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Abstract

This work reports statistically optimized synthesis of silver nanocubes from cost effective, readily available
bioreductant, in the form of peels of Citrus limetta. Effect of six variables viz. temperature, pH, volume of reductant,
reaction volume, illumination, concentration of silver nitrate was examined using Placket Burman Design.
Temperature, pH and illumination were found to significantly affect the shape and size of silver nanoparticles. Best
conditions for the synthesis of silver nanocubes were 0.001 M AgNO, with temperature 27°C and pH 6 under dark
incubation. Characterization of the synthesized nanocubes was done using UV-Vis spectroscopy, Scanning Electron
Microscopy (SEM). SEM analysis showed clear synthesis of nanocubes in the range of 37-59 nm to 163-205 nm.
Additionally, an investigation of biologically synthesized nanocubes in wastewater treatment was done. A filter was
designed. The colloidal solution of silver nanoparticles was mixed with activated charcoal in ratio of 1:1, 1:2 and 2:1
respectively, to make filter bed. A series of microbiological tests carried out on the filtrates obtained, showed that
the microbes were killed to an extent of 97%, especially E. coli. Our work indicates that silver nanoparticle loaded

activated charcoal filter can be used as an excellent antibacterial water filter.
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Introduction

Metallic nanoparticles have generated a lot of attraction and are
being investigated thoroughly nowadays due to various applications
in the fields of biosensors, biomedicine, and biotechnology. They
have unique size dependent properties due to large surface to volume
ratio. Synthesis of silver nanoparticles particularly has been the focus
of research because of its antimicrobial properties which have been
known since ages. Various methods for synthesis of silver nanoparticles
have been used including physical, chemical methods [1-3]. However
these methods include use of toxic chemicals and generation of
hazardous by products [4]. Therefore, synthesis via biological route is
increasingly used now-a-days due to its cost effectiveness, simplicity,
ecofriendly and nontoxic approach. Plant extract mediated synthesis
has been reported for various species like Pelargonium graveolens, its
endophytic fungus Colletratrichum sp. [5] Hibiscus rosa sinensis [6]
and Coriander [7]. But this particular biological method is yet to be
explored fully. Citrus limetta is small tree which may reach 8 m in
height. It has irregular branches, and relatively smooth, brownish-
grey bark. Citrus species contain a wide range of active ingredients
such as vitamin C, flavanoids etc. [8,9]. Apart from this Citrus species
are rich in Citric acid and Ascorbic acid. Research is going on to find
their role as a reductant in synthesis of silver nanoparticles. Quite a
few studies are available that report the use of Citrus sp. as effective
natural, renewable and low-cost bioreducing agent for the synthesis of
silver nanoparticles. Also, recently it has been reported that citrus peel
yields thousands fold more phenolic compound than pulp. In India,
about 2.15 million tons of citrus peel out of 6.28 million tons of citrus
fruits is produced annually [10]. Citrus peel represents an economic
and cost effective substrate for green synthesis of silver nanoparticles.
In this study, we have worked with peels of Citrus limetta. Extract was
prepared from Citrus limetta peel which acts as a bioreducing agent
for silver nitrate. The yield of biological method of synthesis of silver
nanoparticles is low. So optimization is done to get a significant yield.
Shape and size of synthesized nanoparticles can be controlled by
modulating temperature and pH [11]. Nanoparticles synthesis depends
on interaction of various factors such as concentration of AgNO,

(substrate), volume of reductant, pH, temperature etc. So careful
optimization of different factors should be done and their interaction
should be determined for effective synthesis of silver nanoparticles.
Plackett Burman Design is used to determine the interaction and to
find out the best among all the factors involved. In our design we have
considered six independent variables. Silver nanocubes have been
reported in a very few studies till now. It has been reported by Chen et
al. that silver nanocubes have a higher antimicrobial activity than silver
nanoplates or silver nanospheres [12]. Also silver nanocubes have
various applications in the field of photonics, catalysis, SERS-based
sensing [13]. Here we have reported the synthesis of silver nanocubes
from previously unexplored statistically optimized bioreduction of
silver nitrate using Citrus limetta peels as a substrate.

