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Abstract

Background: The present paper describes a less time-consuming and eco-friendly method for the synthesis of
silver nanoparticles (AgNPs) using an aqueous solution of silver nitrate and Amaranthus gangeticus Linn (Chinese
spinach) leaf extract. The synthesized AgNPs which are to be used as an antimicrobial and Congo red dye is to be
used as a toxic-degrading agent.

Methods: AgNP was prepared by the reduction of silver nitrate solution by the leaf extract of Amarranthus
Gangeticus Linn leaf extract in aqueous medium on heating for about 15 mins at 80 °C in presence of one drop
0.05 (M) NaOH.

Results: The size of the synthesized silver nanoparticles (AgNPs) using Amaranthus gangeticus Linn leaf extract and
aqueous solution of silver nitrate (10−3 M) are formed at their stable condition within the range of 11–15 nm.
AgNPs are obtained by this process within a couple of minutes of reaction without using reducing and stabilizing
agents or harsh conditions. High-resolution transmission electron microscope (HR-TEM), selected area electron
diffraction (SAED), ultraviolet-visible (UV-VIS) spectroscopy, and Fourier transform infrared spectroscopy (FTIR) are
used to characterize the prepared AgNPs which show that the nanoparticles are globular in shape and
polycrystalline. The synthesized silver nanoparticles showed inhibitory activity towards Gram positive, Gram negative
bacteria and fungus and also showed good Congo red dye-degrading agents.

Conclusions: The overall outcome of this study suggests that green synthesis AgNPs hold promise as a potent
antibacterial and antifungal agent. The particles obtained were also found to degrade toxic Congo red dye.
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Background
Over the past few years, synthesis of metal nanoparticles
is one of the upcoming areas of research in the field of
material science owing to their wide variety of applications
in the field of catalysis (Kalidindi and Jadirdar 2012), pho-
tonics (Shen et al. 2000), chemical and bio-sensing (Zayats
et al. 2003), medicine (Jotterand and Alexander 2011;
Etheridge et al. 2013) etc. Nano crystalline silver is well
known for possessing an inhibitory effect towards many

bacterial stains and microorganisms (Zhang et al. 2012;
Prabhu and Poulose 2012). Silver nanoparticles were syn-
thesized using various chemical and biological approaches
(Ericka et al. 2013; Shankar et al. 2003; Bar et al. 2009;
Sivaram et al. 2009; Ahmad et al. 2010; and Dubey et al.
2010). Even though silver nanoparticles are considered
bio-compatible, chemical synthesis methods may lead to
the presence of some toxic chemicals absorbed on the me-
tallic surface that may have adverse effects in medical ap-
plications (Bhattcharya and Mukherjee 2008). Therefore,
there is an increasing demand of green procedure for syn-
thesizing metal nanoparticles which are free from the use
of toxic chemicals.
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Many green methods and biological approaches for sil-
ver nanoparticles’ synthesis using extracts of different
plants (Nalvothula et al. 2014; Jha and Prasad 2010;
Mandal et al. 2006 and Sharma et al. 2009) microorgan-
isms, including bacteria (Lengke et al. 2007) and fungi
(El-Rafie et al. 2010), are reported till date. In the
present investigation, we have prepared AgNPs using the
leaf extract of Chinese red spinach (Amaranthus gangeti-
cus Linn) (shown in Fig. 1). It is a natural shrub which is
found abundantly in our environment and mainly used
as food materials. The leaves of these shrubs contain
various amino acids such as arginine, histidine, leucine,
isoleucine, lysine, methionine, phenyl alanine, tyrosine
etc. (Reyad-ul-Ferdous et al. 2015, Srinivas et al. 2011).
The antibacterial activity of the prepared AgNPs was
studied into the Gram positive and Gram negative
bacteria namely Bacillus subtilis and Shigelle flexineri,
respectively, and its antifungal activity was studied on
the Sclerotinia sp. fungi. For the catalytic activity of
AgNPs for the degradation of a toxic azo dye, Congo
red was evaluated. The prepared AgNPs by the
present method showed excellent antibacterial/fungal
activity against both the bacterial/fungal stains used
and showed a good catalytic activity for the degrad-
ation of the Congo red dye.

Methods
Materials
Congo red, methyl alcohol, and potassium bromide were
procured from Loba chemie, Mumbai, India. Bacillus

subtilis-11774, Shigella flexneri-2022 were collected
from American Type Culture Collection (ATCC), USA.
Fungus, collected from Amaranthus gangeticus Linn
plants (Chinese red spinach), were procured from the
local market of Midnapore town, Paschim Medinipur,
West Bengal, India. All the solutions were prepared by
double-distilled water.

Experimental
Preparation of leaf extract
The freshly collected leaves of Amaranthus gangeticus
Linn plant were cleaned several times using distilled
water. The washed leaves were chopped into small sizes.
Thereafter, the small-sized leaves were compactly packed
into a thimble and then the solvent extraction (metha-
nol, water = 1:3) was performed using a Soxhlet appar-
atus. Such solvent extraction leads to remove desirable
compounds from the leaves and make them soluble in
the used solvent having a definite polarity.

