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Abstract

Silver nanoparticles (AgNPs) biosynthesized from various plant sources is an emerging material used
for several applications. These may be used as antioxidants as several studies have focused on its ability
to eliminate free radicals. Annona muricata (Guyabano) leaves are commonly known to possess such
antioxidant properties due to its present bioactive compounds—thus becoming a suitable capping
agent for AgNPs. The present study compared the antioxidant activity of 4. muricata leaf extract, 4.
muricata mediated AgNPs, and commercially available AgNPs against ascorbic acid (positive control)
and methanol (negative control) via DPPH Assay. Results show the leaf extract having the highest
antioxidant activity after the positive control. This suggests that the plant extract can primarily be used
as an antioxidant while the synthesized AgNPs do not contribute to its antioxidant property.
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Introduction. Plant mediated silver
nanoparticles (AgNPs) is a material known for
inhibiting oxidation due to its infinitesimal size, larger
surface area to volume ratio, and present medicinal
properties [1,2]. The capability of plant mediated
silver nanoparticles to inhibit oxidation is attributed
to its present antioxidant properties, which may vary
on how it is synthesized [3]. However, the factor
which majorly contributes to the antioxidant activity
of synthesized AgNPs is unknown [4,5].

Studies have speculated the presence of reducing
and capping agents and functional groups in the
extract as major contributors of the antioxidant
activity of the system after AgNP synthesis [6,7]. Such
factors are known to contribute to the antioxidant
activity by reducing silver ions, stabilizing AgNPs, and
possessing phytochemicals which form by-products
after AgNPs synthesis [8]. These have been tested
through the use of various experiments which are
based on the presence of such factors. Phull et al. [9]
tested the antioxidant activity of one experiment
consisting of synthesized AgNPs mixed with its
extract, resulting to increased antioxidant properties
in the experiment containing both the capping and
reducing agents and functional groups. This was
shown to be more effective than the extract tested
alone in the study. Mahmoud et al. [10], on the other
hand, tested pure AgNPs centrifuged and washed
twice with water, resulting to AgNPs with weakly-
bonded capping agents. Consequently, the
antioxidant activity of the AgNPs was also shown to be
increased.

Annona muricata is known for its several bioactive
compounds found within its leaves, making it suitable
as a reducing and capping agent for the synthesis of
silver nanoparticles [7]. These prevent AgNPs from
further agglomeration. Its potency as a capping and
reducing agent has been tested by Florence et al. [11],
Muthu and Durairaj [12], Okalune, Onyechi and James

[18], and Shaniba et al. [14]; establishing the plant as a
producer of AgNPs. Due to the capability of plant
extracts such as 4. muricata to act as reducing and
capping agents, this may also be a source for the
antioxidant properties of synthesized AgNPs. Its
leaves are also reported to possess enzymatic and
non-enzymatic antioxidants moreso than 4. muricata
seeds, roots, and fruits [15]. However, compounds
other than the reducing and capping agents may
exhibit antioxidant activity.

Though there are studies which test the
antioxidant activity of different kinds of AgNP
experiments [9,16,17], it is unclear as to what majorly
contributes to the antioxidant properties of
synthesized AgNPs. However, this can be
demonstrated by comparing the antioxidant activity
of the leaf extract and the resultant nanoparticles
biosynthesized from its extract. Thus, this study aims
to evaluate the antioxidant activity using three
experiments, namely 4. muricata extract, A. muricata
mediated AgNPs unfiltered from its originating
extract, and commercially available AgNPs against
ascorbic acid (positive control) and methanol
(negative control). Studying the origin of the
antioxidant activity of biosynthesized silver
nanoparticles through the use of four experiments
may lead to an increase in researches about these
mechanisms. Moreover, this study would be able to
contribute to understanding how silver nanoparticles
may obtain its antioxidant properties and how other
synthesis methods may relate to the source.

The objective of the study is to determine if the
A. muricata mediated AgNPs have inherent
antioxidant activity or if the synthesis process
contributes to the antioxidant activity of the 4.
muricata leaf extract. It specifically aims to:

(i) Synthesize AgNPs from 4. muricata ethanolic
leaf extracts.
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(i1) Confirm the presence of 4. muricata mediated
AgNPs using an Ultraviolet-Visible Spectroscopy
(UV-Vis).

(iii) Evaluate and compare the antioxidant
activity of (a) ascorbic acid (positive control); (b)
A. muricata mediated AgNPs; (c) commercially
available AgNPs; and (d) 2% leaf extract using
DPPH (2,2-diphenyl-1-picrylhydrazyl) Assay.

