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1.  Introduction

Recently, silver nanoparticles (AgNPs) have attracted sig-
nificant interest in the field of biomedical applications [1–3]. 
There are numerous researches on its biological labelling, 
drug delivery, cancer therapy, antibacterial activity and molec-
ular imaging abilities [2, 4, 5]. Their unique optical properties 
related to the localized surface plasmon resonance (LSPR) 
have a great scientific interest [3]. When photons interact 
with the surface of AgNPs, the outer free electrons in the 
conduction band form localized plasmons. Surface plasmon 
resonance (SPR) is a collective excitation of the free elec-
trons near the surface of the nanoparticles [6, 7]. Electrons 

are limited to specific vibrations modes by the particle’s size 
and shape, only specific wavelengths of light cause outer elec-
trons to oscillate. When these resonances occur, the intensi-
ties of absorption and scattering are significantly higher than 
those of the same particles without plasmonic properties [8, 
9]. The intrinsic properties of metal nanostructures can be tai-
lored by controlling their size, shape, composition, crystal-
linity and structure depending on the experimental conditions. 
During the last decade, many synthesis methods have been 
reported for the preparation of silver nanoparticles (AgNPs). 
The metal nanoparticles can be prepared by two routes; the 
first one is a physical approach such as evaporation/condensa-
tion or laser ablation which requires the use of a tube furnace 
consuming a huge amount of energy [10]. The second one is 
a chemical approach in which the metal ions in solution are 
reduced. The chemical reduction approach is commonly used 
to prepare AgNPs because of time saving and cost-effective. 
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Abstract
The colloidal silver solution was synthesized by reducing silver nitrate (AgNO3) using 
sodium borohydride (NaBH4) and starch as a stabilizer agent. The size and optical properties 
of synthesized AgNPs were characterized by UV-Vis spectroscopy, Fourier transform-
infrared spectroscopy (FTIR) and transmission electron microscopy (TEM). The effects 
of several parameters on AgNPs were also investigated. The results have shown that the 
size of synthesized spherical silver nanoparticles was 8 ± 4 nm  and disperse in water. The 
synthesized AgNPs of his study exhibited a strong antibacterial activity against Gram-negative 
bacteria Escherichia coli (E. coli) and Gram-positive Staphylococcus aureus (S. aureus). The 
average zones of inhibition of AgNPs were of 7.7 mm for bacteria E. coli and 7.0 mm for S. 
aureus. In this study, the zone of inhibition of AgNPs was also compared to the reference 
antibiotics drug.
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There are several reductants commonly being used for the 
synthesis of the AgNPs such as sodium borohydride, citrate, 
ascorbate and elemental hydrogen [11]. The choice of reduc-
tant might influence the size and shape of synthesized AgNPs, 
for example, the sodium borohydride reductant is desired to 
achieve monodispersed and stability AgNPs of smaller than 
10 nm. It is also important to use a stabilizing agent or a pro-
tective agent to prevent the agglomeration of the dispersive 
nanoparticles during preparation. Polymers used as stabilizers 
are poly-vinylpyrrolidone (PVP), poly-ethylene glycol (PEG), 
poly-methacrylic acid (PMAA), starch and poly-methyl-meth-
acrylate (PMMA). In this study, we used the chemical reduc-
tion method with sodium borohydride as the reductant and 
starch as the stabilizing agent. This simple method is cheap, 
fast and requires only basic equipment. The method allows 
the preparation of silver NPs with a different size and distribu-
tion. Several synthesis parameters were varied in order to find 
the optimum protocol allowing the formation of stable AgNPs 
with the meaning optical properties. The synthesized AgNPs 
were characterized by ultraviolet-visible (UV-Vis) absorption 
spectroscopy, transmission electron microscopy (TEM) and 
Fourier transform infrared spectroscopy (FTIR). The anti-
bacterial effects of AgNPs on Escherichia coli (E. coli) and 
Staphylococcus aureus (S. aureus) were also investigated.

2.  Experimental

2.1.  Chemicals

All chemicals, supplied by Sigma-Aldrich, were of analytical 
grade and were used as received without further purification. 
Silver nitrate (AgNO3, 99.8%) was used as the precursor of 
Ag. Sodium borohydride (NaBH4) and soluble starch (linear 
structure (C6H1005)n) were used as the reductant and the sta-
bilizer, respectively. The other solutions were freshly made 
for the experimental procedures in this work. Deionized water 
was used in the experiments, and all glassware was cleaned 
thoroughly by rinsing with ultrapure water prior to use.

