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Abstract

One pot rapid and green bio-synthesis of stable fluorescent silver nanoparticles
(Ag-NPs) from silver nitrate solution using root extract of Gymnadenia orchidis
Lindlat at ambient temperature is demonstrated productively. Surface Plasmon re-
sonance of the synthesized Ag-NPs was shown to occur at 439 nm and two sharp
fluorescence peaks at 610 and 780 nm were observed. FTIR study publicized the
presence of chemically functional groups in the root extract surrounding the
Ag-NPs, acting as stabilizers. XRD and FESEM analysis revealed that Ag-NPs were
face centred cubic structure being spherical in shape with an average particle size of
28 £ 2 nm (n = 100). The stability of Ag-NPs in neutral pH environment was con-
firmed by Zeta Potential ({) behaviour. The Ag-NPs showed superior antioxidant ac-
tivity. The notable photo-catalytic activity of biosynthesized Ag-NPs attributed to the
existence of some proteins, responsible for degradation of methylene blue dye. Fur-
thermore, Ag-NPs were found to exhibit a significant antibacterial effect against

gram positive Staphylococcus aureus (S. aureus) bacteria.
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1. Introduction

Nanotechnology is a promising growing field in the area of interdisciplinary research
work, having specialization as well as applications in biotechnology. The formation of
silver nanomaterial or nanoparticles (NPs) is widely examined by different chemical

and physical methodologies, but the tool involved in synthesis of NPs in a consistent
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way is an important characteristic of nanotechnology [1]. Green synthesis of NPs of
novel metals, such as Ag, Au, Pd, Pt, etc., as well as metal & nonmetal oxides such as si-
lica nanoparticles (SiO,-NPs), alumina, zirconia, titanium, etc., using biological entities
like plant extracts, bacteria, fungi, etc., shows considerable interest of research in last
couple of years [2] [3]. The use of plant extracts in green synthesis of metal NPs shows
its potential over microorganism because of easy to scale up, rapid, eco-friendly and
cost effectiveness [2]. The Ag-NPs are being the most investigated nanomaterial be-
cause of its potential applications in various fields, including food, cosmetics, medicine,
etc., and also realized as the new generation antimicrobial and antioxidant agents. Some
recent reports dealt with the use of plants or parts of plants extract as good bio-reduc-
ing agent or in green-synthesis of the Ag-NPs have been well established, a few exam-
ples are Memecylon umbellatum (2], Hevea brasiliensis (4], Volvariella volvacea [5],
Stevia rebaudiana (6], Trachyspermum ammi, Papaver somniferum (7], Syzygium
aromaticum (8], Dillenia indica [9], Piper pedicellatum C.DC [10], Solanum Iycopersi-
cums [11] and Prosopis farcta [12].

Gymnadenia orchidis Lindlis, a Himalayan endemic medicinal orchid is found in
Hindu Kush Himalaya range. Its occurrence is sub-alpine and alpine zones from 2800 -
4200 metre above from the sea level (IUCN, 2004). Other than Nepal Himalayas, it is
found in the same altitudinal ranges of India, Pakistan, Bhutan and China also. This
plant was identified by the Botanical Survey of India, as the Gymnadenia orchidis Lindl
of the orchidaceous family (Accession No.: 0046 dated 26.09.2014. V. No. SHRC-
5/02/2012-Tech.-195). The powder root of this plant when mixed with water, forms a
thick “Salep” which is traditionally used by the local people to get some relief against
diabetes.

