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Allophylus serratus mediated silver nanoparticles biosynthesis, characterization, and antimicrobial activity were described.
The synthesis of silver nanoparticles was confirmed by visual observation: UV-Vis spectrum, X-ray diffraction (XRD),
Scanning Electron Microscopy (SEM), Energy Dispersive Spectroscopy (EDS), and Fourier Transform Infra-Red (FTIR). UVVis spectroscopy studies showed that the absorption spectra of synthesized silver nanoparticles from leaf and callus extracts had
absorbance peak range of 440 nm and 445 nm, respectively. The X-RD pattern revealed the presence of crystalline, dominantly
spherical silver nanoparticles in the sample having size ranging from 42 to 50 nm. The XRD peaks 38.2∘ , 44.1∘ , 64.1∘ , and 77.0∘ for
leaf extract and 38.1∘ , 44.3∘ , 64.5∘ , 77.5∘ , and 81.33∘ for callus extract can be assigned the plane of silver crystals (111), (200), (220),
and (311), respectively, and indicate that the silver nanoparticles are face-centered, cubic, and crystalline in nature. SEM and EDS
analysis also confirmed the presence of silver nanoparticles. The FTIR results showed the presence of some biomolecules in extracts
that act as reducing and capping agent for silver nanoparticles biosynthesis. The synthesized silver nanoparticles showed significant
antibacterial activity against Klebsiella pneumoniae and Pseudomonas aeruginosa.

1. Introduction
Nanotechnology is a field of science which deals with production, manipulation, and use of nanomaterials ranging in
size from 1 to 100 nanometers. Nanomaterials have novel and
enhanced useful characteristics due to their size, distribution, and morphology in comparison to the larger particles
of the mass material that they have been prepared from
(Wildenberg 2005). Due to their enhanced or new properties, novel applications of nanomaterials and nanoparticles
are growing rapidly on various fields such as electronic,
magnetic, optoelectronics, and information storage (Sun et
al. 2002; Yin et al. 2003). They are also broadly applied
in shampoos, detergents, soaps, cosmetics, toothpastes, and
medical and pharmaceutical products (Bhattacharya and
Murkherjee 2008; Bhumkar et al. 2007). Nanoparticles also
have been proven to have antimicrobial activity and used

in the field of medicine. They are also used in cosmetics,
healthcare, biomedical, drug-gene delivery, food and feed,
environment, mechanics, chemical industries, optics, electronics, space industries, energy science, catalysis, single
electron transistors, light emitters, nonlinear optical devices,
and photo-electrochemical applications [1].
Among nanomaterials and nanoparticles used for all the
above listed purposes, the metallic nanoparticles are considered as the most promising due to their remarkable antimicrobial properties. This is of great interest for researchers due
to the development of resistant strains of microbes against
antibiotics [2]. Compared to other heavy metal nanoparticles,
silver nanoparticles are very important because of their
unique properties such as good conductivity, chemical stability, catalytic and most important antibacterial, and antiviral,
antifungal, and anti-inflammatory activities. They can be
incorporated into composite fibers, food industry, cryogenic
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superconducting materials, electronic components, and cosmetic products [3, 4]. Silver nanoparticles are also applied
in textile, home water purification systems, medical devices,
cosmetics, electronics, and household appliances [5]. They
are also being used in cancer diagnosis and treatment [6, 7].
Recently, synthesis of silver nanoparticles is attracting the
attention of scientific community due to their wide range
of applications. There are different chemical, physical, and
biological methods of synthesizing nanoparticles. Most of the
chemical and physical methods of silver nanoparticles synthesis are expensive and involve use of toxic and hazardous
chemicals which are potentially harmful to the environment
and responsible for various biological risks. Biological or
green synthesis of nanoparticles by using biological materials
such as plant extract, plant biomass, or microorganisms is
environmentally friendly, is safe, and helps to reduce the
consequence of chemical methods of nanoparticles synthesis
[8, 9].
Some of the biological methods of silver nanoparticles
synthesis involve very complex procedures. For example
microbial mediated synthesis of silver nanoparticles is not
industrially practical due to requirement of high aseptic and
maintenance conditions [1]. Synthesis of silver nanoparticles
using various plants materials and their extracts is simple way
and beneficial over other biological synthesis processes which
involve very complex procedures (Sastry et al. 2003) [10].
The use of plants for the synthesis of silver nanoparticles
has drawn attention not only due to its nonpathogenic,
environmental friendly, and economical protocol but also
because of being a simple and single step rapid technique.
A large number of plants and their respective portions are
reported to facilitate silver nanoparticles synthesis. Plant
extracts from various plants such as Alternanthera dentata
[11]; Acorus calamus [12]; Boerhaavia diffusa [13]; Tea [14];
Sesuvium portulacastrum [15]; Tribulus terrestris [16]; Cocos
nucifera [17]; A. indicum (Ashok et al. 2015); Ziziphora tenuior
[18]; Ficus carica [19]; Cymbopogon citratus [20]; Acalypha
indica [21]; Chenopodium album [22]; Cocos nucifera [17];
Pistacia atlantica [23]; Cymbopogon citratus [24], and so forth
have been reported for the synthesis of silver nanoparticles.
In our present study, we investigated synthesis of silver
nanoparticles from leaf and leaf derived callus extracts of
Allophylus serratus, their characterization, and evaluation of
antibacterial activity. This work is the first report on synthesis
of silver nanoparticles using this plant which is an additional
confirmation of previous reports on biological synthesis of
silver nanoparticles using plant leaf and callus extracts and
their antimicrobial activity.

