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ABSTRACT

Silver nanoparticle (Ag-np) was successfully synthesized by using the simple green chemistry method. Its
antibacterial activity was studied against Staphylococcus aureus and Escherichia coli according to agar well
diffusion method. The green synthesis was carried out by mixing the silver nitrate, glucose, and starch as precursors
at 90°C for 4 hours. The UV-Vis spectra show the characteristic of spherical Ag-np in the range of 410-425 nm and
it is confirmed by TEM image. The Ag-np has an average diameter of 8.41 + 4.37 nm. As the reductant mole
composition increases, the SPR decreases and shifts to red due to the further growth of tf§Ag-np. When the
stabilizer composition increases, the SPR intensity also increases and shifts to red. The formed Ag-np is stable even
after one-month synthesis. The antibacterial test on the Ag-np was carried out agaiq gram-positive bacteria
(Staphylococcus aureus) and gram-negative bacteria (Escherichia coli). The result shows that a higher concentration
of Ag-np is required to kill Staphylococcus aureus compared to Escherichia coli.
Keywords: antibacterial, glucose, green synthesis, silver nanoparticles, starch
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INTRODUCTION

The nanotechnology has been developed in recent years due to the wide application in the human beings.
It can be applied in electronic devices', health cares?, industrial chemistry®, etc. The used material in

notechnology is called the nanomaterials. The nanomaterials are the materials with 1-100 nm in size.
gne of the famous nanomaterials is silver nanoparticles (Ag-np). The Ag-np has been reported to have
strong antibacterial activity. Nowadays there are many environmental problems and illness caused by the
microbial pathogen. Thus, the researchers develop many methods to save the environment from the
microbial pathogens, include utilization of Ag-np. For a long time ago, the researchers reported that Ag-
np can kill until 650 pathogen microorganism, inclfle bacteria, viruses, parasites, fungi, etc.?
The main aspects which influence the activity of Ag-np are the size and the shape of the Ag-np.” Thus,
the main effort for controlling the size and the shape of the Ag-np is very critical. The Ag-np size and
shape can be controlled with various of synthesis route, There are various methods to synthesize the Ag-
np. In general, the synthesis method can be divided into 3 (three) methods, namely the physical®,
chemical’, and biological or green chemistry method.® All of these synthesis methods involve the use of
reductants and stabilizers as the precursors. Some examples of the common reductant are sodium
borohydride,*'? sodium citrate,!" dimethyl sulfoxide (DMSO),"? ethylene glycol (EG)," formaldehyde, "
and ascorbic acid.'’> While some example of the common stabilizers is a halide, carboxylate, and polymer
compounds.'®'®
The lhysical method has several drawbacks, for example, it usually requires high energy consumption
and high cost due to the use of some modern equipment.” In the other hand, the chemical method
requires inorganic chemical which harmful to the environment.”
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In our study, we developed the simple green chemistry method to synthesize Ag-np. The green chemistry
route refers to the method by using the biological template to obtain the Ag-np. The examples of the
biological template are bacterial enzymes?®', fungi enzymes®?, algae metabolites®, plant extracts®, etc. We
use the biological template due to the environmentally benign method and produce fewer impurities than
others. The biotemplate also belongs to renewable resource due to a vast organism which can produce
metabolite compound to form the Ag-np. For biological template synthesis, the main functional groups
that have a strong effect to reduce the silver ion into silver metal are carboxyl®, aldehyde®, and
hydroxyl,”” whereas the active functional groups for stabilizing the Ag-np is usually peptide from
proteins.?®
In this study, we used glucose and starch as the biological template to synthesize the Ag-np. We used
those biological templates because it is easily encountered in the daily life. Raveendran, Fu, and Wallen
(2003) have used glucose and starch to synthesize the Ag-np.* They used 0,01 mmol of AgNOs, 0,015
mmol of glucose solution, and 6 mL of 0,17% wt starch to prepare the Ag-nffl] The synthesis condition
was 40°C and 20 hours of stirring time. As a result, the SPR intensity of the formed Ag-np was around
420 nm. The average particle diameter was 5.3 + 2.6 nm. Firstly, in our study, we used shorter reaction
time by increasing the reaction temperature to synthesize the Ag-np. Then, we also varied each precursors
composition to study the influence of the glucose and starch for preparing the Ag-np. And finally, we will
study the antibacterial activity of the Ag-np against gram-positive bacteria (Staphylococcus aureus) and
gram-negative bacteria (Escherichia coli).

