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Antioxidant and Antimicrobial Activities of 
Green Synthesized Silver Nanoparticle Using 
Moringa Oleifera Seeds Extracts 

Mustapha Isah*, Sumayya A. Ayuba, and Zainab H. Bello 

Nanotechnology deals with materials in nanoscale that exhibit incredible 
chemical, physical and biological properties. This study is aimed at synthesizing 
silver nanoparticles from Moringa oleifera seed using aqueous and ethanol as 
solvents and compare their antioxidant as well as antimicrobial activities of 
these two synthesized nanoparticles. The synthesized nanoparticles were 
subjected to preliminary characterization using UV- spectroscopy to ensure their 
formation which were confirmed by attaining the plasmon resonance surface of 
both particles at 320nm. Standard assay for antioxidant scavenging of ferric ion 
and DDPH were employed and standard methods for drop plate technique, 
minimum inhibition concentration and minimum bactericidal/fungicidal 
concentrations were used. The results indicate that silver nanoparticles 
synthesized from ethanol extract (EEMS) has excellent ferric ion scavenging 
activity compared to silver nanoparticles synthesized from aqueous extract 
(AEMS), while AEMS has 2, 2-diphenyl-1-picrylhydrazyl (DPPH) scavenging 
potential compared to EEMS. Both nanoparticles show the antimicrobial 
efficiency were dose dependent but more inhibition zone was observed on 
EEMS using drop plate technique at 25mg/dl against all the organisms used (S. 
aureus, E. coli and C. albican). And in minimum inhibition concentrations, the 
result shows both particles inhibit the growth of all organisms at 6.25 µg/dl 
except against E. coli which is at 12.5 µg/ml by EEMS. Similarly, minimum 
bactericidal / fungicidal concentrations were the same in all organisms at 12.5 
µg/ml except against C. albican which was at 6.25 µg/ml by EEMS. The finding 
revealed that both EEMS and AEMS are good antioxidants and antimicrobial 
agents and their activities are concentration dependent. 

Keywords: Antimicrobial; Antioxidant properties; Moringa oleifera; Seed 
extracts; Silver nanoparticle. 

1. Introduction 

Nanotechnology involve the study of tiny objects 
and their applications which can be applied 
across diverse fields like chemistry, physics, 
biology, engineering [11]. Nano stands for 10-9 or 
billionth units. Its size begins from 1 - 100nm 
because of this size it can occupies position in 
numerous fields in nanoscience and technology 
[3] [19] [43]. Silver particles have remarkable 
applications in diagnostics, high sensitivity in bio-
molecular detection, therapeutics, antimicrobials, 
catalysis and microelectronics [11]. Currently, 
several methods for the synthesis of 
nanoparticles are available either physical or 
chemical methods [5]. Many of the nanoparticle 
synthesis methods involve the use of hazardous 
chemicals, low material conversions and high 
energy requirements. Therefore, there is need to 
develop an environmental friendly process for 
nanoparticle synthesis without using toxic 

