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Abstract 

In this study, the biosynthesis of silver nanoparticles was done using Bacillus subtilis bacterium 

cultured in corn steep liquor (CSL) nutrient. The biosynthesized nanoparticles were 

characterized by several techniques including FT-IR, XRD, UV-Vis, SEM, EDX, and TEM. 

The absorption spectrum of the nanoparticles indicated the maximum absorption at 436 nm. 

The SEM image confirmed the nanoparticles had polydisperse spherical morphology (~20nm). 

Also, the TEM image showed the nanoparticles had spherical or elliptical shape and the 

approximate diameter of the particles was between 10-20 nm. Morphological studies showed 

that the nanoparticles were completely separated and no aggregation was observed. Moreover, 

XRD studies confirmed that the produced nanoparticles were crystallized in the FCC crystal 

lattice. The antibacterial activity results indicated that the synthesized nanoparticles had 

significant effect against Escherichia coli bacteria, and the inhibition zone was equal to 

Gentamicin. So, the production of silver nanoparticles using green method is economically 

very economical, and can be a method for the production of silver nanoparticles in industrial 

scale. 
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Introduction 

Nanotechnology is defined as the synthesis, characterization and application of nanoscale 

materials. Metal nanoparticles, mainly silver nanoparticles, are broadly applied as biological 

sensor [1], optoelectronics [2], plasmonics [3], and catalyst [4]. Also, these nanoparticles were 

used at the agricultural and pharmaceutical industries [5, 6]. 

Silver nanoparticle can be synthesized using the chemical and physical methods such as 

microwave, laser ablation, electrochemical, thermal decomposition, and etc [7-9]. Although, 

all of these methods are successful in the synthesis of silver nanoparticles, but most of these 

techniques require the use of toxic and hazardous chemical materials as reducing and stabilizer 

agents. In addition, some of the mentioned techniques require harsh laboratory conditions and 

expensive tools. 

Nowadays, there is an increasing number research devoted to the synthesis of nanoparticles 

employing green synthesis methods. In these methods, the plant, fungi, yeast, algal, and 

bacteria extracts are used as a safe reducing and stabilizer agent for the biosynthesis of 

nanoparticles. The green methods are eco-friendly, easy available, safe and cost-effective 

processes for the preparation of nanoparticles. Since the growth of bacteria is fast, they are 

usually used for the synthesis of nanoparticles [10, 11]. The bacterial silver nanoparticles can 

be simply coated with a protein/lipid capping, which reveal greater antibacterial activity than 

uncapped silver nanoparticles [12]. Also, the capped silver nanoparticles could confer 

physiological stability and solubility [13]. Klaus et al. [14] studied the synthesis of silver 

nanoparticles using Pseudomona. They indicated that the size of nanoparticles was increased 

up to 200 nm by increasing the concentration of silver ions up to 500 mM. The morphology 

and shape of nanoparticles have been investigated using EDXA method. Sintubin et al. [15] 

used several gram-negative and gram-positive bacteria such as Lactococcus garvieue, 

Pediococcus pentasaceus, and Lactobacillus spp. to reduce silver ions to nanoparticles. The 

UV-Vis spectroscopy results showed that the size of silver nanoparticles reduced with 

increasing pH value. Pallavi et al. [6] investigated the biosynthesis of silver nanoparticles using 

Streptomyces hirsutus. The synthesized silver nanoparticles were characterized by XRD, EDX, 

TEM, TGA, FTIR, and UV–Vis techniques. Then, The antibacterial activity against Fusarium 

oxysporum, Candida glabrata, Alternaria alternata, Candida albicans, Escherichia coli, 

Enterococcus faecalis, Pseudomonas aeruginosa, and Staphylococcus aureus bacteria were 

studied. In another research, the bacterial strains acted as reducing agents as well as capping 

and stabilizing agents during the synthesis process. The silver nanoparticles had spherical and 

rod shape, with sizes of 20 to 50 nm [16]. 
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To the our knowledge, no study has been reported for the green synthesis of silver nanoparticles 

using the Bacillus subtilis bacterium cultured in corn steep liquor (CSL) nutrient. Therefore, 

the uses of Bacillus subtilis in the synthesis of silver nanoparticles is safe and environment-

friendly as toxic chemicals are not used, cost-effective as they are less resource and energy-

intensive, and uses the biological component itself as the capping and reducing agent, 

producing biocompatible products. The biosynthesied silver nanoparticles were characterized 

and studied by several techniques including Fourier transform Infrared (FT-IR) spectroscopy, 

X-ray powder diffraction pattern (XRD), UV-Vis spectroscopy, field emission scanning 

electron microscope (SEM), energy dispersive x-ray (EDX) and transmission electron 

microscopy (TEM).  

 

Experimental 

Preparing the culture medium  

Corn steep liquor (CSL) was purchased from Glucosan Company (Qazvin, Iran). CSL was 

diluted 20 times with distilled water. The pH of the CSL was adjusted to 7 using NaOH. The 

CSL was placed inside the autoclave (120ºC, 1.5 Bar, and 15 min), and finally centrifuged 

(9000 rpm, 20 min) to separate solid materials. 