Methods. The present study includes the
biosynthesis of silver nanoparticles using Annona
muricata leaf ethanolic extract. The 4. muricata leaves
were first collected from Brgy. Cabilauan, New
Lucena, Iloilo (10° 52 26.1546" N 122° 835’ 34.602" E)
and washed in the laboratory of Philippine Science
High School - Western Visayas Campus (PSHS-WVC).
These were then oven-dried, pulverized using a
blender, macerated in 95% ethanol, and stored in a
dark area. After maceration, the solvent was separated
using the rotary evaporator (Eyela Autojack NAJ-100)
of the Department of Science and Technology -
Region 6. The leaf extract was then diluted with
distilled water to obtain a 2% concentration. Silver
nanoparticles were synthesized after plant extraction.
The synthesized AgNPs were then characterized using
Ultraviolet-Visible Spectroscopy. Four experiments
were prepared, namely the A. muricata mediated
AgNPs, commerecially available AgNPs obtained from
Cytodiagnostics Inc., leaf extract, and ascorbic acid
(positive control). Methanol was used as the negative
control. The antioxidant activity of the setups was
tested using DPPH Assay. The absorbance of each
experiment was used to calculate the Radical
Scavenging Activity of the setups.

Collection of Annona muricata Leaves.  Fresh and
mature Annona muricata leaves were hand-picked
from an 4. muricata tree in Brgy. Cabilauan, New
Lucena, Iloilo. These were transported in a sterile
paper bag to the Research laboratory of Philippine
Science High School - Western Visayas Campus
wherein the leaves were placed on clean sheets of
aluminum foil.

Preparation of Annona muricata Leaves. The
leaves were first washed with tap water, followed by
distilled water [18]. These were then placed on a table
covered with newspaper for air-drying. The midrib
and degraded parts of the leaves were manually cut
out using clean scissors by the researchers. After
cutting, the leaves were placed in the oven and were
oven-dried at 43° Celsius for 72 hours for the removal
of moisture within the leaves. The leaves were then
pulverized using an herb grinder (Mophorn) at 28000
rpm and were weighed using a toploading balance.

Extraction of Annona muricata. The pulverized 4.
muricata leaves were mixed with 95% ethanol at a ratio
of 1:8 until the leaves were submerged for maceration.
This is to obtain the remaining secondary metabolites
which give the 4. muricata its capping and reducing
properties [18]. The leaf suspension was placed in a
beaker with a sealed cover and was left for at least 72
hours within a dark area. The remaining extract was
then filtered using Whatman no.1 filter paper. The
residual leaves were wrapped with foil and were
properly disposed in a trash bin. The rotary
evaporator in the Department of Science and

Technology laboratory was used to separate the
ethanol from the extract [18].

Synthesis of Silver Nanoparticles. The leaf extract
produced from the use of the rotary evaporator was
diluted with distilled water to obtain a 2%
concentration. To synthesize AgNPs, a beaker of 100
mL 1ImM AgNO;s solution was placed on a hot plate at
30° Celsius, 400 rpm. Four hundred mL of the extract
was poured gradually in the solution while this was
being vortexed with a magnetic stirrer. The ratio of
the extract to the AgNOs solution is 1:4 respectively
[4]. AgNPs were produced by 4. muricata mediated
synthesis through the reduction of the Ag* ion in the
silver nitrate (AgNO3) by the plant extract.

Characterization of AgNPs. The Ultraviolet-
Visible spectroscopy (UV-Vis) of PSHS - WVC
(Shimadzu UV-1800) was used to confirm the
presence of the synthesized silver nanoparticles [4].
The wavelength range was set to 500 nm - 200 nm
[19].

Evaluation of Antioxidant Activity using DPPH
Assay. DPPH (2,2-diphenyl-1-picrylhydrazyl) Assay
will be used to evaluate the antioxidant activity of
AgNPs as this was found to be a simpler, less
expensive, and rapid way to measure the overall
antioxidant capacity and free scavenging activity of
plant extracts in comparison to other assays [20]. Four
experiments were prepared for antioxidant activity
evaluation. The experiments include the 2% leaf
extract, biosynthesized AgNPs, commercially
available AgNPs, and ascorbic acid as the positive
control [21]. Methanol was used as the negative
control. First, 1.2 mL of 1 mM DPPH was dissolved in
methanol and placed in 2.4 mL of each of the three
experiments. As the solution is sensitive to light, this
was placed in a dark cabinet for 30 minutes [7]. The
absorbance peak of the stable DPPH was evaluated
under the UV-Vis, which should result to
approximately 517 nm [7]. The absorbance peaks of
the four experiments were then compared and
evaluated. With the resulting data, the Radical
Scavenging Activity (%) was computed using the
formula [22]:

RSA = control absorbance — sample absorbance

sample absorbance

Safety Procedure. Solvents used in the
maceration process and in the DPPH assay were
properly handled inside the laboratory. Toxic
chemicals such as silver nitrate and DPPH (2,2-
diphenyl-1-picrylhydrazyl) were handled according
to information found in their Material Safety Data
Sheets (MSDS). The chemicals were collected in a
waste bottle and forwarded to the biosafety officers of
the laboratory for proper disposal. Laboratory
protocols were also observed during the conduct of
the data gathering such as wearing of protective
clothing such as gloves, lab gowns, masks, and goggles.

