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Abstract 

Nanoparticles have been used as effective platforms for treating skin wounds over the last decade. Potential therapeutic 

effects on wound healing have been demonstrated through metal nanoparticles, notably silver nanoparticles (AgNPs). Solid 

state synthesis was used in this work for the preparation of AgNPs without using any external chemicals or solvents. In this 

current work, dextran was used as reducing agent for silver ions and in the same time as stabilizer for the produced nanoparticles.  

AgNPs is readily synthesized by eco-grinding artlessly for dextran powder, sodium hydroxide beads. The efficacy of dextran 

as a dual function for the synthesis of AgNPs was assessed by adjusting the utilized concentration of silver nitrate. Ultra-violet 

visible spectroscopy (Uv-vis), transmission electron microscopy (TEM), dynamic light scattering (DLS), zeta potential, X-ray 

diffraction (XRD), scanning electron microscope -Energy dispersive X-ray (SEM-EDX) are tools for AgNPs characterization 

before and after cotton fabric treatments. The resulting AgNPs with different concentrations were added to cotton fabrics. The 

cytotoxicity and antimicrobial activities of the treated fabrics were examined. The findings showed that the spherical shape was 

confirmed with a reasonable distribution of prepared AgNPs. In addition, the stability of AgNPs has been attained and values 

greater than -30 mv have been obtained. The findings also revealed that the nanoparticles were effectively distributed onto the 

surface of fabrics and penetrated into them. The cotton fabrics treated possess superior antimicrobial properties, which are 

determined by the process of disc diffusion to suppress pathogenic microbes. Furthermore, for human and non-human cell lines, 

the cell viability of the treated cotton fabrics has no toxicity effect. On that framework, the synthesis of AgNPs with high yield 

is based on solvent-free is also offered by one pot synthesis of silver nanoparticles that is eco-friendly, low cost, save effort and 

chemicals.  
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1. Introduction 

Recently antimicrobial fabrics gained a great 

attention for their potentiality to eliminate the 

transmission of pathogenic microbes in both medical 

and health care environments [1]. The antimicrobial 

fabrics could also reduce the unpleasant odor. 

Antimicrobial fabrics were used for long time in 

health care as hospital gowns, paint cloths, bed 

covers, etc. [2]. The antimicrobial fabrics should 

achieve the following requirement to be applicable to 

injured skin as wound dressing [3,4]. These 

requirements include the fabrics should be nontoxic, 

not make bacterial resistance, should not cause 

allergic reaction, have broad spectrum antimicrobial 

and should be sustainable [5–7]. Metal nanoparticles 

(NPs) is considered as good alternatives to some 

organic compounds which have been used in textile 

finishing as antimicrobial agents. Nanoparticles 

include nanometals (e.g. silver and copper), nano 

oxides (e.g. titanium and zinc), carbon nanotubes and 

clays [6]. Antimicrobial dressings of wound include 

two groups; namely antiseptic or antibiotic dressings 

[8]. Antiseptic dressings exhibit broad spectrum 

activity that can kill or inhibit many pathogens such 

as bacteria, fungus, protozoa, viruses, and prions 

[9,10]. On the other hand, antibiotic dressings are 

nontoxic and effectively work on the target sites 

without damaging host tissues [11]. The perfect 

antimicrobial dressing must have broad spectrum 

activity against different microorganisms, be 

nonallergic and nontoxic to host cells, have be able to 

groove exudate and preserve a humid wound 

situation, should release drugs quickly in a continued 

manner, should decrease unpleasant odor, and be 
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cheap [12,13]. Silver nanoparticles (20nm) 

exhibited broad spectrum antimicrobial activities 

against different human pathogens [14,15]. 

Antimicrobial fabrics containing silver nanoparticles 

were fabricated into cotton fabrics as wound dressing 

textile [16]. 

