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ABSTRACT 
Background: Green synthesis of metallic nanoparticles using plant extracts has emerged as an eco-friendly alternative to 
conventional chemical methods, offering enhanced biocompatibility and reduced environmental impact. 
Objective: This study aimed to synthesize and characterize novel metallic nanoparticles (Ag, Cu, Ag-Cu, Ag-Fe₃O₄, and 
Ag-ZnO) using Cynodon dactylon (Bermuda grass) and Withania somnifera (Ashwagandha) plant extracts as reducing 
and capping agents. 
Methods: Plant materials were collected, authenticated, and extracted using Soxhlet apparatus with solvents of increasing 
polarity. Macroscopic and microscopic characterization was performed following standard pharmacognostic methods. 
Physicochemical parameters including moisture content, ash values, and extractive values were determined. Phytochemical 
screening was conducted using standard qualitative tests. Metallic nanoparticles were synthesized using various 
concentrations of metal precursors (AgNO₃, CuSO₄, FeCl₃•6H₂O, Zn(NO₃)₂•6H₂O) with plant extracts. Antioxidant activity 
was evaluated using DPPH, ABTS radical scavenging, and total antioxidant capacity assays. 
Results: Macroscopic and microscopic analysis confirmed the authenticity of plant materials. Cynodon dactylon showed 
moisture content of 8.32±0.15%, total ash content of 10.25±0.21%, and ethanol extractive value of 12.65±0.19%. Withania 
somnifera roots exhibited moisture content of 7.89±0.12%, total ash content of 6.85±0.18%, and ethanol extractive value 
of 15.92±0.24%. Phytochemical analysis revealed the presence of alkaloids, glycosides, tannins, flavonoids, steroids, and 
phenolic compounds in both plants. The plant extracts demonstrated significant antioxidant activity through DPPH and 
ABTS radical scavenging assays. Successfully synthesized nanoparticles showed distinct color changes: Ag NPs (yellow-
brown), Cu NPs (brownish-red), Ag-Cu NPs (dark brown), Ag-Fe₃O₄ NPs (black), and Ag-ZnO NPs (white-yellow). 
Solubility studies revealed varying dissolution patterns in different solvents. 
Conclusion: This study successfully demonstrates the green synthesis of various metallic nanoparticles using Cynodon 
dactylon and Withania somnifera extracts. The synthesized nanoparticles showed promising physicochemical 
properties and could potentially be applied in biomedical, pharmaceutical, and environmental applications. The eco-
friendly synthesis approach offers a sustainable alternative to conventional chemical methods while maintaining the 
biological activity of the parent plant materials. 
Keywords: Green synthesis, metallic nanoparticles, Cynodon dactylon, Withania somnifera, antioxidant activity, 
characterization 
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INTRODUCTION 
Nanotechnology has emerged as one of the most 
promising fields in modern science, with applications 
spanning across medicine, electronics, environmental 
remediation, and materials science [1]. Metallic 
nanoparticles, in particular, have garnered significant 
attention due to their unique physicochemical 
properties, including high surface-to-volume ratio, 
enhanced reactivity, and distinct optical and electronic 
characteristics [2]. Traditional methods for 
nanoparticle synthesis often involve harsh chemicals, 
high temperatures, and toxic solvents, which pose 

environmental and health concerns [3]. 
Green synthesis of nanoparticles using plant extracts 
has emerged as an eco-friendly, cost-effective, and 
sustainable alternative to conventional chemical and 
physical methods [4]. Plant-mediated synthesis offers 
several advantages, including biocompatibility, 
reduced toxicity, and the presence of natural capping 
agents that prevent aggregation and enhance stability 
[5]. The bioactive compounds present in plant extracts, 
such as flavonoids, phenolic compounds, alkaloids, 
and proteins, act as natural reducing and stabilizing 
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agents during nanoparticle formation [6]. 
Cynodon dactylon (Bermuda grass), belonging to the 
family Poaceae, is a widely distributed perennial grass 
known for its medicinal properties. It has been 
traditionally used in Ayurvedic medicine for treating 
various ailments including wounds, skin diseases, and 
inflammatory conditions [7]. The plant is rich in 
bioactive compounds such as flavonoids, alkaloids, 
saponins, and phenolic acids, which contribute to its 
therapeutic potential [8]. 
Withania somnifera (Ashwagandha), a member of the 
Solanaceae family, is one of the most important 
medicinal plants in traditional Indian medicine. The 
roots of this plant are particularly valued for their 
adaptogenic, anti-inflammatory, and antioxidant 
properties [9]. The plant contains various bioactive 
compounds including withanolides, alkaloids, 
phenolic compounds, and saponins, which are 
responsible for its diverse pharmacological activities 
[10]. 
The synthesis of bimetallic nanoparticles, such as 
silver-copper (Ag-Cu), silver-iron oxide (Ag-Fe₃O₄), 
and silver-zinc oxide (Ag-ZnO), has gained 
considerable interest due to their enhanced properties 
compared to monometallic counterparts [11]. These 
composite nanoparticles often exhibit synergistic 
effects, combining the antimicrobial properties of 
silver with the magnetic properties of iron oxide or the 
photocatalytic properties of zinc oxide [12]. 
Despite the growing interest in green synthesis of 
metallic nanoparticles, there is limited research on the 
systematic characterization and evaluation of 
nanoparticles synthesized using Cynodon dactylon 
and Withania somnifera extracts. This study aims to 
bridge this gap by providing a comprehensive 
evaluation of the green synthesis and characterization 
of various metallic nanoparticles using these two 
medicinally important plants. 
The objectives of this study were to: (1) perform 
detailed macroscopic and microscopic 
characterization of Cynodon dactylon and Withania 
somnifera; (2) evaluate the physicochemical 
parameters and phytochemical composition of the 
plant materials; (3) assess the antioxidant activity of 
plant extracts; (4) synthesize various metallic 
nanoparticles (Ag, Cu, Ag-Cu, Ag-Fe₃O₄, and Ag-
ZnO) using plant extracts as reducing and capping 
agents; and (5) characterize the synthesized 
nanoparticles through physical evaluation methods. 
1. Experimental 

