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Abstract

Centella asiatica is a traditional herb which is reported to have many biological properties that account for the ethnomedicinal 
properties of the plant. Studies were carried out to determine the antimicrobial activity of aqueous, 70% ethanol and absolute etha-
nol leaf extracts of Centella asiatica by agar well diffusion assay. The tested bacterial strains were E. coli ATCC 25922, Staphylococcus 
aureus ATCC 25923 and Salmonella typhi ATCC 19430. The zone of inhibitions produced by the three extracts against the selected 
bacteria strains were recorded together with the standard drug, Ciprofloxacin (15μg) used as positive control with water and dimet-
hyl sulfoxide (DMSO) used as negative control. The study showed that all the selected bacteria were susceptible to the aqueous, 70% 
ethanol and absolute ethanol leaf extract of C. asiatica with the aqueous leaf extract exhibiting the highest antimicrobial activities. 
The 70% ethanol extract recorded the lowest MIC of 1.56mg/ml for S. typhi whereas that of the aqueous and organic extracts were 
6.25mg/ml. The result obtained confirms the antibacterial activity of the leaf extracts of C. asiatica revealed by other researchers.

Keywords: Centella asiatica; E. coli ATCC 25922; Staphylococcus aureus ATCC 25923; Salmonella typhi ATCC 19430; Antimicrobial 
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Introduction
The use of plants for the management and treatment of diffe-

rent infectious diseases of humans has been in existence since 
ancient times [17]. The therapeutic properties of these plants are 
mainly due to the presence of secondary metabolites such as al-
kaloids, cardiac glycosides, tannins, flavonoids, saponins, reducing 
compounds, minerals, and vitamins [30]. Terpenoids, give plants 
their odour and others like tannins are responsible for plant pig-
ment. Again, secondary metabolites of plants have been described 

to be essential sources of various phytochemicals used directly or 
intermediately for the manufacture of pharmaceuticals [14]. In-
terestingly, several plant extracts known to possess antimicrobial 
properties are being used in traditional medicine [2]. Centella asia-
tica is among such medicinal plants that have been documented to 
possess antibacterial activities [16].

In recent times there is the emergence of antimicrobial resistan-
ce which has been a major health issue and still presents threat to 
health care system globally. The evolution and distribution of anti-
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biotic resistance components in bacterial pathogens has also made 
diseases that were once easily treatable deadly [3]. In general, ba-
cteria have the genetic ability to transmit and acquire resistance 
to drugs, which are utilized as therapeutic agents [5]. For instance, 
among the family Enterobacteriaceae, Escherichia coli and Salmo-
nella typhi have been the most commonly isolated species and are 
very well known to exhibit multidrug resistance [4], while Staphy-
lococcus aureus had shown to be very resistant to a wide variety of 
antibiotics [19].

Urinary tract, gastrointestinal, and pyogenic infections are the 
common hospital-acquired infections caused by bacteria of the fa-
mily Enterobacteriaceae [4]. Typhoid is a key example of this, with 
multidrug resistant strains of the bacterium Salmonella typhi beco-
ming common in many developing countries. It is often resistant to 
the first-line antimicrobials commonly used to treat the disease, 
and is continuing to evolve as it spreads to new regions and popu-
lations, acquiring novel mutations providing resistance to newer 
antimicrobial agents, such as ciprofloxacin and azithromycin [31]. 
In view of this, there is the need to respond to these challenges that 
have emerged and having adverse effects on health care in general.

Since the last decade, there have been an increase in the inves-
tigation of plant extracts which have been inhibitory and effective 
against microorganisms. Centella asiatica has shown some activity 
in various in vitro experiments carried out by some literature. Cen-
tella asiatica is an ethnomedicinal plant used for several purposes. 
These include its usefulness in the form of cover crop in rubber 
and tea plantations, for tea and juice, in food products, a source of 
some micro and macro nutrients, proteins and vitamins like thi-
amine and ascorbic acid, vegetables for nutritional purposes and 
also cosmetics for skin maintenance. It is most used for medicinal 
purposes including inflammatory, cardiac, depurative, hypotensive, 
tonic, nervic, and stimulant [14]. Also, its pharmaceutical effect ma-
kes it useful in wound healing, mental and neurological disorders, 
atherosterosis, fungicidal, antibacterial, antioxidant and anticancer 
purposes [6].

Staphylococcus aureus is among the invasive Gram-positive 
microbes known as pyogenic cocci implicated in several diseases 
(boils, impetigo, toxic shock syndrome, food poisoning, and also a 
common cause of nosocomial infections) of human [19]. High ra-
tes of Methicillin resistant S. aureus (MRSA) imply that treatment 

for suspected severe S. aureus infections, such as common skin 
and wound infections must depend on second-line drugs in many 
countries, and thus standard prophylaxis with first-line drugs for 
orthopaedic and other surgical procedures will have limited effect 
in many settings [33].

In Ghana, some of the antimicrobial resistant studies conduc-
ted on bacterial species isolated from outpatients, established that 
most of the isolates (Escherichia coli, Pseudomonas spp., Staphylo-
coccus aureus, Streptococcus spp. and Salmonella typhi) were mul-
tidrug-resistant [20]. A range of clinical bacterial isolates were re-
sistant to important commonly used antimicrobials (ciprofloxacin, 
ceftriaxone, and amikacin) in the country [20]. There is the need to 
develop effective antimicrobial drugs against the threat to public 
health caused by antimicrobial resistant pathogens, which can cau-
se serious and untreatable infections in humans.