To the best of our knowledge, there has been no report where phytochemicals of
Gymnadenia orchidis Lindl were utilized as bio-reducing agents in production of
Ag-NPs. In the present study, we have demonstrated an easy green approach for the
formation of Ag-NPs using root extract of Gymnadenia orchidis Lindl. The as-prepared
Ag-NPs were categorized by several tools like UV-Vis spectroscopy, fluorescence spec-
trophotometer, X-ray diffractometer (XRD), Field Emission Scanning Electron Micro-
scope (FESEM-EDAX), Fourier Transform Infrared Spectroscopy (FTIR), Thermal
Gravimetric Analysis (TGA) and Zeta Potential from Dynamic Light Scattering (DLS).
The antioxidant activity by DPPH assay of biosynthesized Ag-NPs was studied and
compared with natural antioxidant activity of ascorbic acid. The photo-catalytic activity
of Ag-NPs against methylene blue (MB) dye was also demonstrated. The antibacterial
effect of the biosynthesized Ag-NPs against Staphylococcus aureus (S. aureus) was con-
firmed as well. The present protocol implies the room temperature (RT), cost efficient,
facile and one-pot green synthesis of Ag-NPs and its possible applicability in different

fields such as biomedical, water purification method [13], dye removal [14], etc.
2. Materials and Methods

2.1. Materials

All chemical used in the present study are of high purity. The analytical grade silver ni-
trate (AgNO;) was purchased from Sigma-Aldrich and Methylene Blue (MB), 1,1-di-
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phenyl-2-picrylhydrazyl (DPPH) and Methanol (CH,OH) were obtained from Merck,
Germany. All chemicals were used without further purifications. Gymnadenia orchidis
Lindlplant roots were collected from local area of Nepal Himalayas (Darjeeling, West
Bengal, India). Throughout the experiment, deionised (DI) water was used whenever

necessary.

2.2. Preparation of Plant Root Extract

The root (inset of Figure 1(a)) of Gymnadenia orchidis Lindl was collected from the
area of Nepal Himalayas (Darjeeling, West Bengal, India) and washed thoroughly with
DI-water several times to remove unwanted entities from it. Afterwards, 5 g of root
slices was pasted homogeneously using mortar and pestle. Then, the pasted root was
added to 100 ml DI-water and boiled for 10 min followed by filtration through filter
paper having diameter of 0.02 pm.

\
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/

Figure 1. The photograph of (a) Gymnadenia orchidis Lindlplant, (b)
Gymnadenia orchidis Lindlroots extract treated AgNO, solution.
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2.3. Biosynthesis of Ag-NPs

Aqueous silver nitrate (AgNO,) solution (0.1 mM) was prepared as precursor for the
synthesis of Ag-NPs. 10 ml of Gymnadenia orchidis Lindlroots extract was added to 90
ml of precursor solution and kept at ambient temperature for 1 h to reduce the Ag*
ions. The colour of the reaction mixture turned colourless to dark brown solution [15]
within 1 h due to the formation of Ag-NPs (Figure 1(b)). Gymnadenia orchidis Lindl
roots extract might have some bio-reduction agents responsible for changing the colour

of the reaction mixture.

2.4. Characterization of Synthesised Ag-NPs

Several tools were used to exemplify the final yields. The optical characterizations of
Ag-NPs suspended in aqueous environment were performed with UV-Vis spectropho-
tometer (UV-3101PC, Shimadzu) and fluorescence spectrophotometer (Thermo scien-
tific multiskan GO, SpectraMax M5 molecular device). The excitation wavelength (A,,.)
to study the fluorescence characteristic of Ag-NPs was chosen at 390 nm. XRD mea-
surements was carried out on a Bruker, D8 Advance, X-ray diffractometer, operated at
a voltage of 40 kV and a current of 40 mA with Cu K, radiation (1 = 1.54 A). The
surface morphology and composition of the bio-synthesized Ag-NPs were investigated
by Field Emission Scanning Electron Microscopy (FE-SEM, FEI INSPECT F50)
equipped with Energy dispersive spectrometer (EDAX, Bruker System). Fourier Trans-
form Infrared Spectroscopy (FTIR-8700, Shimadzu) was employed to identify the types
of the functional groups present in the Ag-NPs. The Ag-NPs powder was dried and
crushed with KBr (1 wt%) to form pellet for receiving of FT-IR spectrum with a resolu-
tion of 4 cm™. The thermal stability of Ag-NPs was observed by determining the weight
loss of the sample against elevated temperature in TGA/SDTA 851 ‘Mettler Toledo
thermal analyzer system. The synthesized Ag-NPs powder was disseminated in deio-
nized water and the Zeta potential was estimated using DLS (Zeta Sizer, Nano ZS 90,
Malvern) equipment. Each experiment was repeated several times (n = 3) to get the av-

erage data.

