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Abstract: The present study investigates the green synthesis of silver nanoparticles was carried out
using a leaf extract of Anoectochilus elatus (Ae-AgNPs). The synthesised Ae-AgNPs were characterised
using different analytical techniques like UV-visible spectroscopy, X-ray diffraction (XRD), Fourier
transform infrared (FTIR), and scanning electron microscopy (SEM) with energy-dispersive X-ray
analysis (EDX). Additionally, in vitro activities were investigated, and they possess antioxidant, anti-
inflammatory, antidiabetic, and antimicrobial properties. The UV-Vis spectra exhibited characteristic
absorption peaks at approximately 480 nm. FTIR identified functional groups of the Ae-AgNPs. The
crystalline structure of the Ae-AgNPs was verified via XRD analysis. SEM studies revealed that the
nanoparticles exhibited a spherical morphology. The fabrication of Ae-AgNPs was established by
the EDX spectrum, which exhibited prominent signals of silver atoms. The Ae-AgNPs show potent
antioxidant, anti-inflammatory, and antidiabetic activity compared to standard drugs. In addition,
Ae-AgNPs demonstrated the most significant zone of Inhibition. This study affirms the superior
biological capability of Ae-AgNPs for target drug delivery and their potential for usage in biomedical
research and therapeutics.

Keywords: Anoectochilus elatus; antimicrobial activity; antioxidant; anti-inflammatory; silver nanoparticles

1. Introduction

Anoectochilus elatus (Ae), also known as the South Indian jewel orchid, Chinese ever-
green orchid, or the King of Medicine, is a fascinating species of orchid found in tropic and
subtropic climates. This plant is a member of the Orchidaceae family, which comprises over
2000 distinct orchid species. Originating in China and India and spreading over South and
Southeast Asia to Australia and the southwest Pacific islands [1,2], this plant is well known
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for its unique leaves and attractive blooms. The Ae is highly valued for its ornamental
elegance and striking appearance, with its dark green leaves enriched with metallic silver or
gold spots which makes it a highly regarded species among orchid enthusiasts. The Ae has
a rich historical background in embracing ancient therapeutic traditions in Asian regions
such as China, Taiwan, and Japan [3]. Therefore, due to the loss of their native habitats and
the conversion of forests into agricultural lands, we saw during our numerous field trips to
the Kolli Hills in the Eastern Ghats of Tamil Nadu that the spread of Ae populations was
severely constrained [4,5]. The medicinal properties of the Ae are harnessed from different
plant components, including leave, stems, and roots. One of the notable characteristics of
Ae is its rich content of bioactive compounds, including flavonoids, phenolic, and polysac-
charides, which contribute to the plant’s therapeutic potential [4–7]. Historically, it has been
used to treat a wide range of medical conditions, including liver illness, respiratory trouble,
and gastrointestinal disorders. The plant has also been used to support cardiovascular
health and anticancer properties. Recent studies have shown that certain compounds in
the orchid exhibit anti-tumour effects and may help inhibit the growth of cancer cells [7].

The World Health Organization recommends traditional medicine because of its effi-
cacy and safety. In recent years, there has been a growing concern about the environmental
impact of conventional synthesis methods for nanoparticles [8,9]. As a result, researchers
have turned their attention toward developing environmentally friendly approaches, such
as green synthesis, to produce nanoparticles. One of the most extensively studied examples
of green synthesis is the production of silver nanoparticles [10,11]. Additionally, it has
been observed that biosynthesised silver nanoparticles have a variety of uses in biomed-
ical sciences. Various natural compounds have been utilised for the biogenesis of silver
nanoparticles in this context [12]. A better reducing natural substance is constantly sought
to make stable, extensively effective silver nanoparticles. Additionally, natural products
play a significant role in the traditional medical system for maintaining human health and
treating disorders [13]. Flavonoids, tannins, terpenoids, and alkaloids are a few secondary
metabolites of plants that have been studied for their potential as drugs in vitro.

The conventional medical system has used Ae species to treat hypertension and
pulmonary, hepatic, chest, and digestive disorders [14]. In light of this, species with both
therapeutic and aesthetic value are required. To synthesise, characterise, and assess the
antioxidant, anti-inflammatory, antidiabetic, and antibacterial effects of AgNPs using Ae
leaf extract, we devised this research.

2. Materials and Methods
2.1. Chemicals

Silver nitrate, dimethyl sulphoxide, sodium hydroxide, trichloroacetic acid, ascorbic
acid, DPPH, acarbose, aspirin, hydrogen peroxide, and microbiological media were pro-
cured from Otto Chemical-Mumbai. In this investigation, all the solutions were made using
deionised water. All additional chemicals and reagents were of very high analytical purity.

