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Abstract )

The aim of the current study was to detect various secondary metabolites in the extract of Debregeasia
salicifolia, and to synthesize stable silver/gold nanoparticles (Ag/AuNPs) from D. salicifolia methanol
crude extract. The antioxidant, antibacterial, and antifungal activities of the methanol crude extract,
various isolated fractions, and the synthesized nanoparticles were evaluated. Phytochemical analyses
of the methanol extract/fractions indicated the presence of tannins, saponins, flavonoids, steroids,
terpenoids, coumarins, emodins, and soluble starch. Gold and silver nanoparticles have been
subsequently synthesized from the methanol crude extract by green synthesis, and characterized by UV
and IR spectroscopic techniques. Size of the particles was determined with the aid of an atomic force
microscope (AFM). The results revealed that the size of AuNPs was 5-100 nm, and that of AgNPs was
in the range 5-100 nm. Bioactivity screening revealed that chloroform and n-hexane fractions exhibited
significant 2,2-diphenyl-1-picrylhydrazyl (DPPH-) radical scavenging potential against quercetin.
Additionally, the extract/fractions and AuNPs were also subjected to antimicrobial activity screening
against a number of strains of microbes. Among extracts, n-hexane fraction showed good antifungal
activity as compared to other fractions, whereas in the case of anti-bacterial activity, extract and
fractions were active against Gram positive and Gram negative bacterial strain. AuNPs were exhibited
moderate activity against all tested bacterial strains.
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INTRODUCTION

Nanotechnology play important rule
in several applications including cosmetics,
biomedical device, electronics, food, energy for
refining the enterprise and presentation. Therefore
green nanotechnology, designed nonmaterial in
the field of electronics, communication, energy
and medicine sector!. Nanotechnology has wide
application in field of herbal drug discovery,
development of nanoherbal product having low
toxicity and high bioavailability. For the synthesis
of gold (Au) and silver (Ag) nanoparticles (Ag/
AuNPs) various plants were utilized such as Emblica
officinalis, Aloe vera, Camellia sinensis, Brassica
juncea, Memecylon edule, Cinnamommum
camphora, Mentha piperita, Diopyros kaki, and
Azadirachta indica*?. Functionalized Ag/AuNPs
with precise optical and geometrical properties
have attracted considerable attention owing to
their potential use as drug delivery vehicles which
found several medicinal applications. Ag/AuNPs
displayed numerous biological traits and uses
including biosensors, genomics, cancer treatment
through laser phototherapy, delivery of drug to a
target area, and DNA optical bio-imaging.

AuNPs have wide application due to
unique tunable surface plasmon resonance in
biomedical science, Immunochromatographic
identification of pathogens in clinical specimens,
photo thermal therapy, drug delivery and cancer
imaging’2. A more comprehensive review dealing
with AuNPs and their applications in biology and
medicine has been published by Dykman and
Khlebtsov3. Due to their antibacterial properties,
silver compounds have found applications in
medical fields. In this context, AgNPs exhibited
outstanding physical, chemical, and biological
properties. AgNPs with sizes below 100 nm are
widely used in medical devices. In addition, AgNPs
have been employed in numerous fabrics and as
coatings on certain implants®.

Debregeasia salicifolia belongs to the
family Urticaceae, which thrives in India, Pakistan,
Afghanistan, and tropical Africa®. D. salicifolia is an
evergreen tree, up to 5 m tall, with fibrous bark
scabrous, young shoots, and 2.5 cm long leaves.
In Pakistan, this genus is only characterized by
the species D. salicifolia, which is a small tree
that grows in the northern areas of Pakistan®. The
compound 3f,19a-dihydroxy-30-norurs-12-ene, a

triterpenoid, has been isolated from the methanol
extract of D. salicifolia stem’. Several compounds
have been isolated from this plant including ursolic
acid, pomolic acid, pololic acid methyl ester,
tormentic acid and 3-(trans-cinnamoyloxy)-19
-hydroxy-urs-12-ene®. Moreover, the methanol
extract of D. salicifolia displayed antimicrobial
activities against various bacterial strains®.

