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Abstract
Recently the use of plant-derived extracts for the green synthesis of nanoparticles has drawn considerable attention. In the 
present study silver and copper nanoparticles were synthesized using extracts of Andrographis paniculata which is found to 
possess various pharmacological properties. The synthesized nanoparticles were characterized using UV spectroscopy, SEM 
with EDS, XRD, TEM and DLS. Furthermore, an attempt is made to impregnate these nanoparticles onto cotton bandages. 
The structure and morphology of silver nanoparticles impregnated onto the cotton bandages were confirmed by SEM. The 
anti-bacterial activity of cotton bandages loaded with silver and copper nanoparticles was tested against Escherichia coli, 
Bacillus cereus, and Staphylococcus aureus using a modified disc diffusion assay. The results indicate that the cotton bandages 
biofabricated with nanoparticles exhibited anti-bacterial activity in terms of zone of inhibition of growth of tested bacteria 
suggesting their usage as medical textiles in various biomedical applications for the prevention of infections. Hence, the 
nanoparticles impregnated cotton fibers can be applied for the development of masks, aprons, etc. to protect against bacterial 
penetration and as well to counteract the present situation of the world.
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Introduction

The development of anti-microbial and antibiotic-resistant 
pathogens makes the treatment of bacterial infections com-
plicated leading to the exploration of novel approaches 
for circumventing this problem. Metal nanoparticles are 
acknowledged to possess strong inhibitory and anti-bac-
terial effects (Khodadadi et al. 2021; Urnukhsaikhan et al. 
2021). These metal nanoparticles can be synthesized using 
physical, chemical and biological methods (Rónavári et al. 
2021). However, physical and chemical methods involve 
high energy constraints and the use of toxic reagents for 
synthesis. This issue can be overcome by employing bio-
logical agents, such as bacteria, fungi, algae, actinomycetes, 
and plants for the synthesis of metal nanoparticles (John 
et al. 2021; Koul et al. 2021; Chugh et al. 2021; Rai et al. 

2021; Dikshit et al. 2021). Recently, the use of plant extracts 
for nanoparticle synthesis has received much attention due 
to the rich diversity of phytochemicals, availability in bulk 
quantities, and simplicity (Balciunaitiene et al. 2021; Amjad 
et al. 2021; Gaddam et al. 2021; Aboyewa et al. 2021; Sel-
vakesavan and Franklin 2021; Sawalha et al. 2021; Rajago-
pal et al. 2021).

Andrographis paniculata Nees (commonly known as the 
king of bitters) is a medicinal plant that belongs to the Acan-
thaceae family (Jayakumar et al. 2013; Niranjan et al. 2010). 
The plant is native to India and Srilanka and is distributed 
in northern parts of India, Java, Malaysia, Indonesia, West 
Indies, Hong Kong, Thailand, and Singapore (Jayakumar 
et al. 2013; Niranjan et al. 2010; Nugroho et al. 2013). The 
plant is used to treat common cold and fever and is found to 
exhibit pharmacological activities, such as immunostimu-
latory, anti-viral and anti-bacterial activities (Jayakumar 
et al. 2013). Major active phytoconstituents of the plant are 
andrographolide, neoandrographolide and dehydroandro-
grapholide. Andrographolide exhibits a broad range of bio-
logical activities, such as anti-inflammatory, anti-bacterial, 
anti-tumor, anti-diabetic, anti-malarial, anti-snake venom, 

 * Vanavil Balakrishnan 
 b.vanavil@klu.ac.in

1 Department of Biotechnology, Kalasalingam 
Academy of Research and Education, Krishnankoil, 
Tamilnadu 626126, India

http://orcid.org/0000-0002-5687-0588
http://crossmark.crossref.org/dialog/?doi=10.1007/s40204-022-00190-x&domain=pdf


230 Progress in Biomaterials (2022) 11:229–241

1 3

and hepatoprotective (Jayakumar et al. 2013; Niranjan et al. 
2010). Anti-SARS-CoV-2 activity of A. paniculata was 
reported recently (Sa-Ngiamsuntorn et al. 2021).