2.5. Antioxidant Activity

The antioxidant activity of green synthesized Ag-NPs was determined by using the
DPPH free radical scavenging assay as described by Molyneux ef al [16]. In particulars,
1.0 g of DPPH was dissolved in 100 ml methanol. 3.0 ml of test sample (either contain-
ing Ag-NPs or ascorbic acid) was mixed to 3.0 ml of DPPH containing methanol and
incubated for 30 min at RT. Four different concentrations of test sample were used for
the study. The absorbance of the reaction mixture was noted at 517 nm using spectro-
photometer. Ascorbic acid (a known innateantioxidant) was used as standard. The rad-
ical scavenging activity of Ag-NPs was measured by the percentage of inhibition of

DPPH mixture discolouration using the following equation below:

ABIank - Asample %

lank

% of inhibition = 100

where, Ag,, and Ag,,,. are the values of absorbance (Optical density) of the standard
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reaction mixture and the test mixture (standard reaction mixture containing Ag-NPs or

ascorbic acid) respectively.

2.6. Photo-Catalytic Activity

Typically, 10 uM MB dye solution was prepared as stock solution for the photo-cata-
lytic activity of synthesized Ag-NPs. About 10 mg of freeze dried Ag-NPs was added to
a 40 ml of MB dye solution in 100 ml glass beaker. Only MB dye solution (without
Ag-NPs) was taken for reference. The absorbance of the mixture was noted after tho-
roughly mixing the reaction solution by magnetic stirrer. At different time intervals,
aliquots of 2 - 3 ml suspension of the reaction mixture were filtered and used to esti-
mate the photo-catalytic degradation of MB dye solution in presence of biosynthesized
Ag-NPs. The change in absorbance spectrum due to the presence of Ag-NPs was con-
sequently measured using UV-Vis spectrophotometer under UV light irradiation.
Concentration of MB dye during degradation was calculated by the absorbance value at
663 nm. Percentage of degradation of MB dye in presence of Ag-NPs was calculated by

using the following formula:

. (C,-C)
% of Decolourization :C—xloo
0

where G, is the initial concentration of MB dye solution and C'is the concentration of

dye solution in presence of Ag-NPs in different time intervals.

2.7. Antibacterial Activity

The antibacterial activity of biosynthesized Ag-NPs was examined by observing the
zone of inhibition against the growth of a gram positive bacterium S. aureus. Lu-
ria-Broth (LB) medium containing agar (2%) was poured into Petridisc and allowed
over night to get solidified. To the agar plate, 100 ul of pre grown S. aureus bacterial
cells (1 x 10* CFU/ml) were spread on it and left at room temperature for at least 15
min. On the agar bed, 4 wells (7 mm of diameter) were made using the cork borer. One
well was filled with 50 ul sterile DI-water and the rest of three wells were filled with 50
ul of different concentration Ag-NPs solutions (25 pg/ml, 50 ug/ml and 100 pg/ml).
Then the Petri plate was kept for incubation for 24 h at 37°C. After the stipulated time
period, the zone of inhibition produced at the different wells was observed. Two repli-
cates were maintained for each concentration and the mean diameter value was ex-

pressed in millimetres.

2.8. Statistical Analysis

For each experimental set up, all the prepared samples were tested repeatedly. Each ex-
periment was repeated at least three times. Data were presented as an average data with
the S.D. where ever is possible.

