas, Enterococcus, Staphylococcus and Streptococcus. Dried powdered plant material was used in this 
study, extracted with ethyl acetate using soxhlet apparatus. Column chromatography was used for the separation 
and purification of active compounds in ethyl acetate extract of Chromolaena odorata. The antimicrobial effect of the 
crude extract and eluted fraction was evaluated using well diffusion method. The antimicrobial assay confirmed that 
the eluted fraction showed greater antimicrobial activity than crude extract. Comparative analysis of antimicrobial 
effect of crude extract and eluted fraction with standard antibiotics clearly exhibited the antimicrobial competency.
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bacteria forms showed very low. Olukoya, (1986) revealed 
that the plants contain substances that are antimicrobial. 
Foluke Odutayo et al., (2017) reported that in methanolic 
and ethyl-ether extract of Chromolaena odorata how low 
antibacterial effect against K.pseudomonas, P.aeruginosa 
and E.facecalis when compared to other bacteria taken. 
Nwachukwu et al., (2016) stated that the crude extract of 
Chromolaena odorata was effective on the isolated bacteria 
on wounds. Hridhya K V et al., (2017) reported that the 
plant extract have significant antimicrobial activity against 
pyogenic microorganism due to the presence of various 
phytochemical constituents. Pierangeli G Vital et al., (2009) 
Chromolaena odorata extracts revealed antibacterial activi-
ties, inhibiting the growth of Staphylococcus aureus, Bacillus 
subtilis, Salmonella typhimurium. Elijah I. Ohimain et al., 
leaf extracts of Chromolaena odorata were found to exhibit 
a significant antibacterial activity against S. Typhi as com-
pared to E. coli, revealing that the extract of Chromolaena 
odorata is more effective on S. Typhi than E. coli. Afolayan 
Michael et al., (2015) results indicated that the leaf extract 
was the most active against all tested microorganisms with 
the minimum inhibitory concentration (MIC) ranging 
from 7.81 – 31.25 µg/ml. N Nanadini et al., (2014) results 
revealed that the leaf extracts of Chromolaena odorata con-
tains bioactive compounds having antimicrobial activity 
and so useful in human medicine.

Now a day, antibiotics are overused or used incorrectly 
was the major reason for the emergence of multi drug re-
sistance strains. Some bacteria develop genes for drug re-
sistance in plasmids, they are able to spread drug resistance 
to other strains. The overuse of antibiotics leads to major 
side effects such as nephron toxicity, kidney failure etc. For 
centuries plants have been used throughout the world as 
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drugs and remedies for various diseases (UNESCO, 1996).
Hence, in the present study, an attempt was made for ex-

traction, elution of phytochemicals from the ethyl acetate 
extract of selected medicinal plant Chromolaena odorata on 
various bacteria and comparative analysis among them and 
thereby providing a ray of hope to find alternative solutions 
for antibiotics to prevent the emergence of resistant strains 
of bacteria.

Materials and Methods

Chemicals
The chemicals such as Hexane, Chloroform, Ethyl acetate, 
DMSO, and other chemicals (analytical or equivalent grade 
of high purity) used for the experiment were purchased 
from SRL, Bombay.

Plant material
Chromolaena odorata were locally collected from Thiru-
vananthapuram district, Kerala, and botanically authenti-
cated. The whole plants collected were washed thoroughly 
2 – 3 times with running water and dried in 40 – 60 ºC in 
hot air oven. The dried materials were finely powdered and 
stored in air tight bottle and used for soxhlet extraction.

Isolation of ethyl acetate fraction
A quantity of 500 gm of hot air dried powdered plant ma-
terial was extracted in 2.5 L of ethyl acetate using soxhlet. 
The soxhletion with ethyl acetate was done for one week to 
obtain extract. The final extract of Chromolaena odorata (C. 
odorata) collected was concentrated under rotary evapora-
tor and preserved at 4°C in air tight bottles for conducting 
the further experiment (study material I).

