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Antibacterial and cytotoxic evaluation of sequential extract of Moringa oleifera 
leaves

Usama Bin Naeem1, Waqas Iftikhar1, Mussarat Rafiq2 and Muhammad Babar Khawar3*

Abstract: Moringa Oleifera is an interesting plant used in Asian traditional medicine. In this study, in vitro antibacterial and 
cytotoxic evaluation of sequential extracts (aqueous, ethanol, and chloroform) of Moringa Oleifera was carried out. The 
antibacterial analysis was estimated with minimum inhibitory concentration (MIC) by micro dilution of Moringa Oleifera against 
common poultry pathogens Clostridium perfringens type A and Escherichia coli, while cytotoxic evaluation was estimated by the 
reduction in cell viability due to apoptosis or necrosis by metabolic events in the presence and absence of crude extracts or tested 
component. The aqueous extract shows the highest percentage yield (45/50gm) succeeded by ethanol extract (5.5gm/50gm) 
and chloroform extract (0.2gm/50gm). In our study, the zone of inhibition of sequential extracts of Moringa Oleifera against 
Haemophilus species are highest for chloroform (17mm), intermediate for ethanol (13mm), and lowest for aqueous extract 
(12.3mm). For chloroform extract the CSP was calculated at 10 different concentrations, 2000 µg/ml, 1000µg/ml, 500µg/ml, 
250µg/ml, 125µg/ml, 62.5µg/ml, 31.25µg/ml, 15.63µg/ml, 7.81µg/ml and 3.91µg/ml .The results for cell survival percentage 
(CSP) in the present research are 26%, 46%, 58%, 55%, 60%, 63%, 62%, 59%, 68% and 82% respectively. The CSP results of 
chloroform extract indicated that it is toxic for cells at ≥1000µg/ml. At 1000µg/ml concentration CSP was 46% which is > 50% 
and therefore it is cytotoxic. At higher concentrations, chloroform is more cytotoxic than hexane because at > 1000µg/ml the 
cell survival percentage was recorded to be < 50%. For ethanol extract CSP was calculated at 10 concentrations, 6000µg/ml, 
3000µg/ml, 1500µg/ml, 750µg/ml, 375µg/ml, 187.5µg/ml, 93.75µg/ml, 46.85µg/ml, 23.43µg/ml and 11.71µg/ml. The CSP values 
are 18%, 48%, 60%, 58%, 69%, 56%, 59%, 74%, 57% and 78% respectively which indicate that at concentrations ≥3000µg/ml 
the chloroform extract is toxic for cells. At a concentration less than 3000µg/ml, the CSP is more than 50%. So, as compared to 
hexane and chloroform, ethanol extract is less toxic at higher concentrations. Cytotoxicity of aqueous extract was calculated at 
10 concentrations, 5000µg/ml, 2500µg/ml, 1250µg/ml, 625µg/ml, 312.5µg/ml, 156.25µg/ml, 78.125µg/ml, 39.06µg/ml, 19.53µg/
ml and 9.76µg/ml. The CSP values are 8%, 18%, 42%, 56%, 54%, 59%, 55%, 62% 59% and 66% respectively. At a concentration 
≥625µg/ml, the aqueous extract is toxic for cells. The CSP at 625µg/ml is 42%, hence toxic for cells. The cell survival percentage 
is more than 50% at a concentration > 625µg/ml, indicating that aqueous extract is more toxic to the cell than the rest of the 
three (Hexane, Chloroform, Ethanol extracts) at higher concentrations.
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Introduction
"The tree of life" named Moringa oleifera, is regarded as 

one of the most valuable and useful trees because its all parts 
can be used for medication and food1,2. The leaves of Morin-
ga are eaten either cooked or fresh in salads. Leaves in the 
form of dried powder can be stored without losing nutritional 
value for months. However, it is essential to screen Moringa 
oleifera for antimicrobial properties and investigate its saniti-
zing /preservative potential3. In developing countries, untrea-
ted water-born life-threatening infections are increasing4. 
World Health Organization (WHO) has warned that microbial 
resistance to typical water treatment mechanisms is increa-
sing, and medicinal plants offer a good source of choice. The 
assessment of all the drugs is based on phytochemical and 
pharmacological approaches, which lead to the drug discovery 

