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ABSTRACT
In the present study, the silver (Ag) nanoparticles (NPs) were fabricated 
using pakhoi (p), a traditional alcoholic beverage popularly used in the 
Garhwal region of Uttarakhand that has been known to possess significant 
antimicrobial activity properties. Different physicochemical techniques 
were used to characterize p-Ag NPs. The results confirm the synthesis of 
crystalline p-Ag NPs having a nearly spherical shape with a net positive 
charge. Further, p-Ag NPs exhibit strong antibacterial activity against Gram 
-ve bacteria. Moreover, a detailed study will be beneficial to understanding 
and exploiting the biomedical application and environmental remediation 
activity of the p-Ag NPs.
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1. Introduction

The synthesis of NPs is majorly carried out 
using several chemical approaches that are non- 
eco-friendly and expensive processes. Over the 
past decade, nanotechnologists have broadened 
their research on the synthesis of metal NPs due 
to their looming applications. Recently, metal 
NPs have been extensively used in biomedical 
and environmental remediation applications 
[1–5]. These metal NPs include Fe, Zn, Cu, Si, 
Ag, Au, Ni, etc. Among these metallic NPs, both 
silver (Ag) and gold (Au) NPs showed their more 
extensive use in medicine as an antibacterial, 
antifungal, anticancer, and anti-inflammatory 

agents as well as in biosensing, bioelectronic, 
and photocatalytic applications [6–8]. Further, 
Ag NPs are among the most studied NP due to 
their excellent stability and good catalytic activity 
in various redox reactions. The biogenic Ag NPs 
also exhibited potent antibacterial activity against 
different human bacterial pathogens [9].

In the meantime, the green synthesis of metal 
NPs is being considered a bottom-up approach 
that is absolutely environment friendly and does 
not require the practice of any toxic chemicals or 
organic solvents. While it mainly uses the aqueous 
extracts obtained from various biological resources 
such as plants, fungus, bacteria, algae, and protists, 
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thereby making the green synthesis approach more 
sustainable and eco-friendly [10–15]. However, 
one major problem arises during the fabrication of 
plant extract-based metal NPs, i.e., the variation 
in the concentration of bioactive compounds or 
phytoconstituents, which differs according to the 
geographical location of the desired plant. The 
method adopted in the present work does not 
involve using expensive organic solvents, nor does 
it rely on the isolation technique or any culture 
preparation like other green synthesis approaches. 
Owing to the cost-efficacy and sustainable 
production, the present study follows a bottom-
up approach by utilizing pakhoi, a renowned 
traditional beverage of Uttarakhand state since 
ancient times to prepare Ag NPs without relying on 
extract preparation. The fabricated p-Ag NPs are 
physiochemically characterized via FTIR, XRD, 
DLS, and HR-TEM instruments, and finally, their 
antibacterial properties were evaluated against 
gram – ve bacterial pathogen. 

2. Materials and Methodology

2.1 Preparation of Pakhoi

Pakhoi sample was collected from the Garhwal 
region of Uttarakhand (77° 49´-78° 37’ E longitude 
and 30° 35´-30° 18’ N latitude). The sample was 
filtered using Whatman filter paper, and the obtained 
filtrate was centrifuged at 4000 rpm for 10 minutes. 
After centrifugation, the collected supernatant was 
kept in the refrigerator until further use.

2.2 Fabrication of p-Ag nanoparticles

Initially, 1 mM aqueous solution of silver nitrate 
(AgNO3) was prepared under dark conditions. Next, 
5mL of 1 mM AgNO3 solution added separately to 
the varying volume (1 mL, 2 mL, 3 mL, 4 mL, 5 mL) 
of the pakhoi sample. The resulting mixtures were 
further diluted with distilled water to make a final 
volume of 10 mL to get the final 0.5 mM concentration 
of AgNO3. The diluted reaction mixtures were kept 
for five days in the dark and finally confirmed the 
reduction of Ag1 to Ag0 by seeing a variation in the 
color of solutions (Figure 1a).