2. Materials and Methods
2.1. Materials. Healthy fresh leaves of Allophylus serratus
were collected from Andhra University campus in month of
January 2016. The leaves were identified and authenticated
by Dr. Bodaih Padal, taxonomist, Department of Botany,
Andhra University, Visakhapatnam. All chemicals and
reagents used in this study silver nitrate AgNO3 (99.98%), 6Benzylaminopurine (BAP), 1-Naphthaleneacetic acid (NAA)
ethanol (C2 H6 O), sodium hypochlorite (NaClO), mercuric
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chloride (HgCl2 ), Murashige and Skoog media (MS media),
Luria Bertani broth (LB broth), and Luria Bertani agar
(LB agar) were analytical grade (AR) and purchased from
HiMedia, India. Double distilled water was used throughout the experiment. The bacterial strains, namely, Bacillus
subtilis, Staphylococcus aureus, Klebsiella pneumoniae, and
Pseudomonas aeruginosa, were obtained from Department of
Microbiology, Andhra University, Visakhapatnam, India. All
solutions were freshly prepared using double distilled water
and kept in the dark to avoid any photochemical reactions.
All glassware used in experimental procedures was washed
thoroughly with double distilled water and dried using hot
air oven before use.
2.2. Callus Induction and Proliferation. Callus induction of
Allophylus serratus was achieved from leaf explants on MS
media [25]. The PH of the media was adjusted to 5.8 and then
autoclaved at 121∘ C for 15 min under 103.42 KPa pressure.
In laminar hood, plant growth regulators BAP (3 g/L) NAA
(0.5 g/L) were added by filter sterilization. The leaf explants
were surface sterilized by using 70% ethanol for 1 minute,
2% sodium hypochlorite for 3-4 minutes, and 0.1% mercuric
chloride solution for 3 minutes. Finally the leaf explants were
washed thoroughly with sterile double distilled water and
inoculated in the MS medium. The cultures were kept in dark
at 25∘ C. The induction of the callus was found within 2 weeks.
The callus was subcultured every 21 days several times and
finally a mass of calli was harvested after 40 days.
2.3. Preparation of Leaf and Leaf Derived Callus Extract.
Leaves of Allophylus serratus were washed, shade dried for
one week, and ground to powder. Callus induced from leaves
on MS medium supplemented with 3 mg/L BAP and 0.5 mg/L
NAA was grown for 40 days and collected and dried in oven
at 40∘ C. Then the calli were ground to powder using mortar
and pestle. These powders of leaves and callus were used for
the synthesis of silver nanoparticles (Figure 1).
Twenty grams of leaf and callus powder was put in
500 mL conical flask containing 100 mL double distilled water
separately. The mixtures were boiled for 15 minutes. After
cooled to room temperature, the mixtures were filtered with
Whatman number 1 filter paper. The filtrates were stored
in refrigerator (4∘ C) and used for the synthesis of silver
nanoparticles (Figure 1).
2.4. Preparation of Silver Nitrate Solution. Commercially
purchased silver nitrate (molecular weight 169.87) was used to
prepare 1 mM concentration of silver nitrate solution. A stock
solution of 1 mM, 3 mM, and 5 mM of AgNO3 was prepared
by dissolving appropriate amount of silver nitrate in double
distilled water.
2.5. Synthesis of Silver Nanoparticles. For the synthesis of silver nanoparticles, 10 mL of leaf extract and callus extract was
mixed with 100 mL of aqueous AgNO3 solution separately.
The synthesis process involves mixing the aqueous extracts
with an aqueous solution of AgNO3 at room temperature.
The mixtures were heated at 60∘ C and incubated in a dark at
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Figure 1: Preparation of leaf and callus extracts for the synthesis of silver nanoparticles. (a) Callus produced on MS medium +3 mg/L BAP
and 0.5 mg/L NAA. (b) Callus collected after 40 days for extraction. (c) Callus extract. (d) Leaf of Allophylus serratus. (e) Dried and powdered
leaf. (f) Leaf extract.

