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Abstract

Green synthesis of silver nanoparticles (AgNPs) using plant extracts is among the simplest, most convenient, economical, and
environmentally friendly approaches, as it reduces the use of toxic chemicals. This study aimed to biosynthesize AgNPs using Senna
surattensis and to evaluate both the plant extracts and the resulting nanoparticles as antibacterial agents. Aqueous extracts were prepared
using three methods, and AgNPs were produced by adding silver nitrate to these extracts. Ultraviolet-visible (UV-Vis) spectroscopy,
scanning electron microscopy (SEM), X-ray diffraction (XRD), Fourier-transform infrared (FTIR) spectroscopy, and gas chromatography-
mass spectrometry (GC-MS) were employed to characterize the nanoparticles. The antibacterial activity of the extracts and AgNPs against
various Gram-positive and Gram-negative bacteria isolated from hospital wastewater was assessed at three concentrations: 25, 35, and
50 mg/mL. The largest inhibition zone for the plant extracts alone was 25 mm against Kocuria rosea using the Soxhlet acetone extract at
50 mg/mL, whereas the smallest was 12 mm against Pseudomonas aeruginosa and Serratia marcescens using the cold-soak extract and the
Soxhlet aqueous extract at 35 and 25 mg/mL, respectively. Additionally, the cold-soaked extract, the 50 °C hot-soaked extract, and the
Soxhlet water extract showed no activity at 25 and 35 mg/mL. For AgNPs derived from S. surattensis extracts, the highest inhibition zone
was 26 mm against P. aeruginosa using AgNPs from the Soxhlet aqueous extract at 50 mg/mL, while the lowest was 14 mm against
Escherichia coli using AgNPs from the Soxhlet aqueous extract at 35 mg/mL. These findings indicate that AgNPs biosynthesized from S.
surattensis extracts are promising antibacterial agents and may serve as viable alternatives to conventional antibiotics.
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Plant-based green synthesis of nanoparticles has gained
significant attention as a sustainable, eco-friendly alternative to
conventional chemical and physical methods for producing
antimicrobial agents [7]. Nanoparticles are solid particles at the
atomic or molecular level with sizes <100 nm and often exhibit
superior physical properties compared with bulk materials,
depending on size and morphology [8]. Owing to their small size and
high surface-to-volume ratio, silver nanoparticles may display
antimicrobial activity beyond that of ionic silver, and their size and
shape can be tuned by the manufacturing process [9]. Compared
with other biogenic routes (e.g., microbial synthesis, which requires
complex culture maintenance), plant extracts offer a simpler

1. Introduction

Water pollution is a major challenge in both developing and
industrialized countries. Rapid population growth increases the
release of chemicals, microorganisms, and other toxic substances,
leading to the deterioration of drinking-water quality [1]. These
pollutants enter the environment through multiple pathways,
including livestock and agricultural waste, human excreta,
pharmaceutical wastewater, and improper disposal practices [2].

Microbial contamination of urban water is a global public-health
concern, especially in developing countries. Bacteria are the

predominant microbial pathogens in drinking water. The principal
sources of waterborne pathogens include livestock feces, sewage,
industrial wastewater, and pharmaceuticals [3, 4]. People who
consume contaminated water may develop diarrhea, and
inadequate water and sanitation services further raise the incidence
of diseases such as cholera, schistosomiasis, and helminth
infections. Unsafe drinking water can also cause gastrointestinal
illness that impairs nutrient absorption and leads to malnutrition,
effects that are particularly pronounced in children [5, 6].

pathway for nanoparticle production. Thus, plant-assisted synthesis
can be greener and more sustainable than traditional methods by
optimizing energy and resource use according to the nanoparticles’
requirements [10].

This approach is also quick, safe, and cost-effective, consuming
less energy and yielding non-toxic derivatives. The resulting
nanoparticles possess diverse, useful properties for applications
across multiple fields [11]. Plant extracts are complex mixtures that
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may have antioxidant, antibiotic, antiviral, antibacterial, anticancer,
antiparasitic, antifungal, and insecticidal activities [12]. Constituents
such as flavonoids, amino acids, proteins, polysaccharides, enzymes,
polyphenols, steroids, and reducing sugars facilitate the reduction,
formation, and stabilization of nanoparticles [13]. Senna surattensis
is widespread in tropical and subtropical countries and is used as
food and in herbal preparations: roots are used to treat gonorrhea
and snakebite, leaves for dysentery, and flowers as a laxative. Crude
extracts of S. surattensis have demonstrated antimicrobial and
antioxidant properties [14]. The present study aimed to perform
green synthesis of silver nanoparticles using leaf extracts of S.
surattensis and to determine the antimicrobial properties of the
extracts and biosynthesized nanoparticles against bacteria isolated
from local hospital wastewater.