EXPERIMENTAL
Materials
All of the chemicals were used without further purification. Silver nitrate (AgNOs, Merck) was used as
the silver precursor. D(+)-glucose anhydrous (CsHi20s, Merck) and starch (Merck) were used as the
biological template. The distilled water was used as a solvent. For the antibacterial test, the
Staphylococcus aureus (ATCC 25923) and Escherichia coli (ATCC 25922) were provided by Balai
Laboratorium Kesehatan Yogyakarta. The Mueller-Hinton agar media was used as a medium for bacterial
growth.

gynthesis of Silver Nanoparticles (Ag-np)
The Ag-np was prepared by following the method of reference®® with some modifications. The green
synthesis B4 Ag-np using glucose and starch was achieved through the mixing of silver nitrate 0.025 M,
glucose 0.05 M, and starch 1% followed by heating at 90-95°C for 4 hours. The reaction was carried out
in closed and dark condition to avoid a photochemical reaction. The choice of reaction condition was
based on the reference®. The effect of reductant composition was studied by varying the mole
composition of silver nitrate solution and glucose solution 1:1, 1:1.5, and 1:2 respectively. While the
variation of starch 1% solution 10, 20, 25, and 30 mL was applied to study the effect of the stabilizer. The
change of the solution was observed from the first hour until four hours after the stirring procedure.

Characterization of the Ag-np

The color change of the solution was the proof of the Ag-np formation. The surface plasmon resonance

was measured by UV-vis spectrophotometer (UV 2400 PC Series, Shimadzu) in interval 200-700 nm.

The morphology and the particle size of the formed Ag-np were determined by transmission electrof)
microscope (TEM JEOL JEM 1400) operating at 100 kV. The TEM samples were prepared by placing a

drop of the Ag-np on carbon-coated copper grids followed by solvent evaporation at room temperature.

Antibacterial Test

The antibacterial activity of the Ag-np was grformed by agar well diffusion (AWD).*"** The amount of
0.5 McF fresh c@pnies of Staphylococcus aureus and Escherichia coli were spread on Mueller-Hinton
agar plates. The holes made in agar with 5 mm diameter were aseptically filled with 50 uL. @& Ag-np in
different concentrations (0.25, 0.5, 1, 6.25, 12.5, 25, 50, and 100 pg/mL). Furthermore, the plates were

1138

GREEN SYNTHESIS OF SILVER NANOPARTICLES Chanel Tri Handoko er al.




RASAYAN J. Chem.
Vol. 10 | No. 4 |1137-1144 | October - December | 2017

incubated at 36 + 1 °C for 24 h and the zone of inhibition was measured (in millimeters) under reflected
light.

RESULTS AND DISCUSSION
UV-Visible Absorption Studies
A study of UV-Vis spectra was carried out in the range of 200-700 nm to determine the surface plasmon
resonance (SPR) of the synthesized Ag-np. All of the compounds undergo the change in color from clear
solution (initial mixture)-yellowish-brown to dark brown (the final product). The color changing from a
clear solution to brown indicates the formation of the Ag-np.
All of the synthesized Ag-np have the SPR value in the range of 410-425 nm. This specific wavelength
corresponds to the Ag-np plasmon resonance. The past studies revealed that the SPR value for the Ag-np
was in the range 410-450 nm and attributed to the spherical Ag-np.>*-** The TEM image from this study
confirms the spherical shape of the Ag-np.
The effect of the silver nitrate to reductant composition and also the stabilizer composition to synthesize
the Ag-np was investigate in this study.
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Fig.-1: Effect of the silver nitrate to glucose mole composition for Ag-np synthesis. (a) 1:2, (b) 1:1.5, and (c) 1:1

As shown in Figure-1, the comparison of UV-Vis spectra from different glucose (reductant) composition
was studied. In general, it can be seen that increasing the glucose composition gives the effect on
decreasing the SPR absorption intensity. The SPR value is 415.50, 418.50, and 419 nm for the
composition 1:1, 1:1.5, and 1:2 of silver nitrate : glucose, respectively. Increasing the glucose
concentration contributes to the red-shift effect of the SPR. The literature reveals that the red-shift effect
corresponds to the larger Ag-np size.*

The influence of glucose composition can be described as follows. The excess of glucose initiates the
further growth of the particles. Thus, this phenomenon triggers the increasing SPR value. As the excess of
glucose triggers the growth of the particle, the intensity of SPR decreases due to less new particles
produced through this reaction. The maximum SPR intensity (1.17) occurred at 1:1 of silver nitrate to
glucose composition and the lowest (0.58) occurred at 1:2 of silver nitrate to glucose composition.