2.2. Confirmation of Plant Materials

Anoectochilus elatus leaves were collected from Kolli Hills in Tamil Nadu, India. To
accurately identify the leaves, they were examined in collaboration with Dr. P. Jayaraman,
an expert from the Plant Anatomy Research Institute located in West Tambaram, Chennai,
India. A herbarium sample was meticulously prepared, assigned a unique registration
number, and precisely determined by Dr. P. Jayaraman (PARC/2022/4766 certificate). An
amount of 10 g of finely engraved dried leaves of Anoectochilus elatus was subjected to
boiling in 100 mL of distilled water at 60 ◦C for approximately 10 min and then cooled
at ambient temperature. The solution underwent filtration using Whatman No. 1 to
eliminate particulate matter, ensuring the acquisition of accurate solutions. Subsequently,
these precise solutions were refrigerated at 4 ◦C in 250 mL Erlenmeyer flasks to facilitate
further experimentation.



J. Compos. Sci. 2023, 7, 453 3 of 16

2.3. Bio-Inspired Synthesis of AgNPs

The bio-inspired synthesis of AgNPs was performed with a 50 mM aqueous solution
composed of AgNO3 prepared by dissolving 8.4 g of AgNO3 in 1000 mL of distilled
water [15]. Then, 20 mL of the prepared plant extract was mixed with 80 mL of the 50 mM
aqueous salt solution. The reaction mixture was kept for 2 h at room temperature, and the
transformation of the colourless solution into a dark brown material demonstrated that
AgNPs were created during the reduction of AgNO3 [16]; the suspension was subjected to
centrifugation at 10,000 rpm for 25 min. The resultant pellet, which included Ae-AgNPs,
underwent meticulous cleaning before being dried at 65 ◦C overnight.

2.4. Characterisation of Ae-AgNPs
2.4.1. UV-Vis Analysis

To confirm the Ae-AgNPs formation, UV-Vis analysis was conducted utilising a Shi-
madzu spectrophotometer (Japan, Kyoto, Shimadzu) as described in the study by [17]. The
analysis was conducted within a 300–900 nm wavelength range, scanning by the Ae-AgNPs.

2.4.2. FTIR Analysis

The FTIR spectrum was obtained using infrared spectroscopy employing the Fourier
transform and potassium bromide (KBr) pellets at room temperature [18]. A pellet was
made by mixing the combination of Ae-AgNPs and KBr powder to investigate the biosyn-
thesised Ae-AgNPs. The obtained spectra were then examined using a small FTIR spec-
trometer (Alpha II spectrometer, Bruker, Billerica, MA, USA) in the infrared (IR) range of
4000–400 cm−1 [19].

2.4.3. XRD Analysis

The crystal structure of Ae-AgNPs was characterised using the X-ray diffraction (XRD)
technique [20]. Rigaku, Japan’s Smart Lab 9 kW XRD equipment, was used to obtain the
XRD pattern.

2.4.4. Analysis of SEM and EDX

Using an SEM (JEOL, Japan, Tokyo) that runs at a voltage of 20 kV, SEM and EDX
were performed. An EDX (OXFORD) detector fitted on SEM was utilised to determine the
elemental composition of AgNPs.

2.5. Antioxidant Radical Scavenging Activity of Ae-AgNPs
2.5.1. DPPH Assay

Using the DPPH free radical scavenging method and ascorbic acid as the positive
control, the antioxidant strength of the Ae-AgNPs was evaluated [21]. Briefly, 2 mL of bio-
synthesised AgNPs was diluted with water to obtain various concentrations (20–100 µg/mL).
Then, 1 mL of DPPH solution (0.1 mM) was mixed with the diluted AgNPs solution [22].
The mixture was thoroughly mixed and stored in a dark room at room temperature. By
measuring each sample’s absorbance at 517 nm after a 30 min incubation period, the radical
scavenging activity was ascertained.

2.5.2. ABTS Assay

Using ABTS radical scavenging assay and ascorbic acid as the standard, the antioxidant
strength of the Ae-AgNPs was determined [21]. Briefly, 100 µL of ABTS solution (triplicates)
of varied (20–100 µg/mL) Ae-AgNP concentrations and equivalent amounts of ascorbic acid
were combined [23]. At ambient temperature, each reaction mixture was left undisturbed
for 20 min. Each reaction mixture had its absorbance measured at 734 nm.

2.5.3. Hydrogen Peroxide (H2O2) Reducing Ability

The antioxidant potential of Ae-AgNPs was investigated under a previously estab-
lished approach. A pH 7.4 phosphate-buffered solution was prepared to facilitate the
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dissolution of hydrogen peroxide. Samples with varying concentrations (20–100 µg/mL)
were mixed with 200 µL of each sample and 0.6 mL of the H2O2 solution [24]. Hydrogen
peroxide absorbance was measured at 230 nm using a UV-visible spectrophotometer. An
inert solution (phosphate buffer alone, no hydrogen peroxide added) was used to estab-
lish a baseline absorbance value. Ascorbic acid was used as a reference compound at
different concentrations.