Centella asiatica, is commonly known as Indian pennywort, 
Asiatic Penniwort or Gotukola, is a common perennial herbaceo-
us creeper belonging to the family Apiaceae, which is distributed 
widely in the tropical and subtropical countries. The species is 
floating, emergent or terrestrial in grasslands, especially along ri-
versides and also moist and shady areas [11]. The plant has been 
reported as one of the chief herbs for treating skin problems, to 
heal wounds, for revitalizing the nerves and brain cells, hence pri-
marily known as a "Brain food" in India. The roots and leaves of 
the plant are used for medicinal purposes. Other ethnomedicinal 
uses of C. asiatica include anti- inflammatory, antiulcer, anticonvul-
sant antiviral, antibacterial, antifungal and many more [16]. The 
most characteristic chemical compounds found in this plant are 
called triterpenes which contain asiaticosides, an active ingredient 
responsible for the wound healing properties [28]. It contains lar-
ge amount of pentacyclic triterpenoid saponins which is a major 
component of secondary metabolites providing active compounds 
which promotes cell rejuvenation and improves physical and men-
tal health [14]. The leaves are tonic, rich in ascorbic acid; accelerate 
nervous activity and good for increasing memory [28]. The search 
for new effective antimicrobial compounds with improved activity 
to replace those that have become inactive is, therefore, necessary 
especially from nature.

In view of the increasing interest in the use of plants in the tre-
atment of diseases, especially in developing countries where cost 
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of living is high and there is less scientific research on the use of 
known medicinal plants, antibacterial studies of C. asiatica will 
no doubt provide scientific basis to either support or debunk its 
uses in the treatment of microbial disease. Therefore, research into 
the antimicrobial activity of C. asiatica plant is essential because if 
found to be active, it can be used as an alternative to synthetic anti-
microbial products. The objective of this research is to evaluate the 
potential of plant extracts of C. asiatica on standard microorganism 
strains that are of public health importance.

Materials and Methods
Collection of test plant Centella asiatica

The leaves of Centella asiatica were manually harvested from 
the Centre for Plant Medicine Research (CPMR) farms in the Eas-
tern Region of Ghana for the extract preparation. The authenticati-
on process was carried out by the Plant Development Department, 
of Centre for Scientific Research into Plant Medicine (CPMR) where 
specimen voucher was made available at the herbarium of the De-
partment.

Preparation of aqueous and ethanolic plant extracts

The harvested plant leaves were subjected to the appropriate 
preliminary processing including elimination of undesirable withe-
red parts and contaminants through sorting, washing, and peeling. 
The fresh plant leaves were air-dried in a shade at room temperatu-
re [32] for 5 days and pulverized in a mortar. Forty grams portions 
of the pulverized plant material were cold macerated in 1,000 ml of 
70% and absolute ethanol for 72 hours and filtrated through a 
Whatman No. 1 filter paper.

Another 40 g of the pulverized material was hot macerated in 
1,000 ml of hot water followed by filtration. After filtration of the 
hot water solution, it was placed in an oven to dry. The ethanolic 
filtrates of the plant was concentrated using rotary evaporator at 
50 ºC in round-bottomed flasks after which the residue was poured 
into a plastic container and dried in the oven.

Preparation of culture media

Nutrient Agar, Bacteriological Peptone and Mueller-Hinton agar 
were used. The media were prepared according to manufacturer's 
instructions.

Inocula preparation for agar well diffusion assay

The stock cultures of Staphylococcus aureus ATCC 25923 and Sal-

monella typhi ATCC 19430 were sub-cultured onto fresh Nutrient 
agar plates and stored in a refrigerator. Three to four well-isolated 
colonies of the same morphological type of each organism were 
suspended in test tubes containing 4 ml of sterilized bacteriological 
Peptone and incubated at 37 ºC for 2-6 hours to attain the turbidity 
of 0.5 McFarland standard. The turbidity of the actively growing 
broth cultures was adjusted with sterile Bacteriological Peptone 
to obtain turbidity optically comparable to that of 0.5 McFarland 
Standard (approximately 1-2 x 108 CFU/ml for E. coli ATCC 25922).

Antimicrobial activity assay

The agar well diffusion method [12] was used to investigate the 
antimicrobial properties of the crude extracts. Within 15 minutes 
after adjusting the turbidity of the inoculum suspension, 25 μl of 
the suspension was dispensed onto the centre of the dried surface 
of a Mueller-Hinton agar plates and labelled, respectively. The pla-
tes were inoculated by streaking with a sterile swab over the entire 
sterile agar surface with bacteria. The procedure was repeated by 
streaking two more times, rotating the plate each time to ensure an 
even distribution of inoculums. A sterilized cock borer of diameter 
4 mm was used to punch seven holes in the media and 85 μl of 200 
mg/ml of the plant extracts was dispensed into the respective la-
belled holes. A standard drug (15 μg/ml of ciprofloxacin) was used 
as positive control test, while 5% v/v dimethyl sulfoxide (DMSO) 
and sterile distilled water were used as negative control test or et-
hanolic and aqueous extracts, respectively. Duplicates of each plate 
were made, and the procedure repeated for the other organisms. 
The plates were kept in the refrigerator for 4 hours for complete 
diffusion of the extract and incubated at 37 ºC for 24hrs. After the 
incubation period, the diameter of each zone of inhibition was me-
asured in millimeters (mm) with a standard ruler. Measured zone 
of inhibition for extracts less than 7 mm was considered as no an-
timicrobial activity observed and greater than 7 mm as sensitive or 
active (considered having some amount of antimicrobial activity).