2.2.  Synthesis of AgNPs

The synthesis of colloidal silver nanoparticles (AgNPs) was 
performed using NaBH4 as the reducing agent. First, a 100 ml 
of a 10−3 M solution of AgNO3 were mixed with various 
amount of 0.2, 0.5, 1.0 and 2.0 gram of starch to generate 
4 different starch solutions containing Ag+ ions. Second, the 
solution was stirring vigorously on a magnetic stirrer at 70 
°C to ensure that the mixture was homogeneous. While the 
solution was stable at 70 °C, 5 ml of 2 × 10−3 M sodium 
borohydrides solution was added gradually to the solution. 
There acted solutions then cooled to room temperature. The 
chemical reaction is the sodium borohydride reduction of 
silver nitrate [12]

AgNO3+NaBH4 → Ag0+H2+B2H6+NaNO3.

The starch containing Ag+ solutions turned to light yellow 
after the addition of the sodium borohydrides solution and to 

brighter yellow when all of the sodium borohydride solution 
had been added (figure 1). The overall reaction process was 
carried out in the dark box to avoid unnecessary photochem-
ical reactions [13]. Figures 1(a) and (b) describe the colloidal 
AgNPs after addition of the NaBH4 solution within 2 min and 
5 min, respectively.

To investigate the formation and property of the AgNPs, 
there are several reaction parameters were change including; 
the amount of starch, reaction time, the silver nitrate concen-
trations and pH environment.

2.2.1.  Influence of the amount of starch on the stability of 
AgNPs.  In order to investigate the stability of the AgNPs, 
a different amount of starch was use as the stabilizer as men-
tioned above. The samples were denoted as S0.2, S0.5, S1, 
and S2 for 0.2, 0.5, 1 and 2 g of starch using in the first solu-
tion, respectively. The reaction time was secured at 10 min and 
70 °C. The samples were then analyzed by UV-Vis spectro-
photometry, TEM image and FTIR spectra.

2.2.2.  Effects of reaction time on synthesis of AgNPs.  In 
this experiment, the sample prepared by 0.2 g of starch and 
the temperature of 70 °C was selected, then, the reaction 
time was change to 1, 3, 5, 10 and 20 min. The five reaction-
time-dependence samples were analyzed by the UV-Vis 
spectrophotometry.

2.2.3.  Effects of silver nitrate concentrations on synthesis of 
AgNPs.  To investigate the dependence of the optical density 
of the colloidal AgNPs on the AgNO3 concentrations, a series 
of 4 colloidal AgNPs samples were prepared by the reac-
tion of different concentration of AgNO3 of 10−3, 2 × 10−3, 
3 × 10−3 and 6 × 10−3 M with the reducing agent solution. 
The reaction time of the samples was fixed at 10 min.

2.2.4.  Effects of pH on the synthesis of AgNPs.  To investi-
gate the optical plasmon characteristic of the AgNPs prepared 
in different pH environment, the AgNPs were synthesis with 
the same conditions with the above experiments but at pH 
environment from 1.8 to 9.1 for 10 min reaction time. The pH 

Figure 1.  Color of the colloidal AgNPs after (a) 2 min and (b) 5 min 
of reaction.
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level was controlled by adding a small amount of acid or base 
to the Ag+ in starch solution.

2.3.  Characterization of AgNPs

UV-Visible spectroscopy is one of the most widely used tech-
niques for structural characterization of silver nanoparticles. 
It was monitored at room temperature using a double-beam 
UV–Vis spectrophotometer (HITACHI-U2900, Japan) at a 
wavelength of 300–600 nm. The deionized water was used as 
the blank. The morphological characteristics and the size of 
AgNPs were performed on JEM-1010 (JEOL) high-resolution 
transmission electron microscopy (TEM) operated at 80 kV. In 
order to detect the possible functional groups of the interac-
tion of starch with the synthesized AgNPs, the samples were 
investigated by FTIR spectra recorded by Spectrum FTIR 
Affinity—1S (SHIMADZU).

2.4.  Antibacterial activity

The antibacterial assays of the AgNPs were assessed by using 
the Kirby-Bauer method against human pathogenic [14]. The 
Gram-positive Staphylococcus aureus (S. aureus) and strains 

of Gram-negative Escherichia coli (E. coli) bacteria were 
selected to evaluate the antibacterial activity of AgNPs. The 
microorganisms were provided from the culture collection 
of Biotechnology of Thai Nguyen University of Science in 
Vietnam. The identity of the bacterial strains was confirmed 
morphologically and through using of biochemical techniques. 
Agar plate punching method is used to evaluate the antimicro-
bial activity of the sensitized AgNPs. 10 ml of nutrient agar 
medium was poured into sterile Petridishes (as a basal layer), 
then 15 ml of seeded medium previously inoculated with bac-
terial suspension (100 of medium per 1 of 107 CFU) to attain 
105 CFU/of the medium. The plates are perforated (10 mm in 
diameter) as a well loaded with of 100 µl of the nanoparticle 
solution. After incubator at 37 °C for 24 h, the zone of inhibi-
tion was recorded and measured.