2.6. Anti-Inflammatory Activity
2.6.1. Albumin Denaturation Assay

The potential mechanism of action was investigated by assessing the albumin denatu-
ration inhibitory activity of both Ae-AgNPs and aspirin anti-inflammatory effects. Aspirin,
a non-steroidal solid anti-inflammatory medicine, served as the comparator. Different
sterile tubes containing 20–100 µg/mL of 1% aqueous bovine serum albumin (BSA) solu-
tion and 20–100 µg/mL of Ae-AgNPs in varied aliquots were subjected to incubation at a
temperature of 37 ◦C for 20 min. After the incubation period, the tubes underwent heat
treatment, inducing the denaturation of BSA by subjecting it to a water bath at 71 ◦C for
30 min [25]. After the tubes had cooled, the absorbance of the samples was assessed at
660 nm compared to a blank made up entirely of pure water. The study was performed
three times, and the average absorption was computed.

2.6.2. Membrane Stabilisation Assay

To prepare the red blood cell (RBC) suspension, recently collected blood samples were
collected from a healthy volunteer, and erythrocyte suspension was produced under the
usual methodology [26,27]. The entire volume of the test solution was 2 mL, of which
1 mL was a 10% RBC suspension, and the remaining 1 mL was a heat-induced haemolysis
prevention Ae-AgNPs. In the control sample, regular saline was used in place of Ae-AgNPs.
As a standard drug in this case, aspirin was utilised at a concentration of 200 µg/mL [28].
Before being kept in a water bath, the tubs were set at 56 ◦C for half an hour, and the
samples were thoroughly mixed by gently inverting them. After the incubation period,
the reaction mixture was centrifuged at 37 ◦C at 2500 rpm. Under running water, the
cooling tubes were used. The supernatant was gathered, and its absorbance at 560 nm was
measured. The phosphorus buffer was treated as empty.

2.7. Anti-Diabetic Activity
Inhibition of Proteinase Action

When dissolved in a 20 mM sodium phosphate buffer, the amount of Ae-AgNPs
(20–100 µg /mL) that inhibited the activity of the enzymes α-amylase and α-glucosidase
was evaluated [29]. The enzymes α-amylase and α-glucosidase were exposed to different
quantities of Ae-AgNPs and incubated at 4 ◦C for 30 min. Subsequently, the enzyme activity
of glucosidase and amylase was determined using the previously mentioned method. A
typical drug called acarbose was used as a standard [21].

2.8. Antimicrobial Effect of Ae-AgNPs

Antimicrobial activity was investigated to determine the Ae-AgNPs. The antibacterial
abilities of silver nanoparticles were tested using two fungal strains and ten different bacte-
rial strains. The microbiology lab provided the bacterial strains for this study, including
gram positive bacteria (Bacillus subtillis, Enterococcus faecalis, Micrococcus luteus, Staphylococ-
cus aureus, and Streptococcus pyogenes), five gram negative strains of bacteria (Escherichia
coli, Salmonella typhi, Proteus vulgaris, Vibrio parahaemolytic, and Klebsiella pneumonia), and
two strains of fungus (Candida albicans and Aspergillus niger) [30]. The microbiology lab
delivered the microbial strains. The Muller Hinton broth-based inoculum was prepared
from freshly isolated cultures of bacteria. Chloramphenicol disc was used as a positive con-
trol. The Potato Dextrose Agar broth-based inoculum was prepared from freshly isolated
cultures of the fungus, and 100 units of Fluconazole were used as a positive control.
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To determine whether or not Ae-AgNPs were effective against the designated microor-
ganisms, an agar well diffusion test [31] was used. Using the lawn culture method, a sterile
cotton swab was used to apply the bacterial inoculum to the Muller–Hinton Agar (MHA)
and fungal inoculum to the Potato Dextrose Agar (PDA). Immediately after the injection,
using the backside blue micropipette tips, we created five wells in the agar plate. Two droplets
of melted MHA agar were used to seal the bottom region of the wells after waiting 10 min for
the melted agar to solidify. Then, in separate wells, four unique concentrations of Ae-AgNPs
(25, 50, 75, and 100 µg/mL) were extracted from nanoparticles. Regarded as a valuable control
for comparison. After that, the plates were maintained at 370 ◦C for 18 to 24 h.

2.9. Statistical Analysis

Statistical analysis was performed using SPSS 16 (SPSS, Inc., Chicago, IL, USA). The
data are expressed as mean ± standard deviation (SD). One-way analysis of variance
(ANOVA) followed by the Duncan Multiple Range Test (DMRT) comparison method was
used to correlate the difference between the variables. Data are considered statistically
significant if p-values are less than 0.05.

