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Abstract: The biosynthesis of silver nanoparticles (AgNPs) has been proved to be a cost effective and environmental

friendly approach toward chemical and physical methods. In the present study, biosynthesis of AgNPs was carried out

using aqueous extract of Zea mays (Zm) husk. The initial colour change from golden yellow to orange was observed

between 410 and 450 nm which confirmed the synthesis of AgNPs. Also, dynamic light scattering-particle size analysis

confirmed the average size to be 113 nm and zeta potential value of −28 kV. The morphology of synthesised ZmAgNPs

displayed flower-shaped structure, X-ray diffraction pattern revealed the strongest peaks at 2θ = 38.6° and 64° which

proved that the nanoparticle has the face centred crystalline structure. The Fourier transform infrared spectroscopy

results showed strong absorption bands at 1394.53, 2980.02 and 2980.02 cm−1 due to the presence of alkynes,

carboxylic acids, alcoholic and phenolic groups. The maximum zone of inhibition was observed against Salmonella

typhi (22 mm) and Candida albicans (18 mm). The synthesised nanoparticles exhibited more free radical scavenging

activity than the aqueous plant extract. This is the first report on the synthesis of AgNP from Zm husk, delivers the

efficient and stable ZmAgNPs through simple feasible approach toward green biotechnology.

1 Introduction

The naturally synthesised products have greater medicinal values and
are better alternatives to these chemically synthesised drugs as they
have lesser side effects and lead to long-term cure for the illness [1].
Biosynthesis of nanoparticles has advantages such as slower
kinetics, better manipulation and control over crystal growth and
excellent stability. In the recent past, various plant sources such as
Mimosops elengi. Linn [1], Bixa orellana [2] and Arbutus unedo
[3] have been used for the synthesis of silver nanoparticles
(AgNPs). Ag is a better substitute compared with the other metals
as an antimicrobe as it has very less or no toxic effect [4].

In the present paper, a novel approach for the green synthesis of
AgNPs using Zea mays (Zm) husk extract has been used, where husk
is easily available and cost effective. The husk extract has been
reported to have anti-inflammatory and analgesic properties based on
the in vivo studies conducted on male rats [5]. The corn husk also
reported to have arabinoxylan which is one of the main components of
soluble and insoluble dietary fibres. The antimicrobial studies using
the aqueous extract of Zm husk and the synthesised ZmAgNPs have
been carried out against both bacterial and fungal clinical isolates.
Antioxidants are micronutrients that have gained importance recently
due to their ability to neutralise or reduce the free radical activity [6].
Many plants have been reported to have antioxidant properties. Till to
date no extensive work has been carried out to analyse the antioxidant
property of Zm husk. Therefore, the present paper intends to
biosynthesise AgNPs from Zm and also to explore their biological
applications such as antimicrobial and antioxidant activities.

2 Methods

2.1 Materials

Ag nitrate (AgNO3), ethyl alcohol (C2H6O), carbinol (CH4O) and
2,2-dipheny-l-picrylhydrazyl (DPPH) (C18H12N5O6) were of

analytical grade and used without further purification. Zm husk
were collected from agricultural fields in and around Alandurai,
Coimbatore, during the harvest period. Plant species authentication
was done at Botanical Survey of India (BSI), Coimbatore, South
India (Ref no. BSI/SRC/5/23/2014-15/194). The clinical isolates
such as Staphylococcus aureus, Salmonella typhi, Escherichia coli,
Pseudomonas aeruginosa, Klebsiella pneumoniae, Candida
albicans, Fusarium sp. and Rhizopus oryza were obtained from
Microbiology laboratory, Kovai Medical Center and Hospital,
Coimbatore, South India.

2.2 Preparation of aqueous leaf extract

The husk of Zm was washed thoroughly with distilled water several
times to remove the dust particles. Exactly 10 g of powdered husks
were boiled with 200 ml of deionised water for 15 min at 60 °C to
obtain the extract. The crude extract was then filtered using
Whatman No. 1 filter paper (Maidstone, UK) and stored at room
temperature for further experiments.

