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Objective(s): In this work, silver nanoparticles (Ag NPs) were synthesized by green
tea plant extract as an easy, cost-effective, environmentally friendly, and reliable
synthesis. The silver nanocomposite with different amounts of starch (0.5, 1,
1.5 g) were prepared. Then, the methylene blue (MB) dye degradation and the
antibacterial activity of the nanocomposite were evaluated as an environmental
challenge.

Methods: The samples were characterized using scanning electron microscope
(SEM) for observation size and morphology, energy dispersive X-ray analysis (EDX)
for determination elemental analysis, Fourier transform infrared spectroscopy
(FTIR) for investigation functional groups, and X-ray diffraction analysis (XRD) for
confirmation crystalline structure. The catalytic properties of the synthesized
samples were studied in MB degradation.

Results: The maximum degradation (more than 90%) was related to Ag NP with
0.5 g of starch. The antibacterial activity of Ag NPs and nanocomposites was
investigated against Staphylococcus aureus (S. aureus) as Gram-positive and
Pseudomonas aeruginosa (P. aeruginosa) as Gram-negative bacteria. The samples
indicated inhibitory activity with suitable inhibition zone and were more effective
against S. aureus as compared to P. aeruginosa.

Conclusions: In general, the green synthesis of Ag NP-starch has good catalytic
potential in MB degradation in an agqueous medium in a short time with high
efficiency.
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INTRODUCTION

The main problem threatening the environment
is water pollution. The organic and inorganic dyes
as major contaminants can enter water sources as
sewages [1]. Many industries such as leather, textile,
plastic, paper, medicine, cosmetics, and food are
the sources of organic dye released to aqueous
environment. Carcinogenicity and mutagenicity
is one of the disadvantages of these dyes [2]. One
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of the cationic phenothiazine dyed is MB, which
is widely used in coloring paper, wools, dyeing
cotton, etc. Its harmful effects on humans with a
higher concentration of 2 ppm led to eye and skin
irritation, headache, nausea, diarrhea, vomiting,
and respiratory problems [3,4]. The presence of
MB in the dye and textile industries effluents is due
to the high solubility of MB in water. Therefore, it
is very important to remove, reduce, destroy and
decolorize this dye from water systems [5]. Several
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techniques such as biodegradation [6,7], advanced
oxidation [8], ultrafiltration [9], ozonation [10],
electrocoagulation [11], etc. have been reported
to remove MB from aqueous solutions. Catalytic
degradation of dyes using metal nanoparticles has
attracted much attention due to their remarkable
catalytic activities and effective removal of dyes [12].
These materials have high surface and selectivity,
antimicrobial and photocatalytic activity, as well as
low energy cost, which are suitable options for the
treatment of water from dyes [13].

One of the examples of these metal NPs that
have been used to remove different dyes are
Ag NPs. Ag NPs have received much attention
due to their high conductivity and stability,
excellent adsorption capacity, high surface area,
good catalytic activity, and antibacterial and
antiviral properties [14,15]. Generally, Ag NPs are
synthesized using physicochemical methods such
as laser ablation [16], photochemical reduction
[17], electrochemical techniques [18], gamma
irradiation [19], microwave [20], and chemical
reduction [21]. The mentioned approaches have
high efficiency, but have limitations such as high
functional cost, use of toxic chemicals, and high
energyrequirements. To overcome these drawbacks,
green synthesis of Ag NPs has been reported as a
cost-effective and eco-friendly method using plant
extracts, microorganisms and natural polymers
[22]. The most prominent problem related to Ag
NPs is that they tend to agglomerate, duo to their
high surface energy, which can negatively affect
their chemical stability and catalytic properties
[23]. To overcome these limitations, support
materials such as graphene [24], graphene oxide
[25], activated carbon [26], silica [27], etc. can be
used.

Natural polysaccharides have been able to
attract a lot of attention for wastewater treatment
duo to their environmentally friendly, low-cost,
abundance, and biodegradability nature [28].
Starch is one of the polysaccharides as a natural
polymer, which can be used as an ideal support. Its
characteristics include low-cost, non-toxicity, high
abundance, high surface area, biocompatibility,
and renewable [29,30]. In this study, Ag NPs were
synthesized at room temperature and 90 °C by the
green tea plant extract. Also, silver nanocomposite
with different percent of starch were prepared.
Nanoscale size by SEM, compound elements by
EDX, functional groups and compound qualitative
preparation by FTIR, and crystal structure by

62

XRD were investigated. The catalytic activity of
samples was evaluated for MB dye degradation
in an aqueous solution. The antibacterial effect of
samples against S. aureus and P. aeruginosa bacteria
was presented by examining average halo diameter,
minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC).