1.1 Plant Material Collection and Authentication 
Cynodon dactylon (grass) and Withania somnifera 
(roots) were collected from authenticated sources 
under expert supervision. The plant materials were 
identified and authenticated by qualified botanists. 
Voucher specimens were deposited in the institutional 

herbarium for future reference. The collected materials 
were cleaned, dried under shade at room temperature, 
and ground into fine powder using a mechanical 
grinder. 
1.2 Plant Extract Preparation 
The dried and powdered plant materials were 
subjected to sequential extraction using solvents of 
increasing polarity in a Soxhlet apparatus. Initially, 
the materials were defatted with petroleum ether (60-
80°C) for 6 hours. The marc was then extracted with 
methanol for 72 hours. The extracts were concentrated 
under reduced pressure using a rotary evaporator and 
stored in sealed containers away from direct sunlight 
until further use. 
1.3 Macroscopic and Microscopic Characterization 
1.1.1 Macroscopic Characterization 
Both plant materials were examined macroscopically 
to record their essential physical characteristics 
including color, odor, taste, shape, size, surface 
texture, and fracture properties. Detailed observations 
were made and documented according to standard 
pharmacognostic methods. 
1.1.2 Microscopic Characterization 
Microscopic examination was performed to study the 
internal cellular architecture of the plant materials. 
Thin sections were prepared and stained using 
standard histochemical techniques. Observations were 
made regarding epidermal cells, stomata, trichomes, 
vascular bundles, calcium oxalate crystals, fibers, and 
medullary rays. 
1.4 Determination of Physicochemical Parameters 
1.1.3 Moisture Content 
The moisture content was determined using the loss on 
drying method. Accurately weighed samples (3.0 g) 
were placed in pre-dried evaporating dishes and heated 
in an oven at 105°C for one hour. The process was 
repeated until constant weight was achieved. 
1.1.4 Ash Values 
Total Ash Value: Two grams of plant powder were 
incinerated in a crucible at gradually increasing 
temperature until white ash was obtained. The process 
was repeated until constant weight was achieved. 
Acid-Insoluble Ash: The total ash was boiled with 25 
mL of diluted hydrochloric acid for 5 minutes. The 
insoluble matter was collected on ashless filter paper, 
washed with hot water until neutral, and incinerated to 
constant weight. 
Water-Soluble Ash: The total ash was boiled with 25 mL 
of water for 5 minutes. The insoluble matter was collected 
and incinerated. The water-soluble ash was calculated by 
subtracting the residue weight from the total ash weight. 
1.1.5 Extractive Values 
Alcohol-Soluble Extractive Value: Four grams of 
plant material were macerated with 100 mL of ethanol 
for 24 hours with constant shaking for the first 6 hours. 
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After filtration, 25 mL of the filtrate was evaporated to 
dryness and the extractive value was calculated. 
Water-Soluble Extractive Value: The same 
procedure was followed using water as the solvent 
instead of ethanol. 
1.5 Phytochemical Screening 
Qualitative phytochemical analysis was performed 
using standard methods to identify various bioactive 
compounds including alkaloids, glycosides, 
carbohydrates, tannins, flavonoids, steroids, amino 
acids, proteins, fats and oils, phenols, diterpenes, and 
saponins. Specific reagents and color reactions were 
used for each class of compounds. 
1.6 In Vitro Antioxidant Activity 
1.6.1 DPPH Radical Scavenging Activity 
The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical 
scavenging activity was determined by mixing sample 
extracts with DPPH solution in methanol. The reaction 
mixture was incubated in the dark for 30 minutes, and 
absorbance was measured at 517 nm using a UV-Vis 
spectrophotometer. 
1.6.2 ABTS Radical Scavenging Activity 
The ABTS radical cation (ABTS•+) was generated by 