Free radicals might cause a large number
of diseases including cancer, neural disorders,
Alzheimer’s disease, aging, and cardiovascular
diseases, among others. Protection against
these harmful free radicals can be improved by
sufficient intake of antioxidants®. Antioxidants
play a central role in the fight against a number
of human diseases as free radical scavengers. In
this respect, reactive oxygen species (ROS), are
chemically reactive oxygen-containing molecules
which play a very important role in the host
defence mechanism against micro-organisms*2,
However, amplified production of ROS may result
in a number of diseases and cause inflammation.

The aim of this work was to identify
secondary metabolites in the extracts of D.
salicifolia, and to synthesize stable silver/gold
nanoparticles (Ag/AuNPs) from D. salicifolia
methanol crude extract. The antioxidant,
antibacterial, and antifungal activities of the
methanol crude extract, various isolated fractions,
and the synthesized nanoparticles were evaluated.

EXPERIMENTAL
Materials

D. salicifolia was collected from Dist. Dir
Lower KPK, Pakistan. Dr. Barkathullah, a botanist
at the Department of Botany, University of
Peshawar (Pakistan), identified and authenticated
the plant. A voucher specimen (2417(PUP) UOP)
was deposited at the herbarium located at the
Department of Botany, University of Peshawar
(Pakistan).
Extraction

The dried plant material was powdered
by means of local grinder machine. Powdered
plant material (200 gm) was soaked in methanol
for a period of one week to obtain polar crude
extract. The methanol crude extract was subjected
to different organic solvent to obtain various
fractions including n-hexane, chloroform, and
ethyl acetate. The crude methanol extract and its

Journal of Pure and Applied Microbiology

2514

www.microbiologyjournal.org



Bawazeer et al. | J Pure Appl Microbiol | 14(4):2513-2523 | December 2020 | https://doi.org/10.22207/JPAM.14.4.28

isolated fractions was assessed for phytochemical
and biological studies.
Phytochemical analysis

Phytochemical screening tests were
performed on the crude methanol extract and its
various fractions to identify active phytochemicals
responsible for the biological properties of D.
salicifolia, and for the synthesis of nanoparticles.
These tests were performed according to published
procedures®*°. For detection of alkaloids, 0.2 g of
each crude extract and various fractions were
warmed with 2% H,SO, for 5 min in a water bath to
afford solutions which contain plant particles. Each
solution was filtered using Whatman filter paper
No 1 and a few drops of Dragendroff’s reagent
were added to each clear filtrate; the appearance
of a red precipitate indicates the presence of
alkaloids. Presence of tannins was confirmed by
mixing 0.3 g of each extract or fraction in distilled
water, heating in a water bath for few mins, then
filtering using the help of Whatman filter paper
Nol. Few drops of FeCl, were added to each
filtrate; the appearance of a dark green solution
confirms the presence of tannins. The presence of
an anthraquinone was confirmed by mixing 0.3 g
extract/fractions with 10% HCl followed by heating
for few mins in a water bath. Solutions were
filtered and allowed to cool, followed by addition
of an equal volume of CHCI, to each filtrate. Few
drops of 10% NH, were added to each filtrate with
heating in a water bath, wherein the formation
of a rose-pink colour establishes the presence
of anthraquinones. Similar procedures were
used to identify glycosides, saponins, flavonoids,
sphlobatanins, steroids, terpenoids, cardiac
glycosides, coumarins, emodins, carbohydrates,
anthocyanin and betacyanins, reducing sugars,
and starch.
Synthesis of Au/AgNPs

Au/AgNPs were synthesized according to
the standard procedure?*?2, The plant methanol
crude extract (0.5 g) was dissolved in 100 mL
of triple distilled water to make stock solutions
which were stored at 4°C for further use. A1 mM
solution of silver salt was prepared by dissolving
17 mg of AgNO, in 100 mL of deionized water to
prepare a salt solution. Similarly, a 1 mM solution
of a gold salt was prepared by dissolving 34 mg
of H[AuCl,] in deionized water to make a 100 mL
solution. Both salt solutions were placed at 4°Cin

brownish reagent bottles coated with aluminium
foil. For the bio-reduction of Au*® to Au®, a freshly
prepared plant extract (5 mL) was added, drop-
wise with a syringe to different ratios of 10 M
H[AuCl,] solution. Change in color indicates the
formation of Au/AgNPs.
Antioxidant assay