MATERIALS AND METHODS
Materials

Silver nitrate (AgNO,) 99%, MB 99%, and
glycerol were purchased from Merck. Potato starch
was prepared from Tetra-Chem. S. aureus strain
(ATCC6538) and P, aeruginosa strain (ATCC15442)
were procured from Kit-Iran. Antibiogram disk
was prepared from Padtan Teb. Mueller-Hinton
agar growth medium was purchased from Merck.

Methods
Preparation of green tea extract

The green tea plant was cleaned and washed.
After drying in the shade, it was ground. 20 g of
green tea plant powder with 100 mL of deionized
water in an Erlenmeyer flask was heated for 70 min
in a water bath to obtain the primary plant extract.
The aqueous extract was filtered using Whatman
No. 1 filter paper and a syringe filter. Then, it
was kept in a Falcon tube in dark glass at room
temperature.

Preparation of Ag NPs

10 mL of 0.001 M AgNO, solution was mixed
with 90 mL of green tea extract. The resulting
solution was separately stirred at a temperature
of 25 and 90 °C. In order to reduce silver ions, the
solution was kept at room temperature in a dark
place overnight. The color change of the extract
from pale yellow to dark brown to black indicates
the production of Ag NPs. The solution was
centrifuged at 10,000 rpm for 10 min to separate
the NPs from the solvent. The nanomaterials were
washed with deionized water and placed in an
electric furnace (KSL-1700X-A4) at 450 °C. The
obtained Ag NPs were stored inside the microtube
at4 °C.

Preparation of nanocomposite

Ag NPs solutions with a concentration of 0.01
M were prepared using deionized water as solvent.
For this purpose, NPs prepared at 90 °C were used,
because these NPs were in better condition in
terms of morphological properties. Using potato
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starch with the amounts of 0.5, 1, and 1.5 g, as well
as a mixture of dejonized water and glycerol with a
ratio of 85:15, solutions were prepared and used to
prepare Ag NPs. To make uniform these samples,
all starch solutions were stirred at 40 °C for 1
h in the paraffin bath. In the next step to prepare
nanocomposites, 1 mL of solutions prepared from
Ag NPs was added separately to potato starch
solutions to provide three nanocomposites based
on the amount of potato starch.

Investigation of dye degradation

MB solution was prepared with an initial
concentration of 0.0001 M and stirred for 1 h.
NaBH, solution (0.05 M) was added to 10 mL of MB
solution (10 M) under vigorous stirring for 5 min.
Then, 2 mL of NPs solution was added and stirred
for 5 min. MB is blue in the oxidation medium and
then decolorizes in the presence of the reducing
agent (NaBH,), indicating the reduction of MB to
leucomethylene blue. The progress of the reaction
was monitored using a UV-Vis spectrophotometer
at regular intervals.

Investigation of antibacterial activity

Two gram-positive bacteria and gram-negative
bacteria named S. aureus and P. aeruginosa have
been used. In order to evaluate the antimicrobial
properties of AgNPs, an antimicrobial susceptibility
test was selected and agar well diffusion was
utilized. In this method, the growth inhibition halo
was entered into a surface of the agar medium in
the plates through an external antibiotic diffusion
from a source (holes created in the agar layer). The
halo size of the growth inhibition zone around each
hole indicates antimicrobial activity, which is the
most common form of antimicrobial evaluation
and is known as the Kirby-Bauer test. The basis of
this method is the transfer of antibacterial material
into the disk. First, sterile disks were placed in the
extract solution and after soaking, they were used.
5 mm thick Muller Hinton agar medium was added
to selected sterile Petri dishes. The bacterial sample
was removed from the base growth medium by the
applicator and inoculated into the growth medium.
Finally, the inoculated Petri dishes were placed in
the incubator at 37 °C. After 24 h, the diameter of
the growth inhibition halos created around the disc
was measured with a caliper.