3. Results and Discussion

3.1. Optical Properties

The development of the Ag-NPs was observed visually as the colour of the reaction
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mixture turned from a colour less to a dark brown solution [15] within 1h as illustrated
in Figure 1(b). Figure 2 are presents the UV-Vis spectraevolution of the AgNO; solu-
tion (1 mM), Gymnadenia orchidis Lindl roots water extract, the root extract mixed
AgNO; solution (after 1 h) recorded at room temperature. No absorption peak was ob-
served in AgNO; solution and Gymnadenia orchidis Lindl roots water extract whereas
in case of the root extract mixed AgNO; solution, a broad visible absorption band
ranging from 350 to 550 nm was observed. The wavelength corresponds to Surface
Plasmon resonance (SPR) of as-prepared Ag-NPs, centeredat (A,,) 439 nm (Figure
2(a)). Ag-NPs showed very interesting optical properties directly correlated with loca-
lised SPR having morphological dependence of the NPs. In conclusion no blue orred-
shift phenomenon of the absorption band of Ag-NPs was observed. This may indicate
that no alteration of the size and shape (i e, stable) of the Ag-NPs occur during incuba-
tion of bio-reduction process [17]. The room temperature fluorescence spectrum of the
prepared Ag-NPs when excited at 390 nm is shown in Figure 2(b). Two sharp visible
peaks at 610 nm (orange) and 780 nm (red) were observed. These emission peaks were
due to the local field enhancement via coupling to the transverse and longitudinal SPR
[18].
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Figure 2. Spectroscopic analysis of the biosynthesized Ag-
NPs dispersed in aqueous environment indicating (a) Ab-
sorbance spectrum and (b) Emission spectrum. The expe-
rimental Setup was repeated thrice and no significant er-
rors were noted.
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3.2. Morphological and Chemical Composition of Ag-NPs

Figure 3 aindicates the FE-SEM image and EDAX spectra (inset of Figure 3(a)) of
Ag-NPs formed by the interaction between Gymnadenia orchidis Lindlroots extract
and AgNO, solution. FE-SEM image confirmed the Ag-NPs were quiteuniform spheri-
cal in shape and polydisperse in nature. Few larger particles of Ag-NPs were appeared
in the FE-SEM image which was due to NPs aggregation during synthesis process. This
could lead to the variation in size of the particles. The histogram of the particle size dis-
tribution is shown in Figure 3(b). This illustrates that the maximum average particle is
around 28 + 2 nm (n = 100). The EDAX analysis shown in the inset of Figure 3 are
veals the strong signal at 3 keV due to metallic nature of NPs [19].

3.3. FTIR and XRD Studies

FTIR spectrum (Figure 4(a)) was performed to confirm the chemically functional
groups surrounded the Ag-NPs. It shows that the peak at 3325 cm™ corresponds to
water and O-H vibrational frequency. The small peak at 2916 cm™ is characteristics of
aldehydic C-H stretching vibration. The peaks at 2352 cm™ and 1620 cm™ represents
the asymmetric stretching of C-H and carbonyl specific absorption (C=C) or amide I
respectively. The peak at 1388 cm™ corresponds of aromatic amine and nitro groups or
amide II due to the N=O bending vibrations. Peaks at 1153 cm™ and 1029 cm™ confirm
the presence of C=0O and C-OH stretching vibrations. FTIR study has confirmed that
the carbonyl group from amino acid residue and peptide of proteins (amide I) both has

the stronger ability to bind metals. It signifies that the protein may be responsible
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Figure 3. (a) FE-SEM image (Magnification: 200,000x) (b) EDAX spectrum and (c) Histogram
showing the particle size distribution (n = 100) of Ag-NPs formed by the interaction of Gymna-
denia orchidis Lindl roots extract and AgNO; solution.
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Figure 4. (a) FTIR spectrum and (b) XRD pattern of the
green synthesized Ag-NPs. The experimental Setup was
repeated thrice and no significant errors were noted.

for forming a surface layer on the metallic Ag-NPs that helps in stabilization of Ag-
NPs.

