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A novel green synthesis of silver nanoparticles using 
soluble starch and its antibacterial activity
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Abstract: A green method of Silver nanoparticles (AgNPs) preparation has been established. This method depends 
on reduction of silver nitrate with soluble starch. The formation of AgNPs was observed by the color change from col-
orless to dark brown through the starch addition into silver nitrate solution. It was observed that use of starch makes 
convenient method for the synthesis of silver nanoparticles and can reduce silver ions into the produced silver 
nanoparticles within one hour of reaction time without using any harsh conditions. The prepared silver nanoparti-
cles were characterized by using UV-visible spectroscopy and evaluated for its antimicrobial activity. The synthesized 
green AgNPs showed a potential antibacterial activity that was stronger against Gram positive pathogenic bacteria 
(Staphylococus aureus and Streptococus pyogenes) than against Gram negative pathogenic bacteria (Salmonella 
typhi, Shigellasonnei and Pseudomonas aeruginosa). Inhibition zones diameter of antibacterial activity depends 
upon nanoparticles concentration as AgNPs exhibited greater inhibition zone for S.aureus (16.4 mm) followed by P. 
aeruginosa and S. pyogenes while the least activity was observed for S. typhi (10.4 mm) at 40 µl/ disc. These results 
suggested that AgNPs can be used as an effective antiseptic agents in medical fields and process of synthesis cre-
ates new opportunities in process development for the synthesis of safe and eco-friendly AgNPs.
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Introduction

Nanoscience and nanotechnology has seen 
major development in the bio-fabrication pro-
cess of metal nanoparticles (MNPs) [1]. The 
MNPs are broadly applied in the science and 
technology such as medicine, biology, biotech-
nology, chemistry, physics, and catalysis, elec-
tronics and material sciences. In addition, 
Silver nanoparticles (AgNPs) are considered as 
an effective antiseptic and antimicrobial agents 
for treating wounds and may have a potential 
commercial application as medical tools and 
health care products [2, 3]. AgNPs have drawn 
intensive interest in recent years due to the 
low-cost, high-efficiency, unique optical and ele- 
ctronic properties which lead to potential appli-
cations in industrial fields such as catalyst [4], 
antimicrobial agents [5], conductive coating 
and sensors [6]. Recently, a large number of 
physical, chemical, biological, and hybrid meth-
ods are available to synthesize different types 

of nanoparticles [7]. Though popular physical 
and chemical methods for nanoparticle synthe-
sis, the use of toxic compounds limits their 
applications. To overcome the problem of toxic-
ity in synthesis, safe eco-friendly green meth-
ods have a major role for producing nanoparti-
cles [8]. Eco-friendly approach for the synthesis 
of nanoparticles has several advantages such 
as simplicity, cost effectiveness, compatibility 
for biomedical and pharmaceutical application 
as well as for large scale commercial produc-
tion. Nowadays, many environmentally friendly 
or green methods have been investigated, 
using non-toxic chemicals instead to synthesize 
silver nanoparticles [9]. 

In a “green” synthetic strategy, it is important to 
use nontoxic chemicals, environmentally benign 
solvents, and renewable materials. In our 
research, starch was selected as the protecting 
agent because it is renewable and it can form 
dispersion in H2O. Several authors [10] have 
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reported this “green” synthetic strategy for the 
production of uniform and monodisperse na- 
noparticles using starch as capping agent. 
Starch is one of the most widely-used materials 
due to its naturally occurring and environmen-
tally friendly polymer. As far as the authors 
know, no literature has been published about 
synthesizing the AgNPs nanoparticles with 
starch as capping agent and reducing agent in 
the same time. Hence, the present study was 
designed to prepare AgNPs using bio-green 
method with starch as capping and reducing 
agent of Ag+ to Ag to synthesize the silver na- 
noparticles. The formed AgNPs were character-
ized using ultraviolet-visible spectroscopy. Un- 
derstanding of the particle stabilization me- 
chanism in situ are focused in this study.

