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Abstract  

Muslin fabrics functionalized with silver nanoparticles (AgNPs) need to be produced via green synthesis to protect 
against ultraviolet (UV) radiation and antibacterial activity. In this study, we performed the green synthesis of AgNPs 
functionalized with fingerroot (Boesenbergia rotunda (L.) Mansf.) extract. The main bioactive component of fingerroot 
was investigated via GC-MS. The primary ingredient in fingerroot, pinostrobin, was shown to be the most prevalent, 
based on the GC-MS data. An eco-friendly approach involves obtaining such textile materials by AgNP synthesis directly 
(in situ) on muslin fabrics. The chemical linkages of colloidal AgNPs to the cellulosic structure were characterized and 
confirmed by FTIR, SEM, and EDX analyses. Compared to uncoated muslin fabric, AgNP-coated fabric provides 
excellent protection, with a UV protection factor (UPF) value of 43.30 and Insufficient protection, with a UPF value of 
6.42. The antibacterial activity of AgNP-coated fabric was investigated, revealing greater inhibitory effects against 
Staphylococcus aureus (gram-positive) and Escherichia coli (gram-negative) microbial strains. A wash durability test 
was also performed on the treated fabric, and the findings showed that it could maintain strong antibacterial activity for 
up to 10 wash cycles. All of these findings pointed to the AgNPs produced in this study as a potentially useful ingredient 
for creating fabrics with strong antibacterial and UV protection properties. 
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Introduction 

Textiles protect human skin from harmful 
substances, such as viruses, bacteria, and contaminated 
air. Muslin is a thin cotton fabric with a plain weave. It 
is popular for its fine, silky texture and has widespread 
applications because of its breathability and versatility. 
Owing to its superior qualities, including elasticity, 
softness, water absorption, and breathability, cotton 
fabric is highly popular among consumers [1]. However,  

 
cotton textiles encourage bacterial growth [2,3], which 
decreases their wearability because of certain health 
hazards [4-6]. Several surface modification procedures 
can improve the cotton fabric and impart the prepared 
materials with antibacterial and fire-resistance 
properties, along with high durability after washing 
[7,8]. One such method involves the use of metal oxide 
nanoparticles, such as zinc oxide and silver 
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nanoparticles (AgNPs) [9]. AgNPs are a common choice 
among all noble metal nanoparticles used to combat 
diseases because of their superior and broad-spectrum 
antibacterial activity against various strains [10,11]. As 
a result, microbial cells find it extremely challenging to 
undergo several concurrent gene changes in response to 
AgNP-mediated therapies. 

Various methods are available for synthesizing 
AgNPs, including chemical reduction, sonochemical, 
microwave-assisted, and green synthesis techniques 
[12-14]. The green synthesis approach for producing 
nanoparticles has attracted much interest as an 
alternative strategy to conventional methods because of 
its low cost and used natural plant resources as active 
phytocompounds that serve as capping and reducing 
agents [15-17]. Additionally, this method uses 
renewable materials, operates in ambient circumstances, 
uses little energy, and has little effect on the 
environment, it promotes sustainability in general [18].  
In addition, synthetic stabilizers and reducers offer 
better reproducibility and scalability at an industrial 
level but involve higher costs and environmental 
concerns. However, plant extracts economically 
attractive and environmentally friendly for small- to 
medium-scale synthesis, but challenges include 
variability and scalability. 

Fingerroot (Boesenbergia rotunda (L.) Mansf.), or 
ginseng of Thailand, is a herbal plant well-known for its 
immune activities; it consists of several bioactive 
compounds [19]. Fingerroot was used as a reducing 
agent for synthesizing nanomaterials; for example, 
fingerroot was used as a reducing agent to synthesize 
zinc oxide (ZnO) thin films using the dip coating 
technique [20], and it was used as a reducing and 
capping agent to synthesize AgNPs used as ingredient 
of acrylic resin denture base material [21]. AgNP-coated 
muslin is a promising material for protective and 
medical textile applications because of this new 
biochemical finding, which shows how fingerroot 
extract might improve the textile's functional qualities. 
Innovative and sustainable textile solutions are 
becoming more and more necessary to meet these 
issues.   