Due to the extreme unique and extraordinary 

electrical, physiochemical, and mechanical 

properties of Due to the extreme unique and 

extraordinary electrical, physiochemical, and 

mechanical properties of materials in nanostructured 

form, nanotechnology has rendered a major 

revolution in every aspect of human daily life 

[17,18]. The justification for enhancing the efficiency 

of nanostructures is believed to be increasing the 

active surface areas of the particles. They are also 

ideal for various biomedical applications, such as 

smart textiles, wound dressing products, medical 

devices, etc [19]. Throughout many applications, 

different metal nanoparticles are being used in 

several industry sectors, silver nanoparticles are 

extensively utilized. Silver nanoparticles (AgNPs) 

are very effective antimicrobial agent toward 

different microbial organisms. With their outsized 

surface area to volume ratio, silver nanoparticles 

exhibit a virtuous antibacterial property, which 

delivers excellent interaction with the microorganism 

[20–27]. 

AgNPs have also been frequently used in different 

finishing textiles including such gloves, medical 

coats and laboratory gowns, surgical gowns and 

dressing bandages, which are alleged to be capable of 

preventing bacterial growth. Especially in 

comparison with bulk particles, the synthesis of 

AgNPs has extraordinary chemical, optical, electrical 

and magnetic properties [28,29]. 

There many methods and huge of synthetic and 

hazardous materials used for the preparation silver 

nanoparticles (AgNPs). Most of these preparation 

methods are electrochemical reduction [30], sono-

chemical method [31,32], laser ablation technique 

[33–35], biological synthesis [36,37], microwave 

irradiation reduction [38,39], chemical reduction 

[40–42] and so on. It is worth noting that most of 

these methods are not applicable for the preparation 

of nanoparticles in large scale. In addition, most of 

the literature compounds that used for nanoparticles 

preparation is mainly relied on synthetic polymers 

that have side effect in the environmental pollution. 

Of these chemical synthetic polymers are sodium 

borohydride, hydrazine hydrate, dimethyl 

formamide, sodium citrate, ethanol, methanol and 

dimethyl sulphoxide. In our research work, an 

outstanding issue about the mass production of 

nanoparticles is environmental protection. Green 

approaches showed promising routes [43], such as 

the solvent-free process [44–49]. As in solvent-free 

technology, potential benefits such as accessibility, 

high performance and insignificant delivery of 

harmful waste are achieved. In order to synthesize 

silver nanoparticles under ambient conditions, an 

innovative synthetic method has been developed. 

Solid state synthesis of nano particles is therefore 

regarded for the green approach to the development 

of materials with the necessary functionality. No 

need to utilize additional reducing agent or stabilizing 

agent throughout this methodology and the reaction 

was carried out without the need for using an organic 

or an aqueous solvent. AgNPs were prepared in solid-

state synthesis by mixing and grinding the precursors 

for all the materials used; polymer, NaOH and Ag 

ions. The present research work was therefore 

intended to take the advantage of a novel solid-state 

green method without using any solvent to prepare 

silver nanoparticles (AgNPs). The outstanding green 

strategy for this is to obtain nanoparticles with 

significant properties and control the size and shape 

of AgNPs prepared by such method [50]. 

 

Thus, the current study documented the development 

of a technique that is emphasising about the 

environmentally sustainable one-pot green synthesis 

of relatively efficient dry powdered silver 

nanoparticles (AgNPs) utilizing dextran as both a 

reducing and stabilising agent in the presence of 

sodium hydroxide (NaOH). Sodium hydroxide is 

thought to be able to enhance the reduction potential 

of dextran. Therefore, when silver nitrate (AgNO3) is 

added to the alkali-treated dextran, the alkali-treated 

dextran gives the well-established dual function of 

dextran; reduction of silver ions (Ag+) to AgNPs and 

stabilising the as-formed AgNPs to prevent their 

aggregation and agglomeration. The assessment of 

AgNPs formation was carried out by examine the 

structural and morphological characteristics of 

AgNPs are investigated by structural and 

morphological features by UV-vis spectroscopy, 

transmission electron microscopy (TEM), particle 

size analyzer, zeta potential, and X-ray diffraction 

(XRD) analysis. Eventually, Cytotoxicity in terms of 

human and non-human cell lines and  antimicrobial 

properties of treated cotton fabric were measured 

against four types of microbes; S. aurous, E. coli, C. 

albicans and A. niger. 