chemicals. Biosynthetic methods employing 
either microorganisms or plant extracts have 
emerged as a simple and viable alternative to 
chemical synthetic procedures and physical 
methods. Certain   plant parts such as fruits, 
leaves, roots, seeds, stem, have been utilized for 
synthesizing various nanoparticles owing to the 
occurrence of the phytochemicals in their 
extracts which serves as reducing and stabilizing 
agent [22]. For instance, C. sinensis extracts was 
used as reducing and stabilizing agent for the 
synthesis of gold nanoparticles and silver 
nanostructures [21]. Silver nanoparticles 
(AgNPs) are among the most widely used 
nanoparticles that show a broad spectrum of 
antibacterial activity. Studies have shown that 
silver nanoparticles prevent replication of the 
AIDS virus (HIV) and their impact is much 
greater than that of gold nanoparticles [17]. 
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Moringa oleifera is a native to South Asia but 
now can be found all over the tropics. The 
treatment of different diseases using Moringa 
leaves was estimated to efficiently curing about 
300 various ailments [16]. He further added that 
most of the developing countries use traditional 
medicine as therapeutics for maintenance of 
good health. Moringa is regarded as one of the 
important crop in Saharan and sub-Saharan   
countries [14]. All of its parts are believed to have 
been safe for consumption ranging from leaves, 
pods to its flowers [24] [4]. Specifically, the 
leaves are known to have healing properties and 
can be consumed in different ways [25] [23]. 
Reports show that leave extracts possess high 
antioxidant properties [14] [2]. 
Antioxidants are substances that protect cells 
from the damages caused by unstable molecules 
known as free radicals. They play an important 
role in eliminating these free radicals prior to 
cellular attack thereby preventing diseases cause 
as a result of their attack [10]. Examples of these 
antioxidants include Vitamin A, C and E, 
lycopene, beta-carotene among others [15] [7]. 
Antioxidant can be enzymatic or non -enzymatic.  
 The free radicals are otherwise known as 
reductive oxygen species (ROS) which are the 
cellular respiration by-products affecting cellular 
oxidative functions and play an important in cell 
signaling [9]. Reactive oxygen species possess 
an unpaired valence electron and are 
responsible for many diseases due to their 
consequences which include but not limited to 
cancer, cataract, aging, diabetes mellitus and 
brain dysfunction [20]. Most of the researches 
focus on the synthesis of silver nanoparticles 
using aqueous extract for antimicrobial and 
antioxidant activities. In this finding, the silver 
nanoparticles were synthesized from Moringa 
oleifera seed extracts using aqueous and ethanol 
solvents and compare their antimicrobial and 
antioxidant activities. The cytotoxic analysis of 
these nanoparticles need to be investigated to 
ensure proper safety. 

2. Materials and Methods 

2.1 Collection of Plant Material 

The Moringa oleifera seed (unpeeled) were 
obtained, peeled and air dried at room 
temperature. Pestle and mortar were used for 
grinding the dried seed to powder form. The 
powder was stored for further analysis. 

2.2 Preparation of Aqueous Extract 

Thirty gram (30 g) of the powder was weighed 
using a weighing balance. It was then transferred 
into the 1000 mL beaker, and 400 mL of H2O 
was added into the beaker containing the powder 
and allowed to soak for 72 hours after which the 
extract was filtered using whatman No. 1 filter 

paper, the filtrate was used for synthesis of silver 
nanoparticles.  

2.3 Preparation of Ethanol Extract  

Thirty gram (30 g) of the powder was weighed 
using a weighing balance. It was then transferred 
into the 1000 mL beaker, and 200 mL of ethanol 
was added into the beaker containing the powder 
and allowed to soak for 72 hours after which the 
extract was filtered using whatman No. 1 filter 
paper. 

2.4 Preparation and Characterization of 
Silver Nanoparticles 

Silver nitrate AgNO3 was obtained from Sigma-
Aldrich chemical company, all glass wares were 
washed with distilled water and dried in oven.  A 
stock solution of AgNO3   2 × 10-3 M were 
prepared by dissolving 0.34 g/1000 ml of de-
ionized water. 100 mL of extract were added to 
900 mL of the AgNO3 stock solution and were 
kept in the dark and allow to change colour to 
brown or dark brown within 30 minutes. After 
that, the absorbance was taken using UV 
spectrophotometer (model 752N) at different 
wavelength of 20 nm intervals from 200nm to 
620 nm. Then, the content was evaporated to 
obtain the powder for antioxidant properties and 
antimicrobial screening by constituting different 
concentrations according to Moodley et al., [26] 
with little modification. 

2.5 Ferric Reducing Antioxidant Power 
Assay  

The ferric reducing Antioxidant power of the 
extract was determined using potassium 
ferricyanide, ferric chloride method [6]. 2.5 mL of 
various concentration of the extract was added to 
2.5mL of potassium ferricyanide, then, incubated 
at 50 ºC for 20 minutes. (i) 2.5 mL of 10% 
Trichloroacetic acid (TCA) was added to the 
mixture which was then centrifuged at 300 rpm 
for 20 minutes. (ii) 2.5 mL of upper layer was 
mixed with 2.5 mL of distilled water, then 0.5 mL 
of fresh prepared ferric chloride was added 
(0.5%). The control was prepared using the 
same procedure with distilled water. Then 
absorbance was measured at 700 nm. Ascorbic 
acid of various concentration was used as 
standard.  Antioxidant reducing power was 
determined using the formula: 