Inocula preparation for Minimum Inhibitory Concentration 
(MIC) assay

The organisms to be tested were sub-cultured onto a nutrient 
plate and incubated at 37 ºC for 18- 24 hours to obtain a pure 
growth. Using a straight wire or loop, at least four (4) individual co-
lonies from the pure culture was transferred into Bacteriological 
peptone. Colonies were emulsified in the peptone to give an equi-
valent turbidity of 0.5 McFarland Standard (equivalent to a growth 
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of 1-2 X 108 CFU/ml for E. coli ATCC 25922) (C LSI, 2012). Within 
15 minutes after adjusting the turbidity of the inoculum, 1ml of the 
suspension was transferred into 10 ml blank bacteriological pepto-
ne tube (i.e. adjusted McFarland Standard) for the MIC assay.

Determination of minimum inhibitory concentration (MIC)

To determine the MIC of plant extract using the microplate di-
lution method as described by [8] was used. A one hundred mic-
rolitre of ethanol/aqueous extract was added to 100 μl of sterile 
distilled water in the first well in the 96-well microplate and mixed 
well with a micropipette; 100 μl of this dilution was added to bac-
teriological peptone in the next well in the column and the process 
was repeated. This yielded a two-fold serial dilution in the original 
extract. The process was repeated for the other plant extracts in 
other columns of the microplate. A solution of a reference antibi-
otic, 15 μg/ml of ciprofloxacin was also serially diluted in another 
column of the microplate as a positive control. A 100 μl of an ac-
tively growing test organism (adjusted McFarland Standard) was 
then added to each of the dilutions. The microplate was sealed and 
incubated overnight at 37ºC. After incubation, 40 μl of 0.2 mg/ml 
INT (p-Iodonitrotetrzolium voilet) dissolved in a sterile distilled 
water was added to each of the wells after incubation. Microplates 
were examined after additional 30 to 120 minutes incubation. Ba-
cterial growth was indicated by a red colour of INT reduced to the 
formazan. The lowest concentration at which a decrease in the red 
colour is apparent compared to the next dilution was taken as the 
MIC value. Minimum inhibitory concentration was deduced from 
the lowest concentration at which no growth took place.

The minimum bactericidal concentration (MBC)

The MBC values were deduced from wells with lowest concent-
rations at which no growth was recorded after culture for 24 hours 
of incubation described by [18]. A small sample from each of the 
wells was transferred to fresh nutrient agar plates and was incuba-
ted overnight at 37 ºC. The plates were examined for the presence 
or absence of living organisms. Plates with no microbial growth 
were regarded as the minimum bactericidal concentrations.

Phytochemical screening

The phytochemical components of aqueous, 70% ethanol and 
absolute ethanol extracts of the leaves of C. asiatica were determi-
ned. The bioactive components assayed for are saponins, 17 redu-
cing sugars, polyuronides, cyanogenic glycoside, alkaloid, triterpe-

nes, phytosterols, flavonoids, anthocyanosides and phenolics.

Statistical analysis

The antimicrobial activity was determined by measuring the di-
ameter of zone of inhibition and the mean of two replicates were re-
corded. Statistical analyses were performed using Anova of Stata11 
software including the comparison of the inhibition zone between 
the three extracts. Inhibition zones are expressed as mean ± Stan-
dard error.

Results
Phytochemical constituents of aqueous and 70% ethanol and 
absolute ethanol leaf extracts of Centella asiatica

Phytochemical studies of leaves extract of C. asiatica revealed the 
presence of saponins, alkaloids, flavonoids, polysterols and redu-
cing sugars. The Aqueous extract gave positive results for the pre-
sence of sapronins and lkaloids, while the organic extracts showed 
the presence of saponins, reducing sugars, alkaloids, flavonoids 
and polysterols.

Bioactive  
Component

Aqueous 
extract

70%  
Ethanol 
extract

Absolute 
Ethanol 
extract

Saponins + + +
R. Sugars - + +
Phenolic  
compounds - - -

Polyuranides - - -
Cyanogenicglycosides - - -
Alkaloids + + -
Flavonoids - + -
Anthracenoside - - -
Triterpenes - - -
Phytosterols - + -

Table 1: Phytochemical constituents of aqueous and 70% ethanol 
and absolute ethanol leaf extracts of Centella asiatica. 

+ = Presence of the bioactive component; - = Absence of the 
 bioactive component.

Antimicrobial activities of aqueous leaves extract of Centella 
asiatica on test organisms

The effect of the aqueous leaves extracts of Centella asiatica on 
the test organisms is reported in table 2. The table shows that, all 
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the bacteria tested in the study were susceptible to the aqueous ex-
tract at concentrations of 200, 100, 50 and 25mg/ml. However, at a 
concentration of 12.5mg/ml, none of the bacteria species was sus-
ceptible it can be hypothesized that at lower concentrations might 
have been too weak to cause significant effect on the test bacteria. 
Generally, Salmonella typhi was the most susceptible with average 
zones of inhibition (24.5mm, 22.5mm and 18mm at 100, 50 and 
25mg/ml) respectively, although the zone of inhibition (12.0 ± 1.0)
mm was reduced to about half at a concentration of 200mg/ml. Esch-
erichia coli was recorded as the second most susceptible organism 
with average zones of inhibition 23, 22, 21 and 19.5mm at 200, 100. 
50 and 25mg/ml respectively. The other bacteria species (Staphylo-
coccus aureus, Paratyphi A and Paratyphi B) recorded lower zones 
of inhibition as compared to Escherichia coli and Salmonella typhi. 
Paratyphi B. The implication is that these bacteria were not sus-
ceptible to the leaves extract at a concentration of 25mg/ml. For 
example, at a concentration of 200mg/l, S. aureus recorded 12.0 
± 0mm zone of inhibition whereas no inhibition was recorded for 
Paratyphi A. Interestingly, the effect of the extracts on Paratyphi 
B was similar to the observations obtained for E. coli and S. typhi. 
Ciprofloxacin, an antibiotic which was used as positive control was 
very effective in the inhibition of all test bacteria species and re-
corded average zones of inhibition of 26, 30, 18.5, 24 and 30mm for 
Escherichia coli, Salmonella typhi, Staphylococcus aureus, Paratyphi 
A, Paratyphi B respectively. Expectedly, there were no inhibition 
zones for water which was used as negative control.