3.  Results and discussion

3.1.  Influence of the amount of starch on the stability  
of AgNPs

In this study, the starch is used as the capping agent for 
AgNPs. Figure 2(a) shows the UV-Vis absorption spectra of 

Figure 2.  (a) The absorption spectra of the AgNPs solution at different amounts of stack (S0.2, S0.5, S1, and S2) and the inset picture are 
the images of the samples; (b) the plot of the absorption intensity of the AgNPs versus different amount of starch; (c) the TEM image of the 
S0.2 sample and (d) the distribution of the AgNPs size as measured from (c).
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the AgNPs solutions which were capped with various amount 
of starch of 0.2, 0.5, 1 and 2 g defined as S0.2, S0.5, S1, and 
S2, respectively. The spectrum revealed characteristics of 
silver Surface plasmon resonance (SPR) located in between 
405–413 nm and the spherical AgNPs. The absorption spec-
trum indicates that these AgNPs have a small size and regular 
distribution. The absorption peaks increase with increasing 
the starch concentration and slightly blue shift (S0.2 at 
413, S0.5 at 410, S1 at 408 and S2 at 405 nm) as shown in 
figure 2(b). This result could be explained that an increase of 
starch concentration leads to an increase in the number of the 
silver nanoparticles to be capped. Figure 2(c) describes TEM 
image of the S0.2 sample, the TEM image reveals a spherical 
and uniform AgNPs. The image shows clearly monodisperse 
AgNPs with the diameter distributed around 8 ± 4 nm as seen 
in figure 2(d).

3.2.  Effects of reaction time on synthesis of the AgNPs

Figure 3(a) presents the UV-VIS spectra of the colloidal 
AgNPs solutions in which the samples were synthesized at 
different reaction time from 1 to 20 min and capped by 0.2 g 
starch. The Surface Plasmon resonance intensity which is at 

392.8 nm increases slightly for the reaction time from 1 to 
10 min and stays quite stable at 5 min of the reaction time 
(green line) with the value of the absorbance intensity of about 
0.8 (a.u). But when the reaction time increases to 20 min, the 
intensity of the absorption peak decreases. The dependence of 
the reaction time and the intensity of absorption peaks of the 
AgNPs solution is plotted in figure 3(b). It might reveal that 
the reaction time to synthesize the stable AgNPs was around 
10 min.

3.3.  Effects of silver nitrate concentrations on the synthesis  
of AgNPs

The UV-Vis absorption spectra of the samples synthesized 
by various AgNO3 concentration are shown in figure 4. The 
absorption intensity increases quasi linearly with an increasing 
of AgNO3 concentration during the reaction (figure 4(a)). All 
the solutions exhibited characteristic of the AgNPs surface 
Plasmon resonance (SPR) typically located in between 393–
403 nm. This is characteristic of silver nanoparticles [14]. The 
intensity of SPR absorption peak increase with the increasing 
of the AgNO3 concentration before reacting and slightly red 
shift The concentration of the AgNO3 solution was 1, 2, 3, 

Figure 3.  UV-Vis spectra of the AgNPs solutions in experiment recorded as a function of reaction time: (a) the absorption spectra 
corresponding to the different time of reaction; (b) the absorption intensity versus reaction time.

Figure 4.  (a) The UV-Vis spectra of the AgNPs fabricated by different AgNO3 concentrations; (b) the plot of the absorption intensity 
versus AgNO3 concentration.
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6 mM and the absorption peaks of the samples synthesized 
by those solution were 393, 397, 400, 403 nm, respectively. 
It means that the size of AgNPs made of from those solu-
tions was increasing and those solutions color changes from 
brighter yellow to red-orange. These results show that the 
absorption of the AgNPs solutions is directly proportional to 
the AgNO3 concentration in the range of optical density < 2.5 
(see figure 4(b)).

3.4.  Effects of pH on the synthesis of AgNPs

We also investigated the influence of pH environment on the 
AgNPs solution which was prepared in experimental sec-
tion 2.2.4. Because the pH of the solution is a critical param
eter influencing the properties of the synthesized Ag NPs 
[15–17]. Figure 5(a) shows the absorption spectra at 393 nm 
of the AgNPs solutions prepared in different pH value from 
1.78 to 7.16 during the reaction time. Figure 5(b) shows the 
evolution of the plasmon peak intensities as a function of 
pH-values of which the samples were synthesized. Avery 
low Plasmon peak intensity for the samples prepared in the 
pH level of 1.78 is observed. Then, the absorbance inten-
sity increases rapidly with the increase of the pH value and 
reaches a plateau for the pH value which is greater than 3. The 
disappearance of the surface plasmon absorption peak from 
the spectra of the sample prepared the pH level of 1.78 could 
correspond to an aggregation of AgNPs [18]. We might con-
clude that an almost instantaneous aggregation of silver NPs 
appears for the sample prepared in the pH value of around 2. 
The colors of the samples could also give information about 
the AgNPs properties. AgNPs are not stable at very low pH 
and it is seen that the colloidal silver solutions prepared by 
this method are stable in the base environment.