The free radical scavenging ability and
the antioxidant activity of the crude extracts and
the newly synthesized Au/AgNPs was determined
according to Duan and coworkers®24, Sample
solutions of various concentrations ranging from
10 to 100 pg/mL of extracts or Au/AgNPs were
mixed with 1,1-diphenyl-2-picrylhydrazyl (DPPH:)
solution (in methanol). DPPH- is a fairly stable
violet-colored free radical that is frequently
employed in the determination of free radical
scavenging activity. The mixture was placed in the
dark for 30 min and the absorbance was measured
at 517 nm. A decrease in absorbance of DPPH-
solutionimplies a rise in the free radical scavenging
activity. Antiradical activity (%) was calculated by
using the following formula:

% DPPH- =100 (Acontrol - sample)/ control

Where A istheabsorbance of control
(the absorbance of the blank), and A___ s the
absorbance of tested samples.
Antibacterial activity

Plant crude extracts (different separated
sub-fractions) and Au/AgNPs were screened for
their antibacterial activity against the Gram-
negative bacterial strains including; K. pneumonia
and Gram-positive S. aureus, S. epidermidis,
and B. sibtilis. The strains were obtained from
stock culture in the PNRL laboratory (Institute
of Chemicals Sciences, University of Peshawar,
KPK, Pakistan). The organisms were kept at 4°C
in @ Muller-Hinton agar (MHA). Modified agar-
well diffusion method was employed to examine
the antibacterial activity of plant crude extracts,
their sub-fractions, and Au/AgNPs. Cultures were
cultivated at 37°C for 24-72 h in triplicate. A Petri-
dish was used for broth culture; 0.6 mL of that
broth culture was added, and Petri-dishes were
sterilized followed by addition of 20 mL of sterilized
molten MHA to each petri-dish. Wells were bored
in the medium and 0.2 mL of plant crude extracts
and separated sub-fractions were added to each
well by means of a micropipette, whereas 2 mg/
mL of Au/AgNPs was used. Streptomycin (2 mg/

pl
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mL) was used as a standard drug. Petri-dishes
were kept in laminar flow hood for 1 h for proper
diffusion, and plates were incubated at 37°C for
24 h. On the very next day, the zone of inhibition
was measured?®.
Antifungal activity

The antifungal efficacy of plants crude
extracts, various sub-fractions, and NPs against
the fungal strains (A. flavus, A. niger, and A. solani)
was tested following published procedures®. The
fungal strains were obtained from stock culture
in the PNRL laboratory, (Institute of Chemicals
Sciences, University of Peshawar, KPK, Pakistan).
The agar tube dilution method was employed in
this investigation. In this method, 24 mg/mL each
of crude extract and sub-fraction was mixed with
sterile dimethyl sulfoxide (DMSO) and shaken until
proper dissolution to make stock solutions. Four mL
of sabouraud dextrose agar (SDA) was distributed
in a cap tube shape screw and autoclaved for 15
min at 120°C then slowly cooled to 15°C. A Stock
solution (66.6 pL) and non-solidified SDA media
were combined to give a final concentration of 400
pg of the extract per mL of SDA. The tubes were
placed in a slanted location at room temperature
(25°C) for solidification of media. For non-mycelial

growth, each tube was inoculated with a piece
(diameter 4 mm) on inoculums from a seven-day-
old culture of fungi. In all of these experiments, an
agar surface streak was subjected, whereas DMSO
was used as a control. Fungal inhibition growth was
measured after 7 days of incubation at 28+1°Cand
relative humidity of approximately 40-50%; results
were expressed as percentage antifungal activity.
Phytotoxic assay

Plant crude extracts, various fractions,
and Ag/Au nanoparticles were examined for
their phytotoxicity against Lamna minor L. For
this purpose, various fractions of crude extracts
and NPs in three different concentrations (10,
100 and 1000 mg/mL) were employed. Sterilized
flasks were inoculated with stock solutions of
the aforementioned concentrations. Ten plants
(Lamna minor) were added to each flask having
three rosettes of fronds along with 20 mL of
medium and were kept at 28°C for 7 days, and their
growth was observed. On the 7" day, the growth
of fronds in each flask was analyzed in comparison
with a negative control. A number of fronds in each
flask was counted, recorded, and results were
analyzed. Results were obtained according to the
following published formula®:
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Fig. 1. UV-Visible analysis of D. salicifolia crude extract, gold nanoparticles (AuNPs) and silver nanoparticles (AgNPs).
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Growth regulation = (100-T/N) x 100

