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ABSTRACT 

 

 The farm crop residue feed stocks was treated with heat and acid to extract furfural which used in synthesis of silver nanoparticles. 

The Rice straw and the bagasse residue left over, after drying used as the experimental material. The synthesized silver nanoparticles and 

its composite with chitosan : CS/Ag(Ric), CS/Ag( Sug) and  CS/Ag(Fur) were characterized using  electron microscope (SEM) and UV-
visible spectrophotometer. Also, visible photoluminescence (PL) emissions of the synthesized silver nanocomposites have been recorded. 

The diameters of the as-prepared nanocomposites measured were less than 20 nm. The antibacterial activities of different sizes of silver 

nanoparticles were investigated against Gram-positive and Gram-negative bacteria. Also, Electrical Resistivity measurements of 
nanocomposites showed semiconductor range.  
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INTRODUCTION 

 

 Silver nanoparticles (AgNPs) have become the 

focus of intensive research owing to their wide range 

of applications in areas such as catalysis, optics, 

antimicrobials, and biomaterial production. Silver 

nanoparticles exhibit new or improved properties 

depending upon their size, morphology, and 

distribution. Various approaches using plant extract 

have been used for the synthesis of metal 

nanoparticles. These approaches have many 

advantages over chemical, physical, and microbial 

synthesis [1-10] because there is no need of the 

elaborated process of culturing and maintaining the 

cell, hazardous chemicals, high-energy requirements, 

and wasteful purifications. Many research papers 

reported the synthesis of silver nanoparticles using 

plant extracts such as Helianthus annuus, Basella 

alba, Oryza sativa, Saccharum officinarum, Sorghum 

bicolor, and Zea mays [11]; pine, persimmon, 

ginkgo, magnolia, and platanus leaves [12]; Jatropha 

curcas seeds [13]; Acalypha indica leaf [14]; banana 

peel [15]; Chenopodium album leaf [16]; Rosa 

rugosa [17]; Trianthema decandra roots [18].  

 Polymer nanocomposites containing metal 

nanoparticles have attracted a great interest due to 

their unique chemical and physical properties. The 

need of elaboration of non-toxic and cost-effective 

antimicrobial finishing of fabrics grows with 

progressive production increase of medical, 

healthcare and protective materials [8]. 

 Cellulose and its derivatives have been used in a 

variety of applications in several areas such as the 

textile industry, the paper industry, and in the 

biomedical field as tissue engineering materials due 

to their good biocompatibility, mechanical properties 

and easy fabrication of demanded shapes and forms 

[14]. Cellulose fabric has ability to absorb moisture, 

so under certain conditions of humidity and 

temperature it can be subjected to microbial attack 

[8,12]. The organic matter that may be incorporated 

between the fibers could become a nutrient for 

microbial growth as well. In the case of filter it may 

lead to unpleasant smell or even bioaerosol 

generation. Various chemicals have been already 

incorporated into fibers to prevent harmful activity of 

the microorganisms [7,13,18]. One of the most 

popular and best known antibacterial compounds is 

silver [16]. Silver serves as a potential antibacterial 

agent acting against an exceptionally broad spectrum 

of bacteria including activity against antibiotic-

resistant bacteria [10] while exhibiting low toxicity 

to mammalian antibacterial action of silver depends 

on state of the silver [5]. Antelman [1] observed that 

when the reproductive rates of organisms are high as 

in the case of the bacteria with their exposed 

sulfhydryl and amino sites, this action will attract 

oxidation by the silver ions (III) and the organism 

will be oxidized. Silver nitrate is the most common 
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silver compound used as an effective antibacterial 

agent in clinical practice. There is strong evidence in 

the literature that the active component of this silver 

salt is the silver itself [3]. Silver nitrate is a substance 

that releases silver ions rapidly while adequately 

activated. The application of Ag NPs to different 

materials gains a great deal of attention particularly 

because of their high resistance to microbes. 

Vigneshwaran et al. [19] developed in situ synthesis 

of Ag NPs on cotton fabrics where the aldehyde 

groups of starch molecules reduce the silver nitrate to 

silver metal, simultaneously stabilizing the Ag NPs 

formed on the fabric. Perelshtein et al. [15] have 

elaborated sonochemical coating of Ag NPs using the 

ultrasound irradiation. Durán et al. [6] obtained 

cotton fabrics with good antibacterial properties 

using the Ag NPs produced by biological process 

directly on the cotton fabrics. 