3. Results
3.1. Biosynthesised Ae-AgNPs

Aqueous extract from the plant Ae was used to biosynthesise silver nanoparticles.
When the aqueous extract was added, the colour of the AgNO3 became a brownish yellow,
as shown in (Figure 1), indicating the preliminary production of Ae-AgNPs. The activation
of free electrons in the nanoparticles causes a brownish-yellow tint, which develops after
three hours at ambient temperature. No more colour change was seen after 24 h due to the
stabilised manufactured nanoparticles.
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Figure 1. Synthesis of AgNPs using Anoectochilus elatus aqueous leaf extract.

3.2. Characterisation of Ae-AgNPs

UV-vis is a technique used for absorption spectroscopy in the UV-vis spectral range.
In this region of the electromagnetic spectrum, molecules undergo electronic transitions
(Figure 2), displaying the UV-vis spectrum of Ae-AgNPs. The change in the silver nanopar-
ticles that were produced during the reduction in silver ions to silver nanoparticles that
were mediated by plant extract. After 24 h of preparation, the absorption spectra of the
Ae-AgNPs were measured, revealing an absorbance at 480 nm, which is indicative of
silver nanoparticles.
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Figure 2. UV-VIS spectroscopy for AgNPs synthesised using Anoectochilus elatus leaves extracts.

The crystalline size of the green synthesised Ae-AgNPs was characterised by X-ray
powder diffraction. (Figure 3) represents the XRD pattern of green synthesised Ae-AgNPs,
the peaks at 32.44, 38.00, 44.11, 57.24, 64.36, and 77.38 were assigned to planes of (110),
(111), (200), (121), (220), and (311), respectively. All the peaks are confirmed AgNP cu-
bic phases; no more impurities were found in Ae-AgNPs. The Debye–Scherer formula
(D = K*/Cosθ) calculates the average particle size. Ae-AgNP average crystallite size is
found to be approximately 22.52 nm.
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The FTIR spectra of green synthesised Ae-AgNPs are shown in (Figure 4). The Fourier
transform infrared spectroscopy was used to determine the existence of functional groups
in the samples based on their vibrational (transmittance/absorption) spectra. The broad
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band observed at 3320 cm−1 corresponds to phenolic compounds O–H stretching. The
C–H stretching vibrations presence was attributed to 2918 and 2851 cm−1, and the band
at 1731 cm−1 denotes the amines C–N stretching bonds. The amide C=O stretching corre-
sponds to 1625 cm−1, and 2113 cm−1 denotes the alkyne group present in the phytocon-
stituents of the extract. Peaks of 1296, 1141, and 810 cm−1 are attributed to the C–O stretch,
-COC- linkages, and Ag groups, respectively.
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Figure 4. The FTIR spectrum presence of major functional groups in the AgNPs synthesised using
the Anoectochilus elatus leaves extract.

SEM determined the morphology of the green synthesised Ae-AgNPs, shown in
(Figure 5a). The SEM image shows the spherical shape, and these particles are highly
agglomerated. The evident homogeneity of the particles indicates their presence in a
uniform form, highlighting the significance of nanoparticle homogeneity in the various
activities they exhibit. EDX spectrum (Figure 5b) shows peaks of silver, which reveals the
presence of silver nanoparticles and oxide as impurities from the sample substrate. The
EDX spectra investigate the composition and distribution of the Ae-AgNP elements.
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3.3. Antioxidant Free Radical Scavenging Assay of DPPH, ABTS, and H2O2

The scavenging activity of free radicals in the DPPH, ABTS, and H2O2 assays was dose-
dependent. As the concentration of green synthesised Ae-AgNPs increased, the maximum
free radical scavenging activities were recorded at 87.82% for all three assays (Figure 6a–c)
at 100µg/ mL−1. Notably, this percentage closely resembled the scavenging activity of the
positive control, ascorbic acid, which was 92.65%. The scavenging percentage of Ae-AgNPs
was statistically significant compared to the control. The IC50 values for the DPPH, ABTS,
and H2O2 assays of green synthesised Ae-AgNPs and standard ascorbic acid are shown in
(Table 1).
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Table 1. The IC50 value of the Antioxidant radical scavenging assay indicated that values were
significantly different at p ≤ 0.05.

Antioxidant Radical
Scavenging Assay DPPH (µg/mL) ABTS (µg/mL) H2O2 (µg/mL)

Standard IC50 value 53 ± 0.09 33 ± 0.05 84 ± 0.19
Ae-AgNPs IC50 value 30 ± 0.05 19 ± 0.03 53 ± 0.09

3.4. Anti-Inflammatory Activity of Ae-Ag NPs

Green synthesised Ae-AgNPs were examined in this research. At different doses, the
ability of these nanoparticles to stop the breakdown of albumin and the stabilisation of
membranes were compared to that of aspirin.