Materials and Methods

The Citrus limetta were collected from local market located at
Vellore, India. Silver Nitrate (AgNO,, 99.9% pure) was obtained from
Sisco Research Lab Pvt. Ltd, Mumbai. All chemicals were used without
any further purification or treatment. All experiments were done in
duplicates. Double distilled water was used for all the experiments.

Preparation of the extract

For synthesis fresh peels of Citrus limetta were collected, washed
thoroughly with double distilled water and chopped into small pieces.
4 g of this finely cut Citrus limetta peels were weighed and transferred
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into a 250 ml beaker containing 40 ml double distilled water, mixed
well and boiled for 20 min. The extract obtained was filtered through
Whatman No. 1 filter paper and the filtrate was collected and stored
for further use.

Synthesis of silver nanoparticles

Plackett Burman design was used to obtain optimized synthesis of
silver nanoparticles. Six factors (Concentration of AgNO,, Volume of
reductant, pH, temperature, reaction volume and illumination) were
used for analysis. All factors were tested in duplicates (S-1 to S-24).
The upper and lower limits of experimental factors were determined in
preliminary experiments. Aqueous solution of silver nitrate (AgNO,)
was prepared using double distilled water with constant stirring. Citrus
peel extract was added to AgNO, solution and stirred continuously.
Color change was observed and OD was taken at wavelength range of
350-600 nm in UV-Visible Spectrophotometer. After stabilization of
reaction of silver nanoparticle solution, pellet was prepared. For pellet
preparation, 10 ml of silver nanoparticles solution was taken in falcon
tubes and centrifuged at 10000 rpm for 15 min. Pellet was thoroughly
washed 3 times with double distilled H,O and centrifuged for 10 min at
same speed. Pellet was dried in hot air oven at 40°C. The yield for all the
samples was calculated using the standard equation y=0.327x+0.068,
where y is the OD and x is the concentration.

Characterization

UV-Vis spectroscopy: The Ag nanoparticles were characterized
in a HITACHI-U 2800 UV-Vis Spectrophotometer. The scanning
range for the samples was 350-600 nm. Base line correction of the
spectrophotometer was carried out by using a blank reference. The
prepared aqueous solutions (S-1 to S-24) of Ag nanoparticles showed
an absorption band at 390-450 nm, which is a typical absorption band
of Ag nanoparticles due to their surface plasmon.

Scanning electron microscopy: Scanning Electron Microscopic
(SEM) analysis was done using FEI Quanta FEG 200-High Resolution
Scanning Electron Microscope. Thin films of the sample were prepared
on a copper grid by just dropping a very small amount of the sample on
the grid; extra solution was removed using a blotting paper. The sample
was sputter coated with gold and analyzed.

Plackett burman design

A six factor Plackett Burman design was used to study the effect of
variables on synthesis of silver nanoparticles. Variables chosen were
temperature (27°C, 60°C), pH (6, 8.5), volume of reductant (3 ml, 15
ml), volume of reaction vessel (250 ml, 1000 ml), illumination (dark,
light) and concentration of silver nitrate (0.001 M, 0.01 M). They were
designated as A, B and C, D, E, F respectively and values in brackets
represent lower (-) and upper limit (+) of each variable. The upper
and lower limits for analysis were decided after performing a set of 14
preliminary experiments. Analysis was done using Minitab 16 software
which generated a 24 run table for 6 factors. All experiments were
performed in duplicates to minimize experimental errors.

Designing of silver nanoparticle loaded activated carbon
matrix filter for wastewater treatment

Water filter was designed keeping in mind it should be cheap and
effective. Food grade waste plastic bottles and cola tins were used. Filter
had two chambers: upper and lower (Figure 1). Upper chamber stored
crude/contaminated water which opened into the lower chamber
containing AgNPs: AC filter bed of varying concentrations vis. 1:2, 1:1

tin frame
_.crude water’

_cling film

—filtration bed :

_cling film
__thin jute membrane
plastic stand

beaker

filtrate

Figure 1: Design of silver nanoparticle loaded activated carbon matrix filter
for wastewater treatment. Arrow represents filter bed with AGQNPs:AC in 1:2,
1:1 and 2:1 ratio.

