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Abstract- Aqueous, methanolic (80%) and ethanolic (70%) 

extracts of the leaves, flower, stem bark and pod/fruit (denoted as 

AL, AF, AB, AP, ML, MF, MB, MP, EL, EF, EB and EP for 

aqueous leaf, aqueous flower, aqueous bark, aqueous pod, 

methanolic leaf, methanolic flower, methanolic bark, methanolic 

pod, ethanolic leaf, ethanolic flower, ethanolic bark and  

ethanolic pod extracts, respectively) of Moringa oleifera were 

evaluated for their antioxidative activities and antimicrobial 

properties. 2,2-Diphenyl-1-picryl hydrazyl (DPPH) radical 

scavenging activity (%), total phenolic contents (TPC) and ferric 

reducing antioxidant power (FRAP) were used as a means of 

evaluating the in vitro anti-oxidative activities of the extracts. All 

the extracts showed a dose-dependent activity with each method. 

There was a significant positive correlation (P<0.01) between 

DPPH values and TPC (r
2
 = 0.76) as well as between TPC and 

FRAP value (r
2
 = 0.93). With the DPPH and FRAP methods, EL 

and AB showed highest and lowest (P<0.05) overall activity, 

respectively. Moreover, EL exhibited highest activity with all the 

three methods starting from the lowest concentrations. At the 

higher two concentrations (7.5 and 10 mg/ml), EF showed 

highest activity (P<0.05) as compared to all the other extracts 

and a standard antioxidant, BHT. Anti-microbial activity of the 

extracts using the disc diffusion method and minimum inhibitory 

concentration (MIC) assay revealed that ethanolic extracts from 

all parts of moringa showed highest activity against Aeromonas 

hydrophila and Micrococcus luteus on concentration dependent 

manner than the aqueous extract counterpart. Although all the 

extracts exhibited considerable anti-oxidant activities with either 

one or both of the assays, EL and EF showed the best results and 

can be recommended as natural anti-oxidants in food/feed 

preparation and formulation.  

 

Index Terms- antimicrobial property, antioxidative activity, 

DPPH, MIC, Moringa oleifera, total phenolic content, 

 

I. INTRODUCTION 

eactive oxygen species (ROS) 
–
 commonly known as “free 

radicals” – such as superoxide ion (O2
-
), hydroxyl radical 

(∙OH), peroxynitrite (OONO
-)
, hypochlorous acid (HOCl) etc. are 

generated in the body of animals in response to a number of 

stress factors, [1] The ROS can also be produced as the result of 

the respiratory burst of the cells in the mitochondria during the 

normal metabolic functioning of the body cells. Pertinent to these 

ROS, different cellular and extracellular components, primarily 

the nucleic acids, are damaged causing or enhancing a number of 

degenerative and carcinogenic diseases [2] These ROS are 

primarily responsible for the occurrence of cardiovascular 

diseases (CVD), hypertension, anemia, diabetes, inflammation, 

liver disease, Alzheimer's, Parkinson's and HIV disease and also 

accelerate the aging process [3]. Synthetic antioxidants such as 

the butylated hydroxytoluene (BHT) and butylated hydroxyanisol 

(BHA) have been widely used (since 1947) as anti-oxidants and 

preservatives in the food industry as well in animal feed 

production (mainly aquafeeds) to alleviate the common 

occurrence of lipid peroxidation where fats, specifically 

unsaturated fatty acids, are in considerable composition in the 

food/feed item. However, synthetic antioxidants are suspected 

for their health impairments in animals and humans as well. 

Butylated hydroxytoluene (BHT) was identified as a lung tumor 

promoter by causing chronic inflammation in mice [4]. 

       Plant and herbal extracts are considered to be powerful and 

healthy natural anti-oxidant and anti-microbial agents. The use of 

plant extracts as antioxidants to mitigate stress as well as to 

combat pathogenic microorganisms such as bacteria, virus, fungi 

and parasites are some of the latest advances in the nutrition and 

nutraceuticals research. Some co-authors in their previous study 

to evaluate the antioxidant and antimicrobial properties of ten 

Indian medicinal plant extracts found that all the plant extracts 

showed strong radical scavenging and reducing power as well as 

antimicrobial properties in a dose dependent manner, suggesting 

their use as nutraceuticals in the food/feed formulation [5]. Plant 

extracts act as antioxidants by scavenging and inactivating the 

damaging free radicals that are produced through normal cellular 

activity and from various stress factors [6]. It has been suggested 

that the antioxidant function of plant extracts which are rich in 

micronutrients could enhance immunity by preserving the 

functional and structural integrity of the immune cells [7] 

Moringa oleifera Lam., commonly known as “drumstick tree”, 

“horseradish tree” or “ben oil tree” is the best known and widely 

distributed species of the Moringaceae family and is having an 

impressive range of medicinal uses apart from its high nutritional 

value. Native to Western and sub-Himalayan tracts, India, 

Pakistan, Asia and Africa, this plant is distributed throughout the 

world [8] because of its resistance to wide range of 

environmental conditions including arid and semiarid climatic 

zones with dry, sandy soils [9]. Almost every part of the plant – 

the roots, stem, the barks, leaves, branches, flower, fruit/pods, 

etc. are useable either by animals or humans, making it to be 

reputable as “the multipurpose tree”.  

R 
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       The roots, leaves, gum, flowers, and infusion of seeds have 

active chemical constituents such as nitrile,  glycosides and 

thiocarbamate glycosides, which are suggested to be responsible 

for the diuretic, cholesterol lowering, antiulcer, hepatoprotective, 

and cardiovascular protective property [10]. The roots have been 

reported to possess antispasmodic activity through calcium 

channel blockade, which forms the basis for justifying its 

traditional use in diarrhoea treatment [11,12]. It also possesses 

antimicrobial activity due to its principle component 

pterygospermin. The leaves have been reported to be valuable 

source of both macro- and micronutrients, rich source of β-

carotene, protein, vitamin C, calcium, and potassium and act as a 

good source of natural antioxidants; thus enhancing the shelf-life 

of fat-containing foods [13]. The fresh leaf juice was found to 

inhibit the growth of human pathogens such as Staphylococcus 

aureus and Pseudomonas aeruginosa [14,15]. The flowers 

showed effective hepatoprotective effect due to the presence of 

quercetin [16]. Methanolic fruit extract showed wide spectrum 

antimicrobial and antifungal activities when tested against eleven 

species of bacteria and one species of fungus with highest 

susceptibility against Pseudomonas aeruginosa as assayed by the 

disc diffusion method [17]. The seeds are also considered to be 

antipyretic, and for their acrid characteristics are reported to 

show antimicrobial activity [18]. 