2.3 Synthesis of AgNPs

Exactly 30 ml of the husk extract was added to 100 ml of 1 mM
AgNO3 solution and incubated until colour change. The solution
turned to golden yellow to orange colour indicates the formation
of ZmAgNPs. The mixture was boiled at 80 °C for 10 min with
continuous stirring and filtered through Whatman filter paper No.
1 (Maidstone, UK). The filtrate was lyophilised at Defense
Research and Development Organisation, Bharathiar University,
Coimbatore for further studies.

2.4 Characterisation of synthesised AgNPs

The synthesised AgNPs were initially confirmed by ultraviolet–visible
(UV–vis) analysis at different time intervals and the absorption
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maxima was scanned between 300 and 700 nm wavelengths using
Hitachi U2910 spectrophotometer. The particle size and zeta
potential of the synthesised ZmAgNPs were analysed using Malvern
particle size analyser using dynamic light scattering technique. Also,
the morphological, structural and chemical compositions of
ZmAgNPs were analysed by scanning electron microscopy with
energy dispersive X-ray spectroscopy (SEM-EDX) Jeol model JSM
(JEO-JSM 6390, Japan) and X-ray diffraction (XRD) (XRD-6000
X-ray diffractometer, Shimadzu, Japan). The functional groups
present in ZmAgNPs causing the reduction was recorded by Fourier
transform infrared spectroscopy (FTIR) (Shimadzu 8400S, Japan).

2.5 Determination of antimicrobial activity of ZmAgNPs

In vitro antimicrobial activity of the synthesised ZmAgNPs was
determined by agar well diffusion method [7]. Fresh overnight
inoculums (100 µl of 105–106 CFU/ml) of each clinical isolates

were swabbed uniformly on Mueller Hinton agar plates using sterile
cotton swab. Then, three wells of 6 mm diameter were made using
sterile well borer. About 100 µl of ZmAgNPs solutions with various
concentrations (75, 100 and 150 µg/ml) was poured into the
corresponding well. The plates were incubated at 37 °C for 24 and
48 h for the bacterial and fungal cultures, respectively. The diameter
of inhibition zone was measured after incubation. Deionised water
was used as a negative control and the antibiotics ofloxacin (5 µg/
disc), tobramycin (10 µg/disc), ciprofloxacin (30 µg/disc) and
gentamicin (30 µg/disc) were used as positive controls. Triplicates
were maintained and average values were calculated.

2.6 In vitro antioxidant assays

2.6.1 DPPH free radical scavenging assay: The DPPH free
radical scavenging assay was conducted based on the method of
Chang et al. [8]. About 1 µl of 0.1 mM DPPH (in ethanol) was

Fig. 1 UV–vis spectral studies

a Aqueous husk extract

b AgNO3 solution

c Synthesised ZmAgNPs

Fig. 2 UV–vis spectrum of AgNO3 (1 mM) and the aqueous husk extract of Zm reaction mixture at different time intervals
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added to different concentrations (50, 100, 150 and 200 µg/ml) of Zm
husk extract and ZmAgNPs. The reaction mixtures were incubated in
the dark for 30 min. The absorbance at 517 nm was measured against
a blank (ethanol). Ascorbic acid was used as the standard. The lower
absorbance of the reaction mixture indicated a higher percentage of
scavenging activity. The percentage of inhibition or scavenging of
free radicals was determined by the following formula:

%inhibition = control OD− sampleOD
{ }

/control OD
[ ]

× 100

3 Results

3.1 UV–vis spectral studies

The colour change of the husk extract was noted from golden yellow
to orange after four days of incubation with AgNO3 solution (Fig. 1).
Absorption spectrum of the incubated solution at linear wavelengths
range from 350 to 600 nm revealed a peak between 410 and 450 nm
(Fig. 2). The husk extract without AgNO3 did not show any change
in colour. The colour intensity also increased with the duration of
incubation.

3.2 Particle size and zeta potential measurements

Particle size determination of the synthesised AgNPs was shown
under by intensity. Laser diffraction revealed that particles
obtained are polydisperse mixture with the size ranging from 50 to
70 nm (Fig. 3). The average diameter of the particles was found to
be 113.5 nm. Meanwhile, zeta potential measurement of
synthesised AgNPs showed the surface charges of the particles
and exhibited a value of −28.7 mV (Fig. 4), suggesting higher
stability of AgNPs. The large negative potential value could be
due to the capping of polyphenolic constituents present in the husk
extract of Zm.