 Chitosan (CS) is a polysaccharide composed of 

glucosamine and N-acetyl glucosamine linked with a 

b-1-4- glycosidic linkage [20]. CS is a biopolymer 

which is biocompatible and can be degraded by 

enzymes in human body, the degradation products 

are nontoxic. Commercial CS’s are semi-crystalline 

polymers and crystallinity plays an important role in 

adsorption efficiency [21]. CS is a polymer which 

exhibits a broad spectrum of antimicrobial activity by 

binding to the negatively charged bacterial cell wall 

followed by attachment to the DNA, inhibiting its 

replication. CS is a biopolymer having antibacterial 

properties [22]. For the improvement of bioactivity 

on chitosan, it is often combined to other bioactive 

materials, such as drugs. Silver (Ag) nanoparticles 

have high therapeutic potential and exhibit good 

antimicrobial activity. Ag nanoparticles have a wide 

range of antimicrobial activities and exhibit high 

performance even at a very low concentration. Ag 

nanoparticles have been identified to possess good 

potential for the treatment of cancer [23]. But the 

major disadvantage of using silver alone is that it is 

not specific at targeting the cancer cells and also it is 

toxic to the normal cells when exposed for a longer 

time when the size of silver used is 20 nm [24] CS–

Ag nanocomposite is one of the rare composite 

materials that is seen to possess a capability of being 

used as a biosensor as well as in the treatment of 

cancer as the chitosan present in the nanocomposite 

is very specific to the cancer cells. It prolongs the 

action of silver on the affected cells while preventing 

the normal cell from the effect of silver. One more 

advantage of this nanocomposite is that it is 

biodegradable, i.e., it can be degraded by the 

enzymes present in the body making it suitable for 

the treatment of cancer. Apart from the treatment of 

cancer, the nanocomposite also possesses good 

antimicrobial [25] and biosensing activity.  

 In this study, silver nanoparticles were Green 

synthesized using farm crop residue feed extract for 

reduction of Ag
+
 ions to Ag

0
 nanoparticles from 

silver nitrate solution. The synthesized nanoparticles 

and its composite with chitosan: CS/Ag(Ric), 

CS/Ag(sug) and CS/Ag(Fur) were characterized 

using  electron microscope (SEM & TEM) and UV-

visible spectrophotometer. Also, visible 

photoluminescence (PL) emissions of the synthesized 

silver nanoparticles have been recorded. 

Antibacterial activity and Electrical Resistivity of 

CS/Ag nanocomposites were studied. Plant extract is 

very cost effective and eco friendly and thus can be 

economic and effective alternative for the large scale 

synthesis of silver nanoparticles. 

 

Experimental: 

 

Materials: 

 

 The Rice straw and bagasse collected in a local 

farm were used as raw material. The straw was air 

dried, milled, screened to select the fraction of 

particles with a size lower than 0.5 mm and 

homogenized in a single lot. Analysis of the main 

fractions was carried out using  acid hydrolysis under 

standard condition.  

 

Methods: 

 

Acid hydrolysis of samples: 

 

 Sulfuric acid, which concentration was 3N, 

heated with the Rice straw and bagasse wastes with 

excitement for 4 hours to obtain Extracted liquid 

from the distillation condensation. All experiments 

were performed using a water/solid ratio of 10 g 

water/g crop wastes on dry basis [26]. 

 

Chemical synthesis of silver nanoparticles using 

prepared and synthetic furfural: 

 

 AgNO3 were purchased from CHONEYE, 

Japan. Deionized water was used in all the 

experiments. We prepared a solution of AgNO3 in 

water. In a typical experiment, 0.184 g of AgNO3 

was dissolved in 10 ml of water and furfural solution 

separately in 10 ml. Next the two solutions were 

mixed together and transferred to a Teflon-lined 

stainless steel autoclave (50 ml capacity) and the 

final volume was made up to 25 ml. The autoclave 

was maintained at 100 ℃ for 30 minutes when gray 

colored precipitates settled at the bottom of the 

autoclave. The precipitates dried in vacuum (10-3 

Torr) for 24 h. The hydrothermal reactions for all the 

systems were carried out under identical conditions 

and the morphology of silver obtained from each 

sample was examined. 

 

Synthesis of Ag/Chitosan: 

 

 The chitosan suspension was prepared by 

solubilizing 1.0 g of chitosan in 50 mL  Acitic acid 

(1.0 wt%) solution at room temperature. Then, 50 
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mL of AgNO3 (0.01 M) was added immediately into 

the suspension under constant stirring for 2.0 hours. 