The objective of this work is to create 
multipurpose, environmentally friendly textiles by 
utilizing greenly synthesized silver nanoparticles 
(AgNPs). We investigated the ability of Boesenbergia 

rotunda (L.) Mansf. (fingerroot) to act as a reducing 
agent for the formation of AgNPs directly on muslin 
fabrics. The main chemical composition of fingerroot 
was studied by gas chromatography-mass spectrometry 
(GC-MS). The findings showed that cellulosic textiles 
provide strong protection against UV radiation as well 
as Escherichia coli and Staphylococcus aureus. This 
study supports SDGs 6: Clean Water and Sanitation and 
SDGs 12: Responsible Consumption and Production by 
making use of natural resources and reducing the usage 
of hazardous chemicals [22]. Additionally, in line with 
SDGs 3: Good Health and Well-Being, the new textiles 
improved antibacterial and UV-protective qualities 
might benefit public health and well-being. 

 
Materials and methods 

Materials 
All reagents used in the present work were of 

analytical grade and were purchased from Merck. The 
nutrient agar for bacterial culture, the Mueller–Hinton 
broth, and the antimicrobial activity agar was purchased 
from Hi-Media (Mumbai, India). muslin fabric was 
purchased from Khon Khen province, Thailand. 
Distilled water was used in the experiments. 

 
Preparation of the fingerroot extract 
Fresh fingerroot (50 g) was selected and washed to 

remove the residue. The samples were cut into small 
pieces and blended in a blender. Fresh fingerroot 
samples were added to 100 mL of 80 % ethanol at a ratio 
of 1:2 for 15 min. Next, the fingerroot extract was 
filtered through a funnel and filter paper. The filtrate of 
the fingerroot extract was stored at 4 °C until further use. 
The molecular composition and structure of the extract 
were determined via FTIR spectroscopy (TENSOR27 
system Fourier transform infrared spectrometer (Bruker, 
Germany)), and the chemical composition was analyzed 
via GC-MS. 

 
GC-MS analysis of the fingerroot extract 
Gas chromatography-mass spectrometry (GC-

MS) analysis of the fingerroot extract was performed 
using triple quadrupole GC-MS/MS (model: Agilent 
7000C GC-MS Triple Quad). The equipment had  
a column with dimensions of 30 mm×0.25 mm i.d.×0.25 
μm film. The carrier gas used was He (flow rate: 1.0 
mL/min). The oven temperature was set as follows, with 
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the injector running at 270 °C: 3 min at 50 °C, followed 
by an increase to 300 °C in 5 min. The constituents were 
identified by comparing the obtained spectra to those 
present in a virtual library (Wiley 12th/NIST 2020) 
attached to the GC-MS instrument. 

 
Conditional studies for the synthesis of AgNPs 

using fingerroot extract 
For the experiment, 10 mL of the fingerroot extract 

was added dropwise to 50 mL of a     
1 mM AgNO3 aqueous solution. The solution (pH 
adjusted to 10) was heated at 85 °C for 1 h under 
ultrasonic irradiation. The optimization experiment 
involved adding different amounts (0.5, 1.0, 2.0, 5.0, 7.5 
and 10 mL) of fingerroot extract. The different 
concentrations (1 µM, 10 µM, 1 mM, 5 mM, and 10 
mM) of silver nitrate hexahydrate were optimized. The 
AgNP-fingerroot solution obtained was stored at 4 °C 
until further use. 