       Moringa contains specific plant pigments such as the 

carotenoids  lutein, alpha-carotene and beta-carotene, xanthins 

and chlorophyll with demonstrated potent antioxidant properties; 

it is well known for other phytochemicals with known powerful 

antioxidant ability – kaempferol, quercetin, rutin and 

caffeoylquinic acids; powerful antioxidant vitamins – C, E, and 

A [13, 19]. The antioxidant activity of all the phytochemical 

components of the tree makes it an important nutritional 

component in the body’s defences against free radical oxidative 

damage. Saalu and co-authors [20] concluded that leaf extract of 

Moringa oleifera has a modulating role on hydroxyurea-induced 

testicular toxicity in Sprague –Dawley rats which is caused due 

to oxidative stress. 

       Both water and ethanolic extracts of M. oleifera leaves have 

similar antioxidant activity (about 95% inhibition of 

peroxidation) to that of the well-known synthetic antioxidants, 

BHA and BHT and by far greater than that of vitamin C[21]. 

Several co-authors in their study observed that ethanolic extract 

of moringa fruit showed highest phenolic contents along with 

strong reducing power and free radical scavenging capacity. 

Besides, their results proved the potent antioxidant activity of 

aqueous and ethanolic extract of moringa which adds one more 

positive attribute to its known pharmacological properties and 

hence its use in traditional system of medicine [22]. In 

conclusion, the active principles from the different parts of the 

plant provide tremendous medicinal and health benefits for 

human as well as other animals including anti-inflammatory, 

antimicrobial, antioxidant, anticancer, cardiovascular, 

hepatoprotective, anti-ulcer, diuretic, antihelmintic, cholesterol 

lowering [23, 10], antiurolithiatic [24]and antispasmodic activity 

[12].  

       Although a number of research works have indicated the 

medicinal benefits of the extracts from the different parts of 

moringa, few or none of them made a comprehensive and 

comparative study of the extracts from the various parts of the 

plant. In the current study, in vitro antioxidant and antimicrobial 

activity assays of aqueous, methanolic and ethanolic extracts 

from four different parts of M. oleifera (leaves, fruit, flower and 

bark) were carried out to evaluate the medicinal and health 

benefits of the plant.  

 

II. MATERIALS AND METHODS 

Collection of plant material 

         Leaves, flowers, fruit and stem bark of Moringa oleifera 

were collected from Kutmia area of the port city of Massawa, 

Eritrea. All the parts of the tree were collected fresh and allowed 

to air-dry in a shaded place thereafter were transported to the 

Central Institute of Fisheries Education, Mumbai, India for the 

required research work.  

 

Preparation of plant extracts 

       Each plant material was blended into fine powder using an 

electrical grinder and passed through 60 mesh.  Three solvents, 

namely aqueous (distilled water), 80% methanol and 70% 

ethanol were used for the extraction. Forty grams of the leaf, fruit 

and stem bark powder and 30 grams of the flower were weighed 

and transferred into four conical flasks of one liter. Eight 

hundred mililitre of each of the solvents was added to dissolve 

the dry powder of each plant material in the flasks. The aqueous 

dispersion was heated on a magnetic stirrer cum hotplate 

(SPINOT
®
, Tarsons, India) at a temperature of 70

o
C for 1 hour. 

After allowing cooling down, the dispersion was filtered using a 

fine mesh cheese cloth and the residue was re-extracted in the 

similar manner using 200 ml distilled water. The methanolic and 

ethanolic dispersions of each part were divided into four 200 ml 

conical flasks and were set on a shaker (ORBITEK
®
,
 
Scigenics, 

India) at 160 rpm for 24 hrs. Dispersions were filter through 

cheese cloth and residues re-extracted using 200 ml of the 

respective solvent. All the filtrates were centrifuged (REMI-

CPR24, Mumbai, India) at 5000 rpm and 4
o
C for 10 min. The 

supernatant was carefully collected into labeled bottles for each 

extract. The filtrates were concentrated using rotary evaporator 

(IKA
® 

RV 10 basic) at a temperature of 40-65
o
C (depending on 

the boiling point of the solvents) and a rotor speed of 40 rpm. 

The remaining were collected and further concentrated to form a 

thick semi-solid (tar) using a water bath set at 70-80
o
C after 

which all extracts were properly labeled and kept at 4
o
C until 

use. Aliquots of known weight from each extract were freeze-

dried for the estimation of yield on dry weight basis. 

 

Determination of antioxidantive activity 

       The antioxidant activity of the various extracts was 

evaluated through three antioxidant activity assays: 2,2-dipheny-

1-dipycryl hydrazyl (DPPH) radical scavenging assay, the ferric 

reducing antioxidant power (FRAP) assay and total phenolic 

contents (TPC). 

 

DPPH radical scavenging activity 

       The DPPH assay was conducted following the methods 

adapted by previous researchers [25] with some modifications. 

Aliquots 30µl of each extract at concentrations 0.5-10mg/ml 

were pipetted and returned into test tubes set in triplicate for each 

sample. Two milliliter of 0.06mM DPPH in methanol was mixed 
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diluting the extracts to a final concentration of 7.5-150µg/ml. 

The reaction mixture was incubated in a dark place for 30 min. 

After 30 min incubation period, absorbance was measured at 515 

nm using Shimadzu UV-1800 spectrophotometer. A blank 

reading was also taken using 2ml of DPPH without the extract. 