referred to as natural product screening5. Antibacterial resis-
tance is a global problem; strategies to improve the current 
situation include controlling infections and minimizing the 
incidence of bacterial resistance by making new findings and 
innovations in antibacterial antibiotics and chemotherapeutic 
agents6. Almost 20% of the plants found in the world have 
been investigated through pharmacological or biological tests, 
and a considerable number of new antibiotics are synthesized 
using natural or semi-synthetic resources7. Due to the high 
cost of antibacterial medicines in developing countries like Pa-
kistan, a significant portion of the population uses medicinal 
plants as medicaments against infectious diseases.
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Materials and methods 
All experimental work was performed at the Department 

of Pharmacology and Toxicology, UVAS, Lahore. The fresh ma-
ture leaves of Moringa Oleifera were shadow dried at room 
temperature. Leaves were turned in powder form and stored 
in a dry place. Soxhlet apparatus as done by (8) with slight 
modification was used to collect the sequential extracts from 
dried leaves powder of Moringa Oleifera and dried through the 
rotary evaporator. For further analysis, sequential extracts 
were used to estimate the antibacterial activity. Cytotoxicity 
was conducted by colorimetric analysis, MTT (methyl thiazole 
tetrazolium) assay in vitro.

Antibacterial activity

Identification based on Biochemical tests
All the selected microorganisms, Staphylococcus aureus, 

Escherichia coli, Salmonella enterica, Clostridium perfringens 
type A, Haemophilus spp., were biochemically characterized 
by a series of biochemical tests performed for Gram reaction, 
catalase test, carbohydrate (lactate) fermentation, IMViC tests 
(Indole test, Methyl Red test, Citrate utilization test, Voges–
Proskauer test) and oxidase test as per the standard methods 
reported in The "Bergey's Manual of Determinative Bacterio-
logy’’9.

Antimicrobial susceptibility testing (AST) by Agar well 
diffusion method

Plant extract containing antimicrobial constituents is 
allowed to soak or diffuse properly in the agar medium on a 
plate with fresh growth of test microorganisms. A zone of inhi-
bitions is produced circularly due to inhibition of the confluent 
lawn of growth. The zone of inhibition's diameter is measured 
in mm.

Minimum inhibitory concentration (MIC) calculation by 
Micro dilution method

96-well plates were used and labeled for every three iso-
lates of a microorganism and their crude extracts. 100µl MHB 
media was introduced to each well up to 12th well by sterile 
micropipette. 100µl of each plant extract was added to the 
first well, mixed properly, and then serially two-fold diluted up 
to 10th well by taking 100µl from first well and shifted to se-
cond well then took a sample from the second well and shifted 
to third well and so on. The sample taken from the 10th well 
was discarded at the end. Now, 100µl of suspension inoculum 
was introduced up to the 11th well. Standardized inoculum and 
broth media presence in the 11th well was considered positive 
control while only broth media presence in the 12th well was 
considered a negative control.

The final volume in each well was 200µl, except in the 
12th well, which has 100µl. The plates were wrapped, labeled, 
and incubated for 24 hours at 37°C. The plate's optical densi-
ty (OD value) was measured using an ELISA reader at 595nm 
wavelength. Note the MIC endpoints as the lowest concen-
tration of crude extract where no visible growth was shown10. 
The experiment was performed in triplicate, and the results 
were noted in mean ± standard deviation format. The data 
was analyzed statistically by using one-way ANOVA, and the 
treatment means were compared by Duncan's Multiple Range 
(DMR) posthoc test at significance level P ≤0.0511.

Cytotoxic evaluation

Preparation of MTT dye
In a sterile test tube, 50 mg of MTT dye was taken. 0.22 

µm syringe was used to filter water and then added to test 
tube containing MTT dye. The prepared MTT dye was stored 
at 4°C for further use.