2.3 Physicochemical characterizations of  
p-Ag nanoparticles

UV/Visible spectrophotometer (UV/Vis 10 
Spectroscopy, Thermo Scientific) was used to 

study the formation of p-Ag NPs. The fabricated 
p-Ag NPs were diluted ten times using distilled 
water and then scanned between 300 and 450 nm 
to obtain the maximum absorbance wavelength 
(λmax). Next, the NANOTRAC Wave II/Q/Zeta 
instrument was used to calculate the average 
hydrodynamic size (ZAverage) and average zeta 
potential of p-Ag NPs during the dynamic light 
scattering (DLS) experiment. FTIR spectroscopy 
(FTIR-6800, JASCO) examined various bridging 
functional group linkages of different bioactive 
compounds (present in the pakhoi sample)  
with Ag NPs. The vibrational peaks of other 
functional groups were recorded between 400 
and 4000 cm-1. Further, an X-ray diffractometer 
(XRD) was used to analyze the crystal lattice 
structure of p-Ag NPs. The range of diffraction 
angles was taken between 10 and 80˚. In 
last, High-Resolution Transmission Electron 
Microscopy (HRTEM) instrument (Tecnai) was 
used to examine the morphology and size of 
p-Ag NPs. The selected area electron diffraction 
(SAED) pattern was used to analyze the structure 
of p-Ag NPs [16].

2.4 Antibacterial activity 

Escherichia coli (MTCC 42) culture was used 
for the antibacterial test. The obtained bacteria 
were cultured and sub-cultured in Luria Bertani 
(LB) media to bring the pure bacterial colonies. 
The antibacterial test was carried out via the 
agar well diffusion method. In brief, 100 µL of 
overnight grown E. coli culture was aseptically 
transferred on the agar surface of Mueller 
Hinton Agar medium plates and gently spread 
using a glass spreader. Then, eight wells of  
6 mm diameter were created in the same plate 
where five wells were used for five different 
concentrations of p-Ag NPs (NP1 – NP5),  
one well for the positive control (Ampicillin – 
100 µg/mL), one well for pakhoi, and one well 
for AgNO3 solution alone. The test was done in 
duplicates. Subsequently, the test plates were 
incubated overnight at 37°C for 24 h. Later, the 
diameter for the zone of inhibition (in mm) was 
measured.

2.5 Statistical analysis

All the experiments were carried out three 
independent times. The obtained data were 
analyzed using Origin 8 software. 
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Results and Discussion

3.1 Fabrication of p-Ag nanoparticles

The p-Ag NPs were fabricated by observing 
a variation in the color of the reaction mixture. 
When the volume of the pakhoi sample (1 – 5 mL) 
was increased into AgNO3 solution (1 mM), then 
the changes were seen in the color of different 
reaction mixtures (NP1 – NP5) from light brown 
to dark brown (Figure 1a). The obtained colloidal 
brown color indicates the formation of p-Ag NPs.

3.2 Physicochemical characterizations

UV-Visible spectral analysis displayed the 
reduction of Ag+ ions into Ag0 NPs. The highest 
absorbance peaks of different p-Ag NPs (NP1 
– NP5) were observed between 405 – 420 nm 
that exhibited a surface plasmon resonance 
(SPR) signature for the fabrication of p-Ag NPs 
[9] (Figure 1b). It was also observed that the 
absorbance of p-Ag NPs rises with an increase in 
the volume of added pakhoi sample (Figure 1b).  
It might be due to the formation of more p-Ag 
NPs at a higher volume of pakhoi samples. Next, 
the DLS experiment was used to calculate the 
average hydrodynamic size of p-Ag NPs (NP2) 
which was calculated to be maximum at 49.9 and 
159 d.nm (Figure 1c). The average zeta potential 

was calculated to be + 23.8 ± 0.3 mV. Further, 
the crystalline nature of p-Ag NPs (NP2) was 
confirmed by XRD. The diffraction peaks of 
p-Ag NPs were observed at 2θ values of 38.19°, 
44.31°, 64.50°, and 77.41°, corresponding to 
(111), (200), (220) and (311) Bragg reflections, 
respectively indicating the face-centered cubic 
structure of Ag crystals (Figure 1d). The obtained 
diffraction peaks matched with Ag XRD ref. no. 
01-087-0719. The unassigned diffraction peak 
(*) at 26.45° might be related to the amorphous 
organic phase (Figure 1d). The average crystallite 
size of p-Ag NPs (NP2) was calculated at 29 nm 
using Scherrer’s formula [9]. Furthermore, the 
FTIR spectrum of p-Ag NPs (NP2) demonstrated 
the functional molecules on the NP’s surface. The 
intent peaks at 1261.21 cm-1, 1081.17 cm-1, and 
1024.01 cm-1 were assigned to the C-O stretching. 
The peaks at 3381.56 cm-1 and 872.63 cm-1 were 
assigned to the O-H stretching and bending. The 
C-H stretching was seen at the peak range of 
2935.21 cm-1, and C=C stretching was observed at 
1614.12 cm-1 and 1426.10 cm-1. The out-of-plane 
C-H and O-H bending appeared at 714.49 cm-1 
and 630.60 cm-1. The obtained FTIR spectrum 
indicated that various functional molecules 
capped the prepared p-AgNPs. In addition, HR-
TEM was used to study the shape of p-Ag NPs 
(NP2) that was observed to be nearly spherical 
(Figure 2a, b). SAED pattern of p-Ag NPs (NP2) 