 
In-situ synthesis of AgNPs on muslin fabric 
The in situ AgNP-fingerroot coating of muslin 

fabric was investigated. A muslin fabric (5×5 cm) was 
immersed in a solution of 1 mM AgNO3 in a 250 mL 
Erlenmeyer flask under ultrasonic irradiation at 85 °C. 
Then, 50 mL of AgNO3 (1 mM) and 5 mL of buffer (pH 
10) were added, and the mixture was sonicated for 3 h. 
The mixture was subsequently incubated for 24 h at 
room temperature in the dark. The coated fabric was 
removed from the mixture and dried at 70 °C for 10 min. 
The same procedure was used to prepare the uncoated 
muslin fabric in a 250 mL Erlenmeyer flask at 85 °C 
with ultrasonic irradiation, but no further reaction 
chemicals were used. 

 
Characterization of the biosynthesized AgNPs 
The surface morphology of the biosynthesized 

AgNPs nanoparticles was examined by scanning 
electron microscopy (SEM, Hitachi S-3000N scanning 
electron microscope, Hitachi Co. Ltd., Japan), and the 
elemental composition of the materials was analyzed via 
energy-dispersive X-ray spectroscopy (EDX, Hitachi S-
3000 N). Additionally, the absorbance spectra of the 
AgNPs were observed in the 200 - 800 nm wavelength 
range using an Agilent 8453 UV-visible 
spectrophotometer (Germany). The particle size of 

synthesized AgNPs survey by nanoparticle analyzer 
(nanoPartica SZ-100V2 Series, HORIBA, Ltd. Japan) 

 
Antimicrobial activity 
The antibacterial activities of the fingerroot 

extract, AgNPs, and modified muslin fabric against S. 
aureus and E. coli were evaluated using the agar well 
diffusion method. A sterile cotton swab was used to 
spread the bacterial culture evenly across the nutrient 
agar plate. The diameter of the inhibition zone 
surrounding the sample was measured and compared to 
that around the negative control after incubation at 37 
°C for 24 h. The durability of the antibacterial activity 
after washing was determined by treating the modified 
fabrics with 1 g/L laundry detergent at 35 °C for 20 min, 
and then, the activity was measured. 

 
UV protection property analysis 
UV-Vis spectroscopy was performed to assess 

how the treated and untreated cotton fabrics responded 
to UV radiation. The efficiency of UV shielding was 
assessed by measuring the absorption and transmission 
of UV. Using transmission statistics and pertinent 
calculations, the ultraviolet protection factor (UPF) and 
percentage of UV transmission were determined. The 
mean percentage transmission in the UV band (280 - 400 
nm) was used to compute the UPF. This was performed 
by dividing the average effective irradiance for skin by 
the average UV irradiation for the skin covered by the 
fabric under evaluation (AATCC Test Method 183-
2004) [23]. 

 

  
 
Here, Eλ represents the relative erythemal 

spectral effectiveness, Sλ represents the solar spectral 
irradiance in W m–2 nm–1, and Tλ represents the UV 
spectrometric spectral transmission specimen. 

 
Results and discussion 

GC-MS analysis of the fingerroot extract 
The GC-MS technique was used to determine the 

composition of the fingerroot extract, and about 16 
bioactive compounds were identified. The molecular 
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formula, molecular weight, composition (%), and 
retention time of these compounds were determined 
from their peak areas. The GC-MS spectrum  (Figure 1) 
of the fingerroot extract showed that the major 
compound was pinostrobin. Pinostrobin, a major 
constituent of Thai fingerroot [24], was found at the 
highest concentration (100 %), followed by camphor 
(35.64 %), beta-ocimene (31.30 %), geranol (25.59 %), 
eucalyptol (18.31 %), pinocembrin (16.29 %), 
hexadecanoic acid, ethyl ester (6.71 %), 2-propenoic 
acid, 3-phenyl- methyl ester (6.62 %), 
bicyclo [2,2,1]heptane, 2,2-dimethyl-3-methylene (4.68 

%), 3-carene (3.48 %), ethyl oleate (2.89 %), linoleic 
acid ethyl ester (2.63 %), D-limonene (2.04 %), and 
other compounds present in trace amounts. However, 
the minor bioactive compounds in fingerroot extract 
might contribute to nanoparticle formation or 
stabilization. Compounds such as flavonoids, phenolics, 
and alkaloids, even in small amounts, can act as 
reducing agents, converting metal ions to nanoparticles. 
Additionally, these compounds often possess functional 
groups like hydroxyl or carboxyl, which can interact 
with the nanoparticle surface, stabilizing them by 
preventing aggregation.