Vero cell line
The Vero cell line was taken from WTO-QOL (Quality 

Operation Laboratory) UVAS, Lahore. Lahore. For future use in 
research, it was cryopreserved by a method described by Day 
and Stacey, 200712.

Cell line revival
The cryovial labeled Vero cells were removed from the li-

quid nitrogen container. Cells were decontaminated with 70% 
isopropyl alcohol and then thawed at 37°C in a water bath. The 
Vero cells suspension was shifted to a centrifuge tube contai-
ning cell culture media from cryovial. After centrifugation, the 
supernatant was discarded to remove DMSO, and pellets of 
Vero cells were resuspended by adding 5ml of cell culture me-
dia (M-199). The Vero cells were transferred to the Carrel cell 
flask for further use.

Vero cell's seeding in 96-well cell culture plate
Vero cells suspension (100 µl) was seeded in 96 well pla-

tes in a safety cabinet aseptically. The plates seeded with Vero 
cells were incubated in 5% CO2 for 72 hours at 37ºC, and an 
inverted microscope for a complete monolayer was used to 
monitor cell plates.

Cell survival percentage
Calculation of cell survival percentage:
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Statistical analysis
The parameters analyzed in all experiments were sub-

jected to SPSS for windows version 16, SPSS inc, Chicago, 
IL, USA). One-way ANOVA analyzed the zone of inhibition and 
minimum inhibitory concentrations and then the means were 
compared with Duncan's Multiple Range (DMR) posthoc test 
at significance level P ≤0.0513.

Results

Selected bacteria identification
Staphylococcus aureus (S. aureus), Salmonella enterica (S. 

enterica), Escherichia coli (E. coli), Clostridium perfringens (C. 
perfringens) type A, and Haemophilus species (isolated from 
poultry) were collected from the Microbiology department of 
UVAS, Lahore. These bacteria were cultured. Microscopic eva-
luation and biochemical characterization were performed to 
confirm these bacteria. The summary of the biochemical test 
is shown in Table 1.

Minimum inhibitory concentration (MIC) values
Antibacterial activity of Moringa oleifera sequential lea-

ves and root extracts against common poultry pathogens was 
evaluated using the MIC method. Minimum inhibitory concen-
trations of Clostridium perfringens and Escherichia coli were 
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measured) and results are summarized in Tables 2 and 3, 
respectively. Means minimum inhibitory concentration of all 
extracts (chloroform, ethanol, and aqueous) differ non-signifi-
cantly, as showed by ANOVA and Duncan's test. Minimum inhi-
bitory concentration values were recorded highest for aqueous 
(5000µg/mL), while lowest for hexane (1250µg/mL), chlo-
roform (1250µg/mL) and ethanol (1250µg/mL). So, hexane, 
chloroform, and ethanol were active at their respective lowest 
concentrations.

Cytotoxicity assay
Assay for cytotoxicity was performed by MTT assay using 

Vero cell lines for sequential extracts (Hexane, Chloroform, 
Ethanol, and Aqueous) of Moringa oleifera roots. Every extract 
was evaluated using different concentrations. Cell survival 
percentage and results were indicated as mean optical density 
± standard deviation. CSP was calculated with the help of the 
optical density of each extract tested.

This means having the same superscripts differ non-signi-
ficantly and with different superscripts differ significantly. This 
means having the same superscripts differ non-significantly 
and with different superscripts differ significantly.

Chloroform extract was safe at concentrations of 500µg/
ml, 250µg/ml, 125µg/ml, 62.5µg/ml, 31.25µg/ml, 15.63µg/
ml, 7,.81µg/ml and 3.91µg/ml where cell survival percentage 
was more than 50% and the values are 58%, 55%, 60%, 63%, 
62%, 59%, 68% and 82% respectively while it was toxic at the 
concentrations of 2000 µg/ml, 1000µg/ml where cell survival 
percentage was less than 50% i.e., 26% and 46% respectively, 
and results are summarized in Table 4. 