mixing 2,2'-azinobis(3-ethylbenzothiazoline-6-
sulfonic acid) with potassium persulfate. Sample 
extracts were added to the ABTS•+ solution, and the 
decrease in absorbance at 734 nm was measured after 
incubation. 
1.6.3 Total Antioxidant Capacity 
Total antioxidant capacity was determined using the 
phosphomolybdenum assay. Sample extracts were 
mixed with reagent containing ammonium molybdate 
and heated. The absorbance of the resulting green 
complex was measured at 695 nm. 
Synthesis of Metallic Nanoparticles 
1.6.4 Synthesis of Ag, Cu, and Ag-Cu Nanoparticles 
Various formulations (F1-F9) were prepared using 
different concentrations of plant extracts and metal 
precursors as detailed in Table 1. For silver 
nanoparticles, AgNO₃ (1-2.5 mM) was added to plant 
extracts. For copper nanoparticles, CuSO₄ (1-2.5 mM) 
was used under alkaline conditions. Bimetallic Ag-Cu 
nanoparticles were synthesized using equimolar 
mixtures of both precursors. The reactions were 
carried out at room temperature with constant stirring 
for 24 hours. 

Table 1: Composition for Preparation of Ag, Cu, 
and Ag–Cu Nanoparticles of Polyherbal Extracts 
B
at
ch 

Poly
her
ba l 
Ext
ract 
(Ro
ot) 
(mL) 

Polyh
erbal 
Extra
ct 
(Gras
s/Lea
v es) 
(mL) 

A
g
N
O₃ 
(Si
lve
r 
Ni
tr
at
e) 

C
uS
O₄ 
(C
op
pe
r 
Su
lfa
te) 
(

Sta
bili
zer 
(e.
g., 
PV
P, 
Gu
m 
Ac
aci

pH 
Adju
ster 
(NaO
H/Cit
ri c 
Acid) 
(mL) 

Fi
na
l 
V
ol
u
m 
e 
(
m
L) 

(m
M
) 

m
M
) 

a) 
(m
L) 

F1 10 - 1 - 1 0.5 20 

F2 15 - 2 - 1.5 0.5 25 
F3 - 10 1.5 - 1 0.5 20 
F4 - 15 2.5 - 2 0.5 25 
F5 10 - - 1 1 0.5 20 
F6 15 - - 2 1.5 0.5 25 
F7 - 10 - 1.5 1 0.5 20 
F8 - 15 - 2.5 2 0.5 25 
F9 5 5 1 1 1.5 0.5 20 

1.6.5 Synthesis of Ag-Fe₃O₄ Nanoparticles 
Silver-iron oxide nanoparticles were synthesized 
according to the formulations shown in Table 2. Plant 
extracts were mixed with AgNO₃ (1-2.5 mM) and 

FeCl₃•6H₂O (1-3.5 mM) under alkaline conditions. 
The reaction mixture was heated to 60-80°C for 1-2 
hours with continuous stirring. 

Table 2: Composition for Preparation of Silver-
Iron Oxide (Ag-Fe₃O₄) Nanoparticles Using 
Polyherbal Extracts 
Ba
tc
h 

P
ol
y
he
r 
b
al 
E
xt
ra
ct 

Polyh
erbal 
Extra
ct 
(Gras
s/Leav
es 
) (mL) 

A
g
N
O
₃ 
(
Si
lv
e
r 
N

Fe
Cl₃•
6H₂
O 
(Fe
rric 
Chl
ori
de) 
(m
M) 

Stab
ilizer 
(PV
P,
 
Gum 
Acaci
a) 
(mL) 

pH 
Adju
ster 
(NaO
H/A
mm 
onia) 
(mL) 

Fi
na
l 
V
ol
u
m
e 
(m
L) 

(
R
oo
t) 
(m
L) 

it
r
at
e) 
(
m
M
) 

F1 10 - 1 2 1 0.5 20 
F2 15 - 2 3 1.5 0.5 25 
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F3 - 10 1.5 2.5 1 0.5 20 
F4 - 15 2.5 3.5 2 0.5 25 
F5 10 - 1 1.5 1 0.5 20 
F6 15 - 2 2.5 1.5 0.5 25 