room temperature for 24 h. The color change of the mixture
was recorded.
2.6. Characterization of Synthesized Silver Nanoparticles
2.6.1. Visual Observation of Color Change. The synthesis
of silver nanoparticles (the reduction process Ag+ to Ag0
nanoparticles) was confirmed by visual observation of color
change of the solution from yellow green (leaf extract) and
white yellow (callus extract) to reddish brown and dark
brown upon heating and incubation.
2.6.2. UV-Vis Spectroscopy. UV-Vis spectral analysis of synthesized silver nanoparticles was measured by using UVvisible spectrophotometer (UV-2450, Shimadzu, Japan) with
a resolution of 1 nm to investigate the reduction of Ag+ to Ag0
by callus and leaf extracts. The spectra were taken between
200 and 800 nm after 24 Hrs incubation of the mixtures of
AgNO3 solution and callus and leaf extracts. Double distilled
water was used as blank reference for background correction
of experiments.
2.6.3. XRD Analysis. The synthesized silver nanoparticles
were centrifuged at 10,000 rpm for 15 minutes and the pellets
were redispersed in sterile double distilled and centrifuged
at 10,000 rpm for 10 minutes. The purified pellets were dried
at 50∘ C in an oven and analyzed by X-ray Diffraction Unit
(XRD) (Pan Analytical, X-pert pro, Netherland). The Xray diffraction (XRD) measurement of silver nanoparticles
synthesized by leaf and callus extracts was carried out using

Cu-K𝛼 radiation source in scattering range 𝑚(2𝜃) of 20–
80 on the instrument operating at a voltage of 45 kV and
a current of 40 mA. The presence, crystalline nature, phase
variety, and grain size of synthesized silver nanoparticles
were determined by X-ray diffraction spectroscopy. The
particle size of the prepared samples was determined by using
Scherrer’s equation as follows:
𝐷=

𝐾𝜆
,
𝛽1/2 cos 𝜃

(1)

where 𝐷 is average crystallite size and 𝛽 is line broadening in
radians (full width at half maximum of the peak in radians).
𝜆 is wavelength of X-ray and 𝜃 is braggs angle. 𝐾 is constant
(geometric factor = 0.94).
2.6.4. Scanning Electron Microscope (SEM) and Energy Dispersive Spectroscopy (EDS). Scanning electron microscopy study
was done using electron microscope (JSM-6610 LV, Jeol Asia
PTE Ltd, Japan). The synthesized silver nanoparticles were
centrifuged at 10,000 rpm for 15 min and the pellets were
redispersed in sterile double distilled water and centrifuged
at 10,000 rpm for 10 minutes. The purified pellets were dried
at 50∘ C in an oven and thin films of dried samples were
prepared on a carbon coated copper grid by dropping a very
small amount of the samples on the grid. Extra solutions of
the samples were removed using a blotting paper. The films
on the carbon coated copper grid (SEM grid) were allowed
to dry by putting them under a mercury lamp for 5 min.
The morphological features, micrograph images, size, and
structure of synthesized nanoparticles from callus and leaf
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Figure 2: Synthesis of silver nanoparticles and its identification by the color change.