Ascorbic acid and butylated hydroxytoluene (BHT) were also 

used as positive controls for the comparison of the antioxidant 

activities. Each test was performed in triplicate and the 

percentage radical scavenging activity was calculated according 

to the following equation: 

       Radical Scavenging (%) = (Ab –As)/Ab *100 

 where Ab is the absorbance of the blank (DPPH in methanol) and 

As is the absorbance reading of the sample (extract) at 515nm. 

 

Total Phenolic Contents (TPC) 

       The Folin Ciocalteu (FC) colorimetry method [26] with 

slight modifications was used to determine the total phenolic 

contents of the extracts. Briefly, 0.5 ml of Folin Ciocalteu 

reagent (FCR) was added into aliquot of the various extracts at 

various concentrations. After adding 7 ml of distilled water, the 

mixture was well vortexed and 1.5 ml, 20% Na2CO3 was added 

after 10 min of incubation period at room temperature. The 

mixture was heated in water bath at 40
o
C for 20 min. Absorbance 

readings at 765 nm were taken after cooling in ice. A blank with 

all the reagents but without the extracts was used as a reference 

for the absorbance readings. All tests were carried out in 

triplicates. A standard curve was established using gallic acid at 

concentrations 0.05-0.5 mg/ml and the total phenolic contents of 

the extracts was expressed as gallic acid equivalent (GAE) in 

mg/100g dry weight extract.  

 

Ferric Reducing Antioxidant Power (FRAP) 

       Previously adopted method [22] with some modifications 

was followed to determine the FRAP for each extract. Aliquot 

(50µl) of the sample extracts (concentrations 0.5-10mg/ml) was 

mixed with 2ml FRAP reagent composed of 300mM acetate 

buffer (pH 3.6), 20 mM ferric chloride (FeCl3.6H2O) and 10 mM 

2,3,6-tripycridyl-s-triazine (TPTZ) in 40 mM HCl  in the ratio of 

10:1:1. The mixture was warmed at 37
o
C in water bath for 10 

min. Absorbance reading was taken at 593 nm. Ferrous sulphate, 

Fe(II) sulphate, standard curve was established by preparing 

aqueous solutions of known concentrations between 0.1-1.0 mM 

and mixing with the FRAP working solution. All samples were 

carried out in triplicates. FRAP was expressed in mM of extract 

as Fe(II)-sulphate equivalent. 

 

Antimicrobial properties of Moringa extracts 

       The antimicrobial activity of the various extracts was tested 

using the disc diffusion method and minimum inhibitory 

concentration (MIC) determination. 

 

Preparation of standard bacterial working suspension 

       Muller Hinton broth, 21g in 1000ml distilled water was 

prepared in a sterile condition. About 10ml of the broth was 

transferred into each of 3 centrifuge tubes. Following aseptic 

microbial techniques, a loop-full of pure culture of three bacterial 

species namely Aeromonas hydrophila, Micrococcus luteus and 

Staphylococcus aureus was inoculated into each of the prepared 

broth medium separately and the tubes were incubated in a 

shaker-incubator at 37
o
C for 24 hrs. The bacterial suspensions 

with a visible turbidity were centrifuged at 4000 rpm, 4
o
C for 10 

min. The supernatant was discarded and the bacterial pellets were 

washed using PBS and re-centrifuged following the same 

procedure. After discarding the supernatant, the pellets were 

dissolved in newly added PBS and the turbidity was adjusted to 

1McFarland standard to obtain a bacterial suspension with an 

approximate density of 3x10
8
CFU/ml. 

 

Disc diffusion method  

       This method assesses the antimicrobial activity of a 

bioactive compound by culturing bacteria in the presence of the 

compound and measuring the zone of inhibition which 

corresponds to the area where no bacterial growth is observed at 

an optimum bacterial growth conditions. The higher the diameter 

(zone of inhibition), the more the bacteria are susceptible to the 

bioactive compound/extract. The method was carried out 

according to previous works [27] with some modifications. 

Ninety millimeter sterile culture plates were used to prepare a 

Muller Hinton agar growth media. Aseptic techniques were 

followed to inoculate the test bacteria from the standardized 

bacterial suspension (3x10
8
CFU/ml) in PBS. Using sterile cotton 

buds, aliquots were drawn from the suspension and evenly 

swabbed on the prepared Muller Hinton agar growth medium. 

Sterile filter paper discs approximately of 6 mm in diameter were 

placed on the plates which were properly labeled according to the 

bacterial species and type of extract along with a series of four 

concentrations. From each extract, 10 µl was carefully pipetted 

onto the discs and the plates were left at room temperature for 

about 10 min so as to allow the extracts to be diffused before 

incubation at 37
o
C for 24 hrs. thereafter zone of inhibition (in 

millimeters) was measured using a ruler. Amikacin (30µg) was 

used as a positive control. Each test was carried out in triplicates. 

 

Minimum inhibitory concentration (MIC) 

       The MIC for each extract against the three bacterial species 

was determined according to previously adopted methods [28] 

with some modifications. A 150µl of Muller Hinton broth was 

transferred into each wells of a 96-wells flat-bottomed microtitre 

plate. Equal volume of each extract was added into each of the 

first row of the wells which were properly labeled to indicate the 

extracts and their respective concentrations. Using a 

multichannel transfer micropipette, the extracts were serially 

diluted to obtain concentrations between 75 and 0.59mg/ml. A 

15µl of the bacterial suspension was pipetted into each of the 

wells with the broth and extract. This brings about the dilution of 

the bacteria 10 fold making the concentration 3x10
7
CFU/ml. A 

positive growth controls (broth and bacteria), negative control 

(broth and the diluent of each extract) and a sterility control 

(broth only) were also prepared in three rows of the plates. After 

an incubation period of 18 hrs. at 37
o
C, 10 µl, 0.1% tetrazolium 

salt was added to each well and incubated for additional 1 hr. A 

colour change from colourless or faint colour to brightly 

coloured red – the formazans – indicates bacterial growth and no 

change in colour indicates inhibition of growth. The lowest 

sample concentration showing no color change (clear) and 

exhibited complete inhibition of bacterial growth is considered to 
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be the MIC. Each test was conducted in triplicates and the means 

were used for comparison. 