Antioxidant 
Reducing Power =     

Absorbance of Sample ×  100 
Absorbance of Control 

2.6 2, 2-diphenyl-1-picrylhydrazyl (DPPH) 

The effect of Butyl hydrogen acetate (BHA) was 
also assessed for comparison with that of plant 
extract dilutions (0.2, 0.4, 0.6, 0.8, and 1.0) 
mg/ml and increase the volume to 4 mL with 
distilled water. 1 mL DPPH radical (1 mmol) was 
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added to each tube and same procedure as in 
DPPH scavenging experiment was followed, the 
absorbance was measured at 517nm [10]. The 
percentage free radical scavenging activity was 
calculated using the formula: 

%SA =  
Absorbance of control - Absorbance of sample x 100         
  Absorbance of control 

2.7 Source of Microorganisms  

The test organisms were selected based on their 
availability. Hence, two bacteria and one fungus 
isolates were used for the test. The organisms 
were collected from the Microbiology laboratory, 
Sokoto State University, Sokoto, Nigeria. The 
organisms were; Staphylococcus aureus, E. coli 
and Candida albican. The bacteria and fungus 
were maintained on nutrient agar(NA) and potato 
dextrose agar (PDA) and stored in the 
refrigerator at 4oC. The bacteria were sub-
cultured into fresh media at regular interval until it 
was used for the test. 

2.8 Sterility Test of the AgNPs from Seed 
Extracts 

 The AgNPs synthesized from aqueous and 
ethanol extracts were tested for growth. This was 
carried out by inoculating 1ml of the AgNPs on 
nutrient agar and incubated at 37oC for 24hours. 
The plates were observed for growth. No growth 
in the AgNPs inoculated after incubation 
indicates that the AgNPs was sterile. The AgNPs 
was then accessed for antimicrobial activity. 
 

2.9 Antimicrobial assay 
2.9.1 Agar Well Diffusion Method 
The antimicrobial properties of the AgNPs were 
determined using the agar well diffusion method 
Hilton Mueller Agar (HMA) and Potato Dextrose 
Agar (PDA) plates were prepared, sterilized and 
solidified. After solidification, sterile cork borer of 
6mm diameter was used to punch wells on the 
agar on each petri dish. The holes were filled 
with different concentrations of AgNPs. Control 
experiments were also carried out where the 
holes were filled with 0.5ml of silver nitrate. Each 
hole was labeled representing a particular 
sample. In the agar well diffusion method, the 

petri dishes containing HMA and PDA were 
seeded throughout with the twenty-four hours old 
test organisms in the case of bacteria and 
seventy-two hours against the C. albican.  The 
culture plates were incubated at 37 oC for 24 
hours (S. aureus and E. coli), 25 oC for 72 hours 
(C. albican) after which the zones of inhibition 
were measured where obtainable in accordance 
with the procedure employed in [18]. 
 

2.9.2 Determination of Minimum Inhibitory 
Concentration (MIC) 

The minimum inhibitory concentration was 
determined against bacteria and fungi after the 
antimicrobial test have been performed. This 
shows the lowest concentration of an 
antimicrobial agent that could inhibit the visible 
growth of a microorganism after overnight 
incubation. The isolates were cultured on Mueller 
Hinton agar (MHA) and PDA and agar diffusion 
method was used for this purpose. Sterile cork 
borer of diameter 6mm was used to bore holes 
on the plates after seeding the plates with the 
microbial strains being tested. It was left for 
about one hour at room temperature and 
subsequently incubated at 37 oC. while fungus at 
25 oC. Results were read after incubation in 
24hours for bacteria and 72 hours for fungus. 
 