Results and Discussion. A light yellow color was
produced from the biosynthesis of silver
nanoparticles due to the size of the AgNPs. The
absorbance peak of the AgNPs was found to be 1.788
at the wavelength 264.20 nm when tested under
Ultraviolet-Visible Spectroscopy. The absorbance
peaks at 517 nm of each experiment were found to be



indirectly proportional to its corresponding Radical
Scavenging Activity (RSA %) values. DPPH Assay
results have shown that the experiment, ascorbic acid
(positive control), was found to have the highest RSA
(%) calculated amongst the other experiments;
followed by the 2% leaf extract, 4. muricata mediated
AgNPs, and commercialized AgNPs.

Synthesis of AgNPs. Minimal change in color was
observed in the synthesis of AgNPs. The color
changed from light green to light yellow after 90
minutes. This may be due to the size of the AgNPs and
the diversity of phytochemicals existing within the
plant extract [23].

UV-Vis Data Analysis. The graph (Fig. 1) shows the
UV-Visible spectra of the 4. muricata extract-reduced
AgNPs. The absorbance peak of the AgNPs was found
to be 1.788 at 264.20 nm. As seen in Fig. 1, the
wavelength of the absorbance peak is below 400-450
nm, which is the required wavelength range for
optimum AgNP size [24]. This indicates that the
reduction of AgNO3 produced synthesized AgNPs
which are smaller than the conventional AgNPs used
as antioxidants. Since smaller AgNPs absorb less light,
the color of the mixture would appear lighter in color,
as opposed to the usual dark brown of large
synthesized AgNPs. Additionally, aggregated AgNPs
exhibit darker colors during synthesis, which
indicates that the AgNPs synthesized by the authors of
the present study have not agglomerated [25].
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Figure 1. UV-Visible spectra of the Annona muricata extract-
reduced AgNPs.

Quantification of Antioxidant Activity. For the
conduct of DPPH Assay, visible observations of the
discoloration were made in each samples during the
preparations of the DPPH and the experiments. The
positive control showed rapid change in color, closely
followed by the sample of the leaf experiment and the
mixture of the AgNPs with its extract. The absorbance
levels at 517 nm were obtained using UV-Vis
(Shimadzu UV -1800) (Table 1). These values were
used to calculate the RSA percentage of each
experiment, which showed that the ascorbic acid had
the highest RSA (44.8%), followed by the leaf extract
(48.5%), A. muricata mediated AgNPs (29.6%), and the
commercialized AgNPs (11.9%). Methanol was used as
the negative control in the set up.

Table 1. Absorbance Peaks and RSA (%) of each of the four
experiments.

Radical
Experiment Absorbance Scavengin,
p at 517 nm . . g10 g
Activity (%)
Positive Control
(Ascorbic Acid) 1914 45
2% Leaf extract 1.961 43
A. muricata
mediated AgNPs 2441 30
Commercialized
AgNPs 3.057 12
The speed of the discoloration of the

experiments during the preparations could be
attributed to the amount of antioxidants present
within the samples. Higher amounts of antioxidants
would result to quicker discoloration within the
sample when mixed with DPPH. Based on the change
in color, it could be seen that the positive control has
the highest amount of antioxidants, followed by the
2% leaf extract, synthesized AgNPs mixed with the
extract, and commercial AgNPs. The validity of this
was then verified numerically using a UV-Vis.

For the antioxidant assay, it could be seen that the
radical scavenging activity (%) of a experiment is
dependent on the absorbance of each sample at 517
nm as this is the maximum absorption wavelength of
DPPH. Trends in the results have proven that
absorbance is indirectly proportional to the radical
scavenging activity of each experiment. In effect, the
experiment with the highest absorbance, the
commercialized AgNPs, exhibited the lowest radical
scavenging activity while the experiment with the
lowest absorbance, the ascorbic acid, exhibited the
highest radical scavenging activity.