 

III. DATA ANALYSIS 

       All data were subject to one way ANOVA and univariate 

ANOVA in the SPSS version 20 and means were compared for 

significant differences using the Tukey HSD pairwise 

comparison. Correlation and linear regression analysis were also 

carried out to reveal the relationship between the various 

antioxidant activity assays. 

 

IV. RESULTS 

Antioxidant activity 

       The antioxidant activity of the various extracts were 

evaluated through various antioxidant activity assays including 

2,2-diphenyl-1-picryl hydrazine (DPPH) radical scavenging 

activity, ferric reducing antioxidant power (FAP) and total 

phenolic contents (TPC). 

 

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 

activity  

       The DPPH radical is scavenging the most widely used 

antioxidant activity assays to evaluate the activity of bioactive 

components of plant extracts. The percentage DPPH scavenging 

activity of the various moringa extracts is shown in Table 1. 

While the activity is concentration dependent, univariate 

ANOVA ranked the various extracts in the order 

EL>EF>ML>AL>MF>MB>EP>AF>AP>EB>MP>AB. 

Ethanolic leaf extract (EL) and aqueous stem bark extract (AB) 

showed the highest and lowest activities, respectively with 

respect to overall concentrations. However, ethanolic flower 

extract showed highest activity at the higher concentrations 

(94.30±1.07 and 96.33±0.20 at 7.5mg/ml and 10mg/ml, 

respectively. The ethanolic leaf extract showed higher activity 

starting from the lowest concentration. Both EL and EF extracts 

were comparable to or even better than the synthetic antioxidant 

BHT or ascorbic acid. At the higher concentrations, the activity 

of EF extract was significantly higher (P<0.05) than the BHT or 

AA. 

 

Total phenolic contents (TPC) 

       The result for the total phenolic contents of the various 

extracts is presented in Table 2. TPC is concentrations dependent 

with all the extracts having a positive correlation (overall r
2 

= 

0.64). Overall, the EF extract showed the highest TPC though 

there was no significant difference (P>0.05) as compared to the 

EL extract but significantly higher (P<0.05) than all the other 

extracts. Both EF and EL extracts revealed higher activity 

starting from the lowest concentration as compared to all other 

extracts. Aqueous flower (AF) extract was also showing 

considerably higher activity as compared to the other extracts 

except the EF and EL. In general, EF extract and AP extract 

showed the highest and the lowest TPC, respectively. TPC for 

the various extracts was in the order 

EF>EL>AF>EB>MF>ML>AL>MB>EP>AB>MP>AP. 

 

Ferric reducing antioxidant power (FRAP) 

       The FRAP having a positive correlation with the TPC, which 

is also a good measure of the antioxidant activity of plant 

extracts. All the extracts of moringa showed good activity on a 

dose dependent manner. The ethanolic leaf extract (EL) showed 

an overall higher activity with significant difference (P<0.05) 

while the ethanolic flower (EF) extract showed its maximum 

activity at the highest concentrations (7.5mg/ml and 10mg/ml) 

surpassing all the other extracts with a significant difference 

(P<0.05). The FRAP for the moringa extracts was in the order 

EL>EF>AL>ML>EB>MF>AF>MB>EP>AP>MP>AB. 

       In general, the EL and AB showed the highest and the lowest 

FRAP values, respectively. 

 

Correlation between the various antioxidant assays 

        The regression analysis shows that there is a significant 

(P<0.01) positive correlation between total phenolic contents and 

DPPH radical scavenging (r
2
 = 0.76; y= 0.28x + 16.89) as well as 

between ferric reducing antioxidant power and total phenolic 

contents (r
2
 = 0.93; y = 1.384x + 4.794) as shown in figure 1 and 

figure 2, respectively. 
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Table 1: Antoxidative activity of the various moringa extracts at various concentrations (15-300µg/2ml) as evaluated by the DPPH radical scavenging 

(%) assay 

 
* 

Values with different lower case superscripts across a row and upper case superscripts down a column indicate significant differences (P<0.05). Values are 

mean±SD of triplicate samples. 
**

 Concentration was at 0.02mg/ml 
***

 AB = aqueous bark extract, MB = methanolic bark extract, EB = ethanolic bark, AP = aqueous pod/fruit, MP = methanolic pod, EP = ethanolic pod, AL = 

aqueous leaf, ML = methanolic leaf, EL = ethanolic leaf, AF = aqueous flower, MF = methanolic flower, EF = ethanolic flower 

Aqueous extract = moringa powder material solubilized in distilled water 

Ethanolic extract = moringa powder material solubilized in 70% ethanol 

Methanolic extract = moringa powder material solubilized in 80% methanol 

 

Extract
***

 