2.9.3 Determination of Minimum 
Bactericidal / fungicidal Concentration Tests 

Minimum bactericidal concentration (MBC) and 
fungicidal concentration (MFC) tests were 
undertaken by immediately sub culturing the 
organism by spreading a loopful evenly from the 
tube containing solution of 6 mg/mL, 3mg/mL 
and 1.5 mg/mL over MBC media Muller Hinton 
agar solid. Then incubated at 37 °C for 24 hours. 
After 24 hours, while 72 hours for the fungus. 
The lowest concentrations that did not show any 
growths of the test organisms on the solid media 
was considered as the MBC/MFC of the 
organism. 

3. Results and Discussion 

3.1 Results

 

 

Fig.1: UV-Visible Spectroscopy of AgNPs using Moringa oleifera Aqueous Extract 
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Fig. 2: UV-Visible Spectroscopy of AgNPs using Moringa oleifera Ethanol extract 

Table 1: Ferric ion scavenging activities of silver nanoparticles synthesized from M. oleifera seed extracts 

 
Silver nanoparticles/ Control 

Concentration (mg/mL) 
25 50 75 100 125 

EEMS 4.45 7.66 8.45 11.67 67.98 
AEMS 27.74 28.03 58.30 79.78 86.37 
Control (Vitamin C)  61.08 69.47 79.72  94.16 96.64 

EEMS = Silver nanoparticles synthesized from ethanol extract of M. oleifera seed 
AEMS = Silver nanoparticles synthesized from aqueous extract of M. oleifera seed 

 

 

Fig.3: Ferric ion scavenging activity of silver nanoparticles synthesized from seed extracts of M. oleifera 

Table 2: Level of DPPH scavenging activities of AgNPs synthesized from EEMS and AEMS 

 
Free radical scavenging 

Scavenging activity (%) 

EEMS AEMS 

      DPPH 73.4 ± 1.07 62.8 ± 0.86 
Represented as mean ± SEM of the three replicates 

Table 3: Zone of inhibition (mm) of green synthesized silver nanoparticles using Moringa oleifera seed of ethanol 

and aqueous extracts on bacterial and fungal 

 
Organism  

 
Extracts 

                                   Concentration (mg/dl)                                               

    10                 15                 20                25                   +             - 

 
E. coli 

EEMS 7.3±0.3 9.0±0.00 13.0±0.6 14.6±0.3 3.0±0.03 0±0.0 

AEMS 3.9±0.4 5.9±0.4 9.2±0.4 11.3±0.2 2.3±0.2 0±0.0 

 
S. aureus 

EEMS 10.5±0.3 11.4±0.2 13.0±0.6 14.6±0.3 6.9±0.03 0±0.0 

AEMS 0±0.00 2.6±0.2 5.4±0.4 7.3±0.4 6.3±0.2 0±0.0 

 
C. albican 

EEMS 9.1±0.05 10.5±0.6 12.5±0.3 14.3±0.3 3.0±0.5 0±0.0 

AEMS 0±0.00 2.2±0.2 6.5±0.06 8.4±0.2 2.3±0.2 0±0.0 

Values are presented as means ± SEM of three determinations 

KEY: EEMS- Ethanol extract of Moringa seed; AEMS-Aqueous extract of Moringa seed  

+  Positive control (AgNO3) -   Negative control (DH2O) 
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Table 4: Minimum Inhibitory Concentration 

 
Microorganisms 

Concentration (µg/mL) 

EEMS AEMS 

S. aureus 
E. coli 
C. albican 

6.25 
12.5 
6.25 

6.25 
6.25 
6.25 

 

 

Fig. 4: Result of minimum inhibitory concentration of AgNPs from ethanol extract (EEMS) and AgNPs from 
aqueous extract (AEMS) using M. oleifera seed 

Table 5: Bactericidal/Fungicidal Concentration 

 
Microorganisms 

Concentration in (µg/mL) 

EEMS AEMS 

S. aureus 
E. coli 
C. albican 

12.50 
12.50 
6.25 

12.50 
12.50 
12.50 

 

 

Fig. 5: Result of the minimum bactericidal and fungicidal concentration of AgNPs from ethanol extract (EEMS) 
and aqueous extract (AEMS) using M. oleifera seed   

