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This report shows a rapid and eco-friendly method for green synthesis of silver
nanoparticles from aqueous solution of silver nitrate using Psidium Guajava leaf extract as
reductant and stabilizer. These biosynthesized nanoparticles were characterized with the
help of UV-Vis spectroscopy, Fourier transform infrared spectroscopy, X-ray diffraction
(XRD). The UV-Vis spectra gave surface Plasmon resonance for synthesized silver
nanoparticles at 430 nm. The XRD analysis showed that the AgNPs with grain size 30 nm
are crystalline in nature and have face-centered cubic geometry. The FTIR measurement
was carried out to identify the possible biomolecules responsible for efficient stabilization
of silver nanoparticles. Free radicals are produced in normal and/or pathological cell
metabolism. Oxidation is essential to many living organisms for the production of energy
to fuel biological processes. However, the uncontrolled production of oxygen derived free
radicals is involved in the onset of many diseases such as cancer, rheumatoid arthritis,
cirrhosis and arteriosclerosis as well as in degenerative processes associated with aging.
Hence, the present study deals with antioxidant activity for biosynthesis of AgNPs using
Psidium guajava leaf extract. Free radical scavenging potential of Psidium guajava
synthesized silver nanoparticles was evaluated in vitro by using four different assays viz.,
DPPH radical scavenging assay and ABTs radical scavenging assay are also adopted.  The
results suggest that the silver nanoparticles from Psidium guajava can be potent natural
antioxidants and can be essential for health preservation against oxidative stress related
degenerative diseases, such as cancer.
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INTRODUCTION
Silver nanoparticles were proven to be most efficient as they
possess good antimicrobial and antioxidant activities. Plant
extract was used for the synthesis of silver nanoparticles
because it was proved to be less toxic and also need less
purification as compared to chemical methods. Free radicals
are produced in normal and/or pathological cell metabolism.
Oxidation is essential to many living organisms for the
production of energy to fuel biological processes. However,
the uncontrolled production of oxygen derived free radicals is
involved in the onset of many diseases such as cancer,
rheumatoid arthritis, cirrhosis and arteriosclerosis as well as in
degenerative processes associated with aging. Exogenous
chemical and endogenous metabolic processes in the human
body or in the food system might produce highly reactive free
radicals, especially oxygen derived radicals, which are capable
of oxidizing biomolecules, resulting in cell death and tissue
damage. In recent years, there has been increasing evidence
that reactive oxygen species (ROS) are associated with
pathological conditions such as atherosclerosis and
carcinogenesis, as well as with aging [Halliwell (2003), Patel
(2000), Emerit (1994) and Hipkiss (2006)]. Hui-Yin Chen and
Gow-Chin Yen (2007) reported that the extracts from guava
leafs were found to possess strong antioxidant activity then the
dried guava fruit. The antioxidant mechanisms of guava leaf
extracts may be attributed to their free radical-scavenging

ability. In addition, phenolic compounds appear to be
responsible for the antioxidant activity of guava extracts.
P. Guajava is Called guayaba in Spanish speaking countries
and goiaba in Brazil; guava is a common shade tree or shrub in
door-yard gardens in the tropics. It belongs to family
Myrtaceae, genus: Psidium, species: guajava and common
names of the plant are Guava, goiaba, guayaba etc. Plant parts
which are used are fruits, leaves and barks. Guava is rich in
tannins, phenols, triterpenes, flavonoids, essential oils,
saponins, carotenoids, lectins, vitamins, fiber and fatty acids.
The leaves of guava are rich in flavonoids, in particular,
quercetin. Much of guava's therapeutic activity is attributed to
these flavonoids [Narendra Vyas et al., (2010)]

The aim of the present study is to synthesis a rapid and eco-
friendly AgNPs by green synthesis from fresh leaves of
Psidium guajava. Further, these biosynthesized AgNPs are
evaluated for their stability and also to assess the antioxidant
activity of biosynthesized AgNPs. In vitro antioxidant activity
has been investigated by different assays viz., DPPH radical
scavenging assay and ABTs radical scavenging assay for the
synthesized AgNPs.

MATERIALS AND METHODS
Preparation of leaves extract

The fresh leaves of Psidium guajava were washed several
times with ultrapure water to remove the dust. Leaf extract
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used for the synthesis was prepared from 10 g of thoroughly
washed leaves in 100 ml ultrapure water and boiled in 250 ml
Erlenmeyer flask for 20 min. Filtered leaf extract was stored at
-15º C for further use, being usable for 1 week. Suspensions
were filtered with Whatman No.1 filter paper.

Biosynthesis of silver nanoparticles

100 ml of 1×10-3 M aqueous solution of silver nitrate was
prepared and 2.5 ml of leaf extract was added to it at room
temperature for 10 min, observing a brownish-yellow;
indicating the formation of AgNPs.