F7 - 10 1.5 1 1 0.5 20 
F8 - 15 2.5 2 2 0.5 25 
F9 5 5 1.5 1.5 1.5 0.5 20 

1.6.6 Synthesis of Ag-ZnO Nanoparticles 
Silver-zinc oxide nanoparticles were prepared according to 
Table 3 by mixing plant extracts with AgNO₃ (1-2.5 mM) 
and Zn(NO₃)₂•6H₂O (1-3.5 mM) at 60-80°C for 1-2 hours 
under controlled pH conditions. 
1.5 Physical Evaluation of Nanoparticle 
1.5.1 Appearance and Color Determination 
The appearance of nanoparticle dispersions was 
evaluated visually and using UV-Vis 
spectrophotometry. Color changes were recorded and 
correlated with surface plasmon resonance peaks. 
1.5.2 Odor Evaluation 
Sensory analysis was performed by trained evaluators 
to assess the odor characteristics of the synthesized 
nanoparticles. 
1.5.3 Solubility Studies 
Solubility of nanoparticles was tested in various solvents 

including distilled water, ethanol, acetone, acidic media, 
basic media, and organic solvents. The samples were 
stirred for 30 minutes and examined for dissolution, 
dispersion, or precipitation. 
2 Results and Discussion 
2.5 Macroscopic and Microscopic Characterization 
2.5.1 Macroscopic Characterization 
The macroscopic examination revealed distinct 
characteristics for both plant materials as shown in 
Table 4. Cynodon dactylon grass exhibited green color 
with a slightly aromatic odor and sweet, astringent 
taste. The plant showed slender, cylindrical stems with 
narrow leaves, displaying a grass-like appearance with 
creeping stolons and rhizomes. The surface texture 
was smooth and glossy for leaves with hairy stems, 
and the fracture was fibrous. 

Table 3: Composition for Preparation of Silver-
Zinc Oxide (Ag-ZnO) Nanoparticles Using 
Polyherbal Extracts 
B
at
ch 

P
ol
yh
er 
ba
l 
E
xt
ra
ct 
(R
oo
t) 
(m
L) 

Polyhe
rbal 
Extrac
t 
(Grass
/Leave
s 
) (mL) 

A
g
N
O
₃ 
(S
il
ve
r 
N
it
ra
te
) 
(
m
M
) 

Zn(N
O₃)₂•
6H 
₂O
 
(Zin
c 
Nitr
ate) 
(m
M) 

Stabili
zer 
(PVP, 
Gum 
A
c
a
c
i
a
) 
(
m
L
) 

pH 
Adjus
ter 
(NaO
H/Cit
ric 
Acid) 
(mL) 

F
in
al 
V
ol
u
m 
e 
(
m
L
) 

F
1 

10 - 1 2 1 0.5 20 

F
2 

15 - 2 3 1.5 0.5 25 

F
3 

- 10 1.5 2.5 1 0.5 20 

F
4 

- 15 2.5 3.5 2 0.5 25 

F
5 

10 - 1 1.5 1 0.5 20 

F
6 

15 - 2 2.5 1.5 0.5 25 

F
7 

- 10 1.5 1 1 0.5 20 

F
8 

- 15 2.5 2 2 0.5 25 

F
9 

5 5 1.5 1.5 1.5 0.5 20 

1.5 Physical Evaluation of Nanoparticle 
1.5.1 Appearance and Color Determination 
The appearance of nanoparticle dispersions was 
evaluated visually and using UV-Vis 
spectrophotometry. Color changes were recorded and 
correlated with surface plasmon resonance peaks. 
1.5.2 Odor Evaluation 
Sensory analysis was performed by trained evaluators 
to assess the odor characteristics of the synthesized 
nanoparticles. 
1.5.3 Solubility Studies 
Solubility of nanoparticles was tested in various solvents 
including distilled water, ethanol, acetone, acidic media, 
basic media, and organic solvents. The samples were 

stirred for 30 minutes and examined for dissolution, 
dispersion, or precipitation. 
2 Results and Discussion 
2.5 Macroscopic and Microscopic Characterization 
2.5.1 Macroscopic Characterization 
The macroscopic examination revealed distinct 
characteristics for both plant materials as shown in 
Table 4. Cynodon dactylon grass exhibited green color 
with a slightly aromatic odor and sweet, astringent 
taste. The plant showed slender, cylindrical stems with 
narrow leaves, displaying a grass-like appearance with 
creeping stolons and rhizomes. The surface texture 
was smooth and glossy for leaves with hairy stems, 
and the fracture was fibrous. 

Table 4: Macroscopical Characterization of Cynodon 
dactylon and Withania somnifera 
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Para
met 
ers 

Cy
nod
on 
dac
tylo
n 
(Gr
ass) 

Cynod
on 
dactylo
n 
(Root) 

Withania
 
somnifera 
(Leaves) 

Wit
hani
a 
som
nife
ra 
(Ro
ots) 

Color Green Light 
brown 

Green Light
 b
rown 
(roots) 