Antimicrobial activities of 70% ethanol extract of leaves of 
Centella asiatica on test organisms

The data obtained are presented in table 2: results indicated 
that, all the test microorganisms were susceptible to 70% etha-
nol extract at the following concentrations 200, 100 and 50mg/
ml except for Paratyphi B which was not susceptible in any of the 
concentrations. At 25 and 12.5mg/ml, none of the test bacteria was 
susceptible, it is conjectured that such concentration might have 
been too small to cause and inhibition effect. Salmonella typhi ap-
peared to be highly susceptible with average inhibition zones of 
16mm, 14.5mm and 12mm at 200,100 and 50mg/ml respectively. 
Paratyphi A was the second most susceptible organism with aver-
age zones of inhibition of 15 and 13mm at concentrations of 200 
and 100mg/ml respectively. However, concentration of 50mg/ml 
did not show any activity against Paratyphi A. Staphylococcus au-
reus was the next susceptible test organism with average inhibition 

Test Organism Diameter (mm) of zone of inhibition in 
indicated concentrations (mg/ml)

12. 5 25 50 100 200
Cipro 
15μg/

ml
Water

E. coli 
ATCC 
25922

0 ± 
0.0

19.5 
± 

0.0

21 ± 
0.5

22 ± 
0.0

23 ± 
0.0

26 ± 
0.0 0 ± 0.0

S. typhi 
ATCC194 
30

0 ± 
0.0

18 ± 
0.0

22.5 
± 

0.5

24.5 
± 

0.5

12 ± 
1.0

30 ± 
0.0 0 ± 0.0

S. aureus 
ATCC259 
23

0 ± 
0.0

8 ± 
0.0

10.5 
± 

0.5

12 ± 
0.0

12 ± 
0.0

18.5 ± 
0.5 0 ± 0.0

Para-
typhii A

0 ± 
0.0

14 ± 
2.0

16.5 
± 

1.5

18 ± 
2.0

0 ± 
0.0

24 ± 
0.0 0 ± 0.0

Para-
typhii B

0 ± 
0.0

0 ± 
0.0

17 ± 
1.0

18 ± 
0.0

19.5 
± 

0.5

30 ± 
0.0 0 ± 0.0

Table 2: Influence of aqueous extract of leaves of Centella asiatica 
on zones of inhibition of test bacteria at indicated concentrations.

zones of 14, 10.5 and 9mm at 200, 100 and 50mg/ml respectively. 
Escherichia coli had the least susceptibility with an average inhibi-
tion zone of 12mm at 200mg/ml whereas no inhibition zone was 
recorded for the other concentrations. A standard antibiotic Cip-
rofloxacin which served as positive control was effective against all 
the test bacteria species except Paratyphi A whereas DMSO served 
a negative control, was ineffective against all test bacteria.

Antimicrobial activities of absolute ethanol extract of leaves of 
Centella asiatica on test organisms

The data obtained are presented in table 4: results showed that, 
all the test microorganisms were significantly (p < 0.05) suscep-
tible to the absolute ethanol leaves extract in 200, 100 and 50mg/
ml except for Paratyphi B which was not susceptible in any of the 
concentrations. Concentrations of 25 and 12.5mg/ml, did inhibit 
growth of the test bacteria in media which was amended with 70% 
ethanol leaves extract. Data revealed that Paratyphi A appeared to be 
highly susceptible with average inhibition zones of 16 mm, 13 mm 
and 11 mm at concentrations of 200, 100 and 50mg/ml respective-
ly. Staphylococcus aureus was the second most susceptible organism 
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Test  
organisms

Diameter (mm) of zone of inhibition at  
indicated concentrations (mg/ml)

12.5 25 50 100 200
Cipro 
15μg/

ml

DMSO 
(5%)

E.coli 
ATCC2592 2

0 ± 
0.0

0 ± 
0.0

0 ± 
0.0

0 ± 
0.0

12 ± 
0.0 27 ± 0.0 0 ± 0.0

S.typhii 
ATCC19430

0 ± 
0.0

0 ± 
0.0

12 ± 
0.0

14.5 ± 
0.5

16 ± 
0.0 24 ± 0.0 0 ± 0.0

S.aureus 
ATCC25923

0 ± 
0.0

0 ± 
0.0

9 ± 
0.0

10.5 ± 
0.5

14 ± 
0.0

19.5 ± 
0.5 0 ± 0.0

Paratyphii A
0 ± 
0.0

0 ± 
0.0

0 ± 
0.0

13 ± 
3.0

15 ± 
2.0

22.5 ± 
0.5 0 ± 0.0

Paratyphii B
0 ± 
0.0

0 ± 
0.0

0 ± 
0.0

0 ± 
0.0 0 ± 0.0 0 ± 0.0 0 ± 0.0

Table 3: The effect of 70% ethanol leaves extract of Centella  
asiatica against zone of inhibition of four bacteria genera at  

indicated concentrations.

with average zones of inhibition (12,10.5 and 8.5) mm at the same 
concentrations, respectively. This was followed by Samonella typhi 
whereas Escherichia coli was the least susceptible which recorded 
an average zone of inhibition of 11mm in only 200mg/ml concen-
tration. As observed in previous data tables 1 and 2, Ciprofloxacin 
served as a positive control was effective against all test bacteria. 
Dimethyl sulfoxide (DMSO) which was a negative control did not 
show any activity against the test organisms.