MIC and MBC tests were performed by a
Microdilution method. In this method, using 96-
well microplates, different concentrations of Ag
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NPs and silver nanocomposites (0.39, 0.78, 1.56,
3.125, 6.25, 12.5, 25, 50, 100 pug ml™) were studied
against P. aeruginosa and S. aureus, as well as the
growth of bacteria versus synthesized NPs and
nanocomposites was evaluated. First, an equal
amount of 95 pL of Mueller-Hinton broth was
poured into 96 microplates well. To the first tube
was added 100 pL of NPs with a concentration of
100 pg per pL, which after mixing, the dilution of
the desired NPs in the first tube was reduced by half.
Then, 100 pL were taken from the first tube and
added to the second tube, dilution was performed
until the last tube, where the dilution of NPs in each
tube was half of the previous tube. The last well
contained 195 uL of Mueller-Hinton broth and 5
uL of microbial suspension but no test compound,
which was considered a negative control. Then,
all wells except well 12 were inoculated with 5 pL
of bacterial suspension (1.5x10° CFU/mL). After
closing the lid, the Microplates were incubated for
24 h at 37 °C. The turbidity of the wells was then
visually read and the growth or non-growth of
bacteria was examined. The lowest concentration of
NPs in which no bacteria survived was considered
as MBC.

Characterization

SEM TESCAN model MIRA 1l made by
the Czech Republic company to evaluate the
morphology and size. FTIR of Thermo device
Avatar model made in USA by KBr tablets at
room temperature to check the functional group.
XRD device of Philips model PW1730 made in
the Netherlands to determine the crystal structure.
BET device of Bel model BELSORP MINI 1l made
in Japan to measure the surface area. UV-Vis
spectrophotometer PG Instrument model T80
made in Australia to study the amount of MB
absorption,

RESULTS AND DISCUSSION
SEM

SEM images of Ag NPs at room temperature
and 90 °C, as well as Ag NPs with starch, are shown
in Fig 1 a and b. Based on the results, the surface
of the silver + starch nanocomposite has a uniform
structure with many cracks, which can be due to
the synthesis process (Fig. 1c). Based on the results,
applying a temperature of 90 °C (instead of ambient
temperature) resulted in the formation of uniform
nanoparticles with a narrow size distribution.
Therefore, nanoparticles prepared at a temperature
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Fig 1. SEM images of Ag NPs at (a) room temperature, (b) 90 °C, and (c) Ag NPs + starch nanocomposite.
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of 90 °C were used to prepare the nanocomposite.

EDX

The EDX spectra (Fig 2) indicate the
confirmation of the formation of Ag NPs at room
temperature and 90 °C. At room temperature, the
weight percentage of C, Ag, and O was 69.4%, 3.8%,
and 26.8%, respectively. On the other hand, the
values 0f 48.7%, 29.5%, and 21.9% were obtained for
C, Ag, and O at 90 °C, respectively. The elements of
C and O were also found, which reveal the presence
of plant phytochemicals as capping elements on the
NPs surface [31]. The purity of prepared Ag NPs
was confirmed via the absence of other elements.

FTIR

FTIR spectra of synthesized Ag NPs with two
different temperatures are presented in Fig 3.
The strong and wide peaks at 3417 and 3420 cm™
indicate the presence of phenolic compounds. Also,
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this is attributed to the O-H stretching vibration.
The absorption peaks at 2926 and 2927 cm™ are
assigned to the C-H stretching aromatic compound
[32]. The absorption bands at 2362 and 2369 cm™
demonstrate the presence of symmetric stretching
of COO~ [33]. The stretching vibrations around
1690 and 1630 cm™ are related to the C=0O and
N-H stretching of amide and amine bonds [34].
The observed absorption peaks at 1029 cm™ are
ascribed to C-O-C [35]. The bands around 874,
820, and 750 cm™ are corresponding to the C-H,
=C-H, and N-H [36].

Fig 3 displays the FTIR spectrum of
nanocomposite containing Ag NPs and starch. A
broad band at 3387 cm™ attributed to the stretching
of the hydroxyl group. The band at 2889 cm™ is
related to the asymmetric stretching of C-H [37].
The peak at 1596 cm™ represents C=0O stretching
(carbonyl group) [38]. The absorption peak at
1042 cm™ is due to the C-O stretching of the
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Fig 2. EDX pattern of Ag NPs at (a) room temperature and (b) 90 °C.

anhydroglucose rings [39].

XRD

The XRD pattern of Ag NPs with starch is
displayed in Fig 4. The peaks appeared at 20 =
38.150, 44.27°, 64.49°, and 77.39° which showed
reflection at (111), (200) (220), and (311) in the
region from 5 to 80¢ [40]. These results revealed the
presence of Ag NPs (JCPDS No. 04-0783) with a
face-centered cubic phase [37].