DPPH radical scavenging activity (%)
*
 

15 45 90 150 225 300 Overall mean 

AB 10.47±2.16
aABC

 15.07±1.81
aA

 22.39±2.30
bA

 27.29±0.14
bcA

 32.14±3.02
cdA

 35.85±0.58
dA

 23.87±9.37
A
 

MB 21.00±1.07
aE

 28.94±1.99
bBC

 50.18±1.10
cCD

 64.61±2.67
dD

 69.54±3.40d
eCD

 75.67±2.79
eB

 51.66±21.19
D
 

EB 9.72±0.54
aAB

 19.70±2.01
bAB

 32.39±1.65
cB

 46.06±3.02
dBC

 57.39±0.87
eB

 76.89±3.20
fB

 40.36±23.41
B
 

AP 12.24±0.28
aB

 24.44±0.41bB 36.49±0.63
cB

 51.53±1.33
dC

 65.60±2.75
eC

 75.83±0.89
fB

 44.36±22.97
C
 

MP 7.38±0.56
aA

 16.52±2.04
bA

 31.99±0.48
cB

 42.56±1.39
dB

 58.88±2.40
eB

 74.85±2.64
fB

 38.70±23.98
B
 

EP 13.98±0.79
aC

 28.00±1.74
bBC

 45.56±3.47
cC

 59.13±6.57
dD

 74.65±1.90
eD

 82.93±1.58
eC

 50.71±25.27
D
 

AL 16.38±0.97
aD

 36.73±0.67
bCD

 60.09±1.57
cE

 87.74±1.02
dF

 89.81±0.38
dE

 88.40±0.10
dE

 63.19±29.26
F
 

ML 15.66±1.24
a
 41.04±2.89

bD
 69.50±2.55

cF
 90.03±3.14

dFG
 93.11±0.43

dEF
 93.68±0.68

dEF
 67.17±30.46

G
 

EL 38.80±2.61
aF

 75.30±3.53
bE

 93.59±0.64
cG

 94.00±0.14
cFG

 94.00±0.07
cEF

 93.01±0.19
cEF

 81.45±20.86
H
 

AF 6.81±0.55
aA

 32.29±0.96
bC

 47.75±0.77
cC

 58.08±1.87
dCD

 71.61±2.78
eD

 86.48±0.23
fCD

 50.50±26.75
D
 

MF 9.83±1.69
aA

 14.77±0.83
bA

 52.74±1.27
cD

 75.80±1.13
dE

 91.72±0.88e
EF

 93.11±0.26
eEF

 56.33±34.87
E
 

EF 16.11±2.55
a
 41.67±0.43

bD
 68.16±2.10

cF
 92.74±1.31

dFG
 94.30±1.07

dEF
 96.33±0.20

dF
 68.22±31.16

G
 

AA 42.03±0.38
aF

 94.32±0.19
bF

 95.12±0.13
bcG

 96.26±0.20
dG

 95.95±0.13
cdF

 95.70±0.51
cEF

 86.56±20.50
I
 

BHT
**

 91.61±0.99
G
 91.61±0.99

F
 91.61±0.99

G
 91.61±0.99

FG
 91.61±0.99

EF
 91.61±0.99

DE
 91.61±0.83

J
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Table 2: Total phenolic contents (in mg/100g dry extract as GAE) of the various moringa extracts at varying concentrations (0.5-10mg/ml) 

 

 

* 
Values with different lower case superscripts across a row and upper case superscripts down a column indicate significant differences (P<0.05). Values are 

mean±SD of triplicate samples.  
**

 AB = aqueous bark, MB = methanolic bark, EB = ethanolic bark, AP = aqueous pod/fruit, MP = methanolic pod, EP = ethanolic pod, AL = aqueous leaf, ML = 

methanolic leaf, EL = ethanolic leaf, AF = aqueous flower, MF = methanolic flower, EF = ethanolic flower. 

Extract
**

 

Total phenolic content (mg/100g)
*
 

0.5 1.5 3 5 7.5 10 Overall mean 

AB 16.92±0.69
a
 44.77±0.95

b
 57.16±0.18

c
 69.03±0.87

d
 99.61±9.35

e
 116.94±0.36

f
 67.41±34.44

A
 

MB 21.86±0.31
a
 60.01±3.93

b
 104.45±3.34

c
 144.68±3.12

d
 203.57±4.85

e
 228.14±6.66

f
 127.12±75.76

B
 

EB 29.57±2.46
a
 76.82±4.69

b
 125.01±4.41

c
 168.35±7.62

d
 222.61±5.57

e
 282.54±8.42

f
 150.82±87.91

C
 

AP 12.94±0.80
a
 35.47±0.57

b
 54.25±0.40

c
 62.13±0.84

d
 103.45±1.08

e
 114.05±0.14

f
 63.72±36.58

A
 

MP 8.93±0.69
a
 34.02±3.19

b
 53.31±2.57

c
 68.30±3.67

d
 98.96±0.95

e
 127.28±2.91

f
 65.13±40.53

A
 

EP 7.04±0.35
a
 32.84±1.92

b
 55.08±3.68

c
 74.13±4.09

d
 103.54±3.17

e
 136.73±6.79

f
 68.23±44.47

A
 

AL 8.83±0.09
a
 70.55±29.08

b
 139.16±1.77

c
 186.18±2.94

d
 224.60±3.56

e
 253.70±1.64

e
 147.17±88.63

C
 

ML 22.46±1.54
a
 78.15±1.72

b
 133.35±2.09

c
 169.58±3.27

d
 229.63±4.62

e
 264.12±6.05

f
 149.55±85.58

C
 

EL 37.83±1.36
a
 102.62±3.37

b
 167.78±5.00

c
 218.38±2.99

d
 287.26±1.8

e
 326.87±7.16

f
 190.12±103.2

E
 

AF 32.84±1.12
a
 96.74±2.33

b
 151.28±4.94

c
 179.54±1.09

d
 245.22±6.49

e
 276.21±4.63

f
 163.64±85.45

D
 

MF 28.53±0.87
a
 40.29±1.64

b
 135.79±3.86

c
 181.74±1.34

d
 246.14±4.14

e
 271.51±3.95

f
 150.67±95.83

C
 

EF 35.69±2.19
a
 95.02±2.09

b
 156.31±1.84

c
 200.42±3.33

d
 303.68±12.37

e
 349.80±3.45

f
 190.15±113.24

E
 

Mean  21.95±10.73
a
 63.94±26.48

b
 111.08±43.13

c
 143.54±56.66

d
 197.35±73.86

e
 228.99±81.64

f
 127.81±90.02 
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Table 3: Concentration-dependent antioxidative activity of the various moringa extracts by the ferric reducing antioxidant power – FRAP assay 

expressed in millimole/100g dry extract as Fe(II)-sulphate equivalent, (extract concentrations 0.5-10mg/ml) 

 

*
Values with different lower case superscripts across a row and upper case superscripts down a column indicate significant differences (P<0.05). Values are 

mean±SD of triplicate samples. 
**

AB = aqueous bark, MB = methanolic bark, EB = ethanolic bark, AP = aqueous pod/fruit, MP = methanolic pod, EP = ethanolic pod, AL = aqueous leaf, ML = 

methanolic leaf, EL = ethanolic leaf, AF = aqueous flower, MF = methanolic flower, EF = ethanolic flower 