 

Cultivation of bacteria in CSL 

The Bacillus subtilis bacterium cells were obtained from the Pasteur Institute (Iran), and 

cultured in CSL medium (COD = 34000 mg/lit) at 37 °C with continuous agitation (250 rpm) 

for one day under aerobic condition. The growth of bacteria was observed by measuring the 

optical density (OD) at ƛ=600 nm.  

 

Synthesis of silver nanoparticles 

The silver nanoparticles were synthesized by addition 16.9 mg of silver nitrate to 100 ml of 

bacterial culture solution. The sample was incubated at a temperature of 37ºC, with continuous 

agitation, and under anaerobic condition. During this process, the sample was protected from 

light. After 50 hours, the supernatant was ultra-centrifuged (100000 rpm, 20 min) to dislodge 

silver nanoparticles. The synthesized silver nanoparticles were rinsed twice with Milli-Q water 

till the supernatant’s conductivity reached to below 20 μs/cm.   

 

Characterization of silver nanoparticles 
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The optical properties of the silver nanoparticles were recognized using UV–Vis 

spectrophotometer (UV-2000, Pharmacia, Biotech, England). XRD data of silver nanoparticles 

were collected using a Bruker AXS model D8-Advance diffractometer equipped with Cu-Kα 

radiation at λ= 1.5418 Å. The morphology and average particle size of silver nanoparticles 

were analyzed using SEM (KYKY-EM3200, USA), and TEM (Zeiss LEO 906, Germany, 200 

kV). Also, The EDX was used for the determination of nanoparticle’s purity. To record the FT-

IR spectra of silver nanoparticles in the range of 400-4000 cm-1, a Bruker spectrophotometer 

was applied. The samples were prepared in the form of KBr pellets Zeta Potential (Zetasizer 

Ver. 6.20, Malvern Instruments, England) analysis was applied to determine the stability. 

 

Antibacterial activity of silver nanoparticles 

The antibacterial activity of silver nanoparticles was performed using the disk diffusion method 

against Escherichia coli. Bacteria were cultured on Müller Hinton agar plate at 37ºC for 24 

hours, and then spread on the plates containing Mueller Hinton Agar culture medium. The 

paper discs were sonicated in solutions with different concentrations of silver nanoparticles 

(0.25, 0.5 and 1 mM), and then placed on the plates. The plates were grown at 37ºC for 24 

hours, and finally, the inhibition zone was measured. 

 

Results and discussion  

In this study, the silver nanoparticles were synthesized using the Bacillus subtilis bacterium 

cultured in corn steep liquor, and then their antibacterial activities were investigated. 

Silver nitrate (1 mM) was added to the samples which had different optical density (0.5, 1 and 

2), and were named CSL-A, CSL-B and CSL-C. The formation of silver nanoparticles was 

observed by color change from yellow to dark brown, and then monitored by UV-Visible 

spectroscopy, which recorded in the range of 200 to 600 nm (Figure 1). There have been 

previous reports of the formation of silver nanoparticles with strong and wide peaks in the 

range of 400 nm to 450 nm [17]. In this study, after 1h of incubation from the initiation of the 

reaction, the highest absorption peak intensity was observed at 436 nm, which indicates the 

formation of silver nanoparticles in a shorter time. Also, the maximum absorption shifted to 

longer wavelengths as the incubation time was increased. It was confirmed that with the 

increase in the size of the nanoparticles, it is not possible to polarize the nanoparticles 

homogeneously, so, increasing the size of the particles led to the red shift of SPR absorption, 

and the broadening of the absorption spectrum. In previous reports, when the silver nitrate was 
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reacted with B. Subtilis for 2h, a similar peak of silver nanoparticles was observed [18]. Also, 

Vigneshwaran et al. [19] reported that Aspergillus flavus in yeast malt could synthesis the silver 

nanoparticles at 72 hours.   

For quantitative analysis, sampling of the reaction mixture was provided at different times, and 

in order to investigate the effect of biomass concentration on the production rate of silver 

nanoparticles, the adsorption rate of each sample was measured at corresponding wavelengths 

(λmax) and the change curve has been exposed in Figure 2. The results showed that with 

increasing biomass concentration from 0.5 to 2, biosynthesis of silver nanoparticles increased 

up to two times. It can also be stated that by increasing the concentration of biomass to a value 

greater than 1, due to the trapping of nanoparticles by the biomass, Romance absorption does 

not increase.  

 

 

 

Figure 1. UV-Vis spectrum of silver nanoparticles, a) CSL-A; b) CSL-B; c) CSL-C. 
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Figure 2. The effect of biomass concentration on the production rate of silver nanoparticles in CSL culture 

medium. 