Where T = number of fronds in the test
sample and N = number of fronds in the control
Cytotoxicity assay

For a preliminary assessment of
cytotoxicity of the plant crude extracts, isolated
fractions, and nanoparticles, the brine shrimp
method was used?®. Briefly, different concentration
(10, 100, and 1000 pg/mL) of plant crude extracts,
isolated fractions, and nanoparticles were
prepared. Brine shrimps nauplii were hatched in
a precise tank at room temperature. Prepared
solutions (10, 100, and 1000 pg/mL) were applied
to 09 vials, 3 for each concentration. Ten nauplii
shrimps along with 5 mL of brine solution were
introduced into each vial. Dry yeast suspension
was also introduced into each vial as their food
and the incubation was achieved for 24 h under
illumination, and a number of alive shrimps in
each vial was counted by means of a magnifying
glass then the percent death rate was calculated
for each concentration. Data were processed with
the aid of Graph Pad Prism version 6. Results and
LD, , values were expressed as the mean of three
replicates.
Spectral analysis
UV-Visible spectral analysis

Optical properties of Ag/AuNPs
were determined with the aid of a UV-Vis
spectrophotometer. UV-spectra of the plant

extracts and Ag/AuNPs, in the range 395-750 nm,
were recorded at different times with different
ratios'®. Nanoparticles with the most promising
spectra were taken for further characterization and
biological activities. In a similar fashion, spectra of
stock solutions were also recorded when the color
changed due to the addition of metallic salts, and
these spectra were compared for the confirmation
of the formation of nanoparticles.
FT-IR spectral analysis

An FT-IR instrument (IR Prestige-21,
Shimadzu 400-4000 cm™) was used to examine the
chemical composition of the plant crude extracts
and the synthesized Ag/AuNPs. Both plants crude
extracts and synthesized nanoparticles in dried
powdered form were analyzed, as potassium
bromide (KBr) pellets, in the range from 400 to
4000 cm™. Spectra were then compared to confirm
the formation of nanoparticles® 242,
Atomic force microscopy (AFM) imagining

AFM technique was used for the
characterization of Ag/AuNPs from D. salicifolia
methanol crude extract. The size and shape of Ag/
AuNPs were analyzed by using AFM (Multimode,
nanoscopellla, veeco, CA, USA, in tapping method.
For the AFM analysis of Ag/AuNPs, sample were
prepared by dissolving think films in double
distilled water and then dispersed on freshly
cleaved sheet of mica®.

'
o

8

N R
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'

Fig. 2. FT-IR analysis of synthesized AuNPs from D. salicifolia crude extract.
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RESULTS
Results of phytochemical screening of
D. salicifolia are given in Table 1. Our findings
indicated the presence of tannins, saponins,
flavonoids, steroids, terpenoids, coumarins,
emodins, and soluble starch.
Spectral analysis
UV-Visible spectrophotometer analysis
Displayed in Fig. 1 is UV spectra of plant
methanol crude extract, AuNPs, and AgNPs.
Spectra showed no absorption bands in the

range 395 nm to 750 nm for the methanol crude
extracts. However, AuUNPs exhibited an absorption
band in the range 500 and 600 nm, whereas
AgNPs showed a band between 400 and 500
nm. These observed surface plasmon resonance
(SPR) absorption bands could be due to the free
electrons of metallic nanoparticles. In the case of
gold nanoparticles, the highest absorption was
detected at a wavelength of 535 nm, whereas that
of silver was observed at 440 nm.

Fig. 3. FT-IR spectrum of synthesized AgNPs from D. salicifolia crude extract.