 

2. Materials and methods 
2.1. Materials 

 Silver nitrate was purchased from Sigma 

Aldrich Co (Germany). Dextran and sodium 

hydroxide were purchased from Across Co 

(Germany). Deionized water was used for dilution, 

analysis and application. All other chemicals are of 

analytical grade and used as received without further 

purification or modification. 

 

2.2. Methods 

2.2.1. Preparation of solid-state silver 

nanoparticles (Ag-NPs) 

 Silver nanoparticles (Ag-NPs) was prepared 

in its solid-state using dextran as both reducing agent 
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and in the same time as stabilizing agent at ambient 

temperature and without using any extra reductant or 

organic solvents. Firstly, 1 g of dextran was mixed 

with sodium hydroxide pellet (0.35 g/1 g dextran) and 

submitted for mechanical grinding for 10 min. After 

that, different concentrations of silver nitrate; AgNO3  

( 0.5g, 1g and 2 g) as a precursor for silver ions (Ag+) 

were added to the fine powder of dextran/NaOH and 

mechanical grinding was continued for another 20 

min. The three fine powder were subjected for 

washing with distilled water and centrifuged to obtain 

pure powders of Ag-NPs stabilized or coated with 

dextran chains. Finally, the wet fine powders of Ag-

NPs were dried using freeze drying instrument. the 

three different concentrations depending on the 

concentration of the utilized AgNO3 are nominated as 

Ag-NPs-1, Ag-NPs-2 and Ag-NPs-3.  

 

2.2.2. Preparation of Ag-NPs loaded cotton 

fabrics 

 0.1 g of each concentration was dissolved in 

100 mL of deionized water under the effect of 

sonication for 15 min. The bleached cotton fabric (10 

cm*10 cm) was immersed in each solution for 1 min 

and squeezed with pick up 100%. The treated cotton 

fabrics were then dried at 80 C for 2 min and curing 

at 120 C for 2 min. Through the treatments and 

curing, the white color of fabrics was changed to 

yellow and yellowish brown due to the effect of Ag-

NPs. 

 

 

2.3. Characterization of AgNPs and cotton 

fabrics treated with different concentrations of 

Ag-NPs 

2.3.1. Ultraviolet–visible (UV-vis) spectroscopy  

UV-vis spectroscopy was used in order to assess the 

wavelength and specific absorption for AgNPs by 

adding 1 ml of the three diluted samples to 20 mL of 

distilled water and then identified  using UV-Vis 

spectrophotometer (T80 UV/vis spectrometer, PG 

Instrumentals Ltd. Germany) in the 200-600 nm 

wavelength range.  

 

2.3.2. Transmission Electron microscope 

(TEM) for particle shape determination 

The shape and distribution of AgNPs has been 

described through TEM (JEOL, 2100, Japan). Before 

the examination, the samples were first submitted to 

sonification . On a copper grid, the samples of the 

prepared colloidal solution were put and allowed to 

dry until examination.  

 

2.3.3. Particle size analyzer 

Dynamic Light Scattering (DLS, Nano-ZS, Malvern 

Instruments Ltd., UK)) is an unique technique that is 

commonly used to describe the hydrodynamic 

diameter of nanoparticle suspensions based on the 

particles' demonstrated Brownian movements.  

2.3.4. Zeta potential evaluation 

The zeta potential is a key indicator of the stability of 

colloidal dispersions. The magnitude of the zeta 

potential indicates the degree of electrostatic 

repulsion between adjacent, similarly charged 

particles in a dispersion. For molecules and particles 

that are small enough, a high zeta potential will 

confer stability, i.e., the solution or dispersion will 

resist aggregation. When the potential is small, 

attractive forces may exceed this repulsion and the 

dispersion may break and flocculate. So, colloids 

with high zeta potential (negative or positive) are 

electrically stabilized while colloids with low zeta 

potentials tend to coagulate or flocculate. 

 

2.3.5. Crystallinity evaluation of Ag-NPs by 

mens of X-ray diffraction (XRD) 

XRD can be described as a swift analytical technique 

used for phase identification of a crystalline material 

and can provide information on unit cell dimensions. 