extracts were analyzed and recorded. The details regarding
applied voltage, magnification used, and size of the contents
of the images were implanted on the images itself. The EDS
analysis was carried out by using Energy Dispersive Spectrum
(INCA energy 250, Oxford, Japan).
2.6.5. FTIR Analysis. FTIR spectrometer (IR Prestige21, Shimadzu, Pvt Ltd, Japan) was used to study the chemical
composition of the synthesized silver nanoparticles. The
solutions containing silver nanoparticles were centrifuged
at 10,000 rpm for 15 min. The supernatants were discarded
and the pellets were redispersed in sterile double distilled
water and centrifuged at 10,000 rpm for 10 minutes. The
purified pellets were dried at 60∘ C and the dried powders
were subjected to FTIR spectroscopy measurement in the
range 4000–400 cm−1 using KBr pellet method.
2.6.6. Antibacterial Assay. Antibacterial activities of synthesized silver nanoparticles were analyzed by well diffusion
method against Gram’s positive bacteria (Bacillus subtilis
and Staphylococcus aureus) and Gram’s negative bacteria
(Klebsiella pneumoniae and Pseudomonas aeruginosa). The
strains bacteria were subcultured using LB broth (Luria
Bertani broth) (HiMedia) and were incubated at 37∘ C for
24 h. Fresh overnight bacterial cultures were taken and spread
on the LB agar (Luria Bertani agar) plates using glass rod to
cultivate bacteria. Six millimeter diameter wells were made
on LB agar (Luria Bertani agar) plate with the help of gel
puncture. Twenty-five microlitters of silver nanoparticles,
plant extract, and double distilled water (as control) were
inoculated to the well, and then the plates were incubated
in incubator at 37∘ C for 24 h. The antibacterial activity was
measured based on the inhibition zone around the wells.

color change from light yellow to dark brown or reddish
brown was visually observed (Figure 2). When the mixtures
were heated at 60∘ C for 10 minutes, the color changes were
more rapid than at room temperature. After heating, the
mixtures were incubated at room temperature for 24 h for
completion of the reduction process. This color change is
due to the Surface Plasmon Resonance phenomenon in silver
nanoparticles [21, 26] as a result of the excitation of free
electrons in nanoparticles [27]. Similar results have also been
reported in earlier studies [28–32] and hence confirmed
the completion of reaction between extracts and AgNO3 .
No further color changes were observed after 24 h which
indicated the completion of the reduction process. This is
in line with literature reports [33] which indicated synthesis
of silver nanoparticles at 24 h by using Lippia citriodora leaf
extract. The color intensity was higher with leaf extract than
callus extract (Figure 2). Control experiments without the
addition of extracts showed no formation of brown color,
indicating that the color change is due to the presence of
extracts.

3. Results and Discussion

3.2. UV-Vis Spectroscopy. The formation of silver nanoparticles using leaf and leaf derived callus extracts was confirmed
by measuring the UV-visible spectrum of the reaction mixture at wavelengths ranging from 200 to 800 nm. The UVvisible absorption spectra of silver nanoparticles synthesized
by using 1 mM AgNO3 with leaf and leaf derived callus
extracts revealed a Surface Plasmon Resonance band at
440 nm and 445 nm in the spectrum, respectively, which
clearly indicated the presence of spherical silver nanoparticles
(Figure 3). Broadening of the peaks (Figure 3) at the base
indicated that the nanoparticles are poly dispersed [34]. The
difference in the intensity and the band position of leaf and
callus extracts synthesized silver nanoparticles is due to leaf
extracts yielding smaller and stable nanoparticles more than
the callus extract.