The XRD pattern (Figure 4(b)) of biosynthesized Ag-NPs shows the peaks at 26 =
38.2°, 64.3" and 76.8" correspond to the diffraction due to (111), (220) and (311) planes
respectively. It confirmed the crystalline face centred cubic structure [JCPDS, File No:
40738] of Ag-NPs. Apart from above three peaks several peaks were also observed. The
unassigned diffraction peaks could be due to the crystallization of bio-organic phase
that occurred on the surface of the biosynthesized Ag-NPs. The size of the synthesized
Ag-NPs was calculated from X-ray line broadening using the Debye-Scherrer formula
given as D = 0.94/f cos6, where D was the average size of crystalline (A), A was the
X-ray wavelength used (A) in measurement, p the angular line width at half maximum
intensity and 6 the Braggs angle (degrees). For (122) reflection plane the size of the
Ag-NPs was calculated to be around 30 nm which was in good agreement with the data
obtained from FE-SEM analysis.

3.4. Thermal Properties of Ag-NPs

Figure 5(a) indicates thermal properties of biosynthesized Ag-NPs measured from
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Figure 5. (a) The TGA graph of the green synthesized
Ag-NPs up to 800°C, (b) Enlarged TGA curve of powder
Ag-NPs up to 300°C. The experimental Setup was re-
peated thrice and no significant errors were noted.

room temperature (30°C) to 800°C using TGA. A ceramic (Al,O,) crucible was used for
heating and measurements were carried out in N, atmosphere at the heating rate of
10°C/min. TGA curve of powder Ag-NPs is more preciously shown in Figure 5(b) (up
to 300°C). It was found from TGA curve that dominant weight loss of the Ag-NPs oc-
curred in the temperature range between 225°C to 300°C. There was almost 1.43%
weight loss below 225°C due to loss of water molecules present in biosynthesized
Ag-NPs. Above 225°C, there was 2.45% weight loss due to the burning of the organic
constituents. In conclusions, TGA graph of biosynthesized Ag-NPs showed that the ef-
fective loss of weight (20.31%) occurred up to 300°C temperature. Also, there was a
steady weight loss occurred up to 800°C temperature. The total weight loss up to 800°C
for Ag-NPs (Figure 5(a)) was about 42.48%. The observed behaviour is most likely as a
consequence of the surface desorption of phytochemicals surrounded in NPs. Thus,
plant roots extract-stabilized Ag-NPs are accepted to be fabricated of molecules con-
scientious for the diminution of metal ions and stabilizing the particles in the mixture
solution. The melting and boiling temperatures of smaller particles were observed less

compare to the larger particles as explained by Kasthuri et a/ [20].

3.5. Stability of Ag-NPs

The Zeta potential (¢) of the biosynthesized Ag-NPs was found to be (=) 43.4 mV in
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neutral pH background (Figure 6(a)). It concludes that Ag-NPg are very stable. The
large negative ¢'value could be due to the capping of polyphenolic constituents present
in the roots extract [21]. The negative nature of { prevented Ag-NPs from the agglome-
ration and made it good dispersion stability. The pH dependence of ¢ value of biosyn-
thesized Ag-NPs in aqueous environment is shown in (Figure 6(b)). Aqueous Ag-NPs
suspension exhibited good stability {'(-) 43.4 mV at neutral pH whereas the same exhi-
bited moderate stability between the pH ranges of 7 - 14. The magnitude of {(-29.9
mV) at pH 14 signified to a less stable NPs suspension compare to neutral medium.
This report also suggested that smaller Ag-NPs were present at low pH (<5), since the

less stability would be expected for small particles because of increased surface free

energy [22].
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Figure 6. (a) Zeta Potential ({) curve of synthesized Ag-NPs in neutral pH environment and (b)
pH dependence of ¢{'value of biosynthesized Ag-NPs in aqueous environment. The experimental
setup was repeated thrice and the average with Standard Error of Zeta potential was presented.
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3.6. Antioxidant Activity of Ag-NPs