Characterization of the synthesized nanoparticles

Synthesis of AgNPs by reducing silver ion solution with
different concentration of leaf extract can be observed by UV-
vis spectrum using SHIMADZU UV-1650PC
Spectrophotometer. The characterization of functional groups
on the surface of AgNPs was measured by AVATAR 330
FTIR spectrometer. X-ray diffraction was carried out on a
XPERT-PRO X-Ray Diffractrometer to determine the
formation of crystalline metallic pattern of AgNPs.

Determination of Antioxidant assays

A great number of in vitro methods have been developed to
measure the efficiency of natural antioxidants either as pure

compounds or as plant extracts. Five different In vitro methods
can be a viz., DPPH radical scavenging assay and ABTs
radical scavenging assay. These methods are popular due to
their high speed and sensitivity. However, it is essential to use
more than one method to evaluate antioxidant capacity of plant
materials because of the complex nature of phytochemicals.
The most commonly and uncommonly used antioxidant assays
along with standards that can be used as positive control are
described below [Chanda and Dave (2009)].

Statistical analysis

The experiments were carried out in triplicates. The data were
analyzed for statistical significance by student‘t’ test was
considered significant at p < 0.05 was regarded to be
significant.

RESULT AND DISCUSSIONS
Effect of leaf extract concentration on synthesis of silver
nanoparticles

The UV-vis absorption spectra of AgNPs were prepared using
different concentrations of leaf extract (0.5, 1, 1.5, 2, 2.5 and
3), where the AgNO3 concentration was kept constant at 1mM
as shown in figure 1. As the concentration of the Psidium
guajava leaf increases, the absorption peak gets more
sharpness and blue shift was observed from 438 nm to 430 nm.
This blue shift indicates the reduction in mean diameter of the
AgNPs.

Herein, only the reduction of silver ions will take place at
lower concentration of leaf extract (0.5 ml), but do not protect
them from aggregation because of deficiency of biomolecules.
At optimum concentration of leaf extract (2.5 ml), the
biomolecules act as reducing agent, capping agent as well as
stabilizing agent which protects the nanoparticles from
aggregation. The peak gets decrease for higher concentration 3
ml due to excess amount of leaf extract, which indicates that
2.5 ml is the optimum level to synthesize the AgNPs.

FTIR analysis

FTIR analysis was determined to identify the successful
bioconjucation of some such molecules associated with
AgNPs, biosynthesized from Psidium guajava leaf extract

Figure 1 UV-vis absorbance spectra of AgNPs in addition of leaf
extract a) 0.5, b) 1, c) 1.5, d) 2, e) 2.5 and f) 3, on 1 mM AgNO3.

Figure 2 FTIR spectra of leaf extract (a) and AgNPs synthesized
at different concentration of leaf extract, b) 0.5, c) 1, d) 1.5, e) 2,

and f) 2.5 on 1mM AgNO3

Figure 3 XRD of AgNPs analysis for 1Mm AgNO3

with 2.5 ml.
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which is responsible for capping, reduction and efficient
stabilization of the AgNPs.
Psidium guajava is rich in proteins and has high availability of
amino acids [Rajeswari Arunachalam et al., (2012)]. Figure 2
shows some pronounced absorbance bands observed at around
3400 cm-1 [N-H stretching (amine group)], 2922cm-1 [C-H
(sym/Asym) aliphatic], 1617 cm-1 [aromatic rings], 1385 cm-1

[aliphatic nitro compounds NO2 symmetric], 1115 cm-1 [ Ether
linkage], 614 cm-1 [C-C (aromatic benze)]. There is a
significant change in the vibrational spectra of stabilized
nanoparticles when compared with the leaf extract as well as
with increasing the concentration of leaf extract of Psidium
guajava. The band in the region of 3000-3500 cm-1 is
characteristic of the OH stretching of the phenol and methylol
group of tannin. The absorption peak at 3400 cm-1 gets
narrower and broader due to tannin, which are formed between
the amine groups. These amide groups intend to form stronger
bonds with Ag atoms, which will break most of the H bonds
between N-H groups and lead to narrowing [Pathipati Usha
Rani and Pala Rajasekharreddy, (2011)]. Furthermore, the
result shows that the phytochemical constituents, particularly
tannin protect the AgNPs from aggregation and thereby retain
the long term stability of nanoparticles.

XRD analysis

Analysis of AgNPs using X-ray diffraction confirmed the
crystalline nature of particles (Figure 3). The Braggs
reflections were observed in the XRD pattern at 2θ= 38, 44,
64, 77, which clearly indicates the presence of (111), (200),
(220) and (311) sets of lattice plane and indexed as the band
for face centered cubic structure (fcc) of silver. The mean grain
size of the AgNPs was calculated using the Debye-Scherrer’s
equation D= 0.94λ/βcosθ, where D is the average crystalline
domine size perpendicular to the reflecting planes, λ is the X-
ray wavelength, β is the full width at half maximum (FWHM),
and θ is the diffraction angle.

In addition, some unassigned peaks were also observed
suggesting that the crystallization of bioorganic phase occurred
on the surface of the nanoparticles. Hence, from XRD pattern,
it is clear that AgNPs formed using Psidium guajava (leaf)
broth were essentially crystalline.