Material and methods

Materials

All chemicals used in the present study are of 
high purity and are obtained from Sigma and 
Merck. All glassware’s were washed with HNO3 
and distilled water and dried in oven.

Bio-green synthesis of silver nanoparticles

In a typical one-step synthesis protocol, 1.0 g 
of soluble starch was added to 100 mL of 
deionized water and gently heated with string 
on hotplate. The synthesis of nanoparticles by 
bio-green method was carried by adding 10 ml 
of soluble starch to 50 ml of 1 mM silver nitrate 
solution and kept for 3 h on hotplate with stir-
ring. The overall reaction process was carried 
out in dark to avoid unnecessary photochemi-
cal reactions. The color change of the silver 
nitrate solution from colorless to brownish yel-
low was observed by naked eye (Figure 1) and 
the bio reduced sample component was con-
firmed by UV-Visible spectroscopy. The obtained 
AgNPs were purified through repeated centrifu-
gation at 11,500 rpm for 20 min and washed 
with distilled water. AgNPs were collected and 
redispersed in deionized water for characte- 
rization.

UV-visible spectroscopy

The UV-vis analysis was done by sampling the 
aqueouscomponent at different time intervals 
and the absorption maximawas scanned over 
the 200-600 nm wavelength range using 
UV-1700 Shimadzu UV-Visible spectrophotom-
eter. The deionized water was used as the 
blank.

Antibacterial activity of silver nanoparticle

Bacterial strains: The antibacterial activity of 
Ag nanoparticle was evaluated using Gram pos-
itive (Staphylococus aureus and Streptococus 
pyogenes) and three strains of Gram negative 
(Salmonella typhi, Shigellasonnei and Pseu- 
domonas aeruginosa) bacteria. The microor-
ganisms were provided from the culture collec-
tion of Botany and Microbiology Dept. King 
Saud University, Riyadh, K.S.A. The identity of 
the bacterial strains was confirmed morpho-
logically and through using of biochemical 
techniques.

Inoculums preparation: Bacterial inoculums 
were prepared by subculturing microorganisms 
into nutrient agar slants at 37°C for 18 hrs, the 
growth was harvested using 5 ml of sterile 
saline water, diluted and their absorbance were 
adjusted at 580 um to 25% using spectropho-
tometer. The viable cell count at this absor-

Figure 1. Biosynthesis of AgNPs using starch visible 
observations.
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bance was approximately 107 CFU/ml of each 
bacterial strain. 

Antibacterial assay: Agar disk diffusion method 
is used to evaluate antimicrobial activity of the 
sensitized Ag nanoparticle. Ten ml of nutrient 
agar medium was poured into sterile petridish-
es (as a basal layer) followed with 15 ml of 
seeded medium previously inoculated with 
bacterial suspension (100 ml of medium/1 ml 
of 107 CFU) to attain 105 CFU/ml of medium. 
Sterile filter paper discs (6 mm in diameter) 

that AgNPs shows a yellowish brown color in 
aqueous solution; this color arises from excita-
tion of surface plasmon vibrations in the metal 
nanoparticles [11], it is due to collective oscilla-
tion of free electrons present in the reducedAg-
NPs [12]. Suchvisual observations on a change 
in biomass color due to the synthesis of gold 
nanoparticles have been reported earlier [13].

UV-Vis spectroscopy is usually the first tech-
nique which is used in characterization of 
metallic nanoparticles because of surface 

Figure 2. UV-vis spectra of AgNPs synthesized by starch at different time in-
tervals.

Figure 3. Illustration of the helical structure of amylose chain formed by a-(1-
4) linkages between D-glucose units. Square brackets indicate the monomer.

were loaded with 10, 20 and 
40 µl of the nanoparticle so- 
lution and placed on the top 
of the nutrient agar plates. 
Filter paper discs loaded with 
10 µg of Gentamycin was 
used as positive control. The 
plates were incubated at 
37°C for 24 hrs and the pres-
ence of inhibition zones were 
recorded, measured by Ver- 
nier caliper and considered 
as indication for antibacterial 
activity. 