Isolation of active ingredients
A part of the concentrated extract obtained from ethyl ac-
etate, which is to be separated was first applied to the col-
umn at the top. When all the concentrated extract had been 
adsorbed on the top of the column, more hexane was added 
and the column was allowed to run. Some compounds of 
the mixture are adsorbed strongly, while others less strong-
ly. The more strongly a substance is adsorbed, the more 
slowly it moves down the column. The elution was carried 
out using the mixture of hexane and chloroform (9:1 i.e. 90 
ml: 10 ml Hexane: Chloroform). Each 50.0 ml fraction was 
separately collected for a period of 30 days. Identical frac-
tions were pooled together (Bobbit 1963).

The eluted pooled fractions (9:1 of Hexane:Chloroform) 
were concentrated under rotary evaporator. The concen-
trated material was crystallized and re-crystallized using 
chloroform and preserved in the desiccator at 4°C in air 
tight bottles as study material II for conducting the further 
experiment.

Experimental organisms
Pure slant cultures of different bacterial strains such as 
Pseudomonas, Staphylococcus, Streptococcus and En-

terococcus were collected from the Research laboratory of 
South Travancore Hindu College, Nagercoil, Kanyakumari 
District. The slant cultures were brought to the laboratory 
within a short time to avoid any possible contamination. It 
was stored at 4 ºC in refrigerator for future preparation of 
sub culture in nutrient agar.

Experimental design
All the Pseudomonas inoculated plates were divided into 
three groups. (Each group contains two (2) Pseudomonas 
inoculated plates respectively).Group I: has 4 sterilized well 
received 10 µl, 20 µl, 30 µl and 40 µl of study material I. 
Group II: has 3 sterilized well received 10 µl of study mate-
rial I, 10 µl of study material II and 10 µl DMSO. Group III: 
only standard antibiotics discs.

All the Staphylococcus inoculated plates were divided 
into two groups. (Each group contains two (2) Staphylococ-
cusinoculated plates respectively). Group I:  has 4 sterilized 
well received 10 µl, 20 µl, 30 µl and 40 µl of study material I 
respectively. Group II: has 3 sterilized well received 10 µl of 
study material I 10 µl of study material II and 10 µl DMSO.
All the Streptococcus inoculated plates were divided into 
two groups. (Each group contains two (2) Streptococcus 
inoculated plates respectively).Group I: has 4 sterilized well 
received 10 µl, 20 µl, 30 µl and 40 µl of study material I re-
spectively. Group II: has 3 sterilized well received 10 µl of 
study material I, 10 µl of study material II and 10 µl DMSO.   
All the Enterococcus inoculated plates were divided into 
two groups. (Each group contains two (2) Enterococcus in-
oculated plates respectively).Group I: has 4 sterilized well 
received 10 µl, 20 µl, 30 µl and 40 µl of study material I 
respectively. Group II: has 3 sterilized well received 10 µl of 
study material I, 10 µl of study material II and 10 µl DMSO.   

Antibacterial Susceptibility Test
Agar well diffusion method is widely used to evaluate the 
antimicrobial activity of plants or microbial extracts. Simi-
larly to the procedure used in disc-diffusion method, the 
agar plate surface is inoculated by spreading a volume of 
the microbial inoculum over the entire agar surface. Then, 
a hole with a diameter of 8 mm is punched aseptically with 
a sterile cork borer or a tip, and a volume (10–100 µL) of 
the antimicrobial agent or extract solution at desired con-
centration is introduced into the well. 10 µL, 20 µL, 30 µL 
and 40 µL of ethyl acetate extract and 10µL of eluted frac-
tion of ethyl acetate extract of Chromolaena odorata and 
10 µL of DMSO were added to each well (8 mm diameter 
holes cut in the agar gel, 20 mm apart from one another) 
separately. The systems were incubated for 24 h at 36ºC ± 
1ºC, under aerobic conditions. After incubation, confluent 
bacterial growth was observed. Inhibition of the bacterial 
growth was measured in mm.

Statistical Analysis
The ANOVA-Two Factor was conducted with inhibition 
zone diameters of treated groups (Group I – 10 µl , 20 µl, 
30 µl, 40 µl of ethyl acetate extract with 10 µl of control 
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(DMSO alone)),(Group II - 10 µl of ethyl acetate extract, 10 
µl of eluted fractions with 10 µl of control (DMSO alone)). 
The ANOVA-One Factor was conducted with inhibition 
zone diameters of treated group III-antibiotics disc in the 
pseudomonas inoculated plates with control ).The results 
are expressed as mean + SE, and Paired Samples test (SPSS 
- 19 Computer package) was used to assess statistical sig-
nificance.