2. Materials and Methods
2.1 Collection of Plant Samples

S. surattensis plants were collected at the University of Basrah,
Karma Ali (30.571497, 47.748086) during November-December
2024. The plants were placed in plastic bags, transported to the
laboratory, washed with distilled water to remove dust, and air-
dried for one week. The dried material was then ground with a
ceramic mortar and stored as plant powder in labeled plastic
containers.

2.2 Preparation of the Leaf Extracts

Leaf extracts were prepared in various ways. Cold soaking
involved taking 20 g of the leaf plant powder and placing it in a 500
mL conical flask containing 150 mL of distilled water, leaving it for
24 h. It was then filtered using filter paper, and 25 mL was taken for
later use, while the remainder was left to dry [15]. Hot soaking
involved taking 20 g of the leaf plant powder and placing it in a 500
mL conical flask containing 150 mL of distilled water. It was then
heated on a magnetic stirrer plate at a temperature of 50 °C for 2 h.
After that, it was filtered using filter paper, and 25 mL was taken for
later use, while the remainder was left to dry [16]. Using the Soxhlet
apparatus, agueous and alcoholic extracts were prepared by taking
20 g of the leaf plant powder, placing it inside a thimble, and using
water, alcohol, and acetone sequentially as solvents. Then 25 mL
was taken for later use, while the remaining was dried in dishes,
ground, and stored in plastic containers [17].

2.3 Green Synthesis of Nanoparticles

Silver nanoparticles (AgNPs) were prepared by taking 25 mL of
the selected plant extract solution and placing it in a 500 mL glass
flask containing 150 mL of deionized distilled water. Then, 0.2 g of
silver nitrate was added, and the mixture was heated on a magnetic
stirring hot plate at 50 °C with stirring. After that, it was stored for
one day in a closed place. Then, it was placed in Petri dishes and left
to dry. After that, the particles were ground and stored in plastic
containers [18].

2.4 Characterization of AGNPs

A variety of physical techniques were used to determine and
confirm the nanostructural characteristics of the plant extracts and
AgNPs. Gas chromatography-mass spectrometry (GC-MS; Agilent
Technologies, USA) was employed to analyze components of the
aqueous extract. The optical properties of AgNPs were investigated
using an ultraviolet-visible (UV-Vis) spectrophotometer over 200-

700 nm. Fourier-transform infrared (FTIR) spectroscopy (Shimadzu,
Japan) was used to analyze the dried extract material and AgNPs. X-
ray diffraction (XRD) using the following Debye-Scherrer equation
and scanning electron microscopy (SEM) were used to examine the
structural properties, particle size, and morphology of the AgNPs
[19]:

D= K2
" Bcosh

where D is the crystallite size, K is the Scherrer constant (typically
around 0.9), A\ is the wavelength of the X-rays, B is the peak
broadening at half maximum intensity (FWHM) in radians, and 0 is
the Bragg angle.

2.5 Isolation and Identification of Bacterial Species
2.5.1 Sample Collection

Samples of wastewater were collected from Al-Mawani General
Hospital and Al-Fayhaa Hospital in Basrah Governorate during the
period from November 1, 2024, to December 12, 2024. The water
samples were collected at a depth of 10-15 cm, with 0.5 L taken
using a sterile plastic container from several points. They were
placed in sterile laboratory plastic containers, transported to the
laboratory, and stored in a refrigerator at 4 °C until laboratory
analyses were conducted.

2.5.2 Isolation of Bacterial Species

The serial dilution method was used to isolate bacteria from
wastewater. First, 1 mL of water was added to 9 mL of sterile
distilled water to achieve a 101 dilution. Then, 1 mL was transferred
with a sterile pipette to another tube containing 9 mL of sterile
distilled water to obtain a 1072 dilution. This process was repeated
sequentially to reach a 107¢ dilution. Plates containing nutrient agar
were then inoculated under sterile conditions with 0.1 mL of
sample, in duplicate for each dilution, and the inoculum was spread
over the surface with a sterile glass spreader. The plates were
incubated at 37 °C for 24 h, after which the cultured bacteria were
examined.