Cotton fabrics such as the lab, surgical coats, and masks 
are more prone to microbial attack (Ravindra et al. 2010). 
Few reports have highlighted the use of nanoparticles in the 
production of anti-microbial fabrics. Vigneshwaran et al. 
(2007) reported a novel in situ synthesis protocol for the 
incorporation of silver nanoparticles onto cotton fabrics. El-
Shishtawy et al. (2011) have employed silver nanoparticles 
coating on cotton fabrics. Khan et al. (2019) developed an 
anti-bacterial, UV-protected and self-cleaning surgical gown 
through the blending of zinc oxide nanoparticles with poly-
vinyl alcohol. Turakhia et al. (2019) utilized root extracts 
of Z. officinale for the synthesis of iron nanoparticles and 
further antimicrobial surgical cotton was developed using 
iron nanoparticles coating. Román et al. (2020) developed 
anti-bacterial cotton fabrics through functionalization with 
copper oxide nanoparticles. Tania and Ali (2021) applied 
zinc nanoparticles onto cotton fabrics using the mechanical 
thermo-fixation technique.

In the present study, an attempt was made to synthesize 
silver and copper nanoparticles using an aqueous extract of 
flowers and roots of A. paniculata. The biologically synthe-
sized nanoparticles were characterized using various meth-
ods, such as UV spectral studies, SEM with EDS, XRD, 
TEM, and DLS. Furthermore, the work also attempted to 
impregnate the synthesized nanoparticles onto the cotton 
bandage and to evaluate its anti-bacterial potential. Hence 
this study will be helpful for the development of novel anti-
bacterial medical textiles and wound dressing materials.

Materials and methods

Chemicals

Fresh flowers and roots of A. paniculata were collected 
from the Kalasalingam Academy of Research and Education 
Campus. All the chemicals used in the study were obtained 
from Himedia Laboratories, Mumbai.

Preparation of aqueous extracts of flowers and root 
of A. paniculata

Fresh flowers and roots were washed thoroughly in tap 
water, followed by distilled water. Dried flowers and roots 
were cut into minor pieces and 5 g of cut flowers and roots 
were boiled for 10 min in 100 mL distilled water and filtered 
through Whatman No. 1 filter paper (Padalia et al. 2015). 
The filtered extracts were used for the synthesis of silver and 
copper nanoparticles.

Synthesis of silver nanoparticles

1 mM aqueous solution of silver nitrate  (AgNO3) was 
used for the synthesis of silver nanoparticles.  3 mL of 
flower and root extracts was added into 20 mL of  AgNO3 
solution, and incubated in dark at room temperature for 
40 and 50 min, respectively. This causes the reduction 
of  Ag+ ions into Ag nanoparticles (AgNPs). Purification 
of AgNPs was carried out by repeated centrifugation at 
10,000 rpm for 10 min and air-dried. The purified AgNPs 
were then stored at 4 °C and used for the rest of the analy-
sis (Padalia et al. 2015).

Synthesis of copper nanoparticles

To 20 mL of copper sulphate, 3 mL of flower and of root 
extracts were added separately in different flasks. The reac-
tion mixture was incubated at room temperature for 60 and 
40 min, respectively. This causes the reduction of  Cu2+ ions 
into copper nanoparticles (CuNPs) Purification of nanopar-
ticles was done by repeated centrifugation at 10,000 rpm for 
10 min. The nanoparticle pellet was stored at 4 °C for further 
analysis (Padalia et al. 2015).