Results

Antimicrobial activity of four different concentration of 
ethyl acetate extract of Chromolaena odorata (C. odora-
ta) on Pseudomonas, Staphylococcus, Streptococcus and 
Enterococcus. Results are given in Table no: 1

Administration of four different concentrations of ethyl 
acetate extract of Chromolaena odorata (C. odorata) on the 
separate wells made on the Pseudomonas bacterial culture 
individually showed a well-marked inhibition zone in dose 
dependent manner. The increased inhibitory zone was ob-
served in the well received 40 µg (40 µl) of ethyl acetate ex-
tract dose (Fig 1) The wells treated with different concentra-
tions of 10µg, 20µg, 30µg and 40 µg of ethyl acetate extract 
of Chromolaena odorata individually on Streptococcus and 
Staphylococcus inoculated plates also showed concentra-
tion dependent inhibition zone (Fig 2, 3) But different con-
centration of study material I did not show any inhibitory 

activity on Enterococcus inoculated plates ( Fig 4).
Comparative effect of antimicrobial activity of ethyl 

acetate extract and eluted fraction (hexane: Chloroform 
(9:1)) of ethyl acetate extract of Chromolaena odorata 
(C.odorata) on Pseudomonas, Enterococcus, Streptococ-
cus and Staphylococcus. Results are given in Table no: 2

The wells treated with the concentrations of 10µg ethyl 
acetate extract and 10µg eluted fraction (hexane : Chloro-
form (9:1)) of ethyl acetate extract of Chromolaena odorata 
individually on Pseudomonas inoculated plates showed 
well marked inhibition zone in both (Fig 5) From the ex-
periment we found increased inhibition zone was observed 
in well received the eluted fraction. Administration of eth-
yl acetate extract and eluted fraction on the separate well 
made on Streptococcus and Staphylococcus inoculated 
plates also showed inhibition zone (Fig 6, 7). The better in-
hibitory activity was noted in the well administered with 
eluted fraction. Treatment of extract did not show any in-
hibitory activity on Enterococcus inoculated plates whereas 
the eluted fraction showed a well-marked inhibition zone 
in Enterococcus inoculated plates (Fig 8).

Antimicrobial activity of standard antibiotics on Pseudo-
monas  
Table 3 clearly indicated the inhibitory zone diameters of 
various standard antibiotics available in markets. In Pseu-
domonas inoculated plates the maximum inhibitory activ-
ity expressed by the standard antibiotics such as Levofloxa-

In
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) i
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m

m Sl.No. Name of the bacteria
Different concentration of ethyl acetate extract as Study material I

Control

(DMSO alone)

10µl (10µg/ml) 20µl (20µg/ml) 30µl (30µg/ml) 40µl (40µg/ml) 10µl (10µg/ml)

1. Pseudomonas 16 ± 0.30 16 ± 0.30 16 ± 0.30 22 ± 0.50 8 ± 0.01

2. Enterococcus 8 ± 0.01 8 ± 0.01 8 ± 0.01 8 ± 0.01 8 ± 0.01

3. Streptococcus 16 ± 0.30 18 ± 0.40 18 ± 0.40 19 ± 0.40 8 ± 0.01

4. Staphylococcus 19 ± 0.40 19 ± 0.40 19 ± 0.40 21 ± 0.50  8 ± 0.01

Source of variation Sum of square
Degree of 
freedom

Mean square
F – value 

calculated
P- value F- critical value

Between groups 519.5 3 173.1667 951.0472 9.85E-22 3.098391

Within groups 414.6 4 103.65 569.2553 2.73E-20 2.866081

Table 1. Dosage effect of antimicrobial activity of four different concentration of ethyl acetate extract of Chromolaena odorata 
(C. odorata) on Pseudomonas Enterococcus, Streptococcus and Staphylococcus.