3.4.1. Inhibition of Egg Albumin Denaturation

The results showed that increasing the concentration of green synthesised Ae-AgNPs
and aspirin led to a significant increase in their inhibition of bovine serum albumin. This in-
hibition was concentration-dependent, as shown in (Figure 7a). The Ae-AgNPs and aspirin
exhibited similar levels of inhibition, with percentages of 67.03 ± 2.22% and 79.11 ± 2.65%,
respectively, at a 100 µg/mL concentration. At all studied quantities, the statistical analysis
showed that Ae-AgNPs and aspirin were very different in their ability to stop albumin
from breaking down. (Table 2) presents the IC50 values for the albumin denaturation and
membrane stabilisation assays of green synthesised Ae-AgNPs and aspirin.

Table 2. The IC50 value of the anti-inflammatory assay indicated that values were significantly
different at p ≤ 0.05.

Anti-Inflammatory Assay Albumin Denaturation
(µg/mL)

Membrane Stabilisation
(µg/mL)

Standard IC50 value 68.82 ± 0.15 65.02 ± 0.14
Ae-AgNPs IC50 value 47.28 ± 0.08 55.93 ± 0.12
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3.4.2. Membrane Stabilisation

Regarding membrane stabilisation, the Ae-AgNPs demonstrated percentages of
14.24 ± 1.90% and 74.39 ± 4.12% as the minimum and maximum activities, respectively,
for human red blood cells. Similarly, aspirin exhibited a membrane stabilisation percentage
of 86.00 ± 4.66% at 100 µg/mL. These results are depicted in (Figure 7b). The statistical
analysis demonstrated a lack of significant difference p < 0.05 observed in the percentage of
membrane stabilisation between Ae-AgNPs and aspirin at any of the tested concentrations.

3.5. Antidiabetic Activity of Ae-Ag NPs
α-Amylase and α-Glucosidase Inhibition Assay

The present study investigated Ae-AgNPs with known antidiabetic activity for their
potential to inhibit (α-amylase and α-glucosidase) activity was examined in this study.
Different concentrations (20–100 µg/mL) of Ae-AgNPs were separately and synergistically
tested for the α-amylase and α-glucosidase inhibitory activity (Figure 8a,b). The Ae-AgNPs,
at 100 µg/mL concentration, had the most significant Inhibition of 74.03 ± 3.92% and
82.00 ± 3.57%, while the standard had at 86.40 ± 2.08% and 94.47 ± 4.09%, amylase and
glucosidase inhibition. The IC50 values of Ae-AgNPs and acarbose are shown in (Table 3).

J. Compos. Sci. 2023, 7, x FOR PEER REVIEW 10 of 17 
 

 

 

Figure 7. Graphical representation of the figure shows an (a)Albumin denaturation and (b) Mem-

brane stabilisation activity of Ae-AgNPs compared with standard drugs using different concentra-

tions. All the values are the average of three replicates; error bars represent the standard errors of 

the means and the significant difference at p < 0.05. 

Table 2. The IC50 value of the anti-inflammatory assay indicated that values were significantly 

different at p ≤ 0.05. 

Anti-Inflammatory Assay 
Albumin Denaturation 

(µg/mL) 

Membrane Stabilisation 

(µg/mL) 

Standard IC50 value 68.82 ± 0.15 65.02 ± 0.14 

Ae-AgNPs IC50 value 47.28 ± 0.08 55.93 ± 0.12 

3.5. Antidiabetic Activity of Ae-Ag NPs 

α-Amylase and α-Glucosidase Inhibition Assay 

The present study investigated Ae-AgNPs with known antidiabetic activity for their 

potential to inhibit (α-amylase and α-glucosidase) activity was examined in this study. 

Different concentrations (20–100 μg/mL) of Ae-AgNPs were separately and synergisti-

cally tested for the α-amylase and α-glucosidase inhibitory activity (Figure 8a,b). The 

Ae-AgNPs, at 100 μg/mL concentration, had the most significant Inhibition of 74.03 ± 

3.92% and 82.00 ± 3.57%, while the standard had at 86.40 ± 2.08% and 94.47 ± 4.09%, am-

ylase and glucosidase inhibition. The IC50 values of Ae-AgNPs and acarbose are shown 

in (Table 3). 

 

Figure 8. Graphical representation of the figure shows an (a) α-Amylase and (b) α-Glucosidase 

antidiabetic activity of Ae-AgNPs compared with standard drugs using different concentrations. 

All the values are the average of three replicates, error bars represent the standard errors of the 

means, and the significant difference at p < 0.05. 

Figure 8. Graphical representation of the figure shows an (a) α-Amylase and (b) α-Glucosidase
antidiabetic activity of Ae-AgNPs compared with standard drugs using different concentrations. All
the values are the average of three replicates, error bars represent the standard errors of the means,
and the significant difference at p < 0.05.
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Table 3. The IC50 value of Antidiabetic Activity indicated that values were significantly different at
p ≤ 0.05.