 

 
Figure 1 (a) GC-MS chromatogram of the ethanolic extract of fingerroot and (b) typical mass fractions and chemical 
structure of pinostrobin found in the fingerroot extract. 
 

Biosynthesis of AgNPs using fingerroot extract 
UV-Visible analysis 
The as-synthesized AgNPs were studied using 

simple UV-visible spectroscopy. The absorption spectra 
of the synthesized AgNPs, along with the absorption 
spectrum of the fingerroot extract, are shown in Figure 
2. The reduction of Ag+ ions by the fingerroot extract 
was described by visual changes in the color of the  
 

 
solution from yellow to deep brown (Figure 2(a)) owing 
to surface plasmon vibrations in the AgNPs [25]. To 
investigate the interaction and reduction of Ag+ ions by 
the extract, the absorption spectrum of the pure extract 
was recorded. As shown in Figure 2(b), the narrow peak 
at about 290 nm obtained from the extract was attributed 
mainly to the UV absorption of polyphenols, and the 
peak at about 416 nm was the characteristic band of the 
AgNPs due to surface plasmon resonance (SPR).

 

https://www.sciencedirect.com/science/article/pii/S2405844023040689#fig1
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Figure 2 (a) Appearance of synthesized AgNPs, the fingerroot extract, and starting AgNO3. (b) UV spectrum of the 
fingerroot extract, starting AgNO3, and synthesized AgNPs. 
 

The effects of different parameters on the 
synthesis of AgNPs 

Effect of Ag+ concentration 
The effects of 1 µM, 10 µM, 1 mM, 5 mM, and 10 

mM Ag+ at pH 10 were assessed, and the respective 
absorbance values determined by UV-visible 
spectrophotometry are shown in Figure 3(a). The 
maximum absorbance was obtained at 5 mM with SPR 
416 nm. Increasing the Ag+ concentration to 10 mM led 
to a decrease in the absorbance, which indicated that at 
higher concentrations, the yield of nanoparticles 
decreased. As the concentration increased to 10 mM, the 
SPR peak shifted toward shorter wavelengths. The 
decrease in absorbance caused by an increase in 
precipitation and particle aggregation suggested an 
increase in particle destabilization [26]. Based on these 
results, 5 mM AgNO3 was used to further investigate the 
amount of fingerroot extract. 

Effect of the amount of fingerroot extract 
Different quantities of the extract (0.5, 1.0, 2.0, 

5.0, 7.5 and 10 mL) with a fixed amount of silver nitrate 
solution (50 mL, 5 mM) were used to synthesize AgNPs 
at pH 10. The maximum absorbance was obtained at 
5 mM with SPR at 416 nm (Figure 3(b)). Increasing the 
Ag+ concentration to 10 mM led to a decrease in the 
absorbance, which indicated that at higher 
concentrations, the yield of nanoparticles decreased. 
When the quantity of fingerroot extracted increased 
from 0.5 to 5 mL, the absorbance of the AgNPs at 416 
nm increased. The maximum absorbance of the reducing 
agent was 5 mL. However, the quantity of fingerroot 
extract above 5 mL (7.5 and 10 mL) decreased due to 
aggregation [9]. Therefore, 5 mL of the fingerroot 
extract was used for the in-situ synthesis of AgNPs on 
muslin fabric fibers.

 

 
Figure 3 UV-Vis Spectrum of (a) Effect of Ag+ concentration on AgNP-fingerroot. (b) Effect of the amount of 
fingerroot extract.  