Characterization of synthesized silver and copper 
nanoparticles

The nanoparticles were dispersed in distilled water and 
UV–Vis spectra of the synthesized AgNPs and CuNPs 
were acquired using a spectrophotometer (Shimadzu) in 
the range of 400–700 nm. The FTIR spectra were recorded 
in the range of 400–4000  cm−1 using Fourier transform 
infrared spectroscopy (Shimadzu). The surface morphol-
ogy of the nanoparticles was imaged using scanning elec-
tron microscopy (Carl Zeiss) at an accelerating voltage 
of 15 kV. Elemental analysis was performed using EDS 
(Bruker). XRD pattern was used to study the crystalline 
nature of the nanoparticles by a Bruker, ECO D8 Advance 
X-ray diffractometer operating at a voltage of 40 kV, and 
a current of 20 mA using CuKα radiation. Scherrer for-
mula (D = 0.94 k/β cosθ) was used to calculate the crystal-
lite domain size from the width of the XRD peaks, where 
D is the average crystallite domain size perpendicular to 
the reflecting planes, k is the X-ray wavelength (1.5406), 
β is the full width at half maximum (FWHM), and θ is 
the diffraction angle (Dinesh et al. 2012). The shape and 
size of the synthesized nanoparticles were studied through 
transmission electron microscopy (Jeol/JEM 2100) oper-
ating at 200 kV voltage. The size distribution of AgNPs 
and CuNPs was analyzed using a particle size analyzer 
(Horiba) through light scattering.
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Impregnation of silver and copper nanoparticles 
onto cotton bandages

The surgical cotton bandage was cut into small pieces and 
pre-weighed pieces (2.5 g) of cotton bandage were immersed 
in 250 mL of 1 mM silver nitrate. To this mixture, 50 mL of 
extracts of A. paniculata was added and kept on an orbital 
shaker at 100 rpm at room temperature in dark for 24 h. 
Phytochemicals present in flower and root extracts result 
in the reduction of silver ions into silver, which nucleates 
into AgNPs on the cotton bandages. After 24 h, the pieces 
of cotton bandages were recovered from the mixture. The 
AgNP impregnated cotton bandage was washed with deion-
ized water and oven-dried at 55 °C (Vivekanandhan et al. 
2012). The same procedure was repeated for impregnating 
CuNPs on the cotton bandages.

Confirmation of nanoparticle impregnation using 
SEM

The surface morphology of AgNPs and CuNPs impregnated 
cotton bandages were analyzed using a scanning electron 
microscope (Carl Zeiss SEM) at an accelerating voltage of 
15 kV. The normal cotton bandage was used as a control.

Anti‑bacterial activity of nanoparticle impregnated 
cotton bandage

Dried pieces of AgNPs and CuNPs impregnated cotton 
bandages were evaluated for anti-bacterial activity against 
the test microorganisms, Escherichia coli, Bacillus cereus 
and Staphylococcus aureus. The overnight cultures pre-
pared using nutrient broth were used for swabbing. The 
anti-bacterial susceptibility testing was studied similar to 
disc diffusion assay by placing the pieces of AgNPs and 
CuNPs impregnated cotton bandages in the form of discs 
in bacteria swabbed Mueller Hinton agar plates. The plates 
were inspected for the inhibition zones developed against 
the tested bacteria after incubation at 37 °C for 1 day. A cot-
ton bandage disc without nanoparticles was used as control.

Results and discussion

Visual observation

With the addition of root and flower extract to the colorless 
silver nitrate solution, the color changed into reddish brown 
in the former and dark brown in the latter mixtures, due to 
the reduction of silver ions to silver nanoparticles as evi-
denced from Fig. 1a, b. The intensity of color was directly 

proportional to the formation of AgNPs (Padalia et al. 2015). 
Similarly, the addition of root and flower extract to copper 
sulphate results in the color change of the reaction mixture 
into light green and pale green, respectively, leading to the 
formation of CuNPs (Gopinath et al. 2014) as visualized 
from Fig. 1c, d.