Results and discussion

Silver nanoparticle prepara-
tion and characterization

The characterization and me- 
asurements of the AgNPs 
produced by the green reduc-
tion method using starch are 
represented in this study. 
The effects of the reaction 
time, mechanism of the for-
mation of the AgNPs and the 
influence of the essential 
functional groups involved in re- 
ducing the silver ions to na- 
noparticles, have been con-
sidered, and are discussed in 
the following sections.

Formation of AgNPs from 1 
mM solution of silver nitrate 
and starch filtrate can be 
easily visualized by the color 
change of the mixture which 
is turned from green to yel-
lowish brown color as showed 
in Figure 1. It is well known 
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Plasmon resonance (SPR) phenomenon [14]. 
Figure 2 shows the UV-vis absorption spectra 
of the Ag nanoparticles at different time inter-
vals (10, 20, 30, 60, and 90 min). Typical AgNPs 
having λmax values which are in the visible range 
of 400-500 nm [15]. The absorption peak of 
obtained AgNPs is centered around 410-430 
nm. This observation clearly indicates the suc-
cessful reduction of Ag using soluble starch. 
Surface Plasmon peak observed confirms the 
influence of starch in reducing Ag+ ions to Ag 
NPs from aqueous AgNO3 solution. The forma-
tion of AgNPs was found to increase with reac-
tion time. Wide beak at short reaction time (10 
min) due to the presence a wide distribution 
particle size. Slight modification in the size and 
shape of nanoparticles gave slight shift in the 
peak to shorter wavelength with increasing 
time [16]. From the figure it is observed that the 
absorption peak becomes sharp as the time 
increases from 10-90 min. This indicates the 
formation of the poly dispersed AgNPs initially 

that become mono-dispersed spherical 
nanoparticles with increasing reaction time. 
Therefore, mixing time at room temperature is 
an important factor in determining the size dis-
tribution of AgNPs.

Mechanism of the formation of silver nanopar-
ticle

Starch (C6H10O5) n, which is a common type of 
carbohydrate is a polymer of glucose and is 
found in the cereal grains (wheat, rice, corn, 
oats, barley) as well as in tubers such as pota-
toes. Water soluble, amylose and water insolu-
ble, amylopectin are the main constituents of 
the starch. Under our experimental conditions, 
amylase is present in the aqueous solution of 
soluble starch. The helical structure of the amy-
lose chain (soluble starch) is depicted in Figure 
3. Hot water changes amylase slowly into small-
er molecules. This reaction, an example of 
hydrolysis, is catalyzed by acids giving still sim-

Table 1. Antibacterial activity of AgNPs against some Gram (+ve) and Gram (-ve) pathogenic bacteria

Conc. of Ag nanoparticle (µl/disc)
Inhibition zones (mm) 

Gram (+ve) pathogenic bacteria Gram (-ve) pathogenic bacteria
S. aureus S. pyogenes S. typhi S. sonnei P. aeruginosa

10 12.2±0.11 11.4±0.15 0.00 0.00 12.3±0.20
20 14.3±0.15 13.2±0.25 7.2±0.26 8.3±0.15 13.5±0.10
40 16.4±0.21 15.3±0.15 10.4±0.10 12.4±0.25 16.3±0.20
(+ve) Control (10 µg/disc) 30.3±0.1o 31.2±0.15 27.5±0.20 21.3±0.20 25.6±0.20
Data are means of three replicates (n=3) ± standard error.

Figure 4. Antibacterial activity of AgNPs against Gram (+ve) pathogenic bacteria.
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pler molecules, like glucose, C6H12O6. Glucose 
is established as a very good reducing agent for 
silver nitrate to silver metal. 

The concept of green nanoparticles prepara-
tion using β-D-glucose as the reducing agent 
was first reported by Raveendranet al. [17] 
where starch played the role of stabilizer. In the 
present work, silver nanoparticles are prepared 
using soluble starch acting as both the reduc-
ing and stabilizing agents. Soluble starch, the 
amylose component of starch, is a linear poly-
mer formed by the α-(1, 4) linkages between 
D-glucoseunits and adopts a left-handed heli-
cal conformation in aqueous solution. Despite 
its slight branching, amylose behaves essen-
tially like a linear polymer, forming films and 
complexes with ligands [18]. In this report ,the 
aldehyde terminal of soluble starch is used to 
reduce silver nitrate while the starch itself sta-
bilized he silver nanoparticles.