Table 1A. ANOVA Two Factor – showing significance of IZDs (inhibition Zone diameters) obtained between the effect of 
antimicrobial activity of four different concentration of ethyl acetate extract of Chromolaena odorata on Pseudomonas, 
Enterococcus, Streptococcus and Staphylococcus. 
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Sl. No. Name of the bacteria
Study Material I Ethyl 

acetate extract

Study Material II Eluted 
fraction (90:10 hexane : 

Chloroform)

Control

(DMSO alone)

10µl (10µg/ml) 10µl (10µg/ml) 10µl (10µg/ml)

1. Pseudomonas 16 ± 0.30 18 ±0.40 8 ± 0.01

2. Enterococcus 8 ± 0.01 22 ± 0.50 8 ± 0.01

3. Streptococcus 16 ± 0.30 20 ± 0.40 8 ± 0.01

4. Staphylococcus 19 ±0.40 22 ± 0.50 8 ± 0.01                                     

Table 2. Evaluation of comparative effect of antimicrobial activity of the ethyl acetate extract of Chromolaena odorata (C. 
odorata) and eluted fraction (hexane: Chloroform (9: 1)) of ethyl acetate extract of Chromolaena odorata (C. odorata) on 
different bacteria such as Pseudomonas, Staphylococcus, Streptococcus and Enterococcus.

Source of variation Sum of square
Degree of 
freedom

Mean square
F – value 

calculated
P- value F- critical value

Between groups 41.83333 3 13.94444 72.09536 6.05E-08 3.490295

Within groups 626.3333 2 313.1667 1619.13 2.53E-15 3.885294

Table 2A. ANOVA Two Factor – showing significance of IZDs (inhibition Zone diameters) obtained between the comparative 
effect of antimicrobial activity of ethyl acetate extract and eluted fraction (hexane : Chloroform (9:1)) of ethyl acetate extract of 
Chromolaena odorata (C. odorata) on Pseudomonas, Enterococcus,  Streptococcus and Staphylococcus.

cin (QB), Ciprofloxacin (RC), Ampicillin / Sulbactum (AS) 
and Roxythromycin (AT). The other antibiotics like Cepha-
lexin (PR), Linezolid (LZ), Cloxacillin (CX), Gentamycin 
(GM), Co-trimoxazole (BA), Tetracycline (TE), Cefotaxi-
me (CF) and Lincomycin (LM)showed only very little inhi-
bition zone diameters on Pseudomonas inoculated plates. 
The result is graphically represented in graph no: 1.

Comparative study on the antimicrobial effects of 10µl 
of crude extract, 10µl of eluted fraction and standard an-
tibiotics in Pseudomonas.

The Pseudomonas inoculated plates received 10µg ethyl 
acetate extract and 10µg eluted fraction (hexane: Chloro-
form (9:1)) of ethyl acetate extract of Chromolaena odorata 
and standard antibiotics showed inhibition zone. Com-
parative analysis of antimicrobial effect of study material 
I, study material II with standard antibiotics clearly exhib-
ited the antimicrobial competency. The statistical analysis 
clearly revealed that the eluted compound has significant 
antibacterial activity against the tested microbe. The analy-
sis were graphically represented in graph no: 2.

Discussion

Our study revealed that the wells treated with different con-
centrations of 10µg, 20µg, 30µg and 40 µg of ethyl acetate 

extract (crude) of Chromolaena odorata on Pseudomo-
nas, Staphylococcus and Streptococcus inoculated plates 
showed well marked antibacterial activity in dose depen-
dent manner. Our results are in agreement with Olukoya 
and Kigigha and Zige (2013). The increased inhibitory zone 
was developed in wells received 40 µg of ethyl acetate ex-
tract of Chromolaena odorata. But different concentration 
of ethyl acetate extract (study material I) did not show any 
inhibitory activity on Enterococcus inoculated plates.

The results obtained from the work revealed that the 
maximum inhibition zone diameters produced by 10µg of 
eluted fractions of ethyl acetate extract of Chromolaena od-
orata than 10µg of ethyl acetate crude extract of Chromo-
laena odorata. The eluted fraction showed greater antimi-
crobial activity than crude extract. This may be due to the 
active compound purity in eluted fraction than the crude 
extract. Maximum inhibition zone exhibited by the eluted 
fraction is due to compound mobility and may be perme-
ability through the bacterial cell membranes. So it is neces-
sary to isolate, identify and characterize the active principal 
present in the crude extract. 