The analyzed material is finely ground, 

homogenized, and average bulk composition is 

determined. All diffraction methods are based 

on generation of X-rays in an X-ray tube. These X-

rays are directed at the sample, and the diffracted rays 

are collected. A key component of all diffraction is 

the angle between the incident and diffracted rays. 

Powder and single crystal diffraction vary in 

instrumentation beyond this. 

 

2.3.6. Morphological structure of the prepared 

Ag-NPs treated cotton fabric 

For the identification and examination of the surface 

structure of the treated cotton fabrics, the scanning 

electron microscope (SEM, TESCAN VEGA 3, 

Czech Republic)). The energy disperve X-Ray 

(EDX) was used to identify the elemental analysis of 

the evaluated sample. 

 

2.3.7. Cytotoxicity of treated cotton fabric with 

AgNPs 

Cytotoxicity was developed in order to investigate 

the protection of the treated cotton fabrics.  The 

treated cotton fabric samples with different 

concentrations of AgNPs were then tested against 

human epithelial type 2 (Hep2) cells, the eternal cell 

line consisting of human liver carcinoma cells 

(HepG2) and human cells called Buffalo Green 

Monkey Kidney Cells (BGM).  

These human cell lines were afforded by Holding 

Company for Biological Products & Vaccines 

VACSERA, Egypt. In order to evaluate the treated 

cotton fabrics, the human cells should be contacted to 

the treated cotton fabrics and then determined via cell 

viability % using MTT assay method using 

Tetrazolium assay kit (MTT cell proliferation assay 

kit, Duchefa Biochemie, Netherlands). The 
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absorbance was measured at 550 nm using a Varian 

Cary 300 ultraviolet–visible spectrophotometer. The 

obtained cytotoxicity results were displayed in 

percentage as reduction of viability of cells cultured 

in presence of treated compared to cells cultivated in 

a medium without the untreated samples. The human 

cells without the samples were calculated as a 

reference control with a cell viability of 100%. The 

cell viability (%) tested by MTT assay method over 

blank and treated samples after (24 and 48 h). 

 

2.3.8. Antimicrobial properties of Ag-NPs 

treated cotton fabric 

 

To evaluate the antimicrobial activities of treated 

fabrics to be used as wound dressing four pathogenic 

test microbes were used namely; Staphylococcus 

aureus ATCC 6538 (G+ve bacterium), Escherichia 

coli ATCC 25922 (G-ve bacterium), Candida 

albicans ATCC 10231 (yeast) and Aspergillus niger 

NRRL A-326 (fungus) as described by Collens and 

Lyne's [51]. Petri dishes containing nutrient agar 

medium were densely inoculated with both bacteria 

and yeast (CFU of about 108) whereas Potato 

dextrose agar medium plates were inoculated with the 

fungus (CFU of about 107). Each plate was inoculated 

with 100µl from stock inoculum from each test 

microbe and spreaded over the plate surface using 

sterile swabs. The treated fabric discs (1cm diameter) 

were placed over the surface of inoculated plates.  

The inoculated plates were reserved in refrigerator at 

4oC for about 2-4h. The plates were then incubated 

at 37oC for 24h for bacteria and at 28oC for 48h for 

the fungus. The antimicrobial activity was 

investigated by calculating the inhibition zones 

around the tested samples expressed in millimeter 

(mm).   

 

3. Results and discussion 

 The target of our work was designed to 

prepare Ag-NPs in the solid state without using any 

solvents; organic or aqueous. Followed by evaluate 

its efficiency of the cotton fabrics as antimicrobial 

finishing agent. In this research work, Ag-NPs was 

prepared using dextran as both reductant and 

stabilizing agent. Dextran was selected for its 

bioavailability, compatibility and cost-effective. The 

tools used for preparation are very facile and simple. 