 
 

https://www.sciencedirect.com/science/article/pii/S2405844023045644#fig5
https://www.sciencedirect.com/science/article/pii/S2405844023045644#fig5
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Morphological studies of biosynthesized AgNPs 
The morphology of the synthesized AgNPs was 

characterized by SEM analysis. The SEM images of the 
spherical shape of the AgNPs at 10 kV are shown in 
Figure 4(a). Figure 4(b) showed the particle-size 
distribution of in-situ synthesized AgNPs sample 
revealed that the particles ranged in size from 11 to 19 
nm, with an average size of 15 nm. The biosynthesized 
AgNPs are spherical, evenly dispersed, and firmly 
attached to the surface of the muslin fabric, according to 

the SEM examination. These features guarantee 
improved functional qualities like antibacterial activity 
and UV protection for the treated fabric, confirming the 
efficacy of the fingerroot-mediated synthesis process. 
The elemental compositions of the samples were 
confirmed by EDX. The EDX analysis of the AgNPs 
synthesized with fingerroot extract as the reducing agent 
showed a composition of C (54.7 %), O (21.4 %), and 
Ag (23.9 %) (Figure 4(c)).

 

 
Figure 4 (a) SEM image of the AgNPs at 10 kV, (b) particle size of in-situ AgNPs and (c) EDX spectra of the AgNPs. 

 
FT-IR analysis 

 FTIR spectra of the starting material, the fingerroot 
extract and biosynthesized silver nanoparticles are 
shown in Figure 5. The AgNO3 sample analysis (Figure 
5(a)) shows peaks as follows, 1,265 cm−1 related to the 
N-O of the nitrate and 1,757 cm−1 of amino groups [27]. 
The FTIR spectra of fingerroot extract, depicted in 
Figure 5(b), presented the C–H stretching vibration of 
the –CH3 group at approximately 2,927 cm–1. The broad 
spectral peak at 3,267 cm–1 represented the O–H 
stretching of alcohols [28]. The sharp peak at 1,620 cm–

1 corresponded to the C=O functional groups. The FTIR 
spectrum of AgNPs exhibited decreased O–H and C–O 
stretching intensity (Figure 5(c)), the C–O stretching 
peak at 1,393 cm–1, and a broad peak for O–H stretching 
at 3,227 cm–1, indicating the oxidation of the C=O group 
to the –COOH group [29]. The FTIR data indicate that 
the creation of silver nanoparticles was attributed to the 

O–H and C=O groups in the fingerroot extract, namely, 
the O–H groups in phenolic compounds, flavonoids 
(e.g., pinostrobin), and other phytochemicals present in 
fingerroot that act as reducing agents. The O–H groups 
donate electrons to silver ions (Ag⁺), reducing them to 
elemental silver (Ag⁰), which forms the basis for 
nanoparticle nucleation. A decrease in the intensity or 
shift of the O–H stretching peak (typically around 3,200 
- 3,600 cm⁻¹) after nanoparticle synthesis indicates the 
involvement of hydroxyl groups in the reaction. A shift 
in the C=O stretching peak (typically observed around 
1,650 - 1,750 cm⁻¹) or changes in its intensity suggests 
interaction between carbonyl groups and silver ions or 
nanoparticles [30]. The FTIR data indicate that the 
creation of silver nanoparticles was attributed to the O–
H and C=O groups in the fingerroot extract, which 
functioned as stabilizing and reducing agents [31]. 
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Figure 5 FT-IR spectra of the (a) AgNO3 (b) Fingerroot extract, and (c) AgNP-fingerroot mixture. 
 

In situ synthesis of AgNPs on muslin fabric 
fibers 

The muslin fabric was soaked in situ to synthesize 
AgNPs using fingerroot extract as a reducing agent. The 
results (Figure 6) related to the change in color 
indicated the adsorption of AgNPs on the surface of the 
textile fabric. The solution containing the textile fibers 

of muslin fabric turned from yellow (Figure 6(a)) to 
brown (Figure 6(b)). The color of the fabric changed 
from white to yellowish-brown. The appearance of a 
brown color confirmed the adsorption of AgNPs onto 
the fabric surface [32]. The fabric surface of muslin 
treated with AgNPs can enhance the antibacterial 
properties and UV light protection. 