Odor Slightly 
aromatic 

Earthy, 
mild 

Mildly 
aromatic, 
earthy 

Characterist
ic, 
earthy 

Taste Slightly 
sweet, 
astringent 

Bitter, 
slightly 
pungent 

Bitter, 
slightly 
astringent 

Bitter,
 sli
ghtly 
pungent 

Shape Slender, 
cylindrical 
stems; 
narrow 
leaves 

Cylindr
ical, 
taperin
g root 

Ovate, 
elongated 
leaves 

Thick,
 f
ibrous 
roots 

Size Grass-like 
with 
creeping 
stolons
 
and 
rhizomes 

10–30 
cm 
long, 2–
5 mm 
thick 

Leaves: 5–
10 cm long 

Root: 5–30 
cm long 

Surf
ace 
Text
ure 

Smooth, 
glossy 
leaves; 
hairy 
stems 

Rough, 
slightly 
wrinkle
d 

Velvety, 
smooth 

Rough, 
wrinkled 
root 
surface 

Fractu
re 

Fibrous Hard, 
woody, 
brittle 

Flexible, 
non-brittle 

Short,
 ro
ugh, 
and brittle 

Withania somnifera roots displayed light brown color 
with a characteristic earthy odor and bitter, slightly 
pungent taste. The roots were thick and fibrous, 
measuring 5-30 cm in length, with a rough, wrinkled 
surface texture and short, rough, brittle fracture. These 
observations are consistent with standard 
pharmacopoeial descriptions and confirm the 
authenticity of the plant materials [13]. 

Microscopic Characterization 
Microscopic examination revealed specific diagnostic 
features for both plants as detailed in Table 5. 
Cynodon dactylon showed rectangular, thick-walled 
epidermal cells covered with cuticle, paracytic 
stomata on both surfaces, and short unicellular 
trichomes. 

Table 5: Microscopical Characterization of Cynodon 
dactylon and Withania somnifera 
Paramet
ers 

Cyno
don 
dactyl
on 
(Gras
s) 

Cynodo
n
 
dactylo
n 
(Root) 

Wit
han
ia 
so
mni
fera 
(Leaves) 

Withani
a
 
somnifer
a 
(Roots) 

Epider
mal 
Cells 

Rectang
ular, 
thick-
walled, 
covered 
with 
cuticle 

Irregula
r,
 
thick-
walled, 
covered 
with 
cuticle 

Polygonal, 
slightly 
wavy-
walled 

Irregular,
 
thin-
walled, 
covered 
with 
cuticle 

Stomata Paracyti
c type, 
present 
on both 
surfaces 

Paracyti
c
 
type, 
present 
sparsely 

Anisocytic 
type, more 
on the lower 
epidermis 

Anisocyt
ic
 
type, 
abundant 
on lower 
epidermi
s 

Trichom
es 

Short, 
unicellu
lar on 
leaves 
and 
stem 

Absent or 
very few 

Multicellula
r, covering
 
and 
glandular 
types 

Unicellul
ar
 
and 
multicell
ular, 
more on 
lower 
surface 

Vasc
ular 
Bun
dles 

Collatera
l, closed 

Radial, 
open 

Collateral,
 
open with 
cambium 

Collateral, 
closed 

Xylem
 
& 
Phloem 

Xylem 
vessels 
are 
thick-
walled, 
annular, 
and 
spiral 

Xylem 
vessels 
are 
lignified
,
 
with 
bordere
d pits 

Xylem
 
vessels with 
bordered 
pits, 
phloem 
well-
developed 

Xylem 
vessels 
annular 
to spiral, 
phloem 
compact 

Calc
ium 
Oxa
late 
Cry
stals 

Prismatic
 
and 
raphide
 
crystals 

Rosette 
and 
raphide 
crystals 
present 

Druses and 
rosette 
crystals 
present 

Prismati
c and 
rosette 
crystals 
present 
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present 

Fibers Long, 
lignified
, 
arrange
d

Short, t
hick-
walled, 
scattere
d 

Short, t
hick-
walled, 
lignified 

Long,
 
thin-
walled, 
arranged 

 
in 
bundles 

in 
strands 

Medulla
ry Rays 

Narrow, 
straight 

Broad, 
radiating 
from the 
center 

Broad, 
radial in root 
tissue 

Narrow, 
extending 
from 
vascular 
bundles 

The vascular bundles were collateral and closed, with 
thick-walled xylem vessels showing annular and spiral 
thickening. Prismatic and raphide calcium oxalate 
crystals were observed, along with long lignified fibers 
arranged in bundles. 
Withania somnifera roots exhibited irregular, thin-
walled epidermal cells, anisocytic stomata abundant 
on the lower epidermis, and unicellular to multicellular 
trichomes. The vascular bundles were collateral and 
closed, with xylem vessels showing annular to spiral 
thickening. Prismatic and rosette calcium oxalate 
crystals were present, along with long, thin-walled 
fibers arranged in strands. These microscopic features 
serve as important diagnostic criteria for plant 
identification and quality assessment [14]. 
2.6 Physicochemical Parameters 
The physicochemical analysis revealed important 
quality parameters for both plant materials as 
presented in Table 6 and visualized in Figure 1. 
Cynodon dactylon grass showed moisture content of 

8.32±0.15%, total ash content of 10.25±0.21%, acid-
insoluble ash of 2.14±0.10%, water-soluble ash of 
4.56±0.13%, water extractive value of 18.74±0.22%, 
and ethanol extractive value of 12.65±0.19%. 
 