3.2 Discussion 

Given the wide ranging applications of AgNPs in 
recent years, many researchers have focused on 
the development of modified or novel synthetic 
strategies for AgNPs as opposed to the use of 
conventional methods which are strongly 
associated with toxic environmental footprints 
[13]. 
The primary indication of silver nanoparticle 
formation is represented by a reaction solution 
colour change to dark brown [13]. Therefore, 
preliminary characterization of synthesized 
AgNPs was done using UV-Visible 
spectrophotometer model- 752N and the 
recorded UV-absorption spectra while attaining 
its plasmon resonance vibration which was 
observed at 320nm for both aqueous and ethanol 
extracts of Moringa oleifera seed. Which is tallied 
with the report by Kalugendo & Kousalya, [11], in 

which the UV-absorption spectra exhibited the 
highest absorbance starting from 320nm up to 
460nm. This can be possible due to the 
differences in phytochemistry component in 
plants which are responsible for the conversion. 
Other reports believed that the peak of 
synthesized silver nanoparticles can be observed 
from 390nm to 420nm or more [40].  
The result in table 1 of ferric ion scavenging 
activities of both AgNPs were good but it shows 
clearly that the activity was less in ethanol extract 
of Moringa oleifera seed (EEMS) when 
compared with that of aqueous extract of 
Moringa oleifera seed (AEMS). The radical 
scavenging activity shows that its directly 
proportional to the concentration of both silver 
nanoparticles synthesized from ethanol and 
aqueous extract respectively. 

It was reported that the percentage free radical 
scavenging activity of AgNPs is found to be high, 
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due to its capability of being good oxidant, 
electron loosing and capping agents present on 
AgNPs surface [8]. Ferric ion radical is not very 
reactive and it is a weak oxidizing agent; 
biologically, it acts as a toxicant to the cell by 
converting itself into hydroxyl radical in the 
presence of metal ions in the living system 
resulting in initiation and propagation of lipid 
peroxidation [8]. Based on the result obtained it 
indicates that AgNPs synthesized from aqueous 
extract of the seed are excellent ferric ion 
scavengers compared to AgNPs synthesized 
from the ethanol extract. The ferric ion 
scavenging power assay of both EEMS and 
AEMS revealed that the percentage scavenging 
potential of both AgNPs are dose dependent in 
which the concentration of EEMS at 125 mg/mL 
observed to have 67.98% whereas AEMS at 
same concentration possesses 86.37%. vitamin 
C was used as a control with 96.64% scavenging 
effect. Therefore, the AEMS has an increased 
level of scavenging activity compared to EEMS 

The result in Table 2 of DPPH radical 
scavenging, the result obtained was reported in 
percent and shows that there is an increase 
percentage activity between the EEMS and 
AEMS. EEMS has 73.4 + 1.07 % while AEMS 
has 62.8 + 0.86% and therefore, DPPH radical 
scavenging potential is more pronounced in 
EEMS compared to AEMS. This result is closely 
related with the finding of Nagaich et al., [40] 
where the DPPH scavenging potential of 
synthesized silver nanoparticles using apple 
extract provided the excellent scavenging of 
75.16 + 0.045%. 

The result in table 3 of antimicrobial assay, 
showed that there is significant growth inhibition 
in which E. coli, S. aureus and C. albican show 
high zone of in AgNPs synthesized from aqueous 
extracts at 6.25 µg/mL while in ethanol extract 
synthesized AgNPs is the same in S. aureus and 
C. albican but differs in inhibition of E. coli which 
was at 12.5 µg/mL.  

The effective inhibition of both gram-negative 
and gram-positive bacteria by AgNPs derived 
from M. oleifera seed is of great significance as it 
demonstrates their broad-spectrum as compared 
the silver nitrate used as positive control. It also 
indicates that the mode of action is not affected 
by the difference in membrane stabilities of the 
bacteria since gram-positive bacteria contain a 
thick peptidoglycan layer whereas gram-negative 
bacteria possess a rigid outer membrane 
structure composed of lipids and lipoproteins. 
Contrasting results were observed in a similar 
study where AgNPs (5–35 μgmL−1) synthesized 
from reducing agents D-glucose and hydrazine, 
displayed effective activity towards gram-
negative bacteria but minimal activity against 
gram-positive bacteria [8]. Another contrasting 

studies were presented in which a greater 
sensitivity was recorded in gram-negative when 
compared to gram-positive bacteria [13]. 