The anti-oxidative effect of green synthesized Ag-NPs on DPPH is thought to be due to
their hydrogen donating capability [23]. As DPPH is a familiar as lipophilic radical, this
readily accepts electron from the antioxidant materials and converts its colour from
violet to yellow. At 517 nm, the absorbance of the DPPH solution (ie. the blank) was
0.501. The reduction in absorbance of DPPH at 517 nm caused by the samples (Ag-NPs
or ascorbic acid) was measured in triplicate after 10 min interval. The tested samples
(Ag-NPs or ascorbic acid) showed very good activity when calculated using equation
[1] and compared with the standard used (Table 1). There was a decrease in absorption
at 517 nm signifying that the roots extract and Ag-NPs had hydrogen donating ability.
From the above analysis, the samples (Ag-NPs or ascorbic acid) showed a concentra-
tion dependent radical scavenging capacity. This observation was further corroborated
by calculating percentage inhibition for all the test samples (Ag-NPs or ascorbic acid).
It was pragmatic that biosynthesized Ag-NPs exhibited moderate activity as free radical
scavenger compared to the control. At 0.002 mg/ml concentration as-prepared Ag-NPs
showed maximum antioxidant activity. The antioxidant activity of Ag-NPs using
Gymnadenia orchidis Lindl roots extract may be due to the presence of some active

phytochemical compounds in the plant roots.

3.7. Photo-Catalytic Activity of Ag-NPs

Photo-catalytic activity of green synthesized Ag-NPs on degradation of MB dye is
demonstrated successfully (Figure 7(a)). The degradation of MB dye was carried out in
the presence of Ag-NPs at different time interval in visible region under UV light ir-
radiation. Firstly, the absorption peaks of MB dye solution at 663 nm were decreased
regularly with the increase of the exposure time which indicates the photo-catalytic de-
gradation of MB dye under UV light irradiation. The percentage of degradation effi-
ciency of biosynthesized Ag-NPs was calculated using Equation (2) and tabulated in
Table 2. Within 120 min the MB dye was degraded by 57.1% which concluded the fact
that biosynthesized Ag-NPs were effective photo catalyst within small exposure time.
The notable photo catalytic activity of biosynthesized Ag-NPs was mainly because of
the presence of some facade proteins that surrounded the Ag-NPs [24]. Table 2 indi-
cates the change of % of decolourization of MB dye with the exposure time of UV light

irradiation, in presence of biosynthesized Ag-NPs. Figure 7(b) indicates the normalize

Table 1. Antioxidant activity study of as prepared Ag-NPs by DPPH assay.

c trati Absorbance of Absorbance of

oncentration

(mg/mL) Ag-NP reaction mixture Ascorbic Acid reaction mixture

mg/m -NPs
& & with % inhibition with % inhibition

0.001 0.398 £ 0.04 20.56 £0.2 0.105 £ 0.03 79.04 £ 0.1
0.002 0.321 £0.03 35.93+0.1 0.098 £ 0.02 80.44 £0.2
0.003 0.348 £0.01 30.54+04 0.117 £0.04 76.65 £ 0.2
0.005 0.390 £ 0.04 22.16 £0.2 0.106 £ 0.01 78.84 £ 0.4

Absorbance value from scavenging effect of standard control on DPPH at 517 nm was 0.501 + 0.04.
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Table 2. Photo-catalytic activity study of Ag-NPs.