 

Table 6: Physicochemical Parameters of Cynodon 
dactylon and Withania somnifera 
Parameters Cyno

don 
dactyl
on 
(Gras
s) 

Cynodon 
dact
ylon 
(Ro
ot) 

Withania 
somn
ifera 
(Leav
es) 

Witha
nia 
somnif
era 
(Roots
) 

Moisture 
Content 

8.32 ± 
0.15 

9.10 ± 0.18 7.89 ± 0.12 7.89 ± 
0.12 

Total Ash 
Content 

10.25 ± 
0.21 

11.40 ± 
0.24 

6.85 ± 0.18 6.85 ± 
0.18 

Acid 
Insoluble 
Ash 

2.14 ± 
0.10 

2.75 ± 0.12 1.72 ± 0.08 1.72 ± 
0.08 

Water-
Soluble Ash 

4.56 ± 
0.13 

5.20 ± 0.15 3.95 ± 0.11 3.95 ± 
0.11 

Water
 
Extractive 
Value 

18.74 ± 
0.22 

20.10 ± 
0.26 

22.48 ± 
0.26 

22.48 
± 0.26 

Ethanol 
Extractive 
Value 

12.65 ± 
0.19 

14.32 ± 
0.21 

15.92 ± 
0.24 

15.92 
± 0.24 
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Figure 1: Physicochemical Parameters Comparison 
Withania somnifera roots exhibited moisture content 
of 7.89±0.12%, total ash content of 6.85±0.18%, acid-
insoluble ash of 1.72±0.08%, water-soluble ash of 
3.95±0.11%, water extractive value of 22.48±0.26%, 
and ethanol extractive value of 15.92±0.24%. 
The moisture content values were within acceptable 
limits, indicating proper drying and storage 
conditions. The ash values provide information about 
the mineral content and purity of the plant materials. 
The higher extractive values in Withania somnifera 
suggest greater concentration of water and alcohol-
soluble compounds, which is consistent with its rich 

phytochemical profile [15]. 
2.7 Phytochemical Screening 
The phytochemical analysis revealed the presence of 
various bioactive compounds in both plant materials 
as detailed in Table 7 and visualized in Figure 2. 
Cynodon dactylon showed moderate to strong 
presence of flavonoids (+++), glycosides (++), 
steroids (++), phenols (++), and carbohydrates (++), 
with slight presence of alkaloids (+), tannins (+), 
amino acids (+), proteins (+), diterpenes (+), and 
saponins (+). Resins and fats & oils were absent in the 
grass portion. 

Table 7: The phytochemical investigation of Cynodon 
dactylon and Withania somnifera 
Sr.
No 

Paramete
rs 

Cynod
on 
dact
ylo
n 
(Gr
ass) 

Cynod
on 
dact
ylon 
(Ro
ot) 

Withania 
som
nifer
a 
(Lea
ves) 

With
ania 
somn
ifera 
(Root
s) 

1 Alkaloids + ++ +++ ++ 

2 Glycosid
es 

++ +++ ++ ++ 

3 Tannins + ++ ++ +++ 

4 Resins - - + - 

5 Flavonoi
ds 

+++ ++ ++ +++ 

6 Steroids ++ ++ +++ ++ 

7 Amino 
acids 

+ + ++ ++ 

8 Proteins + + ++ ++ 

9 Carbohy
drates 

++ ++ ++ ++ 

10 Fats & 
Oils 

- + + + 

11 Phenol 
Test 

++ +++ ++ ++ 

12 Diterpen
es 

+ ++ ++ + 

13 Saponins 
Test 

+ ++ ++ ++ 

Strongly Present : +++ = Strongly Present, ++ = 
Moderately Present, + = Slightly Present, - = Absent 

 
Figure 2: Phytochemical Screening 
Heatmap 

Withania somnifera roots demonstrated strong 
presence of alkaloids (++), glycosides (++), tannins 
(+++), flavonoids (+++), steroids (++), phenols (++), 
carbohydrates (++), diterpenes (++), and saponins 
(++), with moderate presence of amino acids (++), 
proteins (++), and slight presence of fats & oils (+). 
Resins were absent in the root material. 
The presence of these bioactive compounds, 
particularly flavonoids, phenolic compounds, and 
alkaloids, supports the traditional medicinal uses of 
these plants and provides the biochemical basis for their 

reducing and stabilizing properties in nanoparticle 
synthesis [16]. 
2.8 In Vitro Antioxidant Activity 
Both plant extracts demonstrated significant 
antioxidant activity through multiple assays as shown 
in Figure 3. The DPPH radical scavenging activity 
showed dose-dependent inhibition, with Withania 
somnifera roots exhibiting slightly higher activity 
compared to Cynodon dactylon. The ABTS radical 
scavenging assay confirmed the strong antioxidant 
potential of both extracts. 