Test organisms
Diameter (mm) of zone of 

inhibition in indicated  
concentrations (mg/ml)

12.5 25 50 100 200
Cipro 

15μg/m l
DMSO 
(5%)

E. coli 
ATCC259 22

0 ± 
0.0

0 ± 
0.0

0 ± 
0.0

0 ± 
0.0

11 ± 
0.0 22.5 ± 0.5 0 ± 0.0

S. typhii 
ATCC194 30

0 ± 
0.0

0 ± 
0.0

9 ± 
0.0

10 ± 
0.0

11.5 ± 
0.5

27 ± 0.0 0 ± 0.0

S. aureus 
ATCC259 22

0 ± 
0.0

0 ± 
0.0

8.5 ± 
0.5

10.5 
± 0.5

12 ± 
0.0 19.5 ± 0.5 0 ± 0.0

Paratyphii A
0 ± 
0.0

0 ± 
0.0

11 ± 
1.0

13 ± 
0.0

16 ± 
0.0

23 ± 0.0 0 ± 0.0

Paratyphii B
0 ± 
0.0

0 ± 
0.0

0 ± 
0.0

0 ± 
0.0

0 ± 
0.0 23.5 ± 0.0 0 ± 0.0

Table 4: Influence of absolute ethanol leaves extract of Centella 
asiatica against 4 genera of bacteria at indicated concentrations.

Determination of minimum inhibitory concentration of vari-
ous leaves extract of Centella asiatica against Escherichia coli

Table 5a, the (+) indicates colour change of the extract from 
green to red which indicates the growth of microbes while the (-) 
indicates no colour of the extract which is interpreted as the ab-
sence of microbial growth (Plate 1). The first microplate well of a 
concentration to show no colour change was recorded as the M.I.C 
value. Data from table 5b, showed that the least MIC value for aqu-
eous leaves extract recorded for Salmonella typhi was 6.25mg/ml. It 
was followed by 12.5mg/ml which showed activity against E. coli. 
whilst S. aureus recorded a MIC of 25mg/ml. On the contrary Parat-
yphi A obtained the highest MIC value of 50mg/ml. The implicati-
ons are that the lower concentration of the aqueous leaves extract 
is more effective on S. typhi as compared to the other microorganis-
ms (S. aureus, E. coli and Paratyphi A). However, these other micro-
organisms are susceptible at higher concentrations of the aqu-
eous leaves extract of C. asiatica. Ciprofloxacin which served as a 
positive control recorded the highest MIC value of 3.125mg/l. This 
shows that ciprofloxacin was very effective in inhibiting growth of 
all bacteria tested in this present study.

Determination of minimum inhibitory concentrations of 70% 
ethanol leaves extract of C. asiatica on test microorganisms

Data obtained from table 6b shows the MIC values against the 
test bacteria. The 70% ethanol leaves extract was more effective 
against Salmonella typhi and recorded MIC value of 1.56mg/ml, 
it was followed by E.coli (12.5mg/ml) and S. aureus (12.5mg/ml) 
whereas Paratyphi A had the highest MIC value 50mg/ml indicating 
that it is the least susceptible to the extract. Similar observation was 
recorded here where lower concentrations of the extract was more 
effective on a specific bacterium. That is the extract was more ef-
fective on S. typhi as compared to the other microorganisms (S. au-
reus, E. coli and Paratyphi A). However, these other microorganisms 
were also susceptible to 70% ethanol extract at higher concentra-
tions. As it was observed previously, ciprofloxacin which served as a 
positive control recorded 0.39 mg/ml as the least MIC value which 
demonstrates its effectiveness against the test organisms.

Minimum inhibitory concentrations of absolute ethanol leaves 
extract of C. asiatica on test organisms

Tables 7b and 8 show minimum inhibitory concentrations of 
absolute ethanol leaves extract of C. siatica. The lowest MIC value 
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Concentration 
(mg/ml)

Aqueous 
Extract

70% 
ethanol 
extract

Absolute 
extract Ciprofloxacin

Inoculum Control Inoculum Control Inoculum Control Inoculum
Control - - - - - - -
50 - - - - - - -
25 - - - - - - -
12.5 - - - - - - -
6.25 - + - + - + -
3.125 - + - + - + -
1.56 - + - + - + -
0.78 - + - + - + -
0.39 - + - + - + -

Table 5a: Minimum Inhibitory Concentration of different extract of Centella asiatica leaves against Escherichia coli.

Test organisms Extract M.I.C (Mg/Ml) Ciprofloxacin M.I.C (Mg/Ml)
E. coli ATCC25922 12.5 ± 0.00 3.125 ± 0.00
S. typhii ATCC19430 6.25 ± 0.00 0.39 ± 0.00
S. aureus ATCC25923 25 ± 0.00 0 ± 0.00
Paratyphii A 50 ± 0.00 0 ± 0.00

Table 5b: Minimum Inhibitory Concentration of aqueous extract of Centella asiatica leaves against test organisms.