3.5.  Fourier transforms infrared (FTIR) spectroscopy

FTIR spectroscopy is used to analyze the chemical struc-
ture and determine the function group of the colloidal silver 
nanoparticles. The FTIR spectra of pure starch and AgNPs 
(sample S0.2) are shown in figure 6. From this FTIR spectrum 

of starch, the wavenumber at 3221 cm−1 is typical absorption 
bands of OH stretching. The different wavenumber and their 
identification are listed as: 1647 cm−1 (OH bending of water), 
1159 cm−1 (C-O stretching), 1082 cm−1 (C-O-C symmetrical 
stretching), 989cm−1 (COH bending) [19, 20]. From the FTIR 
spectrum of S0.2, we can see that it exhibits a similar pattern to 
that of pure starch. However, a shift in frequencies is detected 
for the signals associated with the OH functional group, a 
noticeable wavenumber at 3506 cm−1 (OH stretching) and 
997cm−1 (COH bending) and 1157cm−1 (C-O stretching) evi-
dently indicate the interaction of OH groups with AgNPs [21].

3.6.  Antibacterial activity of AgNPs

Figure 7 presents the synthesized AgNPs in experiment 2.4. 
The samples exhibit an effective antibacterial activity against 
E. coli and S. aureus. The diameter of the inhibition zones 
is shown in comparison with silver ion (100 µl of 10−3 M 
of silver nitrate solution) in figure 7 and table 1. The inhibi-
tion zones of 9 and 10 mm in E. coli were larger for samples 
S0.2 and S1, respectively, than 7 and 5 mm for samples S0.5 
and S2, respectively. And in S. aureus the inhibition zones 
of 12, 11, 3 and 2 mm for the samples S0.5, S0.2, S2 and 

Figure 5.  (a) UV-Vis absorbance spectra of silver nanoparticles for the samples prepared in different pH-values; (b) UV-Vis absorbance 
intensities at the plasmon peak (maximum absorbance) of silver nanoparticles for the samples prepared in different pH-values.

Figure 6.  FTIR spectra of pure starch and ST0.2 sample.
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S1, respectively are listed in table 1. It was clearly that the 
inhibition zones of silver ion were qualitatively similar to the 
inhibition zones of AgNPs in E. coli bacteria and larger than 
that of the inhibition zones of AgNPs in S. aureus case. This 
means that it is difficult to fully explain the observed tox-
icity of the AgNPs suspension and initial silver ions. Kim 
et al suggested that the toxicity of AgNPs is mainly due to 
oxidative stress and independent of silver ions [22]. However, 
it is not clear to which degree the toxicity of AgNPs results 
from released silver ions and how much toxicity is related to 
the AgNPs per second. The mechanism of the growth inhi-
bition of microorganisms by the AgNPs has been suggested 
that AgNPs penetrate the cell walls of the bacteria, causing 

deterioration in the plasma membrane, which leads to bacte-
rial cell death [23].

We also investigate the zone of inhibition of AgNPs was 
compared against the reference antibiotics drug (see figure 8). 
The present study clearly indicates that the stabilized AgNPs 
has excellent antimicrobial activity against gram positive 
organism of S. aureus and gram negative organism of E. coli. 
In the case of E. coli, the result shows that the antibacterial 
activity of the 20 µl (M) of AgNPs is equal to approximated 
89% of the antibacterial activity of the 5 mg of kanamycin 
antibiotics. For a case of S. aureus, ampicillin antibiotics used 
to compare and the result shows an equal of 73.3% of the anti-
bacterial activity of the 2 mg of ampicillin.

Figure 7.  Antibacterial activity of AgNPs against E. coli (a) and S. aureus (b).

Table 1.  Antibacterial activity of AgNPs against E. coli and S. aureus.

Zone of inhibition (mm)

Sample S0.2 S0.5 S1 S2

E. coli 9 7 10 5
S. aureus 11 12 2 3

Figure 8.  Zone of inhibition of AgNPs was compared against the reference antibiotics drug: ampicillin for bacterial S. aureus (a) and 
kanamycin for bacterial E. coli (b).
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4.  Conclusion

In conclusion, we have demonstrated that the method of reduc-
tion Ag+ to Ag0 by sodium borohydride as the reaction agent 
and the starch as stability agent was used for the synthesis 
of spherical shape and diameters average of 8 nm AgNPs. 
Our method showed that the synthesized AgNPs exhibited a 
good antibacterial activity against Gram-positive pathogenic 
bacteria (S. aureus) and Gram-negative bacteria E. coli. So, 
this AgNPs can be applied as antibacterial coatings for many 
foods production.
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