2.5.3 Purification of Bacterial Isolates

Positive bacterial isolates identified in the preliminary
examination were purified by transferring portions of colonies to
fresh plates containing nutrient agar. The plates were incubated at
37 °C for 24 h. Purity was confirmed by Gram staining and light
microscopy. The pure colonies were then preserved on nutrient
agar slants and stored in a refrigerator at 4 °C.

2.5.4 Identification of Bacterial Isolates

The pure bacterial isolates were activated on nutrient agar and
transported to Al-Fayhaa Hospital in a cooling box for identification
using the VITEK 2 system. The VITEK 2 system was used in
accordance with the manufacturer’s instructions, employing 1D
Gram-Positive and ID Gram-Negative cards for identification.

2.6 Antibacterial Activity of Plant Extracts and AgNPs

The agar well diffusion method was utilized to assess the activity
of the extracts and AgNPs at concentrations of 25, 35, and 50
mg/mL. These extracts were dissolved in 1 mL of DMSO and left for
at least 3 h to ensure thorough dissolution. The bacterial species
isolated from hospital wastewater were activated individually on
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Mueller-Hinton agar. A volume of 0.1 mL of each dissolved extract
and of the AgNPs was added to the wells of the cultured bacterial
plates, which were then incubated at 37 °C for 24 h. The inhibition
zones of the plant extracts and AgNPs against bacterial colony
growth were determined by measuring the diameter of the
inhibition zone for each bacterial isolate [20].

3. Results and Discussion
3.1 Characterization of Plant Extracts

GC-MS revealed a range of aromatic and aliphatic compounds.
Figure 1 indicates the components of the aqueous extract of S.
surattensis prepared by the cold-soaking method. High-abundance
constituents belonged to phenols, alcohols, carboxylic acids, and
heterocyclic compounds, with proportions from 26.74% to 1.25%.
These GC-MS findings for S. surattensis extracts were consistent
with those in a previous study [21].

For the 50 °C hot-soak extract of S. surattensis, active chemicals
included phenols, alcohols, carboxylic acids, and amines, with
concentrations ranging from 38.27% to 0.94% (Figure 2). In the
Soxhlet-derived aqueous extract, the major classes comprised
phenols, alcohols, organosilicon compounds, and esters, with
concentration ratios from 62.54% to 0.88% (Figure 3). In the Soxhlet
alcoholic extract, detected actives included phenols, alcohols, and
cyclic esters, with concentrations from 10.01% to 2.16% (Figure 4).
In the Soxhlet acetone extract, prominent constituents were
cholesterol derivatives, alcohols, and phenols, with concentrations
ranging from 45.33% to 2.14% (Figure 5).

3.2 AgNPs Synthesis using Plant Extracts and AgNPs Characterization

The fundamental color change from green to dark brown
indicated the synthesis of AgNPs using an aqueous extract of S.
surattensis leaves and silver nitrate at a concentration of 0.2 g. The
reduction of silver ions (Ag") causes surface plasmon resonance
oscillation, which is essential for the formation of silver
nanoparticles [22], as shown in Figure 6.

The UV-Vis spectrophotometer is a widely used spectroscopic
device to confirm the formation of AgNPs in solution through the
phenomenon of surface plasmon resonance of metallic
nanoparticles. This optical property is sensitive to the size, shape,
concentration, and agglomeration state of the produced
nanoparticles. The ultraviolet and visible spectrum confirmed the
formation of AgNPs biosynthesized from the S. surattensis plant
using the cold soaking, hot soaking at 50 °C, and Soxhlet methods,
as shown in Figure 7. The AgNPs were observed using the
ultraviolet and visible spectrum, with the highest absorption peaks
appearing at wavelengths of 440, 410, and 440 nm [23]. The current
study is consistent with the study of Hamid et al. [24], who
demonstrated the UV-Vis spectrum of AgNPs biosynthesized from
the plant Melia azedarach at wavelengths ranging from 300 to 900
nm, with an absorption peak at 430 nm indicating the formation of
silver nanoparticles.