Ascorbic acid was shown to have a higher
antioxidant activity than that of the extracts (Fig. 2).
Excluding the positive control, the 2% leaf extract
proved to have the highest radical scavenging activity
in comparison to the A4. muricata mediated and
commercialized AgNPs. This shows that good
antioxidant compounds are present within the leaf
extract. The high RSA of the experiment could
furthermore be attributed to the stronger presence of
phenols within the 4. muricata extract as this is known
to be a natural antioxidant [26]. The A4. muricata
mediated AgNPs, however, showed a lower RSA
percentage than the leaf extract. This demonstrates
that the 4. muricata mediated AgNPs do not have
inherent antioxidizing properties nor does synthesis
yield by-products that have antioxidant properties.
Hence, the presence of the unreacted leaf extract in
the solution used to synthesize AgNPs is mainly if not
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solely responsible for the RSA (%) data for the
experiment. The commercialized AgNPs, on the
other hand, is shown to have the lowest antioxidant
activity, thus strengthening the claim that AgNPs do
not have inherent antioxidant properties. This is
because the commercialized AgNPs were not
synthesized from plant extracts, thus lessening its
chances of possessing naturally acquired antioxidant
properties.

Radical scavenging activity

45
43

30

Radical scavenging activity (%)

Commercialized
AgNPs

Biosynthesized
AgNPs
Figure 2. The column graph shows the radical scavenging

activity of each of the four experiments.

Ascorbic Acid 2% Leaf Extract

Similar results were found in the study of Abdul-
Aziz et al. [27] which compared the antioxidant and
antimicrobial activity of Chenopodium murale
mediated AgNPs and the plant extract. The study
suggests that the plant extract majorly contributes to
the antioxidant activity of AgNPs rather than the
AgNPs in itself as this mainly serves as a carrier for
biomedical = properties.  Additionally,  higher
antioxidant activity may also be obtained from the
preferential adsorption of the antioxidant material of
the plant extract to the surface of the silver
nanoparticles [28]. These justify the lessened
antioxidant activity of both the 4. muricata mediated
and commercialized AgNPs and the increased
antioxidant activity of the 2% leaf extract experiment.

Results of the DPPH assay have also revealed that
A. muricata extract is a good candidate for the
synthesis of AgNPs. This is due to the high RSA value
of the experiment, making this a suitable reducing
agent as reducing agents scavenge oxygen from the
medium to delay or prevent oxidation [29].
Additionally, antioxidants have been considered as
reducing agents since they are able to perform
antioxidant behavior by being oxidized [30]. Similar
observations have been found in the study of
Goodarzi et al. [31], which concluded that reducing
substances in the extracts contribute significantly to
the antioxidant potential of the tested plant species,
and plants with a high reducing capacity are excellent
sources for the green synthesis of metallic
nanoparticles. Thus, it could also be concluded that
the 4. muricata extract is the strongest reducing agent
after the positive control in comparison to the other
experiments. This is then followed by the 4. muricata
mediated AgNPs and commercialized AgNPs.

Error Analysis. During the conduct of the study,
some environmental factors were not taken into
consideration, thus becoming possible factors for the
error in the data obtained. Such factors are the pH and
pressure during the synthesis of AgNPs and the
particle size, temperature, and pH during the conduct

of the DPPH Assay. The absence of replicates is also a
factor that can produce an error in the study since
there is no comparison to find the significance of the
results.

Conclusion. 4. muricata leaf extract successfully
synthesized AgNPs with the help of its bioactive
compounds as reducing and stabilizing agents. UV-Vis
Spectroscopy showed the absorption peak of the
AgNPs to be 1.788 at 264.20 nm, which alludes to the
smaller size of the AgNPs in comparison to that of the
usual AgNPs with an absorption peak at 390-420 nm.
In the DPPH Assay, lower absorption values at 517 nm
result to higher RSA percentages. In effect, the RSA
percentage of the extract was proven to be higher than
that of the 4. muricata mediated AgNPs and
commercialized AgNPs. This shows that the reducing
agent contributes the most to the antioxidant activity
of AgNPs.

Recommendations. In order to improve the
results of the study, using different concentrations of
extract for synthesis of AgNP is recommended to
determine which concentration has improved
antioxidant activity. Different concentrations of
ascorbic acid in DPPH assay is suggested to correlate
the RSA of these different concentrations to the RSA
of the other set ups. The time of exposure of the
experiments to DPPH can also be manipulated to
have better results in the evaluation of the antioxidant
activity. Determination of compounds present in the
antioxidant activity which help in reducing and
stabilizing the AgNPs is also recommended to further
understand which compounds majorly contribute in
synthesis and giving antioxidant activity.
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