Aqueous Extract 70% ethanol extract Absolute extract Ciprofloxacin

Conc. 
(mg/ml) Control Inoculum Control Inoculum Control Inoculum Control Inoculum

50 - - - - - - - -
25 - - - - - - - -
12.5 - - - - - - - -
6.25 - - - - - - - -
3.125 - + + - - + - -
1.56 - + + - - + - -
0.78 - + + + - + - -
0.39 - + + + - + - -

Table 6a: Minimum inhibitory concentration of various leaves extracts of Centella asiatica against S. typhi. 
Positive (+) = color change (green to red) indicating growth of microorganisms, and Negative 

(-) = no color change indicating absence of growth of microbes.
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Test organisms Extract M.I.C 
(mg/ml)

Ciprofloxacin M.I.C 
(mg/ml)

E. coli ATCC25922 12.5 ± 0.00 3.125 ± 0.00
S. typhii ATCC19430 1.56 ± 0.00 0.39 ± 0.00
S. aureus 
ATCC25923 12.5 ± 0.00 0 ± 0.00

Paratyphii A 50 ± 0.00 0 ± 0.00

Table 6b: Minimum Inhibitory Concentration of 70% ethanol 
extract of Centella asiatica leaves against test organisms.

of 6.25mg/ml was recorded on Salmonella typhi and S. aureus fol-
lowed by E. coli (12.5mg/ml) whereas Paratyphi A recorded the high-
est MIC value of 50mg/ml. This shows that a lower concentration of 
the absolute ethanol extract showed higher antimicrobial activity 
on S. typhi and S. aureus as compared to the two other microorgan-
isms. However, the remaining organisms were susceptible only at 
higher concentrations of the extract. Here also ciprofloxacin which 
served was a positive control recorded 0.39 mg.ml as the least MIC 
value showing its effectiveness against all the test microorganisms.

Aqueous extract 70% ethanol extract Absolute extract Ciprofloxacin

Conc. 
(mg/ml) Control Inoculum Control Inoculum Control Inoculum Control Inoculum

50 - - - - - - - -
25 - - - - - - - -
12.5 - + - - - - - -
6.25 - + - + - - - -
3.125 - + + + - + - -
1.56 - + + + - + - -
0.78 - + + + - + - -
0.39 - + + + - + - -

Table 7a: Minimum Inhibitory Concentration of the various extract of Centella asiatica leaves against S. aureus. 
Positive (+) = color change (green to red) indicating growth of microorganisms, and Negative  

(-) = no color change indicating absence of growth of microbes.

Test organisms Extract M.I.C (mg/
ml)

Ciprofloxacin 
M.I.C (mg/ml)

E. coli ATCC25922 12.5 ± 0.00 3.125 ± 0.00
S. typhii ATCC19430 6.25 ± 0.00 0.39 ± 0.00
S. aureus 
ATCC25923 6.25 ± 0.00 0 ± 0.00

Paratyphii A 50 ± 0.00 0 ± 0.00

Table 7b: Minimum Inhibitory Concentration of absolute ethanol 
extract of Centella asiatica leaves against test organisms.

Determination of minimum bactericidal/bacteriostatic con-
centrations of aqueous, 70% and absolute extract of leaves of 
C. asiatica against E. coli, S. typhi, S. aureus and Paratyphi A

 Table 9a shows growth of E. coli was recorded in all the vari-

ous extracts of C. asiatica. It implies that the various leaves extracts 
C. asiatica did not kill the test bacterium E. coli but rather inhibited 
its growth. The various extracts of C. asiatica were bacteriostatic 
instead of bactericidal. The control of the various extracts was not 
inoculated with the E. coli in other to compare it with the extracts 
containing the microorganism and therefore showed no growth af-
ter incubation.

Same results were obtained when S. typhi was used as a test 
microorganism (Table 9b). Growth of S. typhi was recorded in all 
the extracts inoculated with the test bacterium. The results show 
that the various extracts of C. asiatica leaves did not kill S. typhi but 
rather inhibited its growth which makes the various extracts of C. 
asiatica bacteriostatic to S. typhi as observed in E. coli.
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Aqueous Extract 70% ethanol extract Absolute extract Ciprofloxacin

Conc. 
(mg/ml) Control Inoculum Control Inoculum Control Inoculum Control Inoculum

50 - - - - - - - -
25 - + - + - + - -
12.5 - + - + - + - -
6.25 - + - + - + - -
3.125 - + - + - + - -
1.56 - + - + - + - -
0.78 - + - + - + - -
0.39 - + - + - + - -

Table 8: Minimum inhibitory concentration of the various extract of Centella asiatica leaves against Paratyphi . 
Positive (+) = color change (green to red) indicating growth of microorganisms, and Negative (-) = no color  

change indicating absence of growth of microbes

Table 9c represents the effect of the various extracts on S. aureus. 
It was observed that growth was recorded in all the concentrations 
of the aqueous extract except for the concentrations of 50mg/ml 
and 25mg/ml. That is at concentrations of 25mg/ml and 50mg/
ml of aqueous extract of C. asiatica leaves were bactericidal on S. 
aureus. Growth of S. aureus was also observed in all concentrations 
of 70% ethanol extract except the concentrations of (12.5, 25 and 
50) mg/ml. Similarly, 70% ethanol extract at specific concentrati-
ons were bactericidal to S. aureus. There was growth of S. aureus 
in all concentrations of the absolute ethanol extract except at (6.25, 

12.5, 25 and 50) mg/ml making these concentrations bactericidal 
on S. aureus. The remaining concentrations which showed growth 
of microorganisms in the other various extracts were interpreted 
as bacteriostatic to S. aureus (Table 9c). Table 9d represent data ob-
tained on Paratyphi A (S. paratyphi), data was similar to Tables 9a 
and 9b, where growth of S. typhi and E. coli in all the extracts inocu-
lated with these same microorganisms. This shows that the various 
extracts of C. asiatica leaves did not kill the S. paratyphi but rather 
inhibited its growth which makes the various extracts bacteriosta-
tic to S. paratyphi (Table 9d).