Also, 20 mL of NaBH4 (0.04 M) was added to the 

suspension of AgNO3/CS and the immediate color 

changes from pale yellow to brown indicating the 

formation of Ag NPs. This suspension was continued 

stirring for 1.0 hour. Then, the obtained Ag/CS were 

labeled as CS/Ag (sug), CS/Ag (Ric) and CS/Ag 

(Fur) and further characterization was carried. 

 

 Structural characterization and measurements: 

 

 The as-prepared samples were characterized by 

scanning electron microscope (SEM, JEOL JXA -

840, Electronic Company, Japan) were used to 

characterize the size, dispersion of Ag NPs and the 

morphology of CS/Ag nanocomposites. UV-VIS 

spectra of nanocomposite solutions were measured 

using UV-VIS spectrometer (6100 Jusco, Japan). The 

photoluminescence (PL) emission spectra were 

recorded using a Perkin–Elmer LS55 fluorescence 

spectrophotometer in the wavelength range from 330 

to 550 nm at room temperature using two excitation 

wavelengths kexc = 300 nm and kexc = 320 nm. 

Electrical resistivity of prepared samples thin film 

surface was measured using 6517A Electrometer/ 

High Resistance Meter. Thin films of CS/Ag 

nanocomposites were tested against Gram positive 

bacteria (Staphyloccus aureus and Bacillus cereus) 

and Gram negative bacteria (Escherichia coli and 

Pseudomonas aeruginosa) using the disk diffusion 

method [27]. 

 

Results and Discussion  

 

SEM: 

 

 Nanoparticles of silver have been synthesized by 

the interaction of silver nitrate and Furfural in an 

autoclave at 100 
0
C for 30 mins. Different 

morphological modifications and nanoparticles are 

obtained by varying reactant source as wastes of 

sugar cane, Rice straw and synthetic furrural. The 

prepared Ag nanoparticle were embedded on 

chitosan to form: CS/Ag(sug),  CS/Ag(Ric) and 

CS/Ag(Fur). Surface morphologies of the films (Fig. 

1) presents surface and cross-section SEM 

photographs of: CS/Ag(sug, CS/Ag(Ric) and  

CS/Ag(Fur). 

 

 
 

Fig. 1: SEM of (a) CS/Ag (Ric), (b) CS/Ag(sug) and (c) CS/Ag(Fur). 

 

 One can see in Fig. (1) that silver particles were 

homogeneously dispersed in the chitosan matrix. A 

high magnification image clearly shows the silver 

particles with different morphology and grain size 

taking the order: CS/Ag(sug) > CS/Ag(Ric) >  

CS/Ag(Fur). 

 

UV-VIS: 

 

 The Ag-NPs obtained showed a characteristic 

excitation of surface plasmon Resonance (SPR) band 

for Ag-NPs centered at about 340, 330 nm and 320 

nm for: CS/Ag(Ric), CS/Ag(sug) and  CS/Ag(Fur) 

respectively (Fig. 2). As shown in this Figure the 

intensity of  the SPR peaks increased  in the same 

trend, which indicates the continued reduction of the 

silver ions, and the increase of the absorbance with 

the reaction indicates that the concentration of Ag-

NPs increased [28]. 

 The band gaps were calculated for: CS, 

CS/Ag(Ric), CS/Ag (sug) and  CS/Ag(Fur) are (2.95, 

2.58 , 2.25 and 2.75 ev) respectively. 

 

 

a      b  

  

c  
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Fig. 2: UV-VIS spectra of of (a) CS/Ag(sug,  (b)CS/Ag(Ric) and (c) CS/Ag (Fur). 

 

 
 

Fig. 3: Photoluminescence emission spectra of (a) CS/Ag(sug),  (b)CS/Ag(Ric) and (c) CS/Ag(Fur). 

 

 The synthesized silver nanoparticles are found to 

be photoluminescent. Photoluminescence (PL) 

spectra at room temperature obtained from the 

synthesized silver nanoparticles embedded in 

chitosan film (CS/Ag (Fur), CS/Ag (sug), and CS/Ag 

(Ric) are shown in Fig. 3.  It can be seen that PL 

peaks appeared at 410, 415 and 420 nm, respectively. 