 

 
Figure 6 Color changes on the surface of textile fabric, with muslin (a) before being treated with AgNPs and (b) muslin 
after being treated with AgNPs. (c) Photographs of AgNP-treated muslin fabric. 

 
The proposed mechanism of AgNP formation on 

muslin is described in Figure 7. The mechanism was 
derived from studies on the in situ green synthesis of 
AgNPs [33,34]. The biomolecules in the extract, such as 
flavonoids and polyphenols, control the generation and 
stability of AgNPs, independent of the green synthesis 

method used. First, the hydroxyl groups (–OH) of 
cellulose in the muslin react with the Ag+ ions in the 
AgNO3 precursor solution to produce nucleation sites 
for the nanoparticles. This reaction occurs when the 
muslin is immersed in the solution. 
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Figure 7 Schematic illustration of the formation of AgNPs on the surface of muslin fabrics by the fingerroot extract. 
 

SEM/EDX analysis 
The SEM micrograph of the untreated muslin 

fabric (Figures 8(a) - 8(c)) showed a smooth and clean 
surface. The SEM images of the muslin fabrics in situ 
treated with AgNP-fingerroot in Figures 8(d) - 8(f) 
showed the AgNP-fingerroot nanoparticles were coated 
on the muslin fibers. The adhesion of AgNPs to muslin 
fabric during washing was also examined. The 
distribution of AgNPs that remained adhered to the 
muslin fabric is shown in Figures 8(g) - 8(i). The 
composition of the elements in the in situ AgNP-
fingerroot-treated muslin fabric was confirmed via EDX 
spectroscopy, as illustrated in Figure 9. In the Figure 

9(a) showed SEM mapping area of muslin fabric treated 
with AgNP-fingerroot. The untreated muslin fabric 
(Figure 9(b)) was found to contain 48.9 % oxygen (O) 
and 51.1 % carbon (C). However, the AgNP-fingerroot-
coated muslin fabric had 48.9 % O, 49.8 % C, and 1.3 
% silver (Ag). The strong silver signal observed at an 
energy level of 3.4 keV (Figure 9(c)) confirmed these 
findings [35]. After the AgNP-fingerroot-coated muslin 
fabric was washed with deionized water, the elemental 
composition slightly increased. These findings 
confirmed the presence and retention of the AgNP-
fingerroot composite on the muslin fabric, indicating 
that it was stable and durable.

 

 
Figure 8 SEM images of different magnitudes of (a-c) untreated muslin fabric, (d-f) muslin fabric treated with AgNP-
fingerroot, and (g-i) muslin fabric treated with AgNP-fingerroot after washing once with deionized water. 
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Figure 9 (a) SEM mapping area of muslin fabric treated with AgNP-fingerroot (b) EDX spectra of muslin fabric treated 
with AgNP-fingerroot, (c) EDX spectra of muslin fabric treated with AgNP-fingerroot after washing once with deionized 
water. 
 

Antimicrobial activity 
The antibacterial properties of the fingerroot 

extract, synthesized materials, and muslin fabric 
samples were evaluated by the agar-well diffusion 
method. The results of zone inhibition are presented in 
Figure 10. The untreated fabrics showed no evidence of 
an inhibition zone. In contrast, the fabrics treated with 
the synthesized AgNP-fingerroot displayed clear 
inhibition zones against E. coli and S. aureus were 8.5 ± 
0.50 mm and 14.5 ± 0.50 mm in diameter, respectively. 
After the treated fabrics were washed once with 
deionized water, the inhibition zones decreased to 7.5 ± 
0.50 mm and 12.5 ± 0.50 mm for E. coli and S. aureus, 
respectively. The untreated fabrics exhibited no 
antibacterial activity, whereas the treated muslin fabric 
maintained significant antibacterial properties even after 