Comparative analysis of antimicrobial effect of study 
material I, study material II with standard antibiotics clearly 
exhibited the antimicrobial competency. So the antimicro-
bial property of medicinal plant is perhaps due to the pres-
ence of various secondary metabolites such as alkaloids, 
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Antibiotics Pseudomonas IZD (mm) Control (DMSO alone)

Ampicillin / Sulbactum (AS) 15 ± 0.20 6 ± 0.01

Co-trimoxazole (BA) 8 ± 0.01 6 ± 0.01

Cephalexin (PR) 9 ± 0.01 6 ± 0.01

Tetracycline (TE) 8 ± 0.01 6 ± 0.01

Cefotaxime (CF) 8 ± 0.01 6 ± 0.01

Ciprofloxacin (RC) 12 ± 0.10 6 ± 0.01

Levofloxacin (QB) 11 ± 0.10 6 ± 0.01

Linezolid (LZ) 9 ± 0.01 6 ± 0.01

Cloxacillin (CX) 9 ± 0.01 6 ± 0.01

Lincomycin (LM) 8 ± 0.01 6 ± 0.01

Roxythromycin (AT) 10 ± 0.10 6 ± 0.01

Gentamycin (GM) 9 ± 0.01 6 ± 0.01

flavonoids, glucosides, phenol, saponins and sterols etc.  
The emergence of antibiotic resistance is an evolutionary 

process that is based on selection for organisms that have 
enhanced ability to survive doses of antibiotics that would 
have previously been lethal. Antibiotics like Penicillin and 
Erythromycin, which used to be one-time miracle cures are 
now less effective because bacteria have become more resis-
tant. Inappropriate antibiotic treatment and overuse of an-
tibiotics have been a contributing factor to the emergence 
of resistant bacteria.

In recent times, due to several intricacies of modern an-
tibiotics, there has been significant shift towards alternative 
treatment and herbal remedies Patwardhan B, Vaidya ADB 
and Chorghade M (2004). Antibiotic screening of plants 
and natural products used in alternative systems of medi-
cines like Ayurvedic and Unani is a major thrust of R&D, 
in the Indian pharmaceutical sector today Afaq SH et al, 
(2004) and Baijal R, Patel N and Kolhapure SA (2004).

Table 3. Antimicrobial activity of standard antibiotics on Pseudomonas. 

Source of variation Sum of square
Degree of 
freedom

Mean square
F – value 

calculated
P- value F- critical value

Between groups 327.2 14 23.37143 499.5318 2.15E-17 2.424364

Table 3A. ANOVA-Single Factor -– showing significance of IZDs (inhibition Zone diameters) obtained between the comparative 
effect of antimicrobial activity of ethyl acetate extract, eluted fractions of the extract of Chromolaena odorata  and standard 
antibiotics on pseudomonas. 

Graph 1. Antimicrobial activity of standard antibiotics on 
Pseudomonas.
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Dosage effect of four different concentration of ethyl acetate extract of Chromolaena odorata (C. odorata)
Fig. 1. on Pseudomonas                   Fig. 2. on Streptococcus                 Fig. 3. on Staphylococcus                 Fig. 4. on Enterococcus

Comparative effect of extract and eluted fraction of ethyl acetate extract of Chromolaena odorata (C. odorata)
Fig. 5. on Pseudomonas                   Fig. 6. on Streptococcus                 Fig. 7. on Staphylococcus                 Fig. 8. on Enterococcus

Graph 1. Comparative analysis of study material - I, Study material - II and Std antibiotics.

The results obtained from the biological experiment re-
vealed that the selected exotic medicinal plant extract and 
eluted fraction of ethyl acetate extract have significant an-
timicrobial activity against the tested microbes. This comes 
to the conclusion that medicinal plant Chromolaena odo-
rata which are traditionally used in Ayurveda or in other 
herbal medical practices have scientific basics and can be 
modified to produce specific medicines against each bac-
terium. 
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