3.3 Characterisation studies

The XRD pattern of the biosynthesised Ag nanostructure produced
by the husk extract was further demonstrated and confirmed by the
characteristic peaks observed in the XRD image (Fig. 5). The
XRD pattern showed two intense correspondence peaks at 38.6°
and 64° in the whole spectrum of 2θ value ranging from 10 to 90.
SEM analysis was carried out to understand the topology and the
size of the synthesised AgNPs, which showed the synthesis of
higher density polydispersed spherical AgNPs of various sizes that
ranged from 106 to 240 nm (Fig. 6). The EDX spectrum of

Fig. 3 Particle size distribution curve for synthesised AgNPs

Fig. 4 Zeta potential measurement of synthesised AgNPs

IET Nanobiotechnol., 2016, Vol. 10, Iss. 5, pp. 288–294

290 & The Institution of Engineering and Technology 2016



synthesised AgNPs (Fig. 7) clearly exhibited the absence of
elemental nitrogen and oxygen peaks and the presence
of elemental Ag metal. The sharp peak of Ag strongly confirmed
the reduction of AgNO3 to AgNPs. FTIR measurements of both
the aqueous husk extract and ZmAgNPs were carried out to

identify the possible biomolecules responsible for the reduction of
the Ag+ ions and capping of the bio-reduced AgNPs synthesised
by the husk extract. The major peaks in the FTIR spectrum of
AgNPs (Fig. 8) were observed at ∼1042.42, ∼1394.53, ∼1643.35
and ∼2980 cm−1. Similarly, in the FTIR spectrum of the Zm
aqueous husk extract, the major peaks were observed at ∼1045.42,
∼1637.56, ∼2360.87 and ∼2981.95 cm−1. The peak ∼2360.87
observed in Zm aqueous husk extract was completely reduced in
FTIR spectrum of AgNPs which evidently proved that the
functional group nitriles are responsible for the reduction of
AgNO3 to AgNPs.

3.4 Antimicrobial studies

The antibacterial activity of the synthesised ZmAgNPs in different
concentrations (100–200 μl) was quantitatively assessed on the
basis of zone of inhibition (Table 1). According to the Clinical
and Laboratory Standards Institute guidelines, the bacterial
pathogens were resistant to all five antibiotics (positive control)
tested in the study. Among the Gram negative bacteria, S. typhi
was strongly inhibited by ZmAgNPs with zone of inhibition of
22.3 ± 2.08 at 200 μl. Similarly, the growth of E. coli was
inhibited at 150 μl (14.6 ± 0.57 mm). In case of gram positive,
growth of S. aureus was inhibited at 200 μl with the zone of
inhibition of 10.6 ± 1.15 mm. Moreover, the antifungal activity of
ZmAgNPs exhibited higher zone of inhibition of 14.6 ± 0.57 mm
(200 μl) against C. albicans. The present study clearly indicates
that ZmAgNPs exhibited strong antibacterial and antifungal
activities against all the clinical isolates even at lower
concentration (100 μl). The zone of inhibition was accurately
measured and compared with the standard antibiotics given in
Table 2.

3.5 In vitro antioxidant activity

Positive DPPH tests demonstrated that Zm and ZmAgNPs are free
radical scavengers. The DPPH scavenging assay exhibited less
effective inhibition activity of both Zm and ZmAgNPs when
compared with the standard, ascorbic acid (Fig. 9). The DPPH
activity of the nanoparticles was found to increase in a
dose-dependent manner. However, the ZmAgNPs exhibited more
inhibition with more than 80% scavenging activity of DPPH than
Zm. Zm exhibited potent scavenging effects against DPPH with an
Inhibitory concentration (IC50) value of 147.53 ± 0.42 μg/ml and

Fig. 5 XRD pattern of ZmAgNPs

Fig. 6 SEM image of synthesised ZmAgNPs

Fig. 7 EDX image of ZmAgNPs
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ZmAgNPs shown that IC50 value of 101.50 ± 1.95 μg/ml. The IC50

value of standard ascorbic acid for this assay was 60.78 ± 1.79 µg/ml.