Antibacterial assay

The antibacterial activity of Ag nanoparticle 
was screened because of their great medicinal 
relevance. There are a numerous techniques to 
evaluate antibacterial susceptibility test of sil-
ver nanoparticles. A gar disc diffusion method 
was used in this project because its reliability, 
low cost and simplicity. Evaluation of antibacte-
rial activity of Ag nanoparticle was recorded in 
Tabel 1 and illustrated in Figures 4 and 5. The 
result revealed that AgNPs exhibited a potential 
antibacterial activity against all the tested bac-
terial strains. The antibacterial activity was 
increased with increasing silver nanoparticles 
concentration. AgNPs showed a broad spec-
trum of activity against all pathogenic bacterial 
strains at the tested concentrations of 10 – 40 

µl/ disc except S. typhi and S. sonnie which 
were insensitive at concentration of 10 µl/disc. 
The Ag nanoparticle exhibited greater inhibition 
zone for S. aureus (16.4 mm) followed by P. 
aeruginosa and S. pyogenes while the least 
activity was observed for S. typhi (10.4 mm) at 
40 µl/disc.

In our result silver nanoparticle showed a 
strong antimicrobial activity against. S.aureus, 
P.aeruginosa and S. pyogenes. In contrast, the 
inhibitory effect of silver nanoparticle was mild 
in S. sonnie and week in S. typhi especially at 
concentration of 20 µl/disc. These results sug-
gested that antimicrobial activity of silver 
nanoparticle may be associated with charac-
teristics of certain bacterial species. Bacteria 
have differences in their cell wall structure and 
their ability of capsule formation, hence they 
are different in their susceptibility. Some rese- 
archers suggested that, antimicrobial activity 
of silver nanoparticle is associated with the 
structure of bacterial cell wall and the variation 
of antibacterial activity may derive from differ-
ences in bacterial cell wall structure and thick-
ness of peptidoglycan layer of bacterial cell wall 
[19]. Other researchers attributed the inhibitory 
effect of silver nanoparticle to their nano-size 
that enable them to attached easily to bacterial 
cell membrane and reach to nuclear content of 
the bacterial cell disturbing their structure and 
rendering them more permeable. Leaking of 
ions and other cell contents with disturbing 
bacterial enzymatic activity may cause bacteri-
al cell death [20].

Conclusion

Nano size metals have brought a new revolu-
tion to the modernera of science; particularly 
AgNPs have been exploited in various fields of 

Figure 5. Antibacterial activity of AgNPs against Gram (-ve) pathogenic bacteria.
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chemistry, physics, biology and medicine. In 
conclusion we introduce a simple, fast, and 
economical biological procedure to synthesize 
Ag nanoparticles using soluble starch. starch 
was used as a reducing and capping agents. 
The starch in the solution mixture avoids use of 
relatively toxic organic solvents. In addition, the 
binding interactions between starch and silver 
nanoparticle are weak and can be reversible at 
higher temperatures, allowing separation of the 
synthesized particles. The characterization of 
Ag+ ions exposed to sucrose by UV-vis tech-
niques confirm the reduction of silver ions to 
silver nanoparticles. The reducing agent 
involved in the present approach resulted from 
the hydrolysis of amylose which is main compo-
nent of soluble starch in the solution to α- 
glucose. Our method for AgNPs preparation 
showed a potential antibacterial activity that 
was stronger against Gram positive pathogenic 
bacteria (S.aureus and S. pyogenes) than ag- 
ainst Gram negative bacteria especially S.typhi. 
These results suggested that AgNPs can be 
used as effective growth inhibitors to various 
pathogenic bacteria making them applicable to 
medical field and to be used as antiseptic 
agents.
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