The basic structures of the AgNPs biosynthesized from the S.
surattensis plant were identified using three different extraction
methods (cold soaking, hot soaking at 50 °C, and Soxhlet) and
analyzed using energy-dispersive X-ray spectroscopy (EDX). It was
found that the AgNPs contained several compounds. The results
showed that the highest percentage of AgNPs was obtained using
the Soxhlet extraction method, reaching 64.39% in the plant, as

shown in Table 1 and Figure 8. The present study is consistent with
the previous research [25], which reported the biosynthesis of
AgNPs from Senna occidentalis. The EDX spectra of the AgNPs
indicated that the sample consisted of 10.01% silver, with a notable
peak at 3 keV, suggesting the reduction of silver ions (Ag") to Ag®°.
Additionally, the EDX spectrum revealed the presence of carbon,
sodium, chlorine, and other elements, along with complementary
mineral elements.

XRD is considered one of the most important techniques used to
determine the composition of biologically synthesized
nanoparticles, as it is non-destructive, rapid, and highly capable in
material characterization. The XRD pattern for the AgNPs from the
cold-soaked S. surattensis extract exhibited a peak intensity of 100%
(Table 2; Figure 9). Applying the Debye-Scherrer equation yielded
an average crystallite size of 25.76% for the biologically synthesized
AgNPs. This study is consistent with a previous report [26].

For the 50 °C extract, the XRD profile of the S. surattensis AgNPs
likewise showed a 100% peak intensity (Table 3; Figure 9). Using
the Debye-Scherrer equation, the average crystallite size of the
biologically synthesized AgNPs was 22.80%. For AgNPs obtained
via Soxhlet extraction of S. surattensis using water as the solvent,
the XRD spectrum showed a maximum peak of 100% (Table 4;
Figure 9). The Debye-Scherrer calculation indicated an average
crystallite size of 33.37% for the biologically synthesized AgNPs.

Morphologies and surface sizes of AgNPs synthesized from the
S. surattensis plant were determined using SEM. Imaging showed
that the AgNPs were smooth and spherical, with an average size of
65.15 nm for the cold-soaked extract. For the hot extract at 50 °C,
the average size was 32.88 nm, while the Soxhlet extract yielded
nanoparticles with an average size of 52.24 nm. The current study
is consistent with the study of Samuggam et al. [27], which indicated
biosynthesized AgNPs from Spondias mombin measuring 17 nm, as
shown in Figure 10.

3.3 Antibacterial Activity of Plant Extracts and AgNPs

The current study has isolated several bacterial species from
hospital wastewater, originating from patients, hospital workers,
and other sources; as a result, most of these bacteria are
pathogenic. The activity of the S. surattensis plant extract against
Gram-negative and Gram-positive bacteria isolated from hospital
wastewater was evaluated. The extract was obtained using three
methods, including cold soaking, hot soaking, and Soxhlet
extraction, with three concentrations of 25, 35, and 50 mg/mL using
the diffusion method. The results showed the antibacterial activity
of the plant extracts from S. surattensis by measuring the diameter
of the inhibition zone against the growth of Gram-positive bacteria.
The highest inhibition zone was 25 mm against Kocuria rosea,
resulting from the use of the acetone Soxhlet extract at a
concentration of 50 mg/mL, whereas the lowest inhibition diameter
was 12 mm when using the aqueous Soxhlet extract at a
concentration of 25 mg/mL against Leuconostoc mesenteroides.
While other extracts of S. surattensis did not show effectiveness
against bacterial growth, as shown in Table 5.

For Gram-negative bacteria, the activity test of the S. surattensis
plant extract showed the highest inhibition zone of 21 mm in
diameter against Citrobacter sedlakii using the acetone Soxhlet
extract at a concentration of 50 mg/mL, while the lowest inhibition
zone of 12 mm in diameter was recorded against Pseudomonas
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Figure 1: GC-MS chromatogram of cold-soaked extract of S. surattensis.
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Figure 2: GC-MS chromatogram of hot-soaked extract at 50 C° of S. surattensis.
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Figure 3: GC-MS chromatogram of Soxhlet aqueous extract of S. surattensis.
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Figure 4: GC-MS chromatogram of Soxhlet alcoholic extract of S. surattensis.
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Figure 5: GC-MS chromatogram of Soxhlet acetone extract of S. surattensis.
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Figure 6: Synthesis of AgNPs. A: Green color of the extract before addition of silver nitrate. B: Brown color of the extract after silver nitrate addition.
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Figure 7: UV-Vis profiles for AgNPs synthesized from S. surattensis. A: Cold-soaked. B: Hot-soaked at 50 °C. C: Soxhlet aqueous extraction.
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Figure 8: EDX spectra for AgNPs synthesized from S. surattensis. A: Cold-soaked. B: Hot-soaked at 50 °C. C: Soxhlet aqueous extraction.
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Table 1: Percentage (%) of silver (Ag), carbon (C), and oxygen (O) in
AgNPs manufactured by green synthesis.