 

 

FT-IR spectroscopy 

The FT-IR spectrum of synthesized nanoparticles has been shown in Figure 3. In the FT-IR 

spectrum, the broad and strong absorption peak at 3435 cm-1 revealed the absorption band of 

O-H and N-H. The peak at 1466 cm-1 could be assigned to the C=C stretching vibrations of 

aromatic rings. The peak at 2924 cm-1 could be attributed to the stretching vibrations of C-H 

of alkane, while the peak at 1741 cm-1 was related to the presence of C=O bend, due to the 

presence of carbonyl compounds.  The vibrations at 1372 and 1173 cm-1 was also assigned to 

the -C-N asymmetric stretching and C-O stretching, respectively. So, The FT-IR spectrum of 

silver nanoparticles showed some of the Bacillus subtilis extract peaks such as C=O, C-O, -C-

N [20], that indicated that these groups are effective in the reduction of the silver ions to silver 

nanoparticles. 
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Figure 3. FT-IR spectrum of nanoparticles synthesized in CSL feed in the presence of B. Subtilis bacteria. 

SEM and TEM of silver nanoparticles  

SEM image of biosynthesized silver nanoparticles is shown in Figure 4. The SEM image 

confirmed that the nanoparticles had polydisperse spherical morphology in the size range of 

~20nm. According to the TEM image (Figure 5), the nanoparticles had spherical or elliptical 

shape, and the approximate diameter of the particles was between 10-20 nm. The 

morphological studies showed that the nanoparticles were completely separated and no 

aggregation was observed. 

 

 

Figure 4. TEM image of nanoparticles synthesized in CSL feed in the presence of B. Subtilis bacteria. 
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Figure 5. SEM image of nanoparticles synthesized in CSL feed in the presence of B. Subtilis bacteria. 

 

XRD pattern of silver nanoparticles 

The XRD pattern of the biosynthesied silver nanoparticles is shown in Figure 6. As observed, 

XRD profiles of the biosynthesied nanoparticles revealed Bragg’s diffractions with the Miller 

indexation for the diffractions of (100), (200), and (311) planes at 2 values of 1.32°, 46.70°, 

76.00°, respectively. Compared to the XRD pattern of commercial silver nanoparticles, some 

unknown weak peaks were observed at 2=84.70°, 67.20° and 57.10° for biosynthesized 

nanoparticles, which most likely related to B. Subtilis compounds adsorbed on the silver 

nanoparticles surface [21]. Finally, the crystallite size of nanoparticles was estimated by 

Debye-Scherrer equation. The crystallite size of biosynthesied nanoparticles was determined 

about 18.2 nm based on the (100) plane. 
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Figure 6. XRD spectrum of nanoparticles synthesized in CSL feed in the presence of B. Subtilis bacteria. 

 

DLS analyses of silver nanoparticles 

Particle size distribution and zeta potential of silver nanoparticles were determined by DLS 

(Figure 7). The particle size distribution curve showed that the produced silver nanoparticles 

are polydisperse (PDI= 0.698), and the particles had an average diameter of 15.96 nm. At 

experimental condition, the zeta potential of the synthesized nanoparticles was found to be less 

than -11.0 mV. This high value approved the repulsion among the silver nanoparticles, and 

thus increased in stability of the nanoparticles formulation [22]. The negative potential value 

might be due to the possible capping of the bio-organic compounds of B. Subtilis [23]. Also, 

negative-negative repulsion led to proper distribution of nanoparticles. 
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Figure 7. DLS synthesized nanoparticles in CSL feed. a) particle size distribution; b) Zeta potential. 

 

Antibacterial activity of synthesized silver nanoparticles  

Table 1 shows the average inhibition zone of three different concentrations of silver 

nanoparticles (CSL-A). With increasing the nanoparticles concentration, the inhibition zone 

increased. According to the results, the synthesized nanoparticles had significant effect against 

gram-negative bacteria such as E. coli, and the inhibition zone of NB-M-A with a concentration 

of 1 mM of silver nitrate was equal to Gentamicin. The negative zeta-potential of silver 

nanoparticles attacks gram-negative bacteria [24].  
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Table 1. Average inhibition zone obtained from three different concentrations of silver nanoparticles. 

 Sample Silver nanoparticles 

(mM) 

Inhibition zone (cm) 

1 

CSL-A 

0.25 7±0.10 

2 0.5 9±0.20 

3 1 11±0.10 

 

Conclusion  

The use of Bacillus subtilis bacterium cultured in corn steep liquor is a very economical method 

for the production of silver nanoparticles on a large scale and eliminates the costs associated 

with sterilization. The synthesized nanoparticles were identified and analyzed using different 

methods such as SEM, TEM, EDX, UV-Vis, FT-IR, and DLS. Morphological and particle size 

studies have shown that the synthesized nanoparticles were spherical and had a size of about 

10 to 25 nm. It was also concluded that the resulting nanoparticles had an FCC crystal lattice. 

The nanoparticles were completely distributed and no aggregation was observed. Examining 

the antibacterial activity of synthesized nanoparticles against E. Coli bacteria showed that the 

bactericidal activity of nanoparticles was equal to gentamicin. As a result, this method is safe 

and environment-friendly as toxic chemicals are not used, cost-effective as it is less resource 

and energy-intensive, and uses the biological component itself as the capping and reducing 

agent, producing biocompatible products. 
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