UV–visible spectroscopy

The UV spectrum (Fig. 2a) of the AgNPs synthesized using 
the root extract displayed a peak at 416 nm by a “surface 
plasmon resonance” (Sudhakar et al. 2014). Similarly, the 
AgNPs prepared from the flower extract exhibited an absorp-
tion peak at 429 nm. The UV spectrum of biosynthesized 
CuNPs from the root extract showed a peak at 251 nm 
(Fig.  2b) and CuNPs prepared from the flower extract 
revealed a peak at 308 nm by the surface plasmon resonance 
(Shobha et al. 2014).

FTIR spectral analysis

FTIR analysis was used to recognize the possible reducing 
biomolecules in the root and flower extracts. Figure 3a–d 
shows the FTIR spectra of aqueous AgNPs and CuNPs pre-
pared from root and flower extracts of A. paniculata, respec-
tively. The functional groups and their corresponding signal 
assignment are provided in Tables 1, 2, 3 and 4. The reduc-
ing agents promote the development of metallic nanoparti-
cles from the respective ionic compounds. The reduction is 
mediated by plant biomolecules, such as sugars, proteins, 
organic compounds and numerous functional groups, such as 
C=C (alkenyl), C=N (amide), O=H (phenolic and alcohol), 
N–H (amine), C–H and COO– (carboxylic group) that are 
responsible for the synthesis of nanoparticles (Awwad et al. 
2013). These metabolites are acknowledged as significant 
sources for controlling various acute diseases (Kuppusamy 
et al. 2016).

SEM and EDS analysis

The SEM images of AgNPs synthesized with the root and 
flower extracts and CuNPs with the root and flower extracts 
of A. paniculata are shown in Figs. 4a, b and 5a, b, respec-
tively. The EDS graphs of AgNPs and CuNPs synthe-
sized using A. paniculata are depicted in Figs. 4c and 5c, 
respectively.

Figure  4a, b shows that AgNPs are in spherical 
aggregated form and the corresponding EDS (Fig. 4c) 
confirms the presence of AgNPs with a broad peak at 
3 keV (Oluwaniyi et al. 2016). Figure 5a shows that 
the shape of CuNPs synthesized using root extract is 
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Fig. 1  Silver (a, b) and copper 
nanoparticles (c, d) synthesis 
using root extract and flower 
extract of Andrographis panicu-
lata, respectively
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cuboidal, while the CuNPs synthesized using f lower 
extract of A. paniculata is in spherical and aggregated 
(Fig.  5b). The corresponding EDS graph (Fig.  5c) 
shows a peak at 8 keV, which is characteristic of the 

absorption of metallic copper nanoparticles (Caroling 
et al. 2015).

XRD analysis

Figure 6a shows distinct peaks at 38° and 77° indexed as 
(111), (311), 27.5° and 32° (111), 38° (200), 46° (220), 55° 
(311) and 57.5° (222) lattice planes of face-centered cubic 
(fcc) structure of metallic silver of AgNPs synthesized from 
flower extract (Ponvel et al. 2015). Similarly, Fig. 6b shows 
distinct peaks at 38° and 77° which are indexed as (111), 
(311), 28° and 33° (111), 38° (200), 46.50° (220), 55° (311) 
and 57.5° (222) lattice planes of face-centered cubic (fcc) 
structure of metallic silver of AgNPs synthesized from root 
extract.

Figure 6c, d shows the XRD pattern of the CuNPs synthe-
sized from the flower and root extracts of A. paniculata. The 
orientation and crystalline nature of the nanoparticles were 
revealed through the XRD patterns. Peak position at 32° 
(Fig. 6c) is characteristic of face-centered cubic of copper 
lines indexed at (210), (111), (210) and (220) and peak posi-
tion at 28°, 32°, 38°, 46° (Fig. 6d) are characteristic of face-
centered cubic of copper lines indexed at (210), (111), (210) 
and (220), respectively (Awwad et al. 2013). The crystallite 
size of AgNPs and CuNPs synthesized using root and flower 