Figure 3: In Vitro Antioxidant Activity Results 
The total antioxidant capacity, measured using the 
phosphomolybdenum assay, revealed substantial 
reducing power in both plant extracts. This antioxidant 
activity can be attributed to the presence of phenolic 
compounds, flavonoids, and other reducing agents 
identified in the phytochemical screening. These 

compounds not only contribute to the therapeutic 
properties of the plants but also play crucial roles in 
the reduction of metal ions during nanoparticle 
synthesis [17]. 
2.9 Synthesis and Characterization of Metallic 

Nanoparticles 
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2.9.1 Visual Confirmation of Nanoparticle 
Formation 

The synthesis of metallic nanoparticles was confirmed 
by distinct color changes in the reaction mixtures as 
detailed in Table 8 and visualized in Figure 4. Silver 
nanoparticles (Ag NPs) showed a characteristic 

yellow-brown coloration, copper nanoparticles (Cu 
NPs) exhibited brownish-red color, bimetallic Ag-Cu 
nanoparticles displayed dark brown color, Ag-Fe₃O₄ 
nanoparticles appeared black, and Ag-ZnO 
nanoparticles showed white-yellow coloration. 

Table 8: Appearance of Metallic Nanoparticles 
Nanoparti
cle Type 

Appeara
nce 

Color Odor 

Silver (Ag) 
NPs 

Colloidal 
Solution 

Yellow
-Brown 

Odorle
ss 

Copper 
(Cu) NPs 

Colloidal 
Suspensio
n 

Browni
sh-Red 

Odorle
ss 

Ag-Cu 
NPs 

Colloidal 
Dispersio
n 

Dark 
Brown 

Odorle
ss 

Ag-Fe₃O₄ 
NPs 

Black-
Brown 
Dispersio
n 

Black Slight 
Metall
ic 

Ag-ZnO 
NPs 

Milky 
White 
Suspensio
n 

White-
Yellow 

Slight 
Metall
ic 

Figure 4: Nanoparticle Characterization 
These color changes are attributed to the surface 
plasmon resonance (SPR) phenomenon, which occurs 
when the conduction electrons on the metal surface 
oscillate in resonance with incident light [18]. The 
different colors observed for various nanoparticles 
indicate successful synthesis and formation of 
particles with distinct optical properties. 
2.9.2 Physical Appearance and Properties 
The synthesized nanoparticles showed different 
physical appearances as detailed in Table 8. Silver 
nanoparticles formed stable colloidal solutions with 
yellow-brown color and no odor. Copper nanoparticles 
appeared as brownish-red colloidal suspensions 
without odor. Bimetallic Ag-Cu nanoparticles formed 
dark brown colloidal dispersions, while Ag-Fe₃O₄ 

nanoparticles appeared as black-brown dispersions 
with slight metallic odor. Ag-ZnO nanoparticles 
formed milky white suspensions with slight metallic 
odor. The formation of stable colloidal systems 
indicates successful stabilization by plant-derived 
capping agents. The absence of precipitation or 
aggregation suggests good dispersion stability, which 
is crucial for potential applications [19]. 
2.9.3 Solubility Studies 
Solubility studies revealed distinct dissolution patterns 
for different nanoparticles as shown in Table 9. Silver 
and copper nanoparticles were insoluble in water but 
soluble in ethanol and organic solvents. They showed 
partial solubility in acidic media but remained insoluble 
in basic conditions. 

Table 9: Solubility of Nanoparticles 
Nanopa
rticle 
Type 

Wat
er 

Ethan
ol 

Acidic 
Media 
(HCl/H
NO₃) 

Basic
 
Media 
(NaOH/N
H₄OH) 

Organ
ic 
Solven
ts 
(DMS
O, 
chloro
form, 
toluen
e) 

Silver
 
(Ag) 
NPs 

Insol
uble 

Soluble Partia
lly 
solub
le 

Insoluble Soluble 

Copper
 
(Cu) 
NPs 

Insol
uble 

Soluble Soluble Insoluble Soluble 

Ag–Cu 
NPs 

Parti
ally 
solub
le 

Partia
lly 
solubl
e 

More 
soluble 

Partially 
soluble 

Solubl
e 
(depen
ds on 
ratio) 

Ag–
Fe₃O₄ 
NPs 

Insol
uble 

Sli
ght
ly 
sol
ubl
e 

Partia
lly 
solub
le 

Insoluble Disper
sible
 
with 
surfact
ants 

Ag–
ZnO 
NPs 

Insoluble Soluble Partially 
soluble 

Insoluble 
/ Surface 
dissolution 

Soluble 

Bimetallic Ag-Cu nanoparticles showed intermediate solubility properties, being partially soluble in water 
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and more soluble in acidic media. Ag-Fe₃O₄ 
nanoparticles were generally insoluble in most 
solvents but could be dispersed with surfactants. Ag-
ZnO nanoparticles were insoluble in water but soluble 
in ethanol and organic solvents, with partial solubility 
in acidic media. 
These solubility patterns are important for determining 
appropriate storage conditions and potential 

applications of the synthesized nanoparticles [20]. 
2.10 Process Flow and Synthesis Overview 
The complete green synthesis process is illustrated in 
Figure 5, showing the systematic approach from plant 
collection to nanoparticle characterization. The process 
demonstrates the eco-friendly nature of the synthesis 
method and the comprehensive evaluation performed. 