The mechanical grinding of dextran with NaOH 

facilitate the chains of dextran to be alkaline, more 

active to reduce the ions of Ag to Ag-NPs through the 

reductant group in C6 of dextran. in the same time, 

there numerous hydroxyl groups connected to the 

backbone of dextran chains which acted as stabilizer 

for the obtained Ag-NPS and protect it from further 

agglomeration. The color of dextran is white and 

changed to yellow brownish with the addition of 

AgNO3 while grinding as shown in Figure 1. It is 

observed that, the prepared solid was changed to deep 

yellow color while dilution with deionized water and 

diluted to yellow color with further dilution. 

 

 
Figure 1: photo images of (A) dextran and AgNPs in
the powder form, (B) colloidal solution of AgNPs (high
concentration) and (C) colloidal solution of AgNPs
(low concentration)

 

 

3.1. Characterization of the as-synthesized 

AgNPs via solid state technique 

3.1.1. UV-vis spectra 

 After eye observation for the color of the 

formed Ag-NPs, Uv-vis was used for further 

confirmation and to investigate the wavelength in nm 

for Ag-NPs. It is well known, the absorption band for 

Ag-NPs are existed between 400-430 nm. Figure 2 

shows that UV-vis absorption spectrum of dextran 

and dextran coated Ag-NPs of. It was found that 

dextran has no peak around 400 nm while the UV-vis 

absorption spectrum of Ag NPs showed that 

featureless surface Plasmon resonance band around 

410 nm confirming that the formation of Ag NPs.   

In details, the sample coded with AgNPs-1 which 

contain in its preparation 0.5 g of AgNO3 exhibit an 

absorption peak around 404 nm. The value of 

absorption peak was shifted to high wavelength (408 

nm) while increasing the concentration of AgNO3 to 

1g as presented from the graph of AgNPs-2. On the 

other hand, the absorption peak was significantly 

moved to high wavelength (423 nm) with increasing 

AgNO3 concentration to 2 g. The absorbance was 

increased due to increasing the number of particles.  

It is also depicted that with the second concentration 

(AgNPs-2), the band is nearly sharp which affirming 

the uniformity of particle size and thus the particle 

homogeneity. On contrary, AgNPs-3 that prepared 

with high concentration of AgNO3, the band is very 

broad confirming that the formed particles are 

heterogeneous. 
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Figure 2: UV-vis of dextran and AgNPs prepared using 

different concentrations of AgNPs

 

3.1.2. Determination of particle shape for 

AgNPs 

           For particle shape observation, the powder of 

AgNPs (0.05 g) prepared with three different 

concentrations of AgNO3 (0.5g, 1 g and 2 g) was 

dispersed in deionized in water to be ready for TEM 

evaluation and the obtained images are set in Figure 

3. As shown in Figure 3 (A, B) that the particles shape 

of AgNPs-1 and AgNPs-2 using 0.5 g and 1 g of 

AgNO3 respectively are formed with spherical shape 

and also with good distribution confirming that 1 g of 

dextran has the ability to reduce and stabilize the 

produced AgNPs. On the other hand, AgNPs-3 that 

prepared with high concentration of AgNO3 (2 g) /(1 

g) dextran has an agglomerated particle with no 

noticeable edges due to that the availability of 

functional groups of dextran are low to reduce Ag 

ions and to protect them from aggregation. 

 
Figure 3: TEM of (A) AgNPs-1, (B) AgNPs-2 and (C) AgNPs-3 and (D) selected area diffraction of AgNPs-2

 

Based on the aforementioned TEM observation, 

AgNPs-2 was selected for further analysis to observe 

the selected area diffraction for the formed particles 

which indicated that the synthesized silver 

nanoparticles were formed as single crystals.    

 

3.1.3. Particle size analyzer and zeta potential 

value for the as synthesized silver nanoparticles  

            The average hydrodynamic size of the three 

prepared AgNPs with different concentrations due to 

the different concentrations of the utilized AgNO3 

was determined by the means of dynamic light 

scattering (DLS) and the graphs were drawn in 

Figure 4. It is clearly noted that the average particle 

size is changed. AgNPs prepared using 0.5 g of 

AgNO3 (AgNPs-1) exhibit average particle size equal 

to 8 nm while the obtained average size (15 nm) is 

ascribed for AgNPs prepared using 1 g of AgNO3 

(AgNPs-2). On the other hand, the sample coded with 

AgNPs-3 (prepared using 1 g of AgNO3) 

demonstrates that average diameter is 58 nm. The 

varieties in particle size for the three samples are 
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attributed to the potential effect of dextran as 

reductant and stabilizing effect.  