Anti-Diabetic Activity α-Amylase (µg/mL) α-Glucosidase (µg/mL)

Standard IC50 value
Ae-AgNPs IC50 value

68.23 ± 0.15
43.17 ± 0.07

56.71 ± 0.10
29.80 ± 0.04

3.6. Antimicrobial Activity of Ae-AgNPs

Ae-AgNPs tested against the Gram-positive (Staphylococcus aureus, Streptococcus pyo-
genes, Bacillus subtillis, Micrococcus luteus, and Enterococcus faecalis) and Gram-negative
(Escherichia coli, Salmonella typhi, Proteus vulgaris, Klebsiella pneumonia, and Vibrio para-
haemolyticus) and fungus (Candida albicans and Aspergillus niger). Ae-AgNPs exhibited po-
tent antimicrobial efficacy against fungi and Gram-negative bacteria while demonstrating
moderate activity against Gram-positive bacteria. Activities of Ae-AgNPs are summarised
in (Table 4) and presented in (Figure 9a–c). Gram-positive and Gram-negative bacteria and
fungus had the highest inhibition zones at a concentration of 100 µg/mL with zone sizes of
22 mm, 23 mm, and 16 mm, respectively.

Table 4. Zone of inhibition of Gram-Positive and Gram-Negative bacteria and fungal using different
concentrations of the aqueous leaf extract of Ae-AgNPs. Different letters in the same column indicated
that values were significantly different at p ≤ 0.05.

S. No Microorganisms
Zone of Inhibition (MM)

100 75 50 25 Positive
Control

Gram positive bacteria

1 Staphylococcus aureus 20 ± 1.60 a 19 ± 1.52 b 16 ± 1.28 c 13 ± 1.04 d 24 ± 1.94 a

2 Streptococcus pyogenes 22 ± 1.76 a 20 ± 1.60 b 16 ± 1.28 c 12 ± 0.96 d 25 ± 2.00 a

3 Bacillus subtilis 19 ± 1.52 a 16 ± 1.28 b 15 ± 1.20 c 11 ± 0.88 d 23 ± 1.84 a

4 Enterococcus faecalis 20 ± 1.60 a 18 ± 1.44 b 13 ± 1.04 c 10 ± 0.80 d 24 ± 1.92 a

5 Micrococcus luteus 18 ± 1.44 a 15 ± 1.20 b 12 ± 0.96 c 11 ± 0.88 d 22 ± 1.76 a

Gram negative bacteria

6 E. coli 23 ± 1.84 a 18 ± 1.44 b 17 ± 1.36 c 15 ± 1.20 d 24 ± 1.92 a

7 Klebsiella pneumoniae 17 ± 1.36 a 13 ± 1.04 b 11 ± 0.88 c 10 ± 0.80 d 22 ± 1.76 a

8 Proteus vulgaris 21 ± 1.68 a 18 ± 1.44 b 14 ± 1.12 c 11 ± 0.88 d 24 ± 1.92 a

9 Salmonella typhi 20 ± 1.60 a 17 ± 1.36 b 15 ± 1.20 c 13 ± 1.04 d 23 ± 1.84 a

10 Vibrio parahaemolyticus 18 ± 1.44 a 15 ± 1.20 b 12 ± 0.96 c 10 ± 0.80 d 24 ± 1.92 a

Fungal

11 Aspergillus niger 14 ± 1.12 a 12 ± 0.96 b 09 ± 0.72 c 08 ± 0.63 d 20 ± 1.60 a

12 Candida albicans 16 ± 1.28 a 14 ± 1.12 b 12 ± 0.96 c 10 ± 0.80 d 23 ± 1.84 a



J. Compos. Sci. 2023, 7, 453 11 of 16

J. Compos. Sci. 2023, 7, x FOR PEER REVIEW 11 of 17 
 

 

Table 3. The IC50 value of Antidiabetic Activity indicated that values were significantly different at 
p ≤ 0.05. 

Anti-Inflammatory Assay Albumin Denaturation 
Membrane  

Stabilization 
Standard IC50 value 68.82 µg/mL 65.02 µg/mL 

Ae-AgNPs IC50 value 47.28 µg/mL 55.93 µg/mL 

3.6. Antimicrobial Activity of Ae-AgNPs 
Ae-AgNPs tested against the Gram-positive (Staphylococcus aureus, Streptococcus py-

ogenes, Bacillus subtillis, Micrococcus luteus, and Enterococcus faecalis) and Gram-negative 
(Escherichia coli, Salmonella typhi, Proteus vulgaris, Klebsiella pneumonia, and Vibrio parahae-
molyticus) and fungus (Candida albicans and Aspergillus niger). Ae-AgNPs exhibited potent 
antimicrobial efficacy against fungi and Gram-negative bacteria while demonstrating 
moderate activity against Gram-positive bacteria. Activities of Ae-AgNPs are summa-
rised in (Table 4) and presented in (Figure 9a–c). Gram-positive and Gram-negative bac-
teria and fungus had the highest inhibition zones at a concentration of 100 µg/mL with 
zone sizes of 22 mm, 23 mm, and 16 mm, respectively. 