Table 1. Phytochemical analysis of crude extract and fractions of D. salicifolia

Chemical constituent Crude extract

n-Hexane

Chloroform Ethyl acetate

Alkaloids

Tannins
Anthraquinones
Glycosides
Reducing sugars
Saponins
Flavonoids
Phlobatanins
Steroids
Terpenoids
Cardiac glycosides
Coumarins
Emodines
Anthocyanin & Betacyanins
Soluble starch
Fats/Fatty acids

+ +

+ +

Keywords: (+): Presence, (-): Absence
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FT-IR analysis

FTIR spectrum (Fig. 2 and 3) of D. salicifolia
showed a number of absorption bands between
648 cm™ and 3657 cm™, assigned to various

Table 2. FTIR analysis of crude extract of D.salicifolia

Wave number  Functional  Vibration Intensity
(cm™) group [em™]

648.08 C-H Deform 68.642
1026.13 R-O stretch 14.070
1211.30 Cc=0 stretch 87.544
1404.18 O-H deform 69.857

(in-plane)

1651 C=N stretch 85.398
2839.22 —CH stretch 49.655
2947.23 —CH3,—CH2 stretch 30.526
3379.29 —NH stretch 30.504
3657.04 O-H stretch 84.529

functional groups of alkaloids, flavonoids, and
other molecules as shown in Table 2. Considerable
shifts were observed in the IR spectrum of AuNPs
due to bio-reduction of H [AuCl,] in D. salicifolia
extract. IR spectra (cm™) of extracts displayed
bands at 3657, 3379, and 1211 assigned to OH,
NH, and C=0 stretching, respectively, which are
involved in the synthesis of AuNPs. Fig. 2 and 3
showed the FT-IR spectra of Au/AgNPs and D.
salicifolia crude extract. Absorption bands at
3370 cm™ are due to the stretching of aromatic
and aliphatic OH groups, whereas peaks in the
range 1400-1651 cm™ are assigned to stretching
of aromatic rings. On the other hand, the two
peaks at 2839 and 2947 cm™ are ascribed to the
=CH group, and the band at 1211 cm™ confirms
the in-plane binding of OH group in the plant
crude extract. In the FTIR spectra of Au/AgNPs,
the peak for in-plane OH group bending is absent

Table 3. Antioxidant activity (% DPPH. activity) of the crude extract, fractions and nanoparticles of D. salicifolia

pg/mL Crude n-Hexane CHCI3 EtOAc AuNPs AgNPs STD
10 60.59 45.49 48.68 59.98 62.59 59.98 91.59
20 64.90 49.64 51.04 62.39 66.90 62.39 92.09
40 72.27 55.51 57.07 69.54 73.27 68.54 92.59
60 79.59 61.26 65.93 76.22 80.59 74.93 93.35
80 83.90 66.14 70.49 81.59 86.90 78.14 94.47
100 90.32 72.22 77.28 89.90 91.32 85.90 95.23

CHCE: Chloroform, EtOAc: Ethyl acetate, AuNPs: Gold nanoparticles, AgNPs: Silver

nanoparticles, STD: Standard (quercetin)

Table 4. Antibacterial activity of crude extract, fractions and nanoparticles of D.salicifolia

Microorganism Gram Crude n-Hexane CHCI3 EtOAc AuNPs  AgNPs STD

Klebsiella pneumonia - 10+0.45 14+0.76 12+0.65 14+0.034 12+0.23 14+0.21 30+0.01
Staphlococcus aureus + 12+0.39 16+0.30 14+0.21 16#0.28 12+0.21 16+0.20 30+0.02
Staphlococcus epidermidis + 12+0.44 14+0.87 14+0.19 140.44 14+0.55 12+0.12 28+0.08
Bacillus sibtilis + 10+0.86 14+0.23 10+0.23 14+0.23 10+0.34 14+0.21 30+0.34

Well size: 6 mm, (-/+): Gram negative/ positive bacteria, AUNPs: Gold nanoparticles, AgNPs: Silver nanoparticles, STD: Standard

(Streptomycin).