3.1. Synthesis of Silver Nanoparticles. When leaf and callus
extracts were mixed and incubated with AgNO3 solution,

3.3. XRD Analysis. Analysis of structure and crystalline size
of the synthesized silver nanoparticles were carried out by
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Figure 3: UV-vis absorption spectrum of leaf and callus extracts from Allophylus serratus treated with and without AgNO3 .

XRD. The XRD analysis of synthesized silver nanoparticles
from leaf extract and callus extract showed diffraction peaks
at 2𝜃 = 32.5∘ , 38.3∘ , 44.4∘ , 64.6∘ , and 76.8∘ and 32.4∘ , 38.3∘ ,
44.5∘ , 64.5∘ , and 76.7∘ , respectively. When compared with
the standard, the obtained XRD spectrum confirmed that
the synthesized silver nanoparticles were in nanocrystal form
and crystalline in nature. The peaks can be assigned to the
planes (122), (111), (200), (220), and (311) facet of silver crystal,
respectively. The high peaks in the XRD analysis indicated
the active silver composition with the indexing (Figure 4).
The same result was reported by Roy et al. [35] and indicates
that the silver nanoparticles are face-centered, cubic, and
crystalline in nature (Shameli et al. 2010) (correlated to
JCPDS card: number 04-0783). The Full Width at Half
Maximum (FWHM) values were used to calculate the size
of the nanoparticles. The average size of silver nanoparticles
synthesized from leaf and callus extracts was calculated using
Scherrer’s equation where Scherrer’s constant 𝐾 value =
0.94 was selected due to the cubic and crystalline nature of
the nanoparticles (Scherrer [36]). The average sizes of the
synthesized nanoparticles from leaf and callus extracts were
found to be 42 nm and 44 nm, respectively.
The broadening of Bragg’s peaks around their bases
indicates the formation of small sized silver nanoparticles
[37–39]. A few unassigned peaks observed could be due to
the presence of some bioorganic compounds/protein(s) in
the leaf and callus extracts and crystallizes on the surface of
the silver (Ahmad and Sharma et al. 2012). Similar results in
silver nanoparticles synthesized using Mangifera indica leaf
extract [40], geranium leaves [41], mushroom extract [42],
and Coleus aromaticus leaf extract (Vanaja and Annadurai
2012) were reported.
3.4. Scanning Electron Microscope (SEM) and EDS Analysis. The surface morphology, size and shape of the silver

nanoparticles were analyzed by Scanning Electron Microscope. Figure 5 shows the SEM image of silver nanoparticles
synthesized from leaf and leaf derived callus extracts. The
SEM images show individual silver nanoparticles which are
predominantly spherical in shape as well as number of
aggregates with no defined morphology. The presences of
biomolecules in the leaf and callus extracts has resulted in the
synthesis of spherical silver nanoparticles and the aggregation
may be due to the presence of secondary metabolites in the
leaf extracts. The SEM image shows the size of the silver
nanoparticles ranging from 40 to 50 nm. Similar result of
the silver nanoparticles size was reported by using Aloe vera
extract (Chandran et al. 2006) and by using Euphorbia hirta
leaves (Elumalai et al. 2010).
An X-ray energy dispersive spectroscopy (EDS) study
was carried out to confirm the formation of silver nanoparticles. EDS peaks corresponding to element silver show
the presence of silver as the ingredient element and the
formation and purity of silver nanoparticles synthesized from
leaf extract and callus extracts (Figure 6). The sharp peak
in the silver region was observed at 3 keV confirming the
presence of silver nanoparticles due to the Surface Plasmon
Resonance [43]. Generally silver nanocrystals demonstrate
typical optical absorption peak approximately at 3 keV due
to Surface Plasmon Resonance [44–46]. The EDS elemental analysis of the synthesized silver nanoparticles showed
highest proportion of silver followed by C and O. The
weak oxygen signal may be due to X-ray emission from
carbohydrates/proteins/enzymes present within the extracts
[39] or possibility of silver oxide nanoparticles formation
after synthesis of silver nanoparticles, which reacts with water
in the solution since the nanoparticles are highly reactive due
to their high surface to volume ratio [47]. Apart from this,
X-ray diffraction (Figure 4) shows two peaks at 27.97 and
32.29, which correspond to (110) and (111) planes of silver
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Figure 4: XRD diffraction pattern of silver nanoparticles synthesized from (a) aqueous leaf extract of Allophylus serratus and (b) aqueous
leaf derived callus extract.
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Figure 5: SEM image of silver nanoparticles synthesized from aqueous leaf extract (a and b) and aqueous callus extract (c and d).