Preparation of silver nanoparticles
The 5 ml of prepared 10−3 M AgNO3 solution was taken
in a freshly washed 50-ml beaker and then it was heated
for about 5 min at 80 °C. Thereafter, 1.5 ml of plant leaf
extract was added followed by one drop of 0.05 M
NaOH. The solution was further heated up to 20 min in
80 °C at which the colour of the solution changed to a
brownish yellow colour which had indicated the forma-
tion of silver nanoparticles (AgNPs) (Nalvothula et al.
2014). The concentration of AgNO3 solution and leaf
extract was also varied at 4 to 6 mM of AgNO3 and 1 to
2 ml, respectively, keeping other parameters constant.
Ultraviolet-visible (UV-VIS) spectra showed a strong ab-
sorption peak (SPR) band at 416 nm thus indicating the
formation of silver nanoparticles. The synthesized
AgNPs (hydrosol) were centrifuged at 12,000 rpm for
20 min. Thereafter, the AgNPs were redispersed in ster-
ile distilled water for further use.

Study of antibacterial activity
The antibacterial activity of synthesized AgNPs was inves-
tigated by standard agar-well diffusion method (Bauer et
al. 1966; Awhad et al. 2013) into one Gram positive (Bacil-
lus subtilis) and one Gram negative (Shigella flexneri) bac-
teria. Solidified nutrient agar was cast onto petriplates,
and the plates containing nutrient medium were evenly
inoculated with 100 μg (108 CFU/ml) separately. The
wells are prepared on the agar plate with the help of cork
borer (0.6 cm diameter). Levofloxacin, 5 μg/disc, which
was used as a standard, was placed in the well of each
plate. The synthesized and redispersed hydrosol (30 mg/
ml) was loaded onto the wells of each plate. The plates
were then incubated 24 h at 37 °C, and the antibacterial

Fig. 1 Chinese red spinach (Amaranthus gangeticus Linn) plant
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activity was determined by measuring the diameter of the
inhibition zone and expressed in millimeter.

Study of antifungal activity
Actively growing fungal plant Sclerotinia sp. pathogens
were aseptically transformed on to midpoint of sterile
standard potato dextrose agar (PDA) plates and incubated
at 25 °C for 2 days. After 2 days, three wells (5 mm) were
prepared by using a sterile cork borer at equal distance
around the mycelia growth of pathogenic fungi. The pre-
pared AgNPs at different concentrations ([1] 0.4 μg/ml,
[2] 0.2 μg/ml, [3] 0.1 μg/ml) were loaded onto each well
separately and allowed to grow for 3 days. The inhibition
of growth of plant pathogenic fungi around the well refers
to antifungal activity of the antimicrobial sample (here
AgNPs). Antifungal activity test was done against one
plant pathogenic fungi Sclerotinia sp.

Congo red dye degradation
Aqueous solution of Congo red (10−3 M) and 0.5 M
ethanolic solution of sodium borohydride were pre-
pared. Thereafter, a solution was prepared by adding
5 ml 10−3 M Congo red solution with 1 ml of etha-
nolic borohydride solution. From this solution, 1.5 ml
was taken in an ultraviolet (UV) quartz cuvette. UV-
VIS absorption study was done to record the change
in absorbance at a time interval 1.5 min until the
solution became completely colourless.

Characterization of AgNPs
UV-VIS adsorption spectra were measured in a 1-cm
quartz cuvette using Shimadzu-1800 (Japan) spectropho-
tometer. Morphology and size of AgNPs were investigated
using JEOL-JEM-2100 high-resolution transmission elec-
tron microscope (HR-TEM). Sample of HR-TEM study
was prepared by placing a drop of redispersed silver sol
onto a carbon film, supported on a copper grid followed
by solvent evaporation. FTIR spectrum of the AgNPs was
taken in a Perkin Elmer (L16000300 Spectrum Two
LiTa, Llantrisant, UK) spectrophotometer, and the po-
tassium bromide (KBr) pellet method was applied for
spectral analysis.

Results and discussion
Ultraviolet–visible spectroscopy
Reduction of Ag (I) ions into silver nanoparticles during
exposure to plant extract was visually evident as a result
of the colour change (yellowish brown colour). The UV-
VIS spectra showed the appearance of single and SPR
centered around 417 nm. Figure 2 shows the effect of
variation of AgNO3 concentrations onto the AgNPs for-
mation. It is evident from Fig. 2 that only the intensity
of band increases without affecting the band position,
indicating the increment of number of AgNPs with

increasing Ag (I) (AgNO3) concentration. Figure 3 shows
the variation of the amount of leaf extract. Here also,
the same trend is observed. AgNPs are formed through
the reduction of silver ions by the plant leaf extract
where the amino acids present in the extract are the
reducing agents. So increasing the amount of plant leaf
extract large numbers of active ingredients are available
for the reduction of Ag (I) to Ag (0) causing an increase
in intensity of the SPR band.