 
Figure 4: Average particle size using DLS
for AgNPs-1, AgNPs-2, and AgNPs-3 prepared using
different concentrations of silver nitrate in the pres-
ence of dextran as both reductant and stabilizing agent

                At low concentration of AgNO3, the 

potential effect of dextran to reduce silver ions and 

protect the formed nanoparticles is maximized. 

dextran contains glucose units which is available for 

reduce all the precursor ions of silver at its low 

concentration. Through increasing the concentration 

of AgNO3 to 1 g (AgNPs-2), the potential effect of 

dextran as reductant and stabilizing is partially 

decreased, which, in turn, leads to enlargement the 

formed particle size. Up on increasing the 

concentration of AgNO3 to 2 g (AgNPs-3), the 

concentration of silver ions is sharply increased 

comparing to the concentration of dextran and thus, 

its performance to reduce and stabilize the formed 

nanoparticles becomes low, conclusively, leads to 

increasing the diameter of size to 58 nm).

          The aforementioned observations and 

characterization provide us an exception about the 

zeta potential value for each sample.  Figure 5 

displays the Zeta potential (ζ-potential) for AgNPs. 

The powdered AgNPs was suspended in deionized 

water and sonicated for 15 min before zeta potential 

determination.  It is expected that increasing the 

diameter of size has a reverse relationship with the 

stabilization effect. Increasing the particle size is due 

to the low stabilizing effect of the utilized polymer. 

In our study, due to the higher concentration of silver 

ions, the stabilization effect of dextran becomes low. 

Therefore, it is depicted from figure 4 that the value

of zeta potential of AgNPs-1, AgNPs-2 and AgNPs-

3 is -36 mv, -32 and -26 mv respectively. 

 

 

Figure 5: Zeta potential value of AgNPs (AgNPs-1,
AgNPs-2, and AgNPs-3) prepared using different con-
centrations of silver nitrate in the presence of dextran
as both reductant and stabilizing agent

 The value is decreased with increasing the 

concentration of the utilized AgNO3. It is known that 

the value of zeta potential above -30mv or +30mv is 

an indication for the good stability of the formed Ag 

NPs, which, in turn, related to the stabilization 

potential of dextran. The stability of AgNPs-2 

solution is higher than the other two concentrations. 

taking in mind that the negative signals are attributed 

to the negative effect of the hydroxyl groups of 

glucose units. The negative charge of the zeta 

potential value is due to the adsorption of the 

hydroxyl groups (OH) from dextran onto the surface 

of the particles. 

3.1.4. X-ray diffraction (XRD) of Ag NPs 

        In order to clarify the purity and crystallinity of 

formed nanoparticles that prepared using different 

concentrations of AgNO3, XRD was carried out to 

scan and check the structure of the analyze 

compound. As shown from Figure 6 (A, B) for the 

samples coded with AgNPs-1 and AgNPs-2, the 

graph obtained from the XRD has typical pattern 

observed at 38.2⁰, 44.2⁰, 65⁰, and 77.5⁰ which may be 

indexed to the (111), (200), (220) and (311) facets of 

silver, respectively indicating that the synthesis of 

AgNPs. Sample 2 (AgNPs-2) was selected for 

elemental analysis using EDX to identify the 

elements presented in the analyzed sample. As shown 

from Figure 6 (D) that the sample has Elements; C, O 

and Ag. The presence of C and O are attributed to 

dextran that surround the particles of Ag while the 

peak of Ag is to confirm that the successful 
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preparation of AgNPs stabilized via dextran 

molecules.   