and 2:1. Filter bed was prepared by adding 20 g activated charcoal to
10 ml, 20 ml and 40 ml of AgNPs colloidal solution with continuous
stirring the mixture. After that mixture was kept in sonicating water
bath (The ILO Co., India) for 1 h and then allowed to air dry (Figure 1).
Both chambers were separated by primary filter made up of a perforated
cling film. Sediments in contaminated water were filtered while passing
through primary filter. Secondary filter was designed using cling film
with tiny pores on the inner side and thin jute membrane on the
outer side. Contaminated water was purified while passing through
AC-AgNPs filter bed, due to high surface area of activated charcoal,
which aided in accelerated adsorption process and also due to the
antimicrobial activity of silver nanoparticles. Filtrate was collected
in 100 ml beaker. Filtration process was solely gravity dependent, no
pumps were used.

Antibacterial efficiency of AgNP:AC filter bed: Spread plate
technique was used for primary microbiological characterization
of filtrate. Nutrient agar (2.3 g) and agar (1 g) were added to 100 ml
distilled water and mixed well. After sterilization of media, 20 ml of
nutrient media was poured in each of four petriplates and allowed to
solidify. Primary microbiological characterization was done for positive
control, crude sample and three different filtrate samples obtained
from AgNPs:AC-1:2, AgNPs:AC-1:1, AgNPs:AC-2:1 respectively. 100
ul each of water sample for positive control, crude sample and three
filtrate samples were spread on the plate. For negative control only
nutrient agar media was used, no plating of water samples was done.
For crude, contaminated waste water was used for plating. For positive
control, filtrate from only activated charcoal filter bed was used (no
AgNPs in filter bed for positive control).Water samples were spread
on the solidified medium. The plates were observed after incubation
of six 6 hours and colonies were counted using android based ‘colony
counter’. All experiments were done in triplicates.

DNA estimation of water samples by Diphenylamine method:
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DNA estimation of water samples was done following the standard
procedure of diphenylamine method [14]. A fresh solution of
diphenylamine solution was prepared by dissolving 1g of diphenylamine
(Nice chemicals, India) in 100 ml of glacial acetic acid (Sigma Aldrich,
India) and 2.5 ml of concentrated H,SO, (Sigma Aldrich, India). 2 ml of
DPA reagent was added to all standard and test samples. The contents
of the tubes were mixed by vortexing. Test tubes were then incubated
on a boiling water bath for 10 mins. Absorbance was measured at 595
nm against blank. Standard curve was plotted by taking concentration
of DNA along X-axis and absorbance at 595 nm along Y-axis. From
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Figure 2: (a) Bioreductant used for study Citrus limetta, its peel and
derived extract (b) Representative UV spectra showing synthesis of silver
nanoparticles at different reaction conditions utilizing peel extract as the
source of reductant (c) Color change in different samples after addition of
peel extract.

Figure 3: SEM micrograph of silver nanoparticles from two samples (a) S-24,
(b) S-10.

this standard curve, the concentration of DNA in the given samples
was calculated.

Quantitave analysis of carbohydrate using Benedict’s assay:
Benedict’s reagent was prepared by following the standard method
[15]. Standard glucose solution (1%) was prepared. For crude (S1), 10
ml crude sample was mixed with 40 ml of 1% glucose solution. Positive
control (S2) was prepared by mixing10 ml positive control to 40 ml of
1% glucose solution. For filtrate (S3), 10 ml filtrate is mixed with 40 ml
of 1% glucose solution.

Screening of E. coli in filtrate by using MacConkey agar plate:
MacConkey agar (1.5 g) and agar (1 g) were added in 200 ml of distilled
water in a 500 ml conical flask. Media was sterilized and after setting of
media in petriplates, different samples of filtrate, crude water, positive
control and pure E. coli strain as control were streaked over the plates.
The petridishes were incubated at 37°C for 18-20 hours.

Results and Discussions
Synthesis of silver nanoparticles

Nanoparticles were synthesized from peel of fresh and healthy
fruits of Citrus limetta (Figure 2a). After the addition of peel extract to
silver nitrate solution, the color changed from pale yellow to brownish
indicating the synthesis of silver nanoparticles. The color change was
due to the excitation of surface plasmon vibrations with the silver
nanoparticles [16].Similar observations were made during green
synthesis of silver nanoparticles using the extracts of Citrus lemon [17].