Type of nanoparticles | % of Ag | %0of O | % of C
Cold-soaked 12.17 34.00 | 47.24
Hot-soaked at 50 °C 53.10 1424 | 21.27
Soxhlet aqueous 64.39 4.67 11.86

Table 3: XRD spectrum data for AgNPs biosynthesized from the
hot-soaked extract at 50 C° of S. surattensis.

Table 2: XRD spectrum data for the AgNPs biosynthesized from
the cold-soaked extract of S. surattensis.

Pos. Height FWHM d-spacing Rel. Int.
(°26) (cts) (°26) A) (%)
27.8387 29.68 0.1968 3.20482 61.78
32.2251 48.04 0.3149 2.77790 100.00
38.1694 21.75 0.3149 2.35786 45.29
44.3539 6.49 0.4723 2.04239 13.51
46.2350 28.69 0.4330 1.96358 59.72
54.8564 8.67 0.3149 1.67363 18.04
57.4735 6.56 0.4723 1.60349 13.66
64.3976 3.59 0.6298 1.44679 747
77.1024 5.38 1.1520 1.23601 11.21

Table 4: XRD spectrum data for AgNPs biosynthesized from the
Soxhlet aqueous extract of S. surattensis.

aeruginosa and Serratia marcescens due to the use of the cold-soak
extract at a concentration of 35.25 mg/mL, respectively.
Additionally, other extracts of the S. surattensis plant did not show
any activity at certain concentrations, as shown in Table 6 and
Figure 11.

The results showed that the highest inhibitory activity against
the growth of Gram-positive bacteria was observed for the acetone
Soxhlet extract, due to its content of bioactive compounds against
bacterial growth, such as cholesterol derivatives, alcohols, and
phenols. The effect of this extract is attributed to the sensitivity of
Gram-positive bacteria’s cell-wall structure to plant extracts;
additionally, the absence of an outer membrane enhances
permeability, leading to destruction of the bacterial membrane and
inhibition of biofilm formation, DNA synthesis, and protein
synthesis [28]. The current study is consistent with the study of

Pos. Height FWHM d-spacing Rel. Int. Pos. Height FWHM d-spacing Rel. Int.
(°26) (cts) (°26) A) (%) (°26) (cts) (°26) (A) (%)
27.7609 11.25 0.3149 3.21362 36.58 27.7703 11.76 0.2755 3.21255 38.21
32.1694 27.74 0.3149 2.78258 90.19 32.1703 27.04 0.3149 2.78251 87.88
38.0417 30.76 0.3936 2.36548 100.00 38.0145 30.77 0.2362 2.36710 100.00
44.2179 9.55 0.4723 2.04835 31.04 44.2290 9.58 0.4723 2.04787 31.13
46.2410 14.94 0.3149 1.96334 48.57 46.2363 14.41 0.3936 1.96353 46.85

54.9699 2.50 1.2595 1.67045 8.13 54.9917 2.08 1.2595 1.66984 6.76
64.4812 3.73 0.9446 1.44512 12.14 64.6565 3.65 0.9446 1.44163 11.87
77.3505 6.10 1.3440 1.23266 19.84 74.8462 2.68 0.6298 1.26862 8.72

77.3528 6.28 1.3440 1.23263 20.41

Okla et al. [29], who prepared primary extracts of roots, stems,
leaves, fruits, and seeds of the Avicennia marina plant in ethanol,
which were then fractionated into ethanol, ethyl acetate, petroleum
ether, chloroform, and water.