To study the effect of starch addition, we varied the amount of starch solution 1% from 10 mL to 30 mL.
As the starch volume increases, the SPR absorption intensity also increases (Figure 2). The intensity of
SPR absorption are 1.28, 1.24, 0.89, and 0.63 for 30 mL, 25 mL, 20 mL, and 10 mL addition of starch 1%
solution, respectively. This phenomenon is due to the increasing aldehyde functional group during
synthesis reaction. The starch as glucose polymer can produce aldehyde through hydrolysis reaction when
the starch solution is heated. The aldehyde is a strong reductant for silver ions. Thus, as the starch volume
increases, the more new Ag-np is produced.
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From Figure 2 it can be seen that there is an only slight increase in SPR intensity by adding the starch
volume from 25 mL to 30 mL. It indicates that addition of more starch does not have a significant effect
on SPR values.

Furthermore, while the amount of the starch increases, the amount of hydroxyl functional groups
increases too. The hydroxyl functional group has a role to cap the surface of the Ag-np. The Ag-np
surface is stabilized by the hydroxyl group, then the excess of aldehyde has a role to reduce the other
silver ion and to produce new particle. For this reason, it offers a theory that the hydroxyl group
contributes to increasing the SPR intensity.

Absorption

460 560 600
wWav ngth (nm)
Fig.-2: Effect of the stabilizer volume for Ag-np synthesis(a)10 mL, (b)20 mL, (¢)25 mL and (d)30 mL of starch 1%

The SPR shows a sharp peak at 419, 417.50, 417, and 421.50 nm for 30, 25, 20, and 10 mL of starch
solution 1%, respectively. This tendency indicates that increasing the starch volume contributes to the
red-shift effect of SPR. The red-shift effect corresponds to the larger Ag-np size.*

The explanation of the red-shift phenomenon with the addition of starch solution can be described as
follows. In fact, the main function of starch is stabilizer or capping agent. The hydroxyl groups of starch
bind with the Ag-np and make a steric repulsion. Thus, it can avoid the agglomeration of the Ag-np. If the
agglomeration can be minimized, the smaller Ag-np will be produced. In the other hand, the other fact
reveals that when the amount of the starch increases, the amount of aldehyde compound increases too. As
described before, the other effect of aldehyde excess can trigger the particles growth of the Ag-np. From
the UV-Vis spectra can be inferred that the slight shift phenomenon of SPR due to increasing the
aldehyde compound.

(a) ® g (© (d)

Fig.-3: The color change of Ag-np after (a) 1 hour, (b) 2 hours, (¢) 3 hours), and (d) 4 hours synthesis
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The exception is a sample with the starch amount of 10 mL. Because of the lack amount of the hydroxyl
groups of starch, the aldehyde has the major role in the reaction and triggers the growth of the
nanoparticle., Thus, with the amount of starch solution 10 mL, the SPR is red-shifted due to the larger
nanoparticle are produced.

A sample with silver nitrate to reductant ratio 2 : 1 and starch amount of 20 mL was used to study the
time effect for Ag-np preparation. The time dependent for Ag-np preparation reveals that the SPR value
does not change from 1-hour reaction to 4 hours reaction (Fig.-3). The reaction time only influences the
SPR absorption and no effect for the SPR shifting. The SPR absorption becomes larger with increasing
the reaction time.

TEM Analysis
The spherical shape of the formed Ag-np was revealed by the Transmission Electron Microscopy (TEM)
image. Figure 4 shows the TEM image of Ag-np in various magnifications.

@ ®)
Fig.-4: The TEM image of the synthesized Ag-np with (a) 300,000 and (b) 200,000 of magnifications

The average size diameter of the formed Ag-np is 8.41 £ 4,37 nm. This TEM image shows that the
particles are still in the range of nanometer scale with spherical shape until one-month after synthesis. It is
evidence that the starch can stabilize the nanoparticle surface to avoid the further agglomeration. Thus,
the stable nanoparticle can be obtained.

Figure-5 shows the histogram distribution of the Ag-np particle. The minimum size is 3.66 nm while the
maximum is 21.12 nm. From this histogram can be seen that the spherical Ag-np are normally distributed
even after one-month synthesis. The advantage of using this method compared with other study is that it
does not need the addition of NaOH as pH accelerator.’®*” Thus this method is environmentally benign
due to no more inorganic chemical addition.

The Formation Mechanism of Ag-np Using Glucose and Starch as Precursors

In this study, we use glucose as reductant and starch as the stabilizer. These two natural precursors are
used due to the abundant of these materials. The glucose is known as reducing sugar due to the presence
of the aldehyde functional groups in its structure, In the Ag-np preparation, the glucose donates its
electrons to the silver ions and is oxidized to become gluconic acid, while the silver ions are reduced into
silver metallic.™

The main functional group of starch stabilizing the Ag-np is a hydroxyl group. We use starch in this study
due to the weak binding interaction between the hydroxyl groups and the particle, so it can easily separate
with the increase of the temperature. The other advantages are the starch can integrate with the body and
has no toxicity.