Dye degradation

In order to investigate the photocatalytic
ability of synthesized materials with different
amounts of starch in dye degradation, the initial
dye concentration was considered to be 0.001 mg
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L' and the amount of degradation efficiency was
obtained from Eq (1).

Degradation(%)=[C0 _C’]XIOO (1)

0

Where € and C show dye concentration at time
t (mg L") and initial concentration, respectively
[41]. Fig 5 indicates that the maximum degradation
efficiency (90%) value is assigned to the Ag Nps
with 0.5 g starch in 65 min.

Antibacterial

The results of antibacterial tests for different
samples are given in Table 1. According to the
results, it can be seen that the lowest antibacterial
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Fig 3. FTIR spectra of Ag NPs at (a) room temperature, (b) 90 °C, and Ag NPs + starch nanocomposite.
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Fig 5. The degradation efficiency of Ag NPs and Ag NPs with different ratios of starch.

Table 1. Antibacterial test results based on average halo diameter.

S. aureus

P. aeruginosa

Bacteria Ag NPs AgNPs+0.5¢g

starch

AgNPs+1g
starch

AgNPs+1.5g

starch

AgNPs AgNPs+05g AgNPs+1g

starch starch

AgNPs+15¢g
starch

Halo diameter (mm) 4.5 5 5.5

7

3.5 4.5 5 5

properties are related to Pseudomonas bacteria,
which belongs to Ag NPs without starch. In
addition, with increasing the concentration of
starch, the antibacterial efficiency of Ag NPs
improved and increased in the presence of the
desired bacteria. The antimicrobial agent of silver is
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the presence of silver ions. Due to the high surface
area of Ag NPs, they represent a strong and the
acceptable bactericidal effect. The major reason
for bactericidal features of Ag NPs is interfering
with the totality of the bacterial cell by binding
to necessary cellular structures, especially to
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Table 2. Calculated MIC and MBC of Ag NPs and nanocomposites related to the S. aureus and P. aeruginosa.

S. aureus P. aeruginosa
Sample I - 1 1
MIC (pg mL™") MBC (ug mL™") MIC (pug mL™) MBC (ug mL™")
Ag NPs 125 25 50
Ag NPs+0.5 g starch 6.25 12.5 25
Ag NPs+1 g starch 3.12 12.5 25
Ag NPs+1.5 g starch 0.78 3.12 6.25
their SH-groups. Furthermore, Ag NPs produce REFERENCES

reactive oxygen species (ROS) and free radicals,
which destroy the bacterial cell wall and inhibit the
respiratory enzymes. Finally, DNA replication can
be disrupted by Ag NPs [42].

The results of MIC and MBC for S. aureus and
P aeruginosa are given in Table 2. The minimum
concentration of samples that prevented the growth
of bacteria was related to S. aureus and Ag NPs with
1.5 g of starch. Also, S. aureus as Gram-positive
bacteria is more sensitive than P aeruginosa. The
highest concentration of MBC is related to Ag NPs
without starch against P. aeruginosa and is equal
to 50 pg mL". The lowest concentration of MBC
is assigned to Ag NPs with 1.5 g starch against S.
aureus, which is equal to 1.56 pg mL".

CONCLUSION

In the present study, the green tea plant extract
was used as a reducing agent for the green synthesis
of AuNPs at two different temperatures. Also,
various amounts of starch along with Ag NPs were
considered to prepare nanocomposite. The Ag NPs
and nanocomposite were characterized using SEM,
EDX, FTIR, and XRD methods. The photocatalytic
ability of the synthesized Ag NPs and Ag NPs
+ starch nanocomposite was assessed using the
degradation reaction of MB. The samples revealed
outstanding catalytic activity in the dye degradation
reaction. This simple, rapid, low-cost, eco-friendly,
and green route can be utilized to treat aqueous
media from toxic dyes. The Ag NPs alone and Ag
NPs coupled with starch exhibited effective results
against pathogenic strains, including S. aureus
and P. aeruginosa. The samples depicted a zone
of inhibition versus the mentioned gram-positive
and Gram-negative bacteria. To summarize, this
study presented a highly efficient nanocomposite
of Ag NPs@starch as a potential candidate for the
degradation of diverse dyes in industrial effluents.
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