In the study of Okla et al. [29], the minimum inhibitory
concentration of the extracts against Bacillus subtilis, Escherichia coli,
P. aeruginosa, and Staphylococcus aureus was also determined. It was
observed that the chloroform extract from A. marina roots exhibited
inhibitory effects against S. aureus (MIC = 1.5 + 0.03 mg/mL) and E.
coli (MIC = 1.7 + 0.01 mg/mL). The ethanolic extract of A. marina
roots showed antibacterial activity against P. aeruginosa (MIC = 10.8
+ 0.78 mg/mL), B. subtilis (MIC = 6.1 + 0.27 mg/mL), S. aureus (MIC
=2.3+0.08 mg/mL), and E. coli (MIC = 6.3 + 0.28 mg/mL). The ethyl
acetate extract of A. marina leaves also showed antibacterial activity
against S. aureus and E. coli.
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Figure 9: XRD spectra for AgNPs synthesized from S. surattensis. A: Cold-soaked. B: Hot-soaked at 50 °C. C: Soxhlet aqueous extraction.
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Figure 10: SEM for AgNPs synthesized from S. surattensis. A: Cold-soaked. B: Hot-soaked at 50 °C. C: Soxhlet aqueous extraction.
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Table 5: Antibacterial activity of S. surattensis extracts against Gram-positive bacteria isolated from hospital wastewater.

Extract Concentration (mg/mL) | L. mesenteroides | K. rosea | S. hominins

25 12 0 0

Cold-soaked 35 0 0 0

50 0 18 16

25 16 0 0

Hot-soaked at 50 °C 35 0 0 0

50 0 17 17

25 14 0 0

Soxhlet aqueous 35 0 0 0

50 0 21 14

25 17 14 16

Soxhlet alcohol 35 13 15 14

50 18 20 16

25 17 15 17

Soxhlet acetone 35 14 15 15

50 18 25 19

Table 6: Antibacterial activity of S. surattensis extract against Gram-negative bacteria isolated from hospital wastewater.
Extract Concentration (mg/ml) | E. coli | E. cloacae | P. aeruginosa | C. sedlakii | M. morganii | S. marcesceens

25 16 0 12 0 14 0
Cold-soaked 35 0 0 15 0 13 12
50 13 14 0 17 17 14
25 14 0 13 16 18 0
Hot-soaked at 50 °C 35 0 0 13 0 14 13
50 14 17 15 18 19 14
25 17 0 14 17 15 0
Soxhlet aqueous 35 0 0 14 0 16 15
50 14 13 13 19 20 18
25 17 16 15 17 17 15
Soxhlet alcohol 35 15 16 17 16 17 17
50 16 18 17 20 17 18
25 18 17 19 16 16 15
Soxhlet acetone 35 17 16 18 17 16 18
50 18 19 18 21 20 19

Figure 11: Diffusion assay of S. surattensis extract showing antibacterial activity against (A) S. hominis and (B) S. marcescens; halos indicate growth
inhibition.
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Table 7: Antibacterial activity of AgNPs biosynthesized from S. surattensis against Gram-positive bacteria isolated from hospital

wastewater.
Type of AgNPs Concentration (mg/ml) | L. mesenteroides | K. rosea | S. hominins

25 18 16 18

Cold-soaked 35 17 17 18

50 20 23 20

25 15 14 18

Hot-soaked at 50 °C 35 17 17 18

50 19 21 18

25 18 17 20

Soxhlet aqueous 35 17 19 17

50 19 25 19

Table 8: Antibacterial activity of AgNPs biosynthesized from S. surattensis against Gram-negative bacteria isolated from hospital
wastewater.
Type of AgNPs Concentration (mg/ml) | E. coli | E. cloacae | P. aeruginosa | C. sedlakii | M. morganii | S. marcesceens

25 17 15 19 17 18 15
Cold-soaked 35 16 17 20 16 17 16
50 17 17 23 18 17 19
25 17 16 20 18 17 16
Hot-soaked at 50 °C 35 14 15 21 16 18 15
50 16 15 24 17 18 20
25 19 19 21 19 18 17
Soxhlet aqueous 35 15 18 22 17 18 17
50 21 18 26 19 23 20

Figure 12: Diffusion assay of AgNPs biosynthesized from S. surattensis showing antibacterial activity against A: E. coli, B: S. hominins; halos indicate
growth inhibition.
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Alemu et al. [30] conducted a study on the antibacterial activity
of five selected medicinal plant species, namely Solanum somalense,
Verbascum sinaiticum, Rumex nervosus, Withania somnifera, and
Calpurnia aurea. They prepared ethanol and aqueous extracts from
plant materials. The results indicated antibacterial efficacy in the
ethanolic extracts of S. somalense, W. somnifera, and C. aurea against
certain bacterial strains: S. somalense against Streptococcus
agalactiae with a minimum inhibitory concentration of 1.5 mg/mL;
W. somnifera against S. aureus and E. coli, with a minimum inhibitory
concentration of 2 mg/mL; C. aurea against E. coli and Klebsiella
pneumoniae, with a minimum inhibitory concentration of 3 mg/mL
and 3.5 mg/mL, respectively.