The result in table 5 of MBC and MFC indicated 
that there was a homogenous concentration of 
12.50 μg/mL that kill all the microorganisms by 
AgNPs synthesized from aqueous extract 
whereas a concentration of 6.50 μg/mL kills C. 
albican while 12.50 μgmL−1   kills both Gram-
positive S. aureus and Gram-negative E. coli in 
AgNPs synthesized from ethanol extract of 
Moringa oleifera seed. 

The AgNPs synthesized from seed of M. oleifera 
displayed inhibition of gram-negative and gram-
positive bacteria. The results of this study 
showed that AgNPs prepared in this study are 
not only more effective at lower concentrations 
but also display a broader susceptible 
antibacterial spectrum range more specifically in 
ethanol extract synthesized silver nanoparticles. 
The results indicate that the synthesized 
nanoparticles show strong inhibition against the 
tested organisms. This result is comparable with 
the result obtained by testing gram-positive, 
gram-negative and fungal strains using silver 
nanoparticles [27] [26]. The AgNPs were report 
to have shown no toxicity towards humans but 
highly toxic to microorganism [28]. The 
antibacterial activity shown by AgNPs is related 
to the concentration of AgNO3. This means that 
the lesser the concentration, the more the 
antimicrobial activity in that other [29]. The 
reason that, the smaller particles possess large 
surface area and hence interact freely with the 
microbes and provide more effect compared to 
the larger ones [41]. Although the exact 
mechanism to which it operates still not clear but 
many mechanisms were proposed. One the 
proposal reveal that a positive charge of the Ag 
ion plays crucial role for its antimicrobial effect 
[29]. It derived due to the electrostatic attraction 
occurring between the negatively-charged on the 
microbial cell membrane and the positive 
charged of nanoparticles [33]. Another related 
proposal reported the microbial cell membrane is 
negatively charged while AgNPs possess 
positive charge and when the positively charged 
AgNPs accumulate around the negatively 
charged surface of cell membrane, it would 
change the conformation of the membrane and 
become easily permeable leading to the cell 
death [36] [34]. Mubarak Ali et al., [38], revealed 
that, once AgNPs are in the bacterial cytoplasm, 
there would be an interference in the bacterial 
growth pathway due to the modulation of 
phosphorylated tyrosine of putative peptides 
which is critical for cell division and viability. Also 
according to Zodrow et al., [41], AgNPs are 
probably attacking the electron transport chain 
and also cell division which eventually leads to 



CaJoST  M. Isah et al.  

CaJoST, 2022, 2, 142-150 © 2022 Faculty of Science, Sokoto State University, Sokoto.|148 

 

the cell death. Amro et al., [30], reported that the 
depletion of metal may be the cause for the 
formation of irregular shape pits at the outer 
membrane thereby changing its permeability 
leading to the continuous release of the 
membrane and lipopolysaccharides. Or possibly 
DNA may lose its replication capability and affect 
the expression of ribosomes and other essential 
proteins and inactivation of enzymes for ATP 
synthesis [37]. Danilczuk et al., [31] and Kim et 
al., [35] also proposed that the reason for AgNPs 
exhibiting the antimicrobial property is because 
they induce the free radicals and subsequently 
causing the membrane damage. The other 
mechanism suggested that the interaction of 
AgNPs with macromolecules like DNA and 
enzyme via electro-release [29]. The sulfur 
containing proteins at the bacterial membrane 
and the AgNPs interact with such proteins and 
the phosphorus containing substance like DNA 
which may cause the DNA and proteins damage 
causing in cell death.  When Ag+ binds the 
proteins functional groups it would be denatured 
[32].  

4. Conclusion 

Silver nanoparticles were successfully 
synthesized from ethanol and aqueous Moringa 
oleifera seed extracts, and the AgNPs 
synthesized from ethanol extracts exhibit an 
excellent antimicrobial activity against the enteric 
bacteria (Escherichia coli, Staphylococcus 
aureus) and fungus (Candida albican), with very 
good antioxidant scavenging potential. 
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