oxide Ag2 O. These peaks correspond to silver oxide standard
(JCPDS 76-1393) [48, 49] which confirms the formation of
Ag2 O nanoparticles. The carbon peak may be due to the
biomolecules that are bound to the surface of the silver
nanoparticles [50].
3.5. FTIR Analysis. FTIR analyses were carried out to identify
the potential functional groups of the biomolecules in the

Allophylus serratus leaf and leaf derived callus extracts that
are involved in the capping, reduction of the silver ions to
synthesize silver nanoparticles, and stabilization of the synthesized silver nanoparticles. The FTIR spectrum of the leaf
extract mediated synthesized silver nanoparticles is shown in
Figure 7 and that of callus extract mediated synthesized silver
nanoparticles is given in Figure 8, respectively. The FTIR
spectra of obtained nanoparticles show different absorption
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Figure 7: FTIR spectroscopic micrograph of synthesized silver
nanoparticles using leaf extract.
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bands ranging from 3550 to 532 cm−1 , which indicate the
presence of some active functional groups.
The absorption spectrum of leaf extract synthesized
silver nanoparticles (Figure 7) shows peaks at 3267 cm−1 ,
2887 cm−1 , 2400 cm−1 , 2065 cm−1 , 1590 cm−1 , 1406 cm−1 ,
1229 cm−1 , 1009 cm−1 , 894 cm−1 and 532 cm−1 . That of
callus extract synthesized silver nanoparticles (Figure 8)
shows peaks, 3550 cm−1 , 3249 cm−1 , 2895 cm−1 , 2680 cm−1 ,
2280 cm−1 , 1609 cm−1 , 1383 cm−1 , 1248 cm−1 , 1074 cm−1 , and
895 cm−1 .
The absorption bands at 3550 cm−1 , 3267 cm−1 , and
3249 cm−1 in the FTIR spectra were due to O–H stretching
vibration of alcohol and phenol. The peaks at 2895 cm−1 and
2887 cm−1 were due to the presence of C–H symmetrical
stretching of hydrocarbons such as alkanes and aldehydes
[51]. The band at 1609 cm−1 corresponds to C–N and C–
C stretching indicating the presence of proteins [52]. The
band at 1406 cm−1 was due to the presence of N–H stretch
vibration which showed the presence of the amide linkages
of the proteins. As reported in many studies these functional
groups have role in capping/stability of silver nanoparticles
[52]. The bands at 1074 cm−1 and 1383 cm−1 correspond to
C–N (amines) stretch vibration of the proteins and N=O
symmetry stretching of the nitro compound, respectively.
According to [53, 54], the carbonyl groups of the amino acid
residues and the peptides, free amine, or cysteine groups in
proteins have the ability to bind to the silver. The band at
532 cm−1 indicates C–Br stretching of alkyl halides and that
at 1248 cm−1 and 1229 cm−1 were assigned to C–N stretching
of amines.
Therefore, from the results of FTIR analyses of extracts
mediated synthesized silver nanoparticles it can be concluded
that some of the biological molecules of leaf and callus
extracts such as alkaloids, phenols, flavonoids, amino acids,
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Figure 8: FTIR spectroscopic micrograph of synthesized silver
nanoparticles using callus extract.
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Table 1: Zones of inhibitions of silver nanoparticles obtained from antibacterial activity.