Fig. 2  UV–visible spectrum of silver and copper nanoparticles synthesized using root extract of Andrographis paniculata, respectively

Fig. 3  FTIR spectrum of silver (a, b) and copper nanoparticles (c, d) 
synthesized using root and flower extracts of A.paniculata, respec-
tively

Table 1  FTIR bands corresponding to the functional groups of silver nanoparticles synthesized from root extract A. paniculata 

Nanoparticles Wavenumber  (cm−1) Functional group

Silver nanoparticles (root extract) 1074.35, 1031.92 Bending vibration of C–OH groups and anti-symmetric stretching bend of 
C–O–C groups of polysaccharide (Mollick et al. 2019)

1382.96 Asymmetrical stretching for nitro compounds (Rajeshkumar et al. 2014)
1606.60 C=O stretching modes due to the free carboxylic group (Vijayan et al. 2014)
2885.51 CH stretching modes of alkanes (Dinesh et al. 2012)
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extracts of A. paniculata are calculated using the Scherrer 
formula and they are tabulated in Table 5. The crystallite 
size of nanoparticles ranges between 22 and 42 nm.

TEM analysis

The TEM images of silver and copper nanoparticles, syn-
thesized from the root extract, are depicted in Figs. 7 and 
8, respectively. The shape of the silver nanoparticles in 

Fig. 7a–c is triangular, spherical and ellipse with moder-
ate variation in size that is polydisperse. The “selected-area 
electron diffraction” (SAED) patterns portrayed in Fig. 7d 
exhibit concentric rings with intermittent bright spots, repre-
senting that the nanoparticles are crystalline in nature (Pada-
lia et al. 2015). Figure 8a, b shows that the copper nanopar-
ticles are of irregular shape and in aggregate form. SAED 
pattern depicted in Fig. 8c exhibits diffuse rings indicating 
that the nanoparticles are amorphous (Caroling et al., 2015).

Table 2  FTIR bands corresponding to the functional groups of silver nanoparticles synthesized from flower extract of A. paniculata 

Nanoparticles Wavenumber  (cm−1) Functional groups

Silver nanoparticles (flower extract) 1109.07 C–OH vibrations of primary alcohols (Caroling et al. 2015)
1625.99 Amide I group of proteins (Hegazy et al. 2015)
2376.30 The tertiary amine of  NH+ stretching (Ponvel et al. 2015)

Table 3  FTIR bands corresponding to the functional groups of copper nanoparticles synthesized from flower extract of A. paniculata 

Nanoparticles Wavenumber  (cm−1) Functional group

Copper nanoparticles (flower extract) 619.15 Vibration of alkyl halides (Rajeshkumar et al. 2014)
1093.64 Bending vibration of C–OH groups (Mollick et al. 2019)
1400.32 C–N-stretching vibrations of aliphatic and aromatic 

amines, alcohols and phenols (Awwad et al. 2013)
1622.13 cm Amide I group of proteins (Mollick et al. 2019)

Table 4  FTIR bands 
corresponding to the functional 
groups of copper nanoparticles 
synthesized from the root 
extract of A. paniculata 

Nanoparticles Wavenumber 
 (cm−1)

Functional groups

Copper nanoparticles (root extract) 1230.58 C–O groups of polyols, such as hydroxy-
flavones (Hegazy et al. 2015)

1384.89 Asymmetric stretching of nitro com-
pounds (Rajeshkumar et al. 2014)

2881.65 CH group of alkanes (Hegazy et al. 2015)

Fig. 4  SEM image of silver (a, b) nanoparticles synthesized using root and flower extracts of A. paniculata; EDS graph of silver nanoparticles 
(c) synthesized using A. paniculata, respectively
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Particle size distribution analysis

The particle size distribution of AgNPs and CuNPs is 
shown in Fig. 9a, b, respectively. AgNPs have a mean size 
of 75.8 nm with a polydispersity index of 0.559 and the 
particle size distribution ranges from 19.03 to 279.04 nm. 
CuNPs have an average size of 144.8 nm with a polydisper-
sity index of 1.505 and the particle size distribution ranges 
from 118.74 to 171.25 nm.

