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A B S T R A C T

Background: Silver has been used from ancient times by humans, and recently nanoparticles of silver have been used in many aspects of 
human life including as a potent antibacterial agent.
Objectives: In the current study a completely green method to prepare silver nanoparticles is reported. Two types of starches (potato and corn 
starches) were used to produce and stabilize silver nanoparticles. Antimicrobial activities of prepared nanofoods were investigated.
Materials and Methods: Nanosilver particles have been produced using high temperature water containing bulk silver nitrate and starch 
sources. Presence of nanosilver containing particles and formation of the nanoparticles were confirmed using transmission electron 
microscopy (TEM) and ultraviolet-visible spectroscopy, respectively. The anti-bacterial activity of emulsions made from nanoparticles 
containing starches was evaluated by assessing minimum inhibitory concentrations (MIC) against the studied standard, and pathogenic 
bacteria.
Results: Findings of the current study indicated that the size and shape of silver nanoparticles depended on the type of starch. For example for 
a special type of potato starch the cubic silver nanoparticles were obtained whereas for other types of potato starch and corn starch spherical 
silver nanoparticles were produced. Nanoparticle sizes were mainly about 20 nm, but ranging from 2-30 nm in different situations. Due to 
the biocompatibility of starch synthesized silver nanoparticles, this method can be used for medicinal purposes. Both kinds of nanosilver 
containing starch sources have excellent antibacterial activity.
Conclusions: The current study indicated that silver nanoparticles produced using different starches had strong antibacterial activities on 
the studied standard and pathogenic bacteria including gram positive and gram negative.
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1. Background
Silver is known as one of the elements used from ancient 

time by human for treatment purposes, and recently is 
being used in many aspects of human life from health 
and hospitals to industry. In previous centuries, human 
beings have used fine and grinded silver for treatment of 
diseases (1) and nowadays potential applications of metal 
nanoparticles in the era of nanoscience and technology 
have generated an explosion in the scientific interest in 
this class of materials over the last decade (2-8).

One of the interesting aspects of this revolution was 
the extensive studies of antimicrobial effects of silver 
nanoparticles which in turn resulted in production of 
nanosilver-based materials with a potent and broad spec-
trum of antimicrobial activities (9-12). Upon reaching na-
noscale, like other nanomaterials and primarily by virtue 
of extremely small size, silver particles exhibit remark-
ably unusual physicochemical properties and biological 
activities. Great research efforts have been made in this 
respect and exciting and encouraging results have been 
obtained (13-15). Silver nanoparticles are emerging as one 
of the fastest growing products in the nanotechnology 
industry. It is estimated that among all the nanomateri-
als in medical and healthcare sector, nanosilver applica-
tion has the highest degree of commercialization (16).

On the other hand there is an emphasis to synthesize 
metal nanoparticles using synthetic protocols called 
“green chemistry” in which using toxic solvents and 
generating toxic byproducts or waste is eliminated or 
minimized (17).It is noteworthy that, green chemistry has 
been introduced to scientific literature by Paul Anastase 
in 1992. It means continuous search for better and clean-
er methods (3). Based on scientific resources green chem-
istry products must have 3 important characteristics : 1) 
to be environmentally friendly 2) to have good market-
ing, and 3) to be economical for all social groups (18, 19). 
Hence many research groups in the field of nanoparticle 
synthesis have turned to biological systems for inspira-
tion.

Based on this strategy the biosynthesis of silver 
nanoparticles is also being the main aim of many proj-
ects of the world in which organisms are used to produce 
the silver nanoparticles (20-25).

Due to a strong relationship between the size and mor-
phology of nanoparticles and their properties, there 
is a great interest in synthesizing silver nanoparticles 
with a controlled size or shape (26-29). Synthesizing sil-
ver nanoparticles with a controlled size or shape using 
“green chemistry” is favored because of the combination 
of advantages of “green chemistry” and obtaining the 
metal nanoparticles with well-defined morphology (30-
32).