 

Figure 6: XRD analysis for (A) AgNPs-1, (B) AgNPs-2 and (C) AgNPs-3. (D) EDX of the synthesized AgNPs-2

 

3.2. Characterization of cotton fabrics treated 

with AgNPs 

Next, the second target is to apply the prepared 

AgNPs as antimicrobial finishing agent for cotton 

fabric and evaluated the resultant treated cotton fabric 

 

3.2.1.  Scanning electron microscopy (SEM) of 

cotton fabrics loaded with Ag NPs  

          After confirming the preparation of AgNPs 

with full advanced characterization such as UV-vis, 

TEM, particle size analyzer, zeta potential, XRD and 

EDX tools, the three prepared different 

concentrations were utilized in order to impart the 

antimicrobial properties for cotton fabrics. 0.1 g of 

AgNPs from the nominated their different 

concentrations; AgNPs-1, AgNPs-2 and AgNPs-3 

was dispersed in distilled water used for treatments. 

Figure 7 displays the cotton fabric treated with 

AgNPs and compared with the untreated cotton 

fabric. Each picture for all the scanned samples are 

taken at low and high magnifications. 

 

It was observed that the untreated cotton fabric 

(Figure 7A) exhibits clean and smooth surface and 

after treatment the surface become rough due to the 

precipitation of AgNPs onto the surface of fabric 

(Figure 7 B, C and D). In addition, some of these 

nanoparticles are penetrated inside the surface due to 

the small size of nanoparticles. the color of untreated 

cotton fabric is white and converted to color fabric 

due to the treatments as shown in the inset images in 

each figure. It is also depicted that from the figures 

that the quantity of AgNPs formed on the surface of 

fabric increases by the increasing of concentration.  

 

 

3.2.2. Cytotoxicity of treated cotton fabric 

The cytotoxicity parameter of any treated fabrics is 

very important factor to facilitate their application in 

medical domains such as wound dressing materials 

[52,53]. 

Thus, in terms of the cytotoxicity, Figure 8 represent 

cell viability percent of untreated cotton fabrics and 

the treated fabrics with the as prepared AgNPs 

against non-human and human cells such as Buffalo 

Green Monkey (BGM), Human Hep2 (HeLa 

derivative) and Human cervix carcinoma (HepG2). 

The cell viability percent was measured and 

calculated at different times (24 h, 48 h, 72 h and 96 

h). It is observed that from Figure 8, the cell 

viability% for all tested cells is around 99% with 
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different times (24 h, 48 h, 72 h and 96 h) for the 

untreated cotton fabrics. It is also depicted cotton 

fabric treated with a solution of 0.1 g of AgNPs-1 

(CF@AgNPs-1) has no change in the cell viability 

after 24, 48, 72 h and 96 h of attachment the three 

human and non-human cells indicating that untreated 

cotton fabrics and that treated with AgNPs-1 solution 

did not induce toxicity. It is remarkable that the cell 

viability percent is more than 92% for all treated 

cotton fabric with AgNPs-1. The cell viability 

percent is marginal decreases when the cotton fabric 

was treated with 0.1 g of the second solution (AgNPs-

2). These values are sharply decrease to a value 

around 80 % when the fabric was treated with the 

high content of AgNPs (AgNPs-3). It is worth noting 

that the cell viability was decreased when the treated 

fabric was submitted for along time. thus, the values 

of cell viability at 72 and 96 h are less than the value 

obtained at 24 and 48 of subjecting the fabric to the 

tested cell. 

 

 
Figure 7: SEM micrographs of (A) untreated cotton fabric and treated cotton fabrics with (B, b) AgNPs-1, (C, c)
AgNPs-2 and (D, d) AgNPs-3

 

Figure 8: Cytotoxicity effect of treated cotton fabric with AgNPs against BGM, HeP2 and HePG2 cells
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Overall, the average cell viability (%) of these 

samples is above 80%, confirming the low toxicity of 

these samples even using the high concentrated 

AgNPs for fabric treatment.  It can be concluded from 

the above data that AgNPs-1 exhibited no cytotoxic 

effect. Meanwhile, AgNPs-2 and AgNPs-3 

demonstrated minor cytoxicity meanwhile, AgNPs-3 

displays slight cytoxicity even after 96 h of 

subjection to human and non-human cells affirms that 

AgNPs at these aforementioned concentrationsis safe 

and non-toxic for human and non-human cells and 

valid to be used for fabric treatments. 