Exposure time (in Mins) Amount of degradation of MB dye (in %)
0 13.5
5 28.7
30 32.5
60 42.3
90 51.6
120 57.1

Absorbance values of 10 uM MB dye solution react with Ag-NPs at 663 nm was G, = 0.7472.

i) MB (i)
it) 0 Min

iii) 5 Min
iv) 30 Min
v) 60 Min
vi) 90 Min
v) 60 Min
vii) 120 Min
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N
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N
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Figure 7. (a) Photocatalytic measurement of MB dye solution
treated with the biosynthesized Ag-NPs. (b) Percentage of
decomposition of MB dyes when treated with biosynthesized
Ag-NPs at different functional time intervals. The blue dotted
line is the mean curve of the experimental data. The experi-
mental Setup was repeated thrice and no significant errors
were noted.

graph of the data as stated in Table 2.

3.8. Antibacterial Activity of Ag-NPs

The diameters of the inhibition zones were measured against gram positive S. aureus

bacterial growth. The experimental setup was repeated thrice and the average diameter
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of inhibition was given with standard error. Three different concentrations of biosyn-
thesized Ag-NPs solutions viz., 25 ug/ml, 50 pg/ml and 100 ug/ml were used and the
corresponding diameters of inhibition zones were determined as (15 * 0.1), (16 + 0.3)
and (18 £ 0.2) mm respectively (Figure 8). As the concentration of Ag-NPs increased
the inhibition zone of bacterial growth was also increased. This result concludes that
the biosynthesized Ag-NPs possesses prominent antibacterial activity against S. aureus
bacteria. It was earlier reported that the antibacterial effect of Ag-NPs was caused by
the interaction of membrane of bacterial cell wall and Ag-NPs, hence ensuing in ampli-

fied bacterial membrane permeability and as a result, death of the bacteria [25].

3.9. Probable Pathway of Ag-NPs Formation

It was observed that the aqueous extract of powder root of Gymnadenia orchidis Lindl
contains some polyphenols, proteins, terpenoids and carbohydrates etc. (data commu-
nicated). The probable pathway involved for the green synthesis of Ag-NPs may be ex-
plained by the presence of nitrate reductive protein (FTIR data) or polyphenols (Zeta
potential value) in the root extract of Gymnadenia orchidis Lindl. It is assumed that the
biosynthesis of Ag-NPs by Gymnadenia orchidis Lindlroots extract follows a similar
bio-reduction pathway as shown in Figure 9. The protein present in the roots extract
was seen capping on the surface of Ag-NPs. This was confirmed by FTIR spectra
(Figure 4(a)) that clearly revealed the amide I and amide II bands at 1620 and 1388
cm™' respectively. The peak at 1388 cm™ confirmed also the presence of aromatic

amine and nitro groups.

S. aurius

+

@ Ag - NPs

Control

100 pg/ul

Figure 8. Antibacterial activity of the green synthesized Ag-
NPs against S. aureus strain. The experimental setup was re-
peated thrice and the average with Standard Error of diameters
of the inhibition zone was presented.
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Gymnadenia orchidis Lindl
root

Colorless

Aqueous extract

+

Biorecduction

AgNO,
Solution

Phytochemicals embeded
Ag-NPs

Phytochemicals

Figure 9. The probable pathway of Ag-NPs formation by the interaction of Gymnadenia
orchidis Lindlroots extract and AgNO; solution.

4. Conclusion

The green synthesis of Ag-NPs by the roots extract of Gymnadenia orchidis Lindl is a
simplistic, rapid, ecological and low price technique at ambient temperature. This is a
significant development for the formation of Ag-NPs as it allows better organization
over their nanostructures. The presence of some phytochemicals like terpenoids, pro-
teins and polyphenols in Gymnadenia orchidis Lindlroots extract may act as bio-re-
ducer in the diminution process of Ag* to Ag® and thus to Ag-NPs. This study would
provide a suitable utilization of the Gymnadenia orchidis Lindl as a hopeful agent in
many biological applications. The photo-catalytic efficiency against MB dye molecules
in short time exposure may be useful in technique involved for water purification sys-
tems and dye effluent treatment. The as-prepared Ag-NPs exhibit noticeably and con-
siderably antibacterial cause that may be applicable as a prospective outcome for as-

sorted biomedical entities.
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