Ethanolic extract was safe at conc. of 1500µg/ml, 750µg/
ml, 375µg/ml, 187.5µg/ml, 93.75µg/ml,46.85µg/ml, 23.43µg/
ml and 11.71µg/ml where cell survival percentage was more 
than 50% and the values are 60%, 58%, 69%, 56%,59%, 74% 
57% and 78% respectively while it was toxic at the concen-
trations of 6000µg/ml, 3000µg/ml where cell survival per-
centage was less than 50% i.e., 18% and 48% respectively and 
results are represented in Table 5. 

Aqueous extract was safe at concentrations of 625µg/ml, 
312.5µg/ml, 156.25µg/ml, 78.125µg/ml, 39.06µg/ml, 19.53µg/
ml and 9.76µg/ml where cell survival percentage was more 
than 50% and the values are 56%, 54%, 59%, 55%, 62% 59% 
and 66% respectively while it was toxic at the concentrations 
of 5000µg/ml, 2500µg/ml, 1250µg/ml where cell survival per-
centage was less than 50% i.e., 8%, 18% and 42% respectively 
as summarized in Table 6.

Discussion
The current study was designed to determine the anti-

bacterial activity of Moringa oleifera against common poultry 
pathogens C. perfringens type A, E. coli, Haemophilus species, 
S. enterica, and S. aureus. Well-diffusion method for qualitati-
ve and minimum inhibitory concentration (micro-broth dilution 
method) for the quantitative study was performed to find out 
antibacterial activity of sequential extracts using hexane, chlo-
roform, ethanol, and aqueous solvents. These minimum inhibi-
tory concentrations were evaluated for cytotoxicity.

The aqueous extract shows the highest percentage yield 
(45/50gm) succeeded by ethanol extract (5.5gm/50gm), 
hexane extract (0.2gm/50gm), and chloroform extract 
(0.2gm/50gm). The percentage yield was 90%, 11%, 0.8%, 
0.4% respectively. In a study the extraction of Astragalus Root 
was carried out with two-fold 95% ethanol, and the yield obtai-
ned was 17.1 %. The extraction was carried out for three days 
at room temperature. The filtrate then collected was concen-
trated under pressure and stored for further use. The yield 
obtained was closely related to our study's ethanol extract, 
which was reported 11%13.

For Clostridium species, culture characteristics, gram 
staining, different biochemical tests such as Lipase test, Escu-
lin Hydrolysis test, Catalase test, Indole test, Voges- Proskauer 
test Starch hydrolysis test Motility test, and Methyl Red test 
were performed14.

Different biochemical tests were used for the identifica-
tion of Escherichia coli. MacConkey's agar and Eosin methyle-
ne Blue agar were used to observe colony characters. Gram 
staining was also performed. To identify bacteria motility test 
by hanging drop method, mannitol, sucrose, lactose, maltose 
and dextrose fermentation, voges procure, indole, methyl red, 
and Catalase tests were used15. E. coli isolates are catala-
se-positive, as tested in another study16.

The minimum inhibitory concentration of sequential ex-
tracts of Moringa Oleifera leaves against Clostridium perfrin-
gens are highest for aqueous (5000µg/mL), while lowest for 
chloroform (1250µg/mL) and ethanol (1250µg/mL). So, chlo-
roform and ethanol are active at their lowest concentration, 
the MIC values against Escherichia coli are highest for aqueous 
(3333.33µg/mL), medium for ethanol (2500µg/mL) while 
lowest for chloroform (208µg/mL).

For chloroform extract the CSP was calculated at 10 con-
centrations, 2000 µg/ml, 1000µg/ml, 500µg/ml, 250µg/ml, 

Table 1. Summary of biochemical test per-
formed.