3.2.3. Antibacterial properties of cotton fabric 

treated with AgNPs 

Results in Figure 9 and Table 1 indicated that the 

untreated Fabric (blank) didn't exhibit any 

antimicrobial activity against any test microbe. On 

the other hand, Samples 1, 2 and 3 exhibited gradual 

increase in antimicrobial activity against all test 

microbes; S. aureus (13, 13 and 14mm, respectively), 

E. coli (13, 14 and 15, respectively), C. albicans (12, 

13 and 16mm, respectively) and A. niger (11, 11 and 

16mm, respectively). 

Figure 9: inhibition zone measurement of untreated cotton fabric (CF) and treated cotton fabrics with AgNPs
(CF@AgNPs-1, CF@AgNPs-2 and CF@AgNPs-3) against some pathogenic microbes
 
Table 1: lists the measured clear zone in mm for the untreated and treated cotton fabric with AgNPs against the tested
pathogenic microbes.

 

The relatively lower clear zones around the 

silver nanoparticles may be due to that AgNPs 

make strong chemical bonds with the fabrics and 

thus not release easly  into the medium. By 

monitoring these lower inhibition zones, it can 

be concluded that these treated fabrics exhibit 

controlled antimicrobial properties which can be 

resulted from its maintaining the amount AgNPs 

inside into fibrils for a long time which, in turn, 

enhance the antimicrobial efficiency for many 

times of wearing. 

The challenge of developing cotton fabrics, 

which really maximise antimicrobial activity in 

combination with the minimization of 

cytotoxicity, may be ultimately contribute on the 

antimicrobial and cytotoxicity findings stated 

previously thereto.  

 

Conclusion 

It is indeed imperative to treat cotton fabrics 

with an antimicrobial finishing agent to kill the 

affected bacteria in the human body. 

Nevertheless, the use of traditional antimicrobial 

Clear zone (mm) Sample Code 

A. niger C. albicans E. coli S. aureus 

0 0 0 0 CF 

11 12 13 13 CF@AgNPs-1 

11 13 1 13 CF@AgNPs-2 

16 15 15 14 CF@AgNPs-3 
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compounds is still dangerous and costly, 

particularly in developing countries. Thus, we 

tried to design an easy method for the 

preparation of silver nanoparticles (AgNPs) in a 

solid state which is considered as a simple 

strategy used in no time and also without 

considered cost for the preparation. AgNPs was 

synthesized at different concentrations using 

dextran as natural biopolymer for the reduction 

of silver ions and protect the resultant 

nanoparticles from aggregation. The research 

study outputs signify that AgNPs was confirmed 

by the appearance of absorbance around 420 nm. 

Moreover, the hydrodynamic particle size was 

observed in very small size 8 nm to 58 nm 

depending on utilized concentration of AgNO3. 

It was also depicted that, all three different 

concentrations of the resulted AgNPs are 

sphere-like morphology and well stable as 

displayed from TEM and zeta potential values. 

XRD states the complete conversion of Ag ions 

to AgNPs with no  impurities such as silver 

oxides. The samples of bleached cotton fabrics 

were then padded in a solution of the three 

prepared AgNPs samples (AgNPs-1, AgNPs-2 

and AgNPs-3; 0.1 g AgNPs/100 mL of water) 

followed by squeezing drying and curing and 

evaluated as antimicrobial finishing agent for 

textile fabric. It was noted from SEM that 

AgNPs was deposited in small size on the 

surface of the fabrics beside their penetration the 

fabric surface. The results depicted that the 

treated cotton fabrics with AgNPs (any prepared 

concentration) is safe and has no noticeable 

toxic effect as proved from cytotoxicity test. 

Ultimately, the treated cotton fabrics has 

superior antimicrobial properties when 

submitted to pathogenic microbes such as S. 

aureus, E. coli. C. albicans and A. niger. Based 

on the results obtained, the solid state process for 

the large-scale preparation of AgNPs is known 

to be safe, simple to operate and easy to 

transport, which is ideal for medical purposes 

due to the potential role of nanoparticles as an 

outstanding antimicrobial finishing agent.  
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