Unfortunately, controlling size and shape simultane-
ously, remains an extremely difficult task, since the out-
come of these syntheses is generally determined by a 
number of factors and is only partially characterized by 

the interplay of kinetics and thermodynamics. This dif-
ficulty increases when silver nanoparticles with a con-
trolled size and shape should be synthesized by “green 
chemistry.

A simple way to synthesize silver nanoparticles with 
well-defined size and shape using “green chemistry” is 
reported here. In this method not only silver nanoparti-
cles are well-defined in the case of size and shape but also 
they are dispersed in the matrix in a regular order. On the 
other hand studying the size and shape of nanoparticles 
are necessary to optimize antimicrobial activities of syn-
thesized nanoparticles.

There are not many researches on antibacterial effects 
of foods produced by simple chemical methods contain-
ing nanosilver.

2. Objectives

The current study aimed to evaluate the production of 
food sources containing nanosilver and to study the anti-
bacterial activity of the mentioned nanofoods.

3. Materials and Methods

3.1. Usual Method for Preparation of Silver 
Nanoparticles

In the current study silver nanoparticles were produced 
using two types of potato starch (named types A and B) 
and one type of corn starch. But the final results were 
reported as green potato and Green corn. This process 
is completely green because reagents of this synthetic 
protocol are water, potato starch, corn starch and silver 
nitrate, so according to this study the phrases" green po-
tato" and "green corn" were used to express the products 
which contained nanosilver.

In this process potato or corn starches were placed in a 
water solution of silver nitrate in the room temperature 
overnight, and then they were heated in water at 80 ºC for 
2 h. The color of potato and corn starch turned to black 
during formation of nanoparticles. After reaction they 
were cooled and washed by distillated water. The diffused 
silver nitrate to the potato or corn starch was removed us-
ing dialysis in deionized water for 12 h.

3.2. Bacterial Strains

In the current study one standard bacterium of S. au-
reus ATCC 25923, and 3 pathogenic bacteria including 
Klebsiella pneumoniae, Escherichia coli, and Pseudomonas 
aeruginosa were used. Pathogenic bacteria were isolated 
from different patient cases and were confirmed as hos-
pital acquired infections by infection control committee 
of Shohaday Ashayer hospital, Khorram Abad, Iran. All 
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of them were resistant against routine antibiotics and 
K.pneumoniae and P.aeruginosa were pan resistant. All of 
the bacterial strains were confirmed by standard mor-
phologic and phenotypic tests.

3.3. Preparation of Green Potato and Green Corn 
Starches for Antimicrobial Study

Green potato and green corn were homogenized by 
sterile sampler tips after addition of 5 ml sterilized nor-
mal saline. Supernatants were collected in sterile condi-
tions for antibacterial activity by the following method:

Antibacterial effects (MIC) of supernatants prepared 
from green potato and green corn were done by micro 
dilution broth. Eight sterile wells in 8 separate rows of 
Nonclon micro plates were specified for each of the sam-
ples. Two hundred µl of supernatants was added into the 
first well of 8 rows in micro plate with labeling of four 
different bacteria. (each supernatant in 4 wells) then 100 
µl of freshly prepared Muller – Hinton broth (Difco Labo-
ratories, Detroit, Mich.) was pouredinto the wells second 
to 8th , after that two fold dilutions were made from first 
to 7th well in each row by pipetting and transferring 100 
µl from first to 7th wells , and the 8th well served as con-
trol. Hundred µl of 0.5 McFarland turbidity suspensions 
of bacteria freshly prepared from 4 hour cultures in MHB 
inoculated in two rows (for each of the bacteria two rows 
were used one for potato and the other for corn suspen-
sions) respectively.

After overnight incubation at 35 ºC all of the inoculated 
wells were observed exactly for any growth of bacteria. 
Lowest dilution of supernatants that inhibited growth 
of microorganisms, was considered as Minimum Inhibi-
tory Concentration (MIC). For further confirmation of 
the observed results, a sample of wells was sub cultured 
on Brain Heart Infusion Agar (33). Supernatants of raw 
heated potato and corn were used as control.