Extract
**

 

FRAP (mM/100mg)
*
 

0.5 1.5 3 5 7.5 10 Overall mean 

AB 10.15±0.78
a
 42.62±2.16

b
 63.26±3.70

c
 76.35±3.95

d
 110.32±2.05

e
 148.58±9.12

f
 75.21±46.28

A
 

MB 9.4±0.48a 58.11±5.43
b
 115.6±5.37

c
 182.05±6.03

d
 265.15±16.95

e
 312.61±19.26

f
 157.15±111.4

D
 

EB 19.23±4.02
a
 90.76±8.65

b
 162.21±2.58

c
 249.2±4.01

d
 330.39±25.46

e
 445.25±2.69

f
 216.17±148.25

F
 

AP 16.38±2.45
a
 56.54±4.23

b
 89.08±4.67b

c
 103.23±11.75

c
 181.70±25.13

d
 204.99±10.10

d
 108.65±68.86

B
 

EP 17.96±1.99
a
 56.38±7.26

b
 104.79±9.83

c
 148.75±7.11

d
 219.96±26.88

e
 281.25±10.79

f
 138.18±94.14

C
 

MP 9.28±1.75
a
 52.24±4.12

b
 93.29±13.95

c
 97.37±5.12

c
 164.24±6.94

d
 190.74±6.76

e
 101.19±63.90

B
 

AL 46.54±0.5
a
 142.39±5.39

b
 243.03±8.51

c
 321.83±6.85

d
 352.08±1.85

e
 356.09±1.37

e
 243.66±118.61

G
 

ML 25.87±2.44
a
 114.96±2.36

b
 213.58±8.96

c
 295.16±12.23

d
 325.98±4.16

e
 329.20±1.25

e
 217.46±117.1

F
 

EL 47.34±0.65a 182.35±16.88
b
 308.47±16.10

c
 359.27±3.87

d
 367.96±1.44

d
 364.50±1.71

d
 271.65±122.9

H
 

AF 12.76±0.91
a
 82.69±4.12

b
 159.84±2.66

c
 206.75±11.04

d
 310.36±5.04

e
 362.82±3.18

f
 189.20±125.03

E
 

MF 21.79±1.46
a
 35.67±1.13

a
 171.66±3.90

b
 242.83±41.8

c
 391.94±10.56

d
 414.81±18.45

d
 213.12±159.87

F
 

EF 24.42±1.88
a
 107.31±3.10

b
 207.1±7.36

c
 289.86±14.99

d
 392.61±25.79

e
 472.92±16.22

f
 249.04±160.25

G
 

Mean  21.76±12.74
aA

 85.17±43.64
bB

 160.99±70.86
cC

 214.39±92.13
dD

 284.39±93.17
eE

 323.65±99.23
fF

 181.72±129.56 
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Figure 1: Correlation between total phenolic content and DPPH radical scavenging activity for 

the various Moringa extracts tested on six concentrations (r
2
 = 0.76; y= 0.28x + 16.89) 

 

 
Figure 2:  Correlation between total phenolic content and ferric reducing antioxidant power for 

the various Moringa extracts tested on six concentrations (r
2
 = 0.93; y = 1.384x + 4.794) 

 

Antimicrobial properties of moringa extracts 

        Results for the antimicrobial activity by the MIC and zone 

of inhibition method are presented in Table 4 and Table 5, 

respectively. With both the MIC and zone of inhibition assays, 

all the extracts exhibited antimicrobial activities at varying 

degrees.  

        The MIC assay against the three bacteria, Aeromonas 

hydrophila, Micrococcus luteus and Staphylococcus aureus 

showed significant difference (P<0.050) among the various 

extracts. In general, the ethanolic extracts of all the moringa parts 

showed higher antimicrobial activity against the three species of 

bacteria. With all the three species, AB extract showed the least 

activity, while EL against M. luteus and EF extract against A. 

hydrophila and S. aureus exhibited highest activity (P<0.05). 

Overall, EF extract followed by  EL extract revealed the lowest 

MIC (5.33±1.12 and 7.95±3.82, respectively) with significant 

difference (P<0.05). Comparison between the three species over 

all the extracts also revealed significant difference (P<0.05), 

whereby S. aureus and A. hydrophila exhibited lowest and 

highest MIC, respectively. 

        With the disc diffusion assay, ethanolic bark and pod 

extracts were more efficient with significantly higher zone of 

inhibition, followed by ethanolic flower and leaf extracts for A. 

hydrophila. For M. luteus, ethanolic bark extract resulted in 

significantly higher (P<0.05) inhibition zone followed by 

ethanolic flower and leaf extracts. 
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Table 4: Antimicrobial susceptibility of moringa extracts against Aeromonas hydrophila and Micrococcus luteus by the 

minimum inhibitory concentration (MIC) assay 

Extracts MIC (mg/ml) 

Aeromonas hydrophila Micrococcus luteus Staphylococcus aureus Overall mean 

AB 45.66 ±1.89
fA

 47.54 ± .00
gA

 36.88± 1.22
eB

 43.36 ± 5.05
h
 

MB 12.20 ± 1.20
bc

 11.00 ± .00
cd

 11.00 ± .00
bc

 11.40 ± .85
cde

 

EB 11.00 ± .00
bcB

 9.47 ± .74
cA

 10.50 ± .00b
cBC

 10.32 ± .77
cd

 

AP 22.83 ± 2.08
eB

 33.20 ± .00
fC

 15.80 ± .80
dA

 23.94 ± 7.66
g
 

MP 12.20 ± 1.00
bc

 10.55 ± .65
cd

 11.80 ± 2.42
bc

 11.52 ± 1.54
de

 

EP 10.00 ± .00
bB

 10.17 ± .23
cdB

 8.70 ± .00
bA

 9.62 ± .71
bc

 