Confirmation of nanoparticle impregnation using 
SEM

Figure 10a shows the SEM image and Fig. 10b displays the 
EDS pattern of the control bandage. Figure 10c, e shows the 
SEM images of AgNPs (flower extract) impregnated cotton 
bandage and AgNPs (root extract) impregnated cotton band-
age, respectively. The corresponding EDS mapping images 
are given in Fig. 10d, f. Similarly, Fig. 11a, c shows their 
respective SEM images of CuNPs (flower extract) impreg-
nated cotton bandage and CuNPs (root extract) impregnated 
cotton bandage. The EDS mapping images are given in 
Fig. 11b, d, respectively.

Fig. 5  SEM image of copper (a, b) nanoparticles synthesized using root and flower extracts of A. paniculata; EDS graph (c) copper nanoparti-
cles synthesized using A. paniculata, respectively

Fig. 6  XRD pattern of the silver (a, b) and copper (c, d) nanopar-
ticles synthesized using flower and root extracts of A. paniculata, 
respectively

Table 5  Crystallite size of the nanoparticles

Nanoparticles Crystallite size (nm)

Root extract Flower extract

Silver nanoparticles 24.73 22.098
Copper nanoparticles 25.96 33.65

Fig. 7  TEM images (a–c) of silver nanoparticles in low and high 
magnifications, (d) SAED pattern of silver nanoparticles synthesized 
using root extract of A.paniculata 



236 Progress in Biomaterials (2022) 11:229–241

1 3

From Fig. 10a, it is observed that the cotton bandage is 
smooth and no peak corresponding to silver and copper is 
displayed in the EDS pattern (Fig. 10b). Figure 10d, f shows 
that AgNPs (flower and root extract) have been impregnated 
in the cotton bandage and a peak at 3 keV confirms it as 
well. Figure 11b, d shows that CuNPs (flower and root 
extract) have been impregnated in the cotton bandage and 
is confirmed by a peak at 8 keV. The hydroxyl groups of 
polysaccharides present in root and flower extracts reduce 
the silver nitrate into AgNPs on the cotton bandage.

Cotton is a natural fiber that consists of cellulose with 
1,4-D-glucose pyranose as its repeating units. These surface 
hydroxyl groups present in cotton bandage facilitates the 
adsorption of AgNPs proficiently onto cotton fibers (Ravin-
dra et al. 2010).

Anti‑bacterial activity

Figures 12 and 13 show the anti-bacterial activity of CuNPs 
and AgNPs impregnated cotton bandage against B. cereus, 
respectively. Figures 14 and 15 show the anti-bacterial 
activity of copper and AgNPs impregnated cotton bandage 
against E. coli, respectively. Figures 16 and 17 show the 

anti-bacterial activity of CuNPs and AgNPs impregnated 
cotton bandage against S. aureus, respectively.

Table 6 shows the inhibition zones of exhibited by nan-
oparticles impregnated cotton bandage against E. coli, B. 
cereus, S. aureus, respectively. From the table, it can be 
inferred that the AgNPs impregnated cotton bandages exhibit 
better anti-bacterial activity against the tested bacteria.

Overall, the fabricated cotton bandages with AgNPs and 
CuNPs provided a similar inhibition pattern of all the tested 
bacteria. Though several studies regarding the green synthe-
sis of metal nanoparticles using plant extracts were avail-
able, the present study was focused on the green synthesis 
of AgNPs and CuNPs using extracts of flower and root of 
A. paniculata which is not addressed in the literature before. 
To our knowledge, this is the first report highlighting the use 
of roots and flowers of A. paniculata for AgNPs and CuNPs 
synthesis. We have also reported the use of roots and flowers 
of A. paniculata for the synthesis of gallium nanoparticles 
(Monika et al. 2017).