The results of the activity of the silver nanoparticles
biosynthesized from the plant Senna surattensis against Gram-
positive bacteria showed that the highest inhibition zone was 25
mm in diameter against Kocuria rosea, resulting from the use of
silver nanoparticles biosynthesized from an aqueous Soxhlet extract
at a concentration of 50 mg/mL. Meanwhile, the lowest inhibition
zone was 15 mm in diameter against Leuconostoc mesenteroides,
resulting from the use of silver nanoparticles biosynthesized from
hot soaking at 50 °C at a concentration of 25 mg/mL, as shown in
Table 7.

Meanwhile, the results showed the activity of the AgNPs
biosynthesized from the plant S. surattensis against Gram-negative
bacteria. The highest inhibition zone reached 26 mm in diameter
against P. aeruginosa, resulting from the use of AgNPs
biosynthesized from the aqueous Soxhlet extract at a concentration
of 50 mg/mL. Meanwhile, the lowest inhibition zone was 14 mm in
diameter against E. coli, resulting from the use of AgNPs
biosynthesized from the hot-soaking extract at 50 °C at a
concentration of 35 mg/mL, as shown in Table 8 and Figure 12.

This result demonstrated that the best inhibitory effect against
the growth of Gram-negative bacteria was achieved using AgNPs
prepared from the aqueous extract of Soxhlet, due to its content of
biologically active compounds against bacterial species. This can be
attributed to the release of metal ions, damage to the cell wall and
membrane, penetration into cells, DNA damage, the generation of
reactive oxygen species (ROS), lipid oxidation, ATP depletion, and
harm to biomolecules [31]. The present study is consistent with the
study of Ohiduzzaman et al. [21], who evaluated the antibacterial
activities of AgNPs based on green banana pulp extract at different
concentrations—200 and 400 pg/disc—against two pathogenic
bacteria: E. coli (Gram-negative) and Staphylococcus epidermidis
(Gram-positive). For E. coli, AgNPs showed a dose-dependent
increase in inhibition zones (12.6 + 0.42 mm and 17.3 £ 0.14 mm at
200 pg/disc and 400 pg/disc, respectively), while the standard
antibiotic showed an inhibition zone of 8.4 + 0.21 mm. Similarly,
against S. epidermidis, the AgNPs showed zones of inhibition of 12.4
+ 049 mm and 13,5 + 049 mm at the corresponding
concentrations, while the standard antibiotic had a zone of 15.1 +
0.28 mm.

A study conducted by Yassin et al. [32] focused on the easy green
synthesis of AgNPs using an aqueous leaf extract from the plant
Origanum majorana. The research also examined the biological
activity of these nanoparticles against drug-resistant bacteria. The
disk diffusion method was employed to assess the antibacterial
effectiveness of the AgNPs against three multidrug-resistant
hospital bacteria. The results indicated that the antimicrobial
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activity of the bioactive AgNPs cells showed that the Klebsiella
pneumoniae strain was the most susceptible at concentrations of 50
and 100 pg/disc, with inhibition zones of 21.57 and 24.56 mm,
respectively. This proves that the aqueous leaf extract of O.
majorana used in the synthesis of small-sized AgNPs has potential
antimicrobial activity against drug-resistant bacterial pathogens.

4. Conclusions

The S. surattensis leaf extract and the AgNPs produced from it
both showed antibacterial activity against bacterial strains isolated
from hospital wastewater. The AgNPs synthesized biologically from
the S. surattensis plant exhibited higher antibacterial activity than
the plant extracts alone against both Gram-positive and Gram-
negative bacteria. Accordingly, AgNPs derived from S. surattensis
are promising antibacterial agents and a viable alternative as
antimicrobials. Green-synthesized nanoparticles may be applied in
various settings to target pathogenic bacteria, especially in water;
however, additional studies are needed to confirm safety and
environmental compatibility.
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