AL 14.80 ± .00
cd

 14.80 ± .00
e
 15.80 ± 1.00

d
 15.13 ± .71

f
 

ML 12.77 ± 1.33
bc

 11.90 ± .00
d
 14.03 ± 2.81

cd
 12.90 ± 1.81

e
 

EL 12.05 ± 1.34
bcC

 3.40 ± .00
aA

 8.40 ± .00
bB

 7.95 ± 3.82
b
 

AF 16.75 ± 1.55
dC

 11.55 ± .00
dB

 10.29 ± 1.14
bcA

 12.86 ± 3.12
e
 

MF 12.63 ± 1.79
bc

 11.18 ± 1.93
cd

 10.76 ± 1.69
bc

 11.52 ± 1.78d
e
 

EF 5.96 ± .80
aB

 5.96 ± .80
bB

 4.06 ± .419
aA

 5.33 ± 1.12
a
 

Overall mean 15.74 ± 10.09
C
 15.06 ± 12.20

B
 13.19± 7.99

A
 14.66 ± 10.17 

Lower case superscripts down a column and uppercase superscripts across a row indicate significant differences (P<0.05). Values are 

mean ± SEM for triplicate samples. 

 

Table 5: Concentration-dependent antimicrobial susceptibility of Moringa oleifera extracts against Aeromonas hydrophila and 

Micrococcus luteus at varying concentrations (20, 35, 50 and 65 mg/ml) assayed by the agar plate disc diffusion 

method. 

Lower case superscripts down a column and uppercase superscripts across a row for each group of bacteria indicate significant 

differences (P<0.05). Values are mean ± SD for triplicate samples. 

* Amikacin at 30µg/disc (HIMEDIA, India) 

Bacteria species Extract 

 

Zone of inhibition (diameter in mm) 

20 35 50 65 Overall mean 

   

A
er

o
m

o
n

a
s 

h
yd

ro
p

h
il

a
 

AB 10.00±.00
bc

 10.00±.00
bcd

 12.00±.00
bcd

 11.00±.00
bcd

 10.75±.87
e
 

EB 13.50±.50
d
 14.00±1.00

g
 15.00±1.00

d
 13.50±1.5

defg
 14.00±1.11

g
 

MB 9.00±.00
bcd

 7.00±.00
a
 10.00±.00

ab
 10.00±.00

abc
 9.00±1.28b

c
 

AF 8.500±.50
abcA

 10.00±.00
bcdB

 11.50±.50
bcC

 13.00±.00d
efgD

 10.75±1.78
e
 

EF 10.50±1.50
bc

 12.00±.00
ef

 12.50±2.50
bcd

 14.50±2.50
fg

 12.38±2.22
f
 

MF 9.00±.00
bcdA

 10.50±.50
cdeB

 10.00±.00
abB

 14.00±.00
efgC

 10.87±1.98
e
 

AL 7.50±.50
abA

 9.00±.00
bcB

 10.50±.50
abC

 11.50±.50
cdeC

 9.62±1.63
cd

 

EL 11.00±1.00
cA

 11.00±1.00
deA

 11.50±1.50
bA

 15.50±.50
gB

 12.25±2.17
f
 

ML 8.50±.50
abcA

 9.00±1.00
bcA

 10.50±1.50
abAB

 12.50±.50
cdeB

 10.13±1.82
de

 

AP 7.50±.50
ab

 8.50±.50
ab

 8.00±1.00
a
 8.50±.50

ab
 8.13±.71

ab
 

EP 12.00±.00
cdA

 13.00±.00
fgB

 14.50±.50
cC

 15.00±.00
fgC

 13.62±1.26
g
 

MP 7.00±.00
a
 7.00±.00

a
 7.50±.50

a
 7.50±.50

a
 7.25±.4

a
 

Amikacin* 20     

   

M
ic

ro
co

cc
u

s 
lu

te
u

s 

AB 8.00±.00
abA

 8.00±.00
abcA

 9.50±.50
bcdB

 10.50±.50
bC

 9.00±1.15
b
 

EB 16.50±1.5
d
 17.00±1.00

g
 16.50±1.50

f
 18.50±.50

f
 17.13±1.33

e
 

MB 12.00±2.0
bc

 10.50±50
e
 12.50±1.50

e
 11.00±1.0

bc
 11.50±1.43

c
 

AF 7.00±.00
aA

 8.50±.50b
cB

 10.00±.00
cdC

 11.50±.50
bcD

 9.25±1.78
b
 

EF 10.00±.00
b
 13.00±.00

f
 15.00±.00

f
 17.00±.00

e
 13.75±2.70

d
 

MF 7.00±.00
a
 7.00±.00

a
 11.00±.00

de
 12.00±.00

cd
 9.25±2.39

b
 

AL 8.00±.00
abA

 8.50±.50
bcA

 9.50±.50
bcdB

 11.00±.00
bcC

 9.25±1.23
b
 

EL 13.00±.00
c
 11.00±.00

e
 16.00±.00

f
 13.00±.00

d
 13.25±1.86

d
 

ML 8.00±.00
abA

 9.00±.00
cdB

 9.00±.00
abcB

 11.50±.50
bcC

 9.37±1.37
b
 

AP 7.00±.00
aA

 7.50±50
abAB

 8.00±.00
abBC

 8.50±.50
aC

 7.75±.66
a
 

EP 9.00±.00
ab

 10.00±.00
de

 12.00±.00
e
 13.00±.00

d
 11.00±1.65

c
 

MP 7.00±.00
a
 7.00±.00

a
 7.50±.50

a
 7.50±.50

a
 7.25±.40

a
 

Amikacin* 20     
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V. DISCUSSION 

        The growing concern of adverse health impacts of synthetic 

antioxidants and drugs has led to the discovery of natural herbal 

and plant bioactive principles that are believed to have high 

activity against damaging reactive oxygen species and various 

microbial infections. Moringa oleifera is among the most 

common and widely used plants for their extracts to be used as 

antioxidant and antimicrobial agents. However, no work has 

shown the concurrent evaluation and comparison of solvent-

specific extracts from the various parts of the plant.  

        In the current study, although all the extracts were showing 

considerable activity, the 70% ethanolic extract of leaf and 

flower exhibited highest antioxidant activity  (P<0.05). 