being 10 wash cycles with deionized water, as 
determined by the presence of distinct inhibition zones. 
The findings of this study might be characterized as the 
mechanism: The generation of Reactive Oxygen Species 
(ROS) by AgNPs plays a key role in their antibacterial 
activity. ROS, including hydrogen peroxide, hydroxyl 
radicals, and superoxide anions, induce oxidative stress 
that breaks DNA strands, denatures proteins, and 
destroys bacterial membranes. Bacterial mortality 
results from the disruption of vital cellular activities 
caused by this multi-target mechanism. The generation 
of ROS and other effects, such as membrane rupture, 
guarantee that AgNPs are efficient against a variety of 
microorganisms [36]. This finding reflected the 
sustained antibacterial activity of the AgNP-fingerroot-
treated fabric. 

 

 
Figure 10 Antibacterial activities of untreated muslin cloth, treated muslin fabric, and treated muslin fabric after 10 
wash cycles against E. coli and S. aureus. 
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UV protection analysis 
the UV protection ability of the cotton fabric as 

determined by the UPF value. The UPF values for the 
untreated muslin fabric and AgNP-treated muslin fabric 
are presented in Table 1. The UV protection ability of 
the Untreated muslin fabric showed that it provided 
insufficient UV protection, with a UPF of only 6.42. The 
AgNP nanocomposite greatly increased the UV 
protection ability of the muslin fabric, as determined 
excellent protection by the UPF value of 43.30 referent 
from The UPF values and UV protection categories 
[37]. Besides, The natural material characteristics of the 
untreated muslin fabric result in inadequate UV 
protection. A lightweight cotton fabric with a loose 

weave, muslin has a porous structure that makes it easy 
for UV rays to penetrate. Natural cotton fibers are also 
inefficient at absorbing or dispersing UV rays because 
they lack inherent UV-blocking chemicals. The 
combination of compositional and structural elements 
causes untreated muslin cloth to have inadequate UV 
protection [38]. The UV protection ability of AgNP 
treated muslin after 10 wash cycles showed good 
protection with UV value of 18.22. These results 
because the nanoparticles could absorb and deflect UV 
light, improve the photostability and reflectivity of the 
muslin fabric, and promote stronger chemical 
connections that operate as efficient UV radiation 
barriers [39].

   
Table 1 UPF values for untreated and treated fabrics. 

Samples UPF value Protection value 

Untreated muslin fabric 6.42 Insufficient protection 

AgNPs treated muslin fabric 43.30 Excellent protection 
AgNPs treated muslin fabric 
After 10 wash clycles 

18.22 good protection 

 
 
Conclusions 

This study revealed that fingerroot (B. rotunda 
(L.) Mansf.) extracts can be used as reducing agents for 
the in-situ synthesis of AgNPs on muslin fabric. The 
chemical composition of the extract promoted the 
formation of round AgNPs on muslin fabrics and 
imparted excellent protective properties to the cellulose 
fabrics against bacteria (E. coli and S. aureus) and UV 
radiation. The antimicrobial effects of the AgNP 
composite fingerroot against gram-positive S. aureus 
were stronger than those against gram-negative E. coli. 
Fingerroot extracts were found to reduce pinostrobin, 
attributed to the stability of the formed AgNPs, which 
showed good activity against E. coli and S. aureus and 
good UV protection of the muslin fabrics even after 10 
wash cycles. The overall results are promising and 
provide a better understanding of the use of plant 
material for the green synthesis of AgNPs directly on 
cellulosic substrates. Future research we should focus on 
scalable, cost-effective production methods, such as 
standardized protocols and continuous flow reactors, to 
address scalability issues. Advanced binding techniques 
and protective coatings can minimize nanoparticle 

leaching and improve durability. Additionally, 
expanding treatment methods to various textiles and 
incorporating multifunctional properties can enhance 
the wider applicability of AgNP-coated fabrics. 
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