Aqueous extract 70% ethanol extract Absolute extract Ciprofloxacin

Conc. 
(mg/ml)

Control Inoculum Control Inoculum Control Inoculum Control Inoculum

50 - + - + - + - -
25 - + - + - + - -
12.5 - + - + - + - -
6.25 - + - + - + - -
3.125 - + - + - + - -
1.56 - + - + - + - -
0.78 - + - + - + - -
0.39 - + - + - + - -

Table 9a: Minimum bactericidal/bacteriostatic concentration of the various extract of Centella asiatica leaves against Escherichia coli. 
Positive (+) = color change (green to red) indicating growth of microorganisms, and Negative (-) = no color  

change indicating absence of growth of microbes.
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Aqueous extract 70% ethanol extract Absolute extract Ciprofloxacin

Conc. 
(mg/ml) Control Inoculum Control Inoculum Control Inoculum Control Inoculum

50 - + - + - + - -
25 - + - + - + - -
12.5 - + - + - + - -
6.25 - + - + - + - -
3.125 - + - + - + - -
1.56 - + - + - + - -
0.78 - + - + - + - -
0.39 - + - + - + - -

Table 9b: Minimum bactericidal/bacteriostatic concentration of the various extract of asiatica leaves against Salmonella typhi. 
Positive (+) = color change (green to red) indicating growth of microorganisms, and Negative (-) = no color  

change indicating absence of growth of microbes.

Aqueous Extract 70% ethanol extract Absolute extract Ciprofloxacin

Conc. 
(mg/ml) Control Inoculum Control Inoculum Control Inoculum Control Inoculum

50 - - - - - - - -

25 - - - - - - - -
12.5 - + - - - - - -
6.25 - + - + - - - -
3.125 - + - + - + - -
1.56 - + - + - + - -
0.78 - + - + - + - -
0.39 - + - + - + - -

Table 9c: Minimum bactericidal/bacteriostatic concentration of various extract of Centella asiatica leaves against Staphylococcus aureus. 
Positive (+) = color change (green to red) indicating growth of microorganisms, and Negative (-) = no color  

change indicating absence of growth of microbes.

Discussion
Nature has been a source of medicinal treatments for thousands 

of years, with the use of plants as prototypes for drug development 
and for the extraction of active compounds. Plant-based systems 
therefore continue to play an essential role in primary health care 

around the world, with natural compounds been used in treatment 
of common diseases such as malaria, cholera, pneumonia, tubercu-
losis, asthma, skin infections, wound to mention but few due to the-
ir anti-inflammatory, antimicrobial, and cell-stimulating properties 
[1,21,22]. Centella asiatica is used as a traditional herbal medicine 
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Aqueous extract 70% ethanol extract Absolute extract Ciprofloxacin

Conc. 
(mg/ml) Control Inoculum Control Inoculum Control Inoculum Control Inoculum

50 - + - + - + - -
25 - + - + - + - -
12.5 - + - + - + - -
6.25 - + - + - + - -
3.125 - + - + - + - -
1.56 - + - + - + - -
0.78 - + - + - + - -
0.39 - + - + - + - -

Table 9d: Minimum bactericidal and bacteriostatic concentration of various extract of  
Centella asiatica leaves against Paratyphi A (S. typhi). 

Positive (+) = color change (green to red) indicating growth of microorganisms, and Negative (-) = no color  
change indicating absence of growth of microbes.

in Asiatic countries for hundreds of years to improve wound he-
aling, and it is becoming popular in the West Brinkhaus., et al. (as 
cited in [6]).

This study investigated the effectiveness of C. asiatica against 
selected bacteria (Escherichia coli, Salmonella typhi and Staphylo-
coccus aureus). Findings demonstrated that aqueous, 70% ethanol 
and absolute ethanol leaves extract of C. asiatica at specific con-
centration were active against the test bacteria species due to the 
presence of bioactive compounds such as saponins, R-sugars. al-
kaloids, flavonoids and phytosterols. Saponins were presence in 
all the three extracts whereas alkaloids were found in aqueous and 
70% ethanol extracts. On the contrary, R-sugars were detected in 
70% and absolute ethanol extract whilst flavonoids and phytoste-
rols were present in 70% ethanol only (Table 1). Generally, all the 
extracts the aqueous, 70% ethanol and absolute ethanol extracts 
of leaves of C. asiatica exhibited significantly varying antimicrobi-
al activities and were effective in inhibiting the growth of all test 
bacteria at the concentrations between 25 mg/ml to 200 mg/ml 
(Tables 2 – 9d) [1] reported the primary active constituents of C. 
asiatica are saponins (triterpenoids) and their sugar esters, which 
include asiaticoside, Asiatic acid, and madecassic Brinkhaus., et al. 
Gohil., et al. (as cited in [1]). These components are preclinically 
effective on systemic scleroderma, abnormal scar formation, and 

keloids [13]. Asiaticoside is the main active ingredient of C. asiatica 
and exhibits significant wound healing activity in normal and dela-
yed- healing models Shukla, Rasik, Jain., et al. ([1]). Several studies 
also demonstrated the effect of C. asiatica in wound healing when 
topically applied ([9,10,24]. Its mechanism of action has been att-
ributed to increase cellular proliferation and collagen synthesis at 
the wound site, increase in angiogenesis, and it has an effect on 
keratinization, which aids in thickening skin in areas of infection 
Pazyar., et al. Sunilkumar, Parameshwaraiah, and Shivakumar, In-
candela., et al. Rosen, Blumenthal, and McCallum, Poizot and Du-
mez (as cited in [1]).