4 Discussion

In the present paper, the green synthesis of benign AgNPs was
carried out successfully under optimised conditions. The husk
extract of corn was used as the primary source which exhibited
various medicinal properties [5]. The bio-reduction of AgNO3 is
due to the presence of phytochemicals such as flavonoids,
saponins, tannins and polyphenols present in the corn husk [5].
The AgNO3 concentration was slightly increased and the aqueous
husk extract yield was also increased to obtain better results.

The peak value was observed within the range of 410–450 nm at
various time intervals by using UV–vis spectrophotometer. The
similar U–V readings within the range of 440–450 nm have been
reported by Prakash et al. [1] for the green synthesis of AgNPs
from the plant Mimusops elengi. Linn. Similarly, Mehrdad and
Khalil [9] synthesised AgNPs from soaproot – Acantha phylum
bracteatum and obtained peak value in 425 nm. Moreover, AgNPs

synthesised by three different plant extracts are at 447, 445 and
482 nm [10]. Likewise, Stefano et al. [11] reported 440 nm
maximum absorption for AgNPs capped with L-cysteine with 1 : 5
ratio. This exhibited that present study results were highly
correlated with previously published reports. The particle size of
synthesised nanoparticles was found to be in the range 113 nm.
Since the husk is the outer covering which is dry in nature, more
plant metabolites could not be extracted under laboratory
conditions. By subjecting the husk powder to sonication, more
yield could be obtained and the nanometre size will be reduced
subsequently. The reason for large size distribution was due to
time fluctuation in the intensity of light scattering by
autocorrelator, which determines the signal autocorrelation
function of nanoparticles [12]. The particle size of Malus
domestica AgNPs was reported in the range of 50–300 nm with
average of 150 nm [13], whereas in the current study, it was found
to be 113 nm, which was well supported. Moreover, ZmAgNPs
were found to be moderately stable with a stability of −28 mv,
whereas Achillea biebersteinii AgNPs showed between −20 and
−40 mV [14] and Lantana camara leaf extract found to be −25
and −50 mV [15] which is highly significant with present study.
The reason may be due to high electric charge on the surface of
nanoparticles that creates desired zeta potential resulting in
capping of bio-organic compounds present in the husk extract [16].

The two strong XRD peaks revealed that the nanoparticle
possessed face centred cubic lattice shape, and hence it confirmed
the crystalline nature of the ZmAgNPs. The average particle shape
of the nanoparticles was derived from the full width at half
maximum of the corresponding peak (111) and (011) planes with
cubic (2θ = 38.6°), face-centred cubic (2θ = 64°) structures of the
ZmAgNPs [17]. The findings of the current study clearly specified
that the AgNPs formed by the reduction of Ag+ ions by the Zm
husk leaf extract are crystalline in nature. Anal and Prasad [18]
synthesised AgNPs using Cycas leaf extract and found out the

Fig. 8 FTIR spectrum of the husk extract and ZmAgNPs

Table 1 Antimicrobial activity of ZmAgNPs against human pathogens

Microorganisms ZmAgNPs, µg/ml/zone of inhibition, mm

100 µl 150 µl 200 µl

E. coli 11.3 ± 1.15 13 ± 1.0 14.6 ± 0.57
S. aureus 9 ± 1.0 9.6 ± 1.15 10.6 ± 1.15
K. pneumoniae 7.6 ± 1.15 8.5 ± 0.57 9.1 ± 0.52
P. aeruginosa 8.3 ± 1.15 7.6 ± 1.15 8.6 ± 0.57
S. typhi 19.6 ± 1.5 20.3 ± 1.15 22.3 ± 2.08
Fusarium sp. 7.6 ± 1.15 10.3 ± 1.15 12.6 ± 1.52
Rhizopus oryzae 8.6 ± 0.57 9.1 ± 0.52 12 ± 1.0
C. albicans 10 ± 1.0 11.6 ± 0.57 14.6 ± 0.57

Table 2 Antimicrobial activity of Standard antibiotics

Microorganisms Antibiotics/zone of inhibition, mm

Ofloxacin (5 mcg/disc) Tobramycin (10 mcg/disc) Gentamicin (30 mcg/disc) Ciprofloxacin (30 mcg/disc)