 
(a) 

J. Compos. Sci. 2023, 7, x FOR PEER REVIEW 12 of 17 
 

 

 
(b) 

 
(c) 

Figure 9. (a). Anti-bacterial activity tested plates of Gram-Positive bacteria Staphylococcus aureus, 
Streptococcus pyogenes, Bacillus subtillis, Micrococcus luteus, and Enterococcus faecalis of synthesised 
AgNPs from Anoectochilus elatus leaf extract. (b) Anti-bacterial activity tested plates of 
Gram-negative bacteria E. coli, Salmonella typhi, Proteus vulgaris, Klebsiella pneumonia, and Vibrio 
parahaemolyticus of synthesised AgNPs from Anoectochilus elatus leaf extract. (c) Anti-fungal activity 
tested plates of Candida albicans and Aspergillus niger of synthesised AgNPs from Anoectochilus elatus 
leaf extract. 

Table 4. Zone of inhibition of Gram-Positive and Gram-Negative bacteria and fungal using differ-
ent concentrations of the aqueous leaf extract of Ae-AgNPs. Different letters in the same column 
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Gram positive bacteria 
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Figure 9. (a). Anti-bacterial activity tested plates of Gram-Positive bacteria Staphylococcus aureus,
Streptococcus pyogenes, Bacillus subtillis, Micrococcus luteus, and Enterococcus faecalis of synthesised
AgNPs from Anoectochilus elatus leaf extract. (b) Anti-bacterial activity tested plates of Gram-negative
bacteria E. coli, Salmonella typhi, Proteus vulgaris, Klebsiella pneumonia, and Vibrio parahaemolyticus of
synthesised AgNPs from Anoectochilus elatus leaf extract. (c) Anti-fungal activity tested plates of
Candida albicans and Aspergillus niger of synthesised AgNPs from Anoectochilus elatus leaf extract.
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4. Discussion

The enormous potential of nanomaterials has gained the attention of numerous re-
searchers around the world. Due to the huge interest in metallic nanoparticles, AgNPs are
recognised for their characteristic aqueous solution exhibiting a yellowish-brown colour,
which arises from the excitation of surface plasmon vibrations [32,33]. A brown colour in
the reaction vessels indicates the formation of AgNPs.

According to [34], the UV absorption peak of AgNPs typically falls within the 300 to
900 nm range. The UV absorption peaks of Ae-AgNPs show clear peaks at approximately
480 nm. This observation confirms the formation of AgNPs in the plant extracts. This
peak is at 480 nm and a shoulder at 720 nm, which shows the formation of anisotropic
particles. In general, the number of SPR peaks increases as the symmetry of particles
decreases. According to the Mie theory, small spherical nanocrystals of Ag and Au exhibit
only a single SPR band, whereas anisotropic particles show 2–3 bands, depending on
their shape. The peak at 427 nm is attributed to the transverse oscillation of electrons
and has contributions from the light scattering as well. The SPR band in the form of a
shoulder at 590 nm is attributed to the longitudinal oscillation of electrons, which can
be shifted even up to 1000 nm in the near-IR region and has originated from anisotropic
nanoparticles. Recent studies have also reported and indicated that silver nanoparticles
are face-centred, cubic, and crystalline [35–38]. A similar type of result was also observed
for the AgNPs synthesised using fruit extract of B. retusa. Bridelia retusa fruit synthesised
AgNPs were FCC crystals with 22.48 nm size [39]. FTIR is a valuable technique used to
analyse the involvement of functional groups in the interactions between metal particles
and biomolecules. Our FTIR analysis shows the C-O stretch, -COC- linkages, and Ag
groups [40–42]. The resulting AgNPs exhibit various shapes, including cubical, rectangular,
triangular, and spherical, with a uniform distribution [43]. The EDX spectra investigate the
composition and distribution of the AgNP elements.

Antioxidant activity is a crucial property of nanoparticles that can significantly against
oxidative damage. The antioxidant activity of green synthesised silver nanoparticles can
be evaluated using several assays, including DPPH, ABTS, and H2O2 scavenging assays.
The antioxidant activity of green synthesised silver nanoparticles in these assays can be at-
tributed to several factors. To begin, the phytochemical components that are found in plant
extracts that are used in the production of nanoparticles have the potential to contribute
to the antioxidant activity of the final product. These constituents, such as polyphenols,
flavonoids, and other bioactive compounds, possess inherent antioxidant properties. Sec-
ond, the nanoparticles may exhibit unique physicochemical properties that enhance their
antioxidant capacity. The high surface area-to-volume ratio of nanoparticles allows for
increased interactions with free radicals, leading to effective scavenging. Additionally,
silver nanoparticles’ small size and unique electronic properties may facilitate electron
transfer or radical quenching, further enhancing their antioxidant potential. A. aestivus
silver nanoparticles showed antioxidant activity in DPPH, ABTS, and H2O2 scavenging
assays [44].