DPPH (1, 1-Diphenyl-2-Picryl Hydroxyl) radical
scavenging assay

The DPPH is a stable free radical and is widely used to assess
the radical scavenging activity of antioxidant compounds. The
DPPH radical scavenging activity of silver nanoparticles

synthesized by Psidium guajava was studied. The
decolorization from purple to yellow is due to the DPPH
values were increased in a dose dependent manner. The
disappearance of purple colour on adding synthesized silver
nanoparticles might be due to presence of antioxidant in the
medium. DPPH radical scavenging tends to increased with
increasing the concentration of AgNPs, showing a maximum
% at higher concentration which indicates the sample’s high
radical scavenging activity which was closer to that of the
standard. At concentrations 50 to 300 μg/mL, the leaf extract
showed scavenging rate ranging from 39% to 83%, AgNPs
showed 44% to 88% and standard ascorbic acid showed 47%
to 91%. The above observed activity was lower than that of the
standard vitamin C as shown in Fig. 4.

Compared to the Leaf extract and AgNPs, ascorbic had the
highest radical scavenging activity with the lowest IC50 µg/mL
(65). Psidium guajava leaf extract had the lowest radical
scavenging activity with the highest IC50 µg/mL (110) and the
AgNPs showed moderated scavenging activity with IC50

µg/mL (80).  The lower IC50 values reflect the greater potency
for antioxidant activity of the extracts. The results for DPPH
free radical scavenging activity (IC50 values) of Psidium
guajava leaves, AgNPs and standard, produced by different
concentration, are presented in Table 1.

Azinobis-(3-Ethylbenzothiazoline-6-Sulfonic Acid) (ABTS+)
Assay

ABTS, a protonated radical, has characteristic absorbance
maxima at 734 nm which decreases with the scavenging of the
proton radicals (Mathew and Abraham 2006). The scavenging of
the ABTS+ radical by the Psidium guajava was found to be much
higher than that of DPPH radical.

At concentrations 50 to 300 μg/mL, the leaf extract showed
scavenging rate ranging from 42 % to 77%, AgNPs showed 47%
to 82% and standard ascorbic acid showed 50% to 86%. The
above observed activity was lower than that of the standard
vitamin C (85%) as shown in Fig. 5.

Compared to the Leaf extract and AgNPs, ascorbic had the
highest radical scavenging activity with the lowest IC50 µg/mL
(50). Psidium guajava leaf extract had the lowest radical
scavenging activity with the highest IC50 µg/mL (105) and the
AgNPs showed moderated scavenging activity with IC50

Table 1 DPPH Free radical scavenging activity of
biosynthesized Silver Nanoparticles

Sample Concentration
(μg/ml) % inhibition IC 50

μg/ml

Psidium
guajava

50 μg
100 μg
150 μg
200 μg
250 μg
300 μg

39.7
48.4
57.1
66.9
75.4
83.8

110

PGAgNPs

50 μg
100 μg
150 μg
200 μg
250 μg
300 μg

44.1
53.3
62.6
71.5
80.3
88.2

80

Ascorbic
(standard)

50 μg
100 μg
150 μg
200 μg
250 μg
300 μg

47.3
56.2
65.4
74.7
83.1
91.8

65

Figure 4 DPPH Free Radical Scavenging Activity of biosynthesized
PGAgNPs
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µg/mL (70).  The lower IC50 values reflect the greater potency
for antioxidant activity of the extracts. The results for ABTS
radical scavenging activity (IC50 values) of Psidium guajava
leaves, AgNPs and standard, produced by different
concentration, are presented in Table 2.

CONCLUSION
This report shows a rapid and eco-friendly method for green
synthesis of silver nanoparticles from aqueous solution of
silver nitrate using Psidium guajava leaf extract as reductant
and stabilizer. Also it provides efficient, simple and good
control over the synthesized AgNPs. This work also
demonstrates the use of natural, renewable and low cost
biological reducing agent to produce metal nanostructure in

aqueous solution at room temperature and avoid the input of
hazardous and toxic solvents.

In this study, the Psidium guajava biosynthesized AgNPs
possessed good antioxidant activity closely related to the
standard. In DPPH assay PGAgNPs exhibited potent
antioxidant activity with low IC50 values than the ABTs assay
which were found to be higher or comparable with those
obtained for the standards. Ascorbic ˃ AgNPs ˃ Leaf extract
for DPPH and ABTs.
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Table 2 ABTs Free radical scavenging activity of
biosynthesized Silver Nanoparticles

Sample
Concentration

(μg/ml) % inhibition
IC 50
μg/ml

Psidium
guajava

50 μg
100 μg
150 μg
200 μg
250 μg
300 μg
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48.1
55.4
62.3
69.3
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PGAgNPs

50 μg
100 μg
150 μg
200 μg
250 μg
300 μg

47.1
53.5
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67.3
74.5
82.7

70

Ascorbic
(standard)

50 μg
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200 μg
250 μg
300 μg
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56.3
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Figure 5 ABTs Free Radical Scavenging Activity of biosynthesized
PGAgNPs
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