Different color changes were observed for various samples
depending on the conditions they were subjected to (Figures 2b and
2¢). It was observed that increase in temperature increases the rate of
reaction and consequently faster color change of reaction mixtures.
Also, with the addition of NaOH to the reaction mixtures, color change
was very fast. We observed that a combination of high reductant
volume, high temperature and high amount of NaOH resulted in
abrupt color change for S-8 and S-20. This abrupt color change was
also observed by Sahoo et al. [18] Color change was observed to be slow
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in S-12 and S-24 and reaction was completed in 96 hours. For all other
samples, reaction started 10-30 minutes after incubation.

Characterization

UV-Vis spectroscopy: The prepared aqueous solutions (S-1 to S-24)
of Ag nanoparticles showed an absorption peak in the range of 390-450
nm, which is a typical absorption band of silver nanoparticles. It is well
recognized that the absorbance of Ag NPs mainly depends upon the
size and shape [19]. We observed a sharp narrow peak for S-24 and
S-10 indicating towards the formation of monodisperse nanoparticles.
Different patterns of absorption were observed in different samples
(Figure 2b). Good stability, reproducibility and nature of peak in UV-
visible spectroscopy led us to select samples S-24 and S-10 for further
studies.

SEM analysis: The SEM image of silver nanocubes synthesized
by biological reduction method and green synthesis process by using
Citrus limetta peel extract AgNO, was shown in Figure 3a and b. The
SEM image show clear synthesis of nanocubes. The reaction conditions
for S-10 and S-24 are almost similar (Volume of reductant: 3 ml, pH
6, temperature: 27°C). The main difference lies in concentration of
AgNO, which is 0.001 M for S-24 and 0.01 M for S-10.

Size and shape of nanocubes was uniform in S-24 as compared to
S-10, where some aggregation was also observed. Figures indicate that
nanoparticles were more stable in S-24 while in S-10 some aggregation
was observed. In S-24, nanoparticles were in the range of 163-205 nm,
and this range was lower in S-10 being 37-59 nm. Nanocubes have a
higher peak absorbance as seen in S-24, while aggregated nanoparticles
have lower absorbance maxima as seen in S-10. Reason of selecting
these two samples for analysis was significant yield and stability.

Plackett burman statistical analyses

The upper and lower limits for the parameters were fixed on the
basis of preliminary experiments. A 24-run table was generated by

Std Order Run Order Conc of AgNO, (M) = Volume of reductant (ml)
1 1 0.01 3
15 1 0.001 15
19 1 0.001 15
5 1 0.01 15
21 1 0.001 3
6 1 0.01 15
13 1 0.01 3
11 1 0.001 15
3 1 0.001 15
8 1 0.001 3
7 1 0.001 15
9 1 0.001 3
24 1 0.001 3
10 1 0.01 3
14 1 0.01 15
16 1 0.01 3
18 1 0.01 15
4 1 0.01 3
17 1 0.01 15
23 1 0.001 15
2 1 0.01 15
22 1 0.01 3
20 1 0.001 3

Minitab 16 statistical software, from the six variables considered for
this study (Table 1). It was observed that temperature was the most
significant factor that affected the synthesis of silver nanoparticles,
followed by illumination and pH. Concentration of silver nitrate was
the least significant factor (Figure 4). Using the standard equation
mentioned in material and methods section, yields for different samples
were calculated and listed in (Figure 4).

Antibacterial efficiency of AgNP: AC filter bed

A higher number of colonies were observed in crude ie. the
contaminated water sample (177) and positive control i.e. filtrate
obtained by using only activated charcoal as filter bed (148) as compared
to filtrates. In their case, number of microbial colonies decreased with
increase in concentration of AgNPs (65 in 1:2, 13 in 1:1 and 6 in 2:1 of
AgNP:AC), respectively. Phong et al. [20] reported 100% antibacterial
efficiency of Ag nanoparticle filter for gram negative bacteria, such as E.
coli and about 99.79% antibacterial efficiency in gram positive bacteria.
In the present study, we have reported antimicrobial efficiency of
96.6% and 100% antibacterial efficiency against gram negative bacteria
(E. coli). This efficiency can be further increased by incorporating
other techniques in silver nanoparticle based filters such as use of
ultraviolet radiation, ultrasonication and antimicrobial agent. Water
filters with such new approaches show drastic increase in effectiveness
in contaminated water purification process [21].