Figure 1.  (a) Crude extract of pakhoi and images of different p-Ag NPs (NP1–NP5) fabricated with the 
varying volume of pakhoi sample, (b) UV-Visible spectrum of different p-Ag NPs (NP2), (c) particle size 
distribution, (d) XRD pattern, and (e) FTIR spectrum of p-Ag NPs (NP2).
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showed the concentric rings with intermittent dots 
indicating the crystalline nature of p-Ag NPs [17]. 

3.3 Antibacterial activity 

The antibacterial activity of p-Ag NPs (NP1 – NP5) 
was tested on E. coli, and the resulting MIC values 
were summarized in a tabulated form (Figure 2d). 
No significant difference was observed in the 
zone of inhibition (ZoI) values of different p-Ag 
NPs (NP1 – NP5). However, p-Ag NPs displayed 
a potent antibacterial activity compared to the 
pakhoi sample and AgNO3 solution (Figure 2e), 
which can be seen with significant differences 
in their ZoI values (Figure 2d). A previous study 
showed that Ag NPs possess a larger surface area 
that improves their interactions with bacteria cell 
wall components. Also, the positively charged Ag 
NPs interact with negatively charged bacterial cells 
responsible for the antibacterial activity [9,17]. In 
2021, Naveen et al. fabricated Pc-Ag NPs using 
the aqueous leaf extracts of Potentilla chinensis 
Ser. These NPs inhibited the growth of gram + 
ve and gram – ve bacteria like E. coli, Bacillus 
cereus, Staphylococcus aureus and salmonella 

enterica [11]. Next, in 2021, Chowdhury et  al. 
isolated an antimicrobial compound Tridecanoic 
acid, from Bacillus sp. This purified compound 
synthesised and stabilised Ag NPs that showed 
strong antibacterial and antifungal activities 
against human and plant pathogens [18]. 
Further, many studies previously reported the 
photocatalytic activity of Ag NPs in removing 
both organic and inorganic pollutants from 
wastewater. Similarly, in 2021, Lotfollahzadeh 
et  al. used the aqueous extract of Oenothera 
biennis  to fabricate Ag NPs for the removal of 
amoxicillin from wastewater. The prepared Ag NPs 
showed the potent antibacterial activity against  
S. aureus and E. coli bacteria. Also, 97.27 %  
removal efficiency was seen for amoxicillin by 
Ag NPs in 30 min [4]. However, the biogenic Ag 
NPs also possess other biological activities like 
anticancer, anti-inflammatory, anti-leishmanial, 
and anti-viral. In 2021, Chandan et al. synthesized 
Ag NPs using the leaves of Datura stramonium. 
These NPs exhibited potent anticancer activity 
against various cancers like pancreatic (PANC-1), 
colon (HCT 116), lung (A549), and brain cancers 
(U87, SH-SY5Y) [19]. 

Figure 2.  (a, b) HR-TEM images of p-Ag NPs (NP2) on different magnifications, (c) SAED pattern of 
p-Ag NPs (NP2), (d) ZoI values of different p-Ag NPs (NP1-NP5) along with positive control, pakhoi, and 
AgNO3 solution shown in tabulated form, and (e) antibacterial test of tested samples using agar well diffu-
sion method. 
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4. Conclusion

The green synthesis approach is highly cost-effective 
and environmentally friendly for NP synthesis. This 
study fabricated p-Ag NPs using a pakhoi sample. 
The UV/Visible spectrophotometer exhibited 
the formation of p-Ag NPs. HR-TEM analysis 
displayed the nearly spherical shape of p-Ag NPs. 
Further, both XRD and SAED patterns showed the 
crystalline nature of p-Ag NPs. The DLS analysis 
confirmed the nano-size of p-Ag NPs, and the net 
positive charge was present on NP’s surface. Next, 
FTIR analysis indicated the presence of different 
functional groups on NP’s surface. Later, p-Ag 
NPs exhibited strong antibacterial activity against 
E. coli bacteria. The p-Ag NPs can be used soon 
for biomedical and environmental remediation 
applications based on these results. 
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