Antioxidant activity is highly correlated to the polyphenolic 

contents of the particular extract. These bioactive compounds are 

maximally extracted in solvents that have moderate polarity, 

such as ethanol and methanol [29, 30] which is supportive for the 

findings of this study. Moreover, polyphenolic bioactive 

compounds are maximally extracted at 80% and 70% methanolic 

and ethanolic solvents, respectively [13], which is in agreement 

with the findings of our study. At 10mg/ml, EF, EL and ML 

revealed significantly higher activity (P<0.05) as compared to the 

synthetic antioxidant, BHT. At the same concentration, the EF 

extract showed higher activity than ascorbic acid. The strong 

positive correlation (r = 0.93) between TPC and FRAP which is 

similar to the findings for gold mohar flower, leaves and bark 

extracts [31] as well as between TCP and DPPH (r = 0.76) which 

is similar to that of some Malaysian plants [32] suggests that 

phenolic compounds in plant extracts might have acted as 

powerful radical scavenging and reducing agents. The results of 

all the antioxidative assays in the current study suggest that 

ethanolic M. oleifera extracts can be good substitutes for the 

synthetic antioxidants, which are suspected for their negative 

impact on the health of human and animals. Although the 

antioxidative efficacy of ethanolic and methanolic extracts is 

comparable, the ethanolic extract is more suitable for 

nutraceutical purposes for the reason that methanolic extraction 

may leave residues that lead to toxicity even at low 

concentrations [33]. 

        Various researches on phytochemical screening of M. 

oleifera extracts indicate the presence of alkaloids, tannins, 

flavonoids, polyphenols, saponins, essential oils, etc., which 

contribute to the antimicrobial properties of the extracts [34]. 

These phytochemicals are present in almost all tissues of the 

plant including the leaves, roots, stem, fruits [35] and flowers. 

Specifically, ethanolic extracts are rich in alkaloids, terpenoids 

and propolis [36] that are believed to have high antimicrobial 

properties. In the current study, ethanolic extract of all the tested 

moringa tree parts (leaves, flowers, bark and fruit) showed 

highest antimicrobial activity with both the MIC and disc 

diffusion assays. With the disc diffusion method, aqueous and 

methanolic extracts of stem bark also showed higher 

antimicrobial activities as compared to their counterpart extracts 

of leaf, flower and fruit. The antimicrobial activities of the 

bioactive phytochemicals may involve multiple mechanisms of 

action. For instance, oil acts by degrading the cell wall and 

interacting with the composition resulting in the ultimate 

disruption of the cytoplasmic membrane[37]. Moreover, oils 

damage membrane protein, interfere with membrane integrated 

enzymes, cause leakage of cellular components, coagulate 

cytoplasm, deplete the proton motive force, change fatty acid and 

phospholipid constituents, alter nutrient uptake and electron 

transport and impair enzymatic mechanism for energy ([38]. 

Findings of the current study indicated that the microbial 

inhibition potency of the extracts is related to their TPC. This is 

in agreement with the work of some co-authors who suggested 

that the inhibition of microorganisms by phenolic compounds 

may be due to iron deprivation or hydrogen bonding with vital 

proteins such as microbial enzymes [39]. Phenolic compounds 

show generally a good antimicrobial effectiveness against Gram-

positive bacteria with their effect dependent on their amount: at 

low concentrations they are able to interfere with enzymes 

involved in the production of energy; at higher concentrations, 

they can induce the denaturation of proteins until an irreversible 

modification of the cell and death [40]. Antimicrobial activity 

may also be due to the presence of short peptides that may act 

directly on microorganisms and result in growth inhibition by 

disrupting cell membrane synthesis or synthesis of essential 

enzymes [41]. 

        In the current study, all the extracts of moringa exhibited 

antimicrobial effect at varying degrees, a number of them with 

significant difference (P<0.05) in susceptibility between the 

Gram-negative bacterium (Aeromonas hydrophila) and Gram-

positive bacteria (Micrococcus luteus and Staphylococcus 

aureus). The variation in susceptibility between Gram-negative 

and Gram-positive bacteria may be attributable to the structural 

difference in the cell membrane of the two groups of bacteria 

(the presence of outer membrane – the lipopolysaccharide – in 

the Gram-negative bacteria makes access to the gram-negative 

bacteria more restrictive) [42]. The EF extract did not show 

significant difference between A. hydrophila and M. luteus. This 

may be indicative that moringa extracts, specifically the 

ethanolic extract of flower can be used as a wide spectrum 

antimicrobial agent to prevent both the Gram-positive and Gram-

negative bacteria. 

 

VI. CONCLUSION 

        Moringa oleifera extracts from all the tested parts of the 

plant exhibited high potency of antioxidative activities and 

antimicrobial properties against both Gram-negative and Gram-

positive bacteria in a concentration dependent manner. Ethanolic 

extracts of all the moringa parts showed highest activity as 

compared to the aqueous or methanolic extracts. This is probably 

attributable to the high phenolic contents (which are positively 

correlated to the antioxidative and antimicrobial activities) of this 

extract suggesting the choice of extraction solvent is a critical 

factor for obtaining the desired bioactive compounds in the plant 

extracts. With the growing concern of the health impairments of 

the synthetic antioxidants that are commonly used as food/feed 

preservatives in the processing industry, moringa extracts can be 

alternatives to substitute these noxious synthetic chemicals. The 

powerful antimicrobial properties of the ethanolic extracts of 

moringa against both the Gram-positive and Gram-negative 

bacteria also suggests a promising natural alternative for the 

synthetic drugs that are also not immunized from the blame  for 

their negative health impacts on human and animals. Among the 
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ethanolic extracts of the different parts of M. oleifera, the 

extracts of flower and leaf signified best activities and can be 

recommended as prophylactic agents against oxidative stress and 

infectious diseases. However, characterization and detailed 

studies on the specific components of the bioactive crude extracts 

responsible for the antioxidative and antimicrobial attributes and 

their mechanism of action is required for the better understanding 

of their application as immunomodulators. 
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