Estimation of DNA in different samples of filtrate by using
Diphenylamine method

The basic idea behind this estimation was that more amount of
DNA would be present in sample with higher number of microbes and
vice versa. Standard graph was plotted by using O.D. values measured
using spectrophotometer at 595 nm. From the standard graph, DNA
concentration in crude sample was found to be 5.308 pg/ml and
in positive control it was 4.842 ug/ml. Treated filtrate showed DNA
concentration of 1.751 ug/ml (in 1:2), 1.673 pg/ml (in 1:1) and 1.596

Ph Tecmperature (°C) Reaction Volume (ml) Illlumination
9 27 250 Dark
9 27 1000 Dark
9 80 250 Light
6 80 1000 Dark
6 80 1000 Light
9 27 1000 Light
9 27 250 Dark
6 27 250 Light
9 27 1000 Dark
9 80 1000 Dark
9 80 250 Light
6 80 1000 Light
6 27 250 Dark
6 27 1000 Light
6 80 250 Dark
9 80 250 Light
9 27 1000 Light
9 80 250 Light
6 80 1000 Dark
6 27 250 Light
6 80 250 Dark
6 27 1000 Light
9 80 1000 Dark

Table 1: Plackett Burman analysis using Minitab 16 generated a 24 run table for 6 factors; all experiments were done in duplicates.
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Figure 4: Graph showing significant factors affecting Ag nanoparticle synthesis and frequency of residual values (Expected-Observed).

Figure 5: MacConkey agar plating showing colonies of E. coli in contaminated water sample (crude), positive control (activated charcoal filter
bed) and filter bed containing different ratios of AGQNPs with activated charcoal (AC).

pg/ml (in 2:1) of AgNPs: AC, respectively. Thus, we can conclude
that the number of microbes decreased with the increase in AgNP
concentration in AgNP:AC filter.

Quantitative analysis of different filtrate samples by Benedict’s
carbohydrate assay

Carbohydrate assay was done on the different samples of filtrate. The
results shows amount of dextrose degraded in 24 hours. It was found
to be 0.207 g for crude water, 0.155 g for positive control and 0.124 g
for filtrate (1:1; AgNPs: AC). So, more the number of microbes more
will be carbohydrate degradation. A decrease in degraded carbohydrate
concentration in case of (1:1; AgNPs: AC) shows that the microbial
count has decreased due to antimicrobial effect of silver nanoparticles.
Similar implications have been drawn by Burney et al. [22].

MacConkey agar plating

MacConkey agar plating is done for isolation of enteric Gram
negative bacteria. Pink color colonies show presence of E. coli [23].
Pink colonies (E. coli) were not observed on plates, where 1:1 and 2:1
filtrates were plated showing 100% effectiveness of filter bed against
gram negative bacteria (E. coli). Few bacterial colonies could be seen on
low concentration silver nanoparticle filter bed filtrate (1:2 AgNPs:AC),
however with increase in concentration of silver nanoparticles in filter
bed, total number of bacterial colonies decreased to none in filtrate
(Figure 5).

Conclusions

We were successfully able to synthesize silver nanocubes from the
peel of Citrus limetta. As mentioned in the introductory section, this
is one of the most feasible sources of reductant due to its low cost and
all year round availability in Indian context. Apart from this, the work
reported here stands out from others in various aspects. First, this is
the first report which calculates the yield of synthesized AgNPs from
a biological substrate. Yield is an important indicator to demonstrate
the efficiency of used substrates and reductants in a reaction. Secondly,
conditions for optimal yield of AgNPs were screened using Plackett
Burman design. To the best of our knowledge this is the first study
that has reported synthesis of silver nanocubes from Citrus limetta
peel as substrate. In terms of yield, S-10 and S-24 were best and the
particles were in narrow size range and stable as confirmed by the
results of SEM. Fourth important highlight of this study is use of silver
nanocubes with activated carbon for waste water treatment. A water
filter was designed and microbiological characterization of filtrate was
done. DNA estimation, Benedict’s carbohydrate assay and MacConkey
agar plating of filtrate suggested that the antimicrobial action showed a
considerable improvement with increase in concentration of the silver
nanoparticles in the filter bed.
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