PL emission peaks intensity are in the order CS/Ag 

(Ric) >CS/Ag (sug) > CS/Ag (Fur). Red shifted by ~ 

80 nm and 100 nm from their corresponding UV-

visible peaks. The visible luminescence from silver 

nanoparticles had been reported earlier and attributed 

to the excitation of electrons from occupied d bands 

into states above the Fermi level [29,30].    

 

Electrical Resistivity: 

 

 Nanocomposites thin-film, consisting of silver 

nanoparticles embedded in a Chitosan matrix, were 

synthesized using deposition method. The electrical 

properties of CS/ Ag nanocomposites thin film were 

studied under an applied external constant potential 

as a function of film thickness at metal loadings. The 

electrical properties are directly dependent on the 

morphology of the silver nanoparticles embedded in 

the chitosan matrix. Composite films with very low 

metal and metallic nanoparticles well dispersed 

within the polymer matrix, show dielectric 

characteristics. Initially isolated nanoparticles in 

composite films with a moderate metal loading are 

able to coalesce into fractal nanoclusters as the films 

grow thicker, leading to a giant increase of 

conductivity before it levels off. No continuous 

electrical pathway has formed at this stage, and 

thermally activated tunneling dominates the charge 

transport.  Metallic nanoclusters are able to initiate 

and accomplish the percolation process and 

eventually form the metallic continuum. This 

continuous metallic pathway leads to a second rapid 

increase in conductivity and the switch to Ohmic 

electron transport. The resulting resistivity is lower 

than that of pure CS film due to the presence of 

dielectric polymer inclusions which significantly 

reduce the electron mean free path. 

 It can be noticed (table (1)) that, there is a direct 

relation between Electrical Resistivity, particle size 

and band gab for the prepared materials. 

 
Table 1: Electrical Resistivity, Band Gap and Ag particle size (nm) of:  (CS/Ag(Fur , CS/Ag(sug),  and CS/Ag(Ric). 

Band Gap (ev) Particle size (nm) Electrical Resistivity (Ω/cm) Sample 
3.10 --- 7.17X1011 CS 

2.25 10.30 4.40x1011 
CS/Ag(Sug) 

2.58 9.10 2.5 I x1010 
CS/Ag(Ric) 

2.75 18.04 3.14x1011 
CS/Ag(Fur) 
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Antibacterial  activity of Ag-nanocomposites: 

 

 The antibacterial activity of the synthesized 

silver nanoparticles embedded in chitosan films: 

CS/Ag (Fur), CS/Ag(sug), and CS/Ag(Ric) were 

tested by using Disk Diffusion Method (DDM) in 

which the inhibition zone was monitored. It was 

found that film Cs/Ag (Ric) had no activity against 

Gram positive and negative bacteria (Table 2). 

Moderate activity was detected with film 

CS/Ag(sug), while highest antibacterial activity was 

shown with film (CS/Ag(Fur).      

 
Table 2: Inhibition zone of bacteria. 

 
Sample 

Gram +ve  bacteria Gram -ve  bacteria 

Staphylococcus aureus Bacillus cereus Escherichia coli Pseudomonas aeruginosa 

CS/Ag(Sug) 22 0 0 18 

CS/Ag(Ric) 0 0 0 0 

CS/Ag(Fur) 22 32 0 12 

 

Conclusions: 

 

 A simple way to prepare Ag NPs, sulfuric acid 

was used as catalyst to improve the generation of 

furfural from crop wastes. Comparing very well with 

other raw materials used for furfural production. 

Optimal conditions for furfural production by acid 

hydrolysis of different crop wastes as rice and sugar, 

were 3 N sulfuric acid at 120
0
C for 240 min. 

Nanoparticles of silver have been synthesized by the 

interaction of silver nitrate and Furfural in an 

autoclave at 100 
0
C for 30 mins. Silver-chitosan 

nanocomposites were obtained by varying reactant 

source: CS/Ag(Ric), CS/Ag( Sug) and  CS/Ag(Fur) 

were characterized. The diameters of the Ag 

nanocomposites were less than 20 nm and had PL 

intensity. This study demonstrated that variable 

inhibition rate of nanoparticles silver nanocomposits 

against Gram-positive and Gram-negative bacteria. 

Also, Electrical Resistivity measurements of 

nanocomposites showed semiconducting values. 

Plant extract is very cost effective and eco friendly 

and thus can be economic and effective alternative 

for the large scale synthesis of silver nanoparticles. 

The prepared nanocomposite may have potential 

different applications. 
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