Similar observations were made by [15], when aqueous-etha-
nol extracts of C. asiatica were found to inhibit the growth of sele-
cted microbes such as E. coli, S. typhi and S. aureus. Later, studies 
by, showed the activity of C. asiatica leaf extracts against some 
strains of bacteria including E. coli and S. aureus implying that 
the leaves extract could have a broad spectrum of antimicrobial 
activities [25] findings indicated that Centella asiatica is one of the 
important plants which exhibit antibacterial activity against wide 
variety of bacteria such as Cornebacterium diptheriae, Escherichia 
coli, Staphylococcus aureus and Pseudomonas aeruginosa [26] re-
ported the antimicrobial activity of C. asiatica on three local isola-
tes of bacteria (Bacillus subtilis (ATCC- 6633), Staphylococcus au-
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reus (ATCC6538), E. coli (ATCC-14169), Pseudomonas aeruginosa 
(ATCC-27853), and a fungus C. albicans (ATCC-10231). The extract 
showed some degree of antimicrobial activity against these spe-
cies. This current study used the three extracts to assess the anti-
microbial sensitivity of the test bacteria to determine the minimum 
inhibitory concentration for each test bacterium species (Tables 
5a - 8). The extracts were also used to determine zone of inhibiti-
on for each test microorganism. Data obtained suggested that the 
zone of inhibition (mm) increases as concentration of the extracts 
was increased. Data in this study suggested that the highest zones 
of inhibition was recorded in the aqueous extract as compared 
to the ethanolic extracts which is in contrary to other reports by 
[6,23,27]; where their findings connote that ethanol, leaves extra-
ct of C. asiatica was significantly effective against bacteria species 
than aqueous leaves extract. These varying results may be attribu-
ted to impact of environmental conditions on the physiology of C. 
asiatica at different part of the world, or because of different extra-
ction methods used by these researchers affected the phytochemi-
cal profile of C. asiatica [29] reported that when ethanol was used 
as solvent the extract contained alkaloids, saponin, tannin, flavono-
ids, phlobatannins, anthraquinones and cardiac glycoside but most 
of these phytochemicals were absent except saponin in this study. 
It is supposed that these phytochemicals may be necessary for the 
inhibitory effect of C. asiatica.

A fortuitous condition was created by the 70% ethanol extract 
and absolute ethanol extracts were tested on the microorganisms 
where 70% ethanol extract showed more inhibitory effects than 
the absolute ethanol extract. This may be as a result of the enhan-
ced solubility of the active components in organic solvents [7]. Sal-
monella typhi was highly susceptible to aqueous leaf extract recor-
ding zones of inhibition of 24.5mm, 22.5mm and 18mm at 100, 50 
and 25mg/ml respectively with the exception of that in 200mg/ml 
same results was obtained for 70% ethanol extract. On the other 
hand, Paratyphi A was more susceptible to absolute ethanol extract 
recording zones of inhibition values of zones of 16mm, 13mm and 
11mm at 200, 100 and 50mg/ml respectively. The data reported in 
this present study indicates that the absolute ethanol extract was 
the most potent among the three extracts tested the results confir-
med reports by [6]. in a similar study. There was a positive correla-
tion between the concentrations of 50 and 100mg/ml (r = 0.9962) 
among the three leaves extract of C. asiatica.

Except for Paratyphi B, all the extracts showed a significant an-
timicrobial activity against the isolates. The following MIC values 
were recorded in this study 6.25mg/ml was recorded for Salmonel-
la typhi for aqueous leaves extract, 70% ethanol extract 1.56mg/
ml was recorded for Salmonella typhi, absolute ethanol extract 
6.25mg/ml Salmonella typhi and S. aureus respectively. Future stu-
dies were carried out to determine the bactericidal activity of the 
test extracts, it was observed growth was attained by all isolates 
grown in the aqueous medium except S. aureus at concentrations 
of 25 and 50mg/ml. Result obtained for 70% ethanol extract, was 
akin to that of aqueous leaves extracts where there growth was not 
recorded at concentrations of 12.5, 25 and 50mg/ml with absolu-
te alcohol recording same as above where S. aureus did not grow 
at the concentrations of 6.25, 12.5, 25 and 50mg/ml. However, the 
positive control, ciprofloxacin was very effective and exhibited ba-
ctericidal activity to all the test bacteria isolates.

Conclusion
The leaves extract of Centella asiatica exhibited antibacterial ac-

tivity against the three isolates of bacteria Escherichia coli, Salmo-
nella typhi and Staphylococcus aureus that cause wound infection, 
urinary tract infection, gastrointestinal tract infection and typhoid. 
There is potential application of natural extracts and their isolated 
active compounds from leaves extract of C. asiatica for the develop-
ment of formulation.
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