Antibacterial and cytotoxic evaluation of sequential extract of Moringa oleifera leaves
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125µg/ml, 62.5µg/ml, 31.25µg/ml, 15.63µg/ml, 7.81µg/ml and 
3.91µg/ml. The results for cell survival percentage (CSP) in 
the present research are 26%, 46%, 58%, 55%, 60%, 63%, 62%, 
59%, 68% and 82% respectively. The CSP results indicate that 
chloroform extract is toxic to cells at concentration ≥1000µg/
ml. CSP at 1000µg/ml is 46% means toxic to cell because va-
lue is less than 50%. At a concentration less than 1000µg/ml 
the CSP is more than 50%. So, at higher concentrations chlo-
roform is more cytotoxic to cell than hexane.

The CSP for Ethanol extract was calculated at 10 con-
centrations, 6000µg/ml, 3000µg/ml, 1500µg/ml, 750µg/ml, 
375µg/ml, 187.5µg/ml, 93.75µg/ml, 46.85µg/ml, 23.43µg/ml 
and 11.71µg/ml. The CSP values are 18%, 48%, 60%, 58%, 69%, 
56%, 59%, 74%, 57% and 78% respectively which indicates that 
chloroform extract at concentration ≥3000µg/ml is 48% so 
cytotoxic. At a concentration less than 3000µg/ml the CSP is 
more than 50%. Ethanol as compared to hexane and chloro-
form is less toxic to cell at higher concentration. Cytotoxicity of 
aqueous extract was calculated at 10 concentrations, 5000µg/

ml, 2500µg/ml, 1250µg/ml, 625µg/ml, 312.5µg/ml, 156.25µg/
ml, 78.125µg/ml, 39.06µg/ml, 19.53µg/ml and 9.76µg/ml. 
The CSP values are 8%, 18%, 42%, 56%, 54%, 59%, 55%, 62% 
59% and 66% respectively. The resulted values indicate that 
aqueous extract is cytotoxic at concentration ≥625µg/ml. The 
CSP at 625µg/ml is 42% which means it is toxic to the cells. 
At a concentration ≥625µg/ml the CSP is more than 50%. So, 
aqueous extract is more toxic to cell as compared to the rest 
of two (chloroform, ethanol extracts) at higher concentration.

Conclusions
The current study aimed to evaluate cytotoxic and antibac-

terial activities of different extracts of Moringa Oleifera against 
common poultry pathogens. Sequential extraction with etha-
nol, chloroform and aqueous solvents was prepared, and anti-
bacterial activity was evaluated by using agar well diffusion. A 
micro broth dilution test was used to evaluate the MIC of plant 
extracts. The extracts exhibiting antimicrobial activity were 

Table 2. Values of MIC for sequential extracts (Chloroform, Ethanol and Aqueous) of Moringa oleifera leaves against Clostri-
dium perfringens isolates (n=3).

Table 3. Values of MIC for sequential extracts (Chloroform, Ethanol and Aqueous) of Moringa oleifera leaves against Escheri-
chia coli isolates (n=3).
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further evaluated for cytotoxicity by using an MTT assay on 
the Vero cell line. Cell culture media was prepared, cell lines 
were propagated, the monolayer was formed. This monolayer 
was exposed to plant extract dilutions. After 24-48 hours, MTT 
dye was introduced, and cell survival percentage was calcu-
lated. SPSS software was used to analyze data. Results MTT 
assay and antibacterial activity were compared using DMR 
posthoc test. All extracts inhibited the growth of Clostridium 
perfringens and Escherichia coli except aqueous extract, which 

shows no zones of inhibition against C. perfringes. MIC values 
were higher for aqueous extract against all selected bacteria 
and lowest for chloroform against E. coli (208.3ug/ml); Mo-
ringa Oleifera leaves showed antibacterial activity against all 
selected pathogens. Chloroform extract showed more signifi-
cant antibacterial activity than ethanol and aqueous. Cytotoxi-
city values for chloroform extract are safer than the other two 
extracts. Moringa Oleifera may be used to design traditional 
medicines for the development of therapeutic agents which 
will be more safe, effective, and economical.
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