Studies have shown silver nanoparticles can bind to albumin and induce conforma-
tional changes, leading to denaturation. This can be attributed to the strong affinity of
silver nanoparticles for proteins and their ability to disrupt the hydrogen bonding and
hydrophobic interactions that stabilise the protein structure. The oxidative stress generated
by silver nanoparticles can also contribute to protein denaturation. In our study, we noticed
that AgNPs denature protein, which matches with a previous study conducted by [45,46].

Silver nanoparticle stabilisation of cell membranes can be attributed to several factors.
Firstly, silver nanoparticles can interact with the lipid molecules in the membrane, forming
a protective layer that reduces membrane disruption. Secondly, they can scavenge reactive
oxygen species (ROS) generated during oxidative stress, thereby reducing membrane
damage. Finally, silver nanoparticles can modulate membrane-associated enzymes and
signalling pathways, contributing to membrane stabilisation. AgNPs synthesised using
Calophyllum tomentosum leaf extract had strong membrane stabilisation activity [47].
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α-Amylase is an enzyme responsible for breaking down complex carbohydrates into
simpler sugars such as glucose. Inhibitions of α-amylase activity can reduce the rate at
which carbohydrates are broken down into glucose, leading to a slower release of glucose
into the bloodstream after a meal. Green synthesised AgNPs have been investigated for
their inhibitory effect on α-amylase activity. When exposed to α-amylase, the nanoparticles
can bind to the enzyme and prevent its proper functioning, thereby reducing the breakdown
of carbohydrates and the subsequent release of glucose. α-Glucosidase is another enzyme
involved in carbohydrate digestion [48,49]. It is responsible for breaking down complex
sugars (such as disaccharides) into simple sugars (such as glucose) that can be absorbed
into the bloodstream. Inhibiting α-glucosidase activity can slow down the conversion of
complex sugars into glucose, reducing the rate of glucose absorption in the intestines. Green
synthesised Ae-AgNPs have also been explored for their inhibitory effect on α-glucosidase
activity. These nanoparticles can interact with α-glucosidase, interfering with its enzymatic
activity and decreasing the conversion of complex sugars into glucose.

By inhibiting α-glucosidase and α-amylase enzymes, green synthesised silver nanopar-
ticles can potentially help regulate blood sugar levels by reducing the rate of carbohydrate
digestion and glucose absorption [50]. This property makes them promising candidates for
developing natural and eco-friendly antidiabetic agents. According to the [51] study, Ag-
NPs synthesised using Lonicera japonica leaf extract showed inhibition activity of α-amylase
and α-glucosidase.

The antimicrobial properties of green synthesised silver nanoparticles are attributed
to their unique characteristics. The small size and large surface area of these nanoparticles
facilitate their interaction with microorganisms, leading to cellular damage and Inhibition
of microbial growth. They can disrupt the cell membrane, interfere with cellular pro-
cesses, and induce oxidative stress, ultimately resulting in the death of the microorganisms.
Moreover, green synthesis methods ensure the production of nanoparticles with well-
defined shapes, sizes, and surface charges, enhancing their antimicrobial effectiveness [52].
Using natural reducing agents from plants or microorganisms can introduce additional
antimicrobial compounds into the synthesis process, synergistically enhancing the overall
antimicrobial activity of the nanoparticles [53]. A recent study reported varying inhibition
zone diameters resulting from the antimicrobial activity of AgNPs against different bacteria.
When testing AgNPs against negative strains, the found inhibition zones were 28.2 mm,
23.2 mm, 27.2 mm, and 28.4 mm [54].

5. Conclusions

The current investigation employed a biological approach to produce silver nanopar-
ticles by dissolving silver nitrate in an aqueous leaf extract from Anoectochilus elatus. A
UV-visible spectroscopy investigation found a peak at 480 nm that confirms the synthesised
silver nanoparticles. SEM analysis showed that the synthesised AgNPs have the shape
of a spherical. Based on the results of this study, the synthesised Ae-AgNPs have a wide
range of antibacterial, antioxidant, anti-inflammatory, and antidiabetic properties. The
DPPH, ABTS, and H2O2 scavenging assays showed that the Ae-AgNPs had antioxidant
activity. At 100‘µg/mL, Ae-AgNPs had the best antioxidant activity of the three doses
because they could eliminate the free radicals. Ae-AgNPs were successful in killing bac-
tericidal and fungicidal across all tested concentrations. At 100 µg/mL, Ae-AgNPs had
the most significant effect against pathogens. The right amount of Ae-AgNPs to fight free
radicals and infections was 100 µg/mL. According to the findings, Ae-AgNPs may act as
antioxidants, antibiotics, and a preventative for infectious and non-infectious disorders.
They will be used in the future since they are safe, affordable, and efficient. Further work is
necessary to elucidate in detail the mechanism of action of Ae-AgNPs at the cellular and
molecular levels.
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