4. Results 
 Figure 1  shows the TEM image of silver nanoparticles 

produced using potato starch type A. In this Figure silver 
nanoparticles are well dispersed in the matrix. As indicat-
ed, the distribution of their size is narrow and it is around 
20 nm. Interestingly the morphology of all nanoparticles 
is controlled by starch structure and in different regions 
of the potato starch, shapes of nanoparticles are differ-
ent. In  Figure 1  the shape of nanoparticles is octahedral.

Closer study of TEM image of potato starch (type A) 
shows that the direction of all nanoparticles is the same 
and they have a very regular order in the matrix ( Figure 
2 ).

Figure 1 TEM Image of Silver Nanoparticles in the Potato Type A.

Figure 2. Well Ordered Silver Nanoparticles in Potato Type A.

 Figure 3a  shows a part of potato starch (type A) with 
clear borders in which size and shape of nanoparticles 
are not similar to those of the observed parts in  Figures 1  
and 2. In  Figure 3b  which is a TEM image of this part with 
higher magnification, clearly the shape of nanoparticles 
is spherical and the size of nanoparticles is between 2-3 
nm. Hence different parts of potato starch can produce 
different nanoparticles with different shape, size and or-
der.

Figure 3. A Part of Potato Type A With Clear Borders in Which Size and 
Shape of Silver Nanoparticles Are Different From Other Parts.

Extraction of silver nanoparticles from potato was pos-
sible using suitable reagents such as mercaptoethanol.  
Figure 4  displays the UV spectra of aqueous solution of ex-
tracted silver nanoparticles. This figure shows a Plasmon 
absorbance band around 375 nm for silver nanoparticles.

In order to investigate the effect of the type of potato 
starch on the order, morphology and size of nanopar-
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ticles another type of potato starch (type B) was used to 
produce silver nanoparticles. 
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Figure 4. UV-Vis Spectra of Extracted Silver Nanoparticles by Mercap-
toethanol.

 Figures 5a and b   show the TEM image of silver nanopar-
ticles produced using potato starch type B. Here distribu-
tion of size is higher than that of type A, nanoparticles 
are dispersed in the potato matrix irregularly and the 
shape of nanoparticles in the whole matrix is spherical. 
Nanoparticles are bigger and their size is between 20-
30 nm. In this case again some regions can be observed 
in which nanoparticles are assembled and their size is 
smaller than other parts of the potato starch ( Figure 5 b ).

Figure 5. Silver Nanoparticles Synthesized by Potato Type B.

 Figure 6  shows TEM image of silver nanoparticles pro-
duced using corn starch. In this case the size distribu-
tion of nanoparticles is much higher than that of potato 
starch and several types of nanoparticles in the case of 
morphology are appeared. In spite of the fact that potato 
starch in different regions with clear border were not rec-
ognized the whole matrix is the same.

As mentioned above, due to the biocompatibility of po-
tato and corn starch, silver nanoparticles in potato and 
corn starch matrix can be used for clinical purposes. Re-
sults of micro dilution study indicated that antibacterial 
activity of supernatants were identical upon 4 bacterial 
strains. Filter sterilized (0.22 µ Millipore) supernatants of 
the mentioned green starches did not have any antibac-

terial effects on bacteria, probably because of absorption 
and trapping of silver ions in filter materials.

Figure 6 TEM Image of Silver Nanoparticles Produced Using Corn.

A sample of microdilution plates is indicated in Figure 
7. Pyocyanin production of P.aeruginosa was used in rows 
3 and 4 as an indicator for observational confirmation of 
bacterial growth, (green pigments in 6th and 7th wells 
of 3 and 4 rows respectively), grey turbidity of wells in-
dicates decreasing concentration of Nanosilver, but not 
bacterial growth in rows.