Synthesis of silver nanoparticles using leaf extract of A. 
paniculata was reported by Sulochana et al. (2012). Synthe-
sis of silver nanoparticles using A. paniculata leaf extract 
and its anti-bacterial activity was evaluated by Sinha and 

Fig. 8  TEM images (a, b) and 
(c) SAED pattern of copper 
nanoparticles synthesized using 
root extract of A.paniculata 

Fig. 9  Particle size distribution of silver (a) and copper (b) nanoparticles prepared using root extract of A.paniculata 
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Paul (2015). Devasenan et al., attempted green synthesis 
of zinc nanoparticles using leaf extract of A. paniculata 
(Devasenan et al. 2016). Rajakumar et al. synthesized zinc 
oxide nanoparticles by exploiting the reducing and capping 
potential of A. paniculata leaf extract (Rajakumar et al. 
2018). Anantharaman et al. used leaf extract of A. pan-
iculata for the synthesis of AgNPs and evaluated its anti-
microbial properties (Anantharaman et al. 2020). Biological 
synthesis of titanium dioxide nanoparticles was carried out 
with leaves extract of A. paniculata by Rajeshkumar et al. 
(2021).

Furthermore, very few studies have reported the devel-
opment of medical textiles or cotton bandages fabricated 
with metal nanoparticles synthesized using physical or 
chemical methods. As the cotton bandages were fabri-
cated with nanoparticles synthesized using herbal extract, 
it offers an additional advantage in view of the medical 
applications.

Conclusions

Metal nanoparticles synthesized through the green synthe-
sis approach are gaining much attention in recent times. An 
extensive interest is growing particularly when phytochemi-
cals are employed for the reduction of metal ions to nano-
particles. The present study focussed on a green synthesis 
strategy for the synthesis of silver and copper nanoparticles 
using extracts of A. paniculata, a medicinal plant used in the 
treatment of various diseases. The synthesized nanoparticles 
were characterized using UV spectroscopy, SEM with EDS, 
XRD, TEM, and DLS analyses. Furthermore, the nanopar-
ticles were impregnated onto the cotton bandages and their 
anti-bacterial activity was assessed. This study showed that 
cotton fibres impregnated with nanoparticles through a green 
synthesis approach can be potentially applied for the devel-
opment of medical textiles, such as bandages, masks, aprons, 
etc. for the prevention of infections.

Fig. 10  SEM image and EDS 
mapping pattern of control 
cotton bandage (a, b) and silver 
nanoparticle (flower extract—
c, d and root extract—e, f) 
impregnated cotton bandage, 
respectively
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Fig. 11  SEM image and EDS 
mapping pattern of copper nan-
oparticles (flower extract—a, b, 
root extract—c, d, impregnated 
cotton bandage

Fig. 12  Anti-bacterial activity 
of copper nanoparticles (flower 
and root extract) impregnated 
cotton bandage against B. 
cereus, respectively

Fig. 13  Anti-bacterial activity 
of silver nanoparticles (root and 
flower extract) impregnated cot-
ton bandage against B. cereus, 
respectively
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Fig. 14  Anti-bacterial activity 
of copper nanoparticles (flower 
and root extract) impregnated 
cotton bandage against E. coli, 
respectively

Fig. 15  Anti-bacterial activity 
of silver nanoparticles (root 
and flower extract) impregnated 
cotton bandage against E. coli, 
respectively

Fig. 16  Anti-bacterial activity 
of copper nanoparticles (root 
and flower extract) impreg-
nated cotton bandage against S. 
aureus, respectively

Fig. 17  Anti-bacterial activity 
of silver nanoparticles (flower 
and root extract) impregnated 
cotton bandage against S. 
aureus, respectively
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