Fourier transform infrared spectroscopy
FTIR spectrum of the AgNPs is shown in Fig. 4. The peak
at 1635 cm−1 is due to the C =O stretching, and the other
at 3441 cm−1 is due to the hydrogen bonded –OH and –
NH2 groups in the amino acids present in the leaf extract.
From the FTIR spectrum, it can be concluded that the
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synthesized AgNPs are surrounded by amino acids. This
suggests that the extract of Amaranthus gangeticus Linn
have dual function, formation and stabilization of AgNPs
in the aqueous medium.

HR-TEM study
The size and morphology of synthesized AgNPs are
investigated by HR-TEM (Fig. 5). HR-TEM image indi-
cates that the particles are predominantly globular-
shaped. Selected area electron diffraction (SAED) image
reveals that the AgNPs are polycrystalline in nature
(Fig. 5b, c). From Fig. 5d, it is evident that the average
particle size distribution of the synthesized AgNPs
ranges from 11–15 nm.

Antibacterial activity
Antibacterial activity of nano silver hydrosol onto one
Gram negative bacteria Shigella flexneri (ATCC-12022)
and one Gram positive bacteria Bacillus subtilis (ATCC-
11774) is shown in Fig. 6a, b, respectively. In both cases,
a clear inhibition zone appeared. It was also observed
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that the zone of inhibition of Gram negative bacteria is
slightly greater (5.5 mm) than that of the Gram positive
bacteria (4 mm); a similar trend is also observed in case
of levofloxacin, a broad spectrum antibiotic (marked 1
in Fig. 6).

Antifungal activity
Figure 7 shows the antifungal activity of prepared AgNPs.
It was found that among the three tested different
(AgNPs), 0.2 μg/ml concentration (marked 2 in Fig. 7) in-
hibits the growth of Sclerotinia sp. and produces a hollow
zone around the applied AgNPs by interrupting the
growth of plant pathogenic fungi Sclerotinia sp. At this
concentration, silver nanoparticles directly damage the
cell envelope by penetrating the cell and then binding to
the DNA. The Ag-DNA complex prevents the DNA

replication by rupturing the hydrogen bonds between ad-
jacent purines and pyrimidines moieties.

Degradation of Congo red dye
The Congo red is a non-biodegradable and toxic azo
dye. It originates generally from dyeing industries which
pollute water. This leads to destroy the balance of
aquatic environment. In the present investigation,
4.0 μg/ml of the synthesized AgNPs had been applied
over the dye for its degradation. The result is shown in
Fig. 8. From the UV plot (Fig. 8), it is observed that the
absorption peak of the dye molecules gradually de-
creases as the time passes, and finally, the absorption
peak vanishes and the colour of the solution changes
from red to colourless. The Congo red degradation reac-
tion was monitored by UV-VIS spectrophotometer
(model: Shimudzu-1800). Congo red in water medium
shows SPR band at 498 nm (π→ π*) and at 338 nm
(n→ π*) electron transition associated with azo group.
In the presence of sodium borohydride, AgNPs help to
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Fig. 6 Zones of inhibition against bacterial stain by the (1) levofloxacin and (2) synthesized AgNPs by agar-well diffusion method
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Fig. 7 Anti fungal activity of the synthesized AgNPs at three
different concentrations of AgNPs ([1] 0.4 μg/ml, [2] 0.2 μg/ml, [3]
0.1 μg/ml) against Sclerotinia sp. fungi
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transfer the electron to azo bond in Congo red
(acceptor) from BH4

- (donor) molecules. Only AgNPs
have no considerable effect on degradation of Congo red
solution. It is obvious that the presence of a strong redu-
cing agent NaBH4 reduced the Congo red solution very
slowly which is shown in Fig. 9. But, when the mixture
of NaBH4 in anhydrous ethanol and AgNPs (0.4 μg/ml)
is mixed with Congo red dye solution, the degradation
of dye is completed within a few minutes. The result is
shown in Fig. 8. So, the AgNPs prepared from the Amar-
anthus gangeticus Linn leaf extract can be used for the
Congo red dye removal from the waste water.

Conclusions
An eco-friendly and convenient green method for the syn-
thesis of silver nanoparticles from silver nitrate solution
using Amaranthus gangeticus Linn leaf extract was devel-
oped. Formation of globular-shaped and well-dispersed
AgNPs with an average particle size of 11–15 nm was
confirmed by UV-VIS, FTIR, HR-TEM, and SAED. FTIR
spectroscopic study confirmed that the amino acids
present in the leaf extract reduces the Ag (I) to Ag (0) in
the nanoscale. Silver nanoparticles prepared by the
present method have promising applications as an activity
against both Gram negative and Gram positive bacteria
and fungi. The prepared AgNPs also showed efficient cata-
lytic activity towards degradation of Congo red dye thus
having potential for industrial application.
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