Figure 7. Growth of Bacteria Indicated in Microplate Serial Dilution, the 
Pattern of Wells Was as Follow:

Rows from top of the micro plate to down:  1: S. aureus ATCC 25923 plus 
potato  2: S. aureus ATCC 25923 plus corn 3: P. aeruginosa plus potato  4: 
P. aeruginosa plus corn 5: E. coli plus potato  6: E. coli plus corn 7: k. pneu-
moniae plus potato  8: k. pneumoniae plus corn

5. Discussion 
Silver nitrate was used as a modifying agent of potato 

and corn to produce green products in a small scale. Sil-
ver is one of the known antimicrobial agents worldwide. 
This element could be easily converted to nano particles 
of 10 nm diameters by nanotechnology that in turn ren-
ders it to a potent antimicrobial agent that affects many 
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different species of bacteria, including Salmonella typhi, 
P.aeruginosa, and Mycobacterium tuberculosis and viruses 
(11, 12, 16, 34-36).

The preliminary studies indicated that silver nanopar-
ticles in potato and corn starch had strong antibacterial 
activities on the studied bacteria. It is noteworthy that 
two species including K. pneumoniae and P. aeruginosa 
were isolated from hospital infections confirmed by Na-
tional Nosocomial Surveillance System (NNIS) in Shoha-
day Ashayer hospital, Khorram Abad. This species were 
also pan-resistant against all of the antibiotic panels in 
the susceptibility testing, including imipenem.

Petrus etal in their study proposed that Nano Colloidal 
Silver could be used against food borne antibiotic resis-
tant pathogens as a bacteriostatic agent rather than bac-
tericide.(1)

In a similar study Sathishkumar et al. have produced sil-
ver nanoparticles from bark extract and powder of novel 
Cinnamon zeylanicum that have exerted antimicrobial 
activity on E. coli. Sathishkumar and colleagues in their 
study described that size of the produced particles is un-
der the control of pH (37). Nilda et al. studied the effects 
of different nanoparticle sizes on MRSA and non –MRSA 
and indicated that nanosilvers have bactericidal activ-
ity on both bacteria, and resistant patterns of the men-
tioned bacteria are not important in its activity. On the 
other hand the study of cytotoxicity of different sizes of 
nanoparticles on Hela cells indicate that particles with 
lower than 10 nm diameter have better antibacterial ac-
tivity and they are also nontoxic to Hela lines. (9)

Although application of nanosilver as particulate or 
bulk form probably exerts toxic effects on human and 
mammalian cells, but in nano form they have beneficial 
effects as a broad spectrum of antimicrobial activity (10). 
Fidel Martínez-Gutierrez et al. in their study indicated 
that 24 nm silver nanoparticles have antibacterial activ-
ity against resistant strains of bacteria, and some anti 
coagulation activity, they also induce inflammatory re-
sponse in macrophages (38).

The current study findings suggest that green prod-
ucts are economical, non invasive and environmentally 
friendly materials in combating against infections. In ad-
dition, their application needs no skill because it needs 
only oral consumption. After absorption the nano par-
ticle moves through the body and reaches to the site of 
infection. This encouraging result highlights the need to 
study its possible side effects in vivo and on human vol-
unteers.

Such kinds of processed foods (containing nanosilver) 
could be used as immune system booster, in treatment 
of systemic and latent infections in human and hospital 
acquired antibiotic resistant infections. in addition, this 
technique may be used as a suitable method to preserve 
foods, But in comparison with antibiotics and other an-
timicrobials application of nanosilver containing prod-
ucts, is very easy (oral as food), cheap, noninvasive, broad 

spectrum and finally without known resistance prob-
lems. In addition such foods are completely environmen-
tally friendly. But comprehensive studies on nanosilver 
are needed not to have cytotoxicity on humans (in vitro 
and in vivo) and development of resistance in bacteria, in 
order to prescribe such products for human.
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