Zone of Result
inhibition (mm)

25-30 Excellent
19-24 Good
14-18 Moderate
7-13 Poor
0-6 Inactive

which shows the weakening of hydrogen bonding.
A new peak at 1635 cm™ can be attributed to the
formation of quinones. The broadband in the
range of 480-550 cm™ confirms the presence of
Au/AgNPs.
AFM imagining

AFM was employed to study the size
and shape of Au/AgNPs. The size range of gold
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nanoparticles of D. salicifolia was from 5-100
nm as shown in Fig. 4, while the size of silver
nanoparticles of D. salicifolia was in the range
5-100 nm (Fig. 5). In addition, the observed color
change was due to the reaction and formation of
Au/AgNPs (Fig. 6).
Biological activities
Antioxidant activity

Results of antioxidant activity of the
methanol crude extract and nanoparticles of D.
salicifolia are given in Table 3. Results revealed that

AuNPs were more active as free radical scavengers
as compared to the methanol crude extracts.
Antibacterial activity

Results of antibacterial activity of
crude methanol extract and of the synthesized
nanoparticles are listed in Table 4. The result
showed that the crude extract exhibited
antibacterial activity against selected bacterial
strains such as Staphylococcus aureus and Bacillus
sibtilis with a zone of inhibition ranging from 10 to
16 mm, whereas the AuNPs exhibited moderate
activity with a zone inhibition range 10-14 mm.

Fig. 4. AFM analysis of D. salicifolia gold nanoparticles.

Table 5. Antifungal activity of crude extract, different fractions and nanoparticles of D. salicifolia

Microorganism

Zone of inhibition (%)

Crude n-Hexane CHCI, EtOAc AuNPs AgNPs STD
Aspergillus flavus 50+0.76 70+1.00 80+1.01 70+0.08 70+0.16 50+0.78  100+0.07
Aspergillus niger 60+0.87 60+0.02 70+0.00 60+0.87 60+0.56 60+0.76  100+0.08
Alternaria solani 40+0.80 60+0.34 60+0.54 60+0.87 60+0.87 50+0.44  100%0.03

AuNPs: Gold nanoparticles, AgNPs: Silver nanoparticles, STD: Standard (Blank)

Zone of Result
inhibition (%)

0-20 Excellent
21-40 Good
41-70 Moderate
70-90 Poor
91-100 Inactive

Antifungal activity

The antifungal activity of the methanol
extract of D. salicifolia against Aspergillus niger,
Aspergillus flavus, and Alternaria solani is
presented in Table 5. Results showed a zone of
inhibition ranging from 40 to 70 mm, whereas
those of AuNPs and AgNPs are from 50-70 mm
against studied fungal strains.
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DISCUSSION

One of the objectives of this study was
to evaluate the antioxidant activity of methanol
crude extract from D. salicifolia, its various
fractions, and Au/AgNPs. The crude methanol
extract displayed excellent antioxidant effect
at various concentrations. On the other hand,
when n-hexane fraction was tested, it exhibited
promising antioxidant effect. The chloroform
fraction displayed a better antioxidant activity
than n-hexane. This could be due to the differences
in polarity between the solvents. Similarly, the
ethyl acetate crude extract was more effective
as a free radical scavenger than both n-hexane
and chloroform. The ethyl acetate fractions was
also found active. Normally the polar extract
showed promising activity as compared to
non-polar fractions, which is due to the polar

0.25
0.5
0.75

125
(=5
1.75
Zd
225
25

pm

Fig. 5. AFM analysis of D. salicifolia silver nanoparticles.
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chreyez 510
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Fig. 6. Colour changes of Ag/AuNPs from D. salicifolia.

compounds. All of these crude extracts exhibited
substantial antioxidant activity. This significant
antioxidant activity might be due to the chemical
constituent of the plant which has various active
compounds?®, These findings are important
since antioxidant activity is linked in many ways
to protect from different diseases.

A standard protocol was followed for
the antifungal effect of D. salicifolia against
the Aspergillus flavus, Aspergillus niger, and
Alternaria solani. Results revealed that the
extract and various crude fractions inhibit the
growth of fungi. Furthermore, the crude extract,
various isolated fractions, and synthesized Au/
AgNPs exhibited moderate activities. The low
activity of crude extracts may due to the lack of
antifungal compounds in theses extracts. However,
chloroform extract, ethyl-acetate extract, and gold

nanoparticle showed good activity as compared
to other tested samples. All of the above-tested
samples were