Figure 5: Green Synthesis Process 
2.11 Mechanism of Green Synthesis 
The green synthesis of metallic nanoparticles using 
plant extracts involves a complex mechanism where 
bioactive compounds act as both reducing and capping 
agents. The process can be divided into three main 
phases: activation, growth, and termination [21]. 
During the activation phase, metal ions are reduced by 
reducing agents present in plant extracts, such as 
flavonoids, phenolic compounds, and alkaloids. These 
compounds donate electrons to metal ions, leading to 
the formation of metal atoms. The growth phase 
involves the aggregation of metal atoms to form nuclei, 
which then grow into nanoparticles. Finally, in the 
termination phase, the growth is controlled by capping 
agents that prevent further aggregation and stabilize 
the nanoparticles. 
The presence of multiple bioactive compounds in both 
Cynodon dactylon and Withania somnifera extracts 
provides an ideal environment for controlled 
nanoparticle synthesis. The antioxidant properties of 
these compounds, as demonstrated by the DPPH and 
ABTS assays, correlate with their reducing capacity 
during nanoparticle formation [22]. 
2.12 Advantages of Green Synthesis 
The green synthesis approach used in this study offers 
several advantages over conventional chemical methods: 

1. Environmental friendliness: The 
process eliminates the use of toxic 
chemicals and harsh conditions, 
reducing environmental impact. 

2. Cost-effectiveness: Plant materials are 
readily available and inexpensive 
compared to chemical reducing agents. 

3. Biocompatibility: The presence of 
natural capping agents enhances the 
biocompatibility of synthesized 
nanoparticles. 

4. Single-step process: The synthesis, 
reduction, and stabilization occur 
simultaneously, simplifying the overall 
process. 

5. Enhanced stability: Natural capping 
agents provide better long-term stability 
compared to synthetic stabilizers [23]. 

2.13 Potential Applications 
The synthesized metallic nanoparticles have potential 
applications in various fields: 
Biomedical Applications: Silver and copper 
nanoparticles are known for their antimicrobial 

properties and could be used in wound dressings, medical 
devices, and drug delivery systems [24]. 
Environmental Applications: The photocatalytic 
properties of Ag-ZnO nanoparticles make them suitable for 
water treatment and environmental remediation [25]. 
Magnetic Applications: Ag-Fe₃O₄ nanoparticles combine 
antimicrobial properties with magnetic behavior, making 
them useful for targeted drug delivery and magnetic 
resonance imaging [26]. 
Catalytic Applications: The enhanced surface area and 
reactivity of bimetallic nanoparticles make them 
promising catalysts for various chemical reactions [27]. 

3 Conclusion 
This study successfully demonstrates the green 
synthesis and characterization of various metallic 
nanoparticles using Cynodon dactylon and Withania 
somnifera plant extracts. The comprehensive 
characterization of plant materials confirmed their 
authenticity and quality, while phytochemical analysis 
revealed the presence of bioactive compounds 
responsible for 
nanoparticle synthesis. 
The synthesized nanoparticles (Ag, Cu, Ag-Cu, Ag-
Fe₃O₄, and Ag-ZnO) showed distinct physicochemical 
properties and stable colloidal behavior. The green 
synthesis approach offers significant advantages in 
terms of environmental sustainability, cost-
effectiveness, and biocompatibility. 
The antioxidant activity of plant extracts correlates 
with their reducing capacity, supporting the 
mechanism of nanoparticle formation. The different 
solubility patterns observed for various nanoparticles 
provide insights into their potential applications and 
storage requirements. 
The comprehensive data visualization charts provide 
clear insights into the physicochemical parameters, 
phytochemical profiles, antioxidant activities, and 
nanoparticle characteristics, facilitating better 
understanding of the research outcomes. 
Future studies should focus on detailed 
characterization using advanced techniques such as X-
ray diffraction, transmission electron microscopy, and 
dynamic light scattering to determine particle size, 
morphology, and crystalline structure. Additionally, 
biological activity evaluation including antimicrobial, 
anticancer, and catalytic properties would provide 
valuable information for practical applications. 
This research contributes to the growing field of green 
nanotechnology and provides a foundation for the 
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development of eco-friendly metallic nanoparticles 
with enhanced biocompatibility and therapeutic 
potential. 
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