Diameter of inhibition zone (mean of triplicates) (mm)
Silver nanoparticles from leaf extract Silver nanoparticles from callus extract Control Leaf and callus extracts
Staphylococcus aureus
10
6
19
0
Bacillus subtilis
8
7
20
0
Klebsiella pneumoniae
14
13
22
0
Pseudomonas aeruginosa
14
12
20
0
Bacterial species

LSNP

le

LSNP
ce
co

co

le

CSNP
ce
CSNP

(a)

(b)

ce
ce
CSNP
LSNP

co

co
CSNP

le

LSNP

le

(c)

(d)

Figure 9: Antibacterial activity of A. serratus leaf and callus extract mediated synthesized silver nanoparticles: (a) Staphylococcus aureus, (b)
Pseudomonas aeruginosa, (c) Klebsiella pneumoniae, and (d) Bacillus subtilis.

glycosides, and tannins are responsible for biotransformation
of silver ions to silver nanoparticles and its stabilization in
aqueous medium.
3.6. Antibacterial Activity. Silver nanoparticles have been
widely used in health, medicine, and environmental applications [55]. In this study, Allophylus serratus leaf and leaf
derived callus extracts mediated synthesized silver nanoparticles were examined for possible antibacterial activity. The
synthesized silver nanoparticles were tested for antibacterial activity against both Gram’s positive (Bacillus subtilis
and Staphylococcus aureus) and Gram’s negative (Klebsiella
pneumoniae and Pseudomonas aeruginosa) bacteria. Table 1
and Figure 9 show the results of antibacterial activities
of synthesized silver nanoparticles evaluated from the well
diffusion method.
The synthesized silver nanoparticles tested for antibacterial activity showed inhibition zones against the studied

bacteria (Figure 9). Maximum zone of inhibition 14 mm was
produced against Klebsiella pneumoniae and Pseudomonas
aeruginosa, respectively. The least zone of inhibition was
observed in Staphylococcus aureus species (Figure 1 and
Table 1). The silver nanoparticles showed antibacterial activity
due to their large surface area that provides better contact with cell wall of bacteria [56]. Several similar results
were obtained in previous studies. Inhibition against E.
coli and Staphylococcus was observed in the case of silver
nanoparticles synthesized using extract from Mentha piperita
[57]. Acalypha indica and Solanum torvum extracts based
synthesized silver nanoparticles showed high toxicity to E. coli
[21] and Pseudomonas and Staphylococcus [58], respectively.
The mechanism by which silver nanoparticles show
antibacterial activity is mainly due the positive charge on the
Ag+ ion. This is derived through the electrostatic attraction
between positive charge of silver nanoparticles and negative
charges on the cell membrane of microorganism [59–62]. The
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antibacterial activity of silver nanoparticles against Gram’s
negative bacteria is higher than that against Gram’s positive
bacteria. This may be due to the variation in the cell wall
composition between Gram positive and negative bacteria.
The silver nanoparticles of leaf and leaf derived callus
extracts of Allophylus serratus show highest antibacterial
activity against Klebsiella pneumoniae followed by Pseudomonas aeruginosa and Staphylococcus aureus species.

4. Conclusion
Medicinal plants have medicinally important compounds in
their different parts. The synthesis of nanoparticles using
plants depends on the nature of plant such as its phytochemical content, special adaptation, and medicinal importance. In this study, we investigated eco-friendly and costeffective green synthesis of silver nanoparticles using leaf
and leaf derived callus extract of medicinal plant A. serratus.
Water soluble organic compounds present in the leaf and
callus extracts were mainly responsible for synthesis of silver
nanoparticles by reducing silver ions to nanosized silver
particles. The UV-visible spectroscopy, XRD, SEM, EDS, and
FTIR studies of the synthesized silver nanoparticles elucidated that the silver nanoparticles were crystalline in nature,
spherical in shape with size ranging between 42 and 50 nm,
and stable. The synthesized silver nanoparticles exhibited
antibacterial activity against Staphylococcus aureus, Bacillus
subtilis, and Klebsiella pneumoniae and Pseudomonas aeruginosa strains. This green inexpensive and simple method can
be used as alternative to chemical, physical, and microbial
mediated methods used for production of silver nanoparticles.
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