E.coli 11 15 7 14
S. aureus 8 10 8 12
K. pneumoniae 12 13 9 15
P. aeruginosa 7 9 6 9
S. typhi 8 11 9 8
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nanoparticles to be face centred cubic unit cell. They also reported
that the broadening of the peaks observed was due to the small
particle size of the synthesised nanoparticle. The broadening of the
peaks seen arises due to the presence of various crystalline
biomolecules present in the aqueous husk extract [19]. Various
distributed irregularly shaped particles were obtained in the
nanometre range during SEM analysis which showed the increased
nanometre range of 106–240 nm of ZmAgNPs. Rajkiran et al. [20]
reported that AgNPs synthesised from Carcia papaya showed 50–
300 nm range under SEM analysis which indicated that the present
results were significant with previous reports. In Energy dispersive
X-ray analysis (EDAX), the Ag metal was found to be in high
concentrations and this shows that AgNPs were not oxidised
during the incubation period. The optical absorption band of EDX
peaks were in the range of 3–4 keV which is typical for absorption
of metallic AgNPs [21]. The weight percentage of Ag obtained for
ZmAgNPs was found to be 18.45% which is in line with the
previous studies.

The FTIR results showed biomolecules responsible for the
reduction of AgNO3 to AgNPs. The strong peak at 2360.87 cm−1

was due to formation of alkynes. The alcoholic phenolic
carboxylic and the alkynes were seen at various band stretches and
were responsible for the bio-reduction of AgNO3 to AgNPs. The
AgNPs synthesised using Nerium oleander showed strong bands at
3698.28 cm−1, 1622.25 cm, 1500.39 cm, 1529.52 cm−1 and
1216.78 cm−1 [22]. The FTIR peaks of Zm and ZmAgNPs were
compared and observed that withdrawal of peaks at major
spectrum occurred with decrease in their intensity. This is due to
the Ag ions reduction by polyols and phenols which were oxidised
to unsaturated CH4O groups [6].

The antimicrobial activity against the clinically isolated pathogens
had appreciable results. The synthesised ZmAgNPs have excellent
zone of inhibition for S. typhi (22 mm) and C. albicans (18 mm).
Similarly, Abraham et al. [23] synthesised nanoparticles from the
commercially available plant powders such as Solanum tricobatum
and analysed its antibacterial activity against human pathogenic
bacteria: namely, E. coli, S. aureus, P. aeruginosa using agar well
diffusion method and showed excellent zone of inhibition. The
current study results indicated that the antimicrobial activity of
AgNPs were moderate for bacteria when compared with fungal
pathogens. This is due to the Ag cations released from the
ZmAgNPs pertaining to the changes in the membrane structure of
the microbes which leads to increased membrane permeability of
the microbe leading to cell death [1].

The antioxidant activity understood from the radical scavenging
activity indicated that the synthesised ZmAgNPs will have
excellent medicinal values in future against various cardiovascular
diseases, cancer and so on. Similarly, Bunghez et al. [24] studied
the antioxidant activity of green synthesised AgNPs using
ornamental plants Hyacinthus orientalis and Dianthus

caryophyllus and reported that strong antioxidant properties
ranging between 86.46 and 95.16% were noted for plant extracts
and 88.30 and 97.38%, for herbal AgNPs. Phenols and
polyphenolic compounds such as flavonoids are widely found in
food products derived from plant sources, and they have been
shown to possess significant antioxidant activities [25].

5 Conclusion

The green synthesis of benign AgNPs using the aqueous husk extract
of Zm proved to be a rapid, environment friendly and cost-effective
method. The synthesised AgNPs had a thin layer of alcohol, phenol,
alkynes and carboxylic acids were responsible for the bio-reduction
of AgNO3 to Ag. Appreciable zone of inhibition was observed
against the clinical pathogens proved that they may have immense
applications in medical, textiles and other related fields. The free
radical scavenging activity of the synthesised nanoparticles was
better than crude husk extract and will act as a tool against cancer
in future. From a technology point of view, the obtained
ZmAgNPs has potential applications in the bio-medical field.
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