The starch is a polymeric form of the glucose. The main constituents of the starch are amylose and
amylopectin. When the starch solution is heated, the hot water changes amylose and amylopectin into
smaller molecules called glucose. This reaction is called as hydrolysis reaction.”” Thus, with the green
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synthesis process using the glucose and starch through hydrolysis reaction of starch can obtain more
glucose which gives contribution in the oxidation-reduction reaction. While the starch with hydroxyl
functional groups acts as the stabilizer.

40 —
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Fig.-5: The histogram of Ag-np particle size

The overall reaction in this prcess is:
2AgNOs(aq) + R-COH(aq) + H-O(aq) — 2Ag(s) + R-COOH(aq) + 2HNOs(aq) (1)

The Antibacterial Activity Against Staphylococcus aureus and Escherichia coli

The antibacterial activity of formed Ag-np was investigated using agar well diffusion (AWD) method.
The inhibition zone is shown in Table-1. In general, the antibacterial activity of Ag-np increases with
increasing the Ag-np concentration. This discovery is in agreement with the previous study on Ag-np
antibacterial activity.*

Table-1: Inhibition zone of Ag-np against Staphylococcus aureus and Escherichia coli in different concentration

No Ag-np concentration Inhibition zone (mm) against
(pg/mL) Staphylococcus aureus | Escherichia coli

1 0.25 0 0

2. 0.50 0 0

3. 1 0 7.17

4. 6.25 0 10

5. 12.50 12.17 12.33

6. 25 15.17 14

T 50 15.83 14.67

8. 100 17.67 15

In this study, variations of Ag-np concentration are 0.25, 0.50, 1, 6.25, 12.50, 25, 50, and 100 pg/mL. No
inhibition zone is found at concentration 0.25-6.25 pg/mL against Staphylococcus aureus and at
concentration 0.25-0.50 pg/mL against Escherichia coli. When the Ag-np concentration is increased from
12.50 to 100 pg/mL, the inhibition zone against Staphylococcus aureus gradually increases. The same
observation also occurs against Escherichia coli. When the Ag-np concentration is increased from 1 to
100 pg/mL, the inhibition zone will be seen more clearly. The minimum concentration of Ag-np in this
study is 12.5 pg/mL to inhibit Staphylococcus aureus and 1 pg/mL to inhibit Escherichia coli.

This result is also in agreement with previous study.*' As gram-positive bacteria, Staphylococcus aureus
is less susceptible than Escherichia coli (gram-neg@ive) bacteria on  Ag-np. This is due to the thicker
cell wall and more peptidoglycan in the structure of gram-positive bacteria than that of gram-negative
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bacteria. Thus, a.higher concentration of Ag-np is required to kill Staphylococcus aureus compared to
Escherichia coli.
The Ag-np activity against the microbial pathogens (for example Staphylococcusg@ureus and Escherichia
coli) has a proposed mechanism. In this mechanism, the silver ions are released during the interaction of
Ag-np with water or tissue fluid. The silver ions will penetrate the cell membrane and bound with the
electron donor functional groups such as phosphates, thiols, and indoles which contain sulfur and
phosphorous compounds. All of these compounds are a presence in DNA or ribosomes. Thus the DNA
function will be disrupted and the DNA cannot replicate. As a result, the microbial cell will not grow and
eventually die.*

(@ o (b)

Fig.-6: Antibacterial activity of Ag-np in different concentration against (a) Staphylococcus aureus and
(b) Escherichia coli

5 CONCLUSION
The Ag-np with the average diameter size of 8.41 + 4.37 nm was successfully synthesized by using
simple green chemistry method with silver nitrate, glucose, and starch as precursors. The UV-Vis spectra
show the characteristic of spherical Ag-np in the range of 410-425 nm. From this study, as the reductant
mole composition increases, the SPR decreases and shifts to red due to the further growth of the Ag-np.
When the stabilizer composition increases, the SPR intensity also increases and shifts to red. T
inhibitory effect of formed Ag-np on Escherichia coli is stronger than that on Staphylococcus aureus. A
higher concentration of Ag-np is required to Kkilling Staphylococcus aureus compared to Escherichia coli.
@hese results suggest that Ag-np can be used as effective growth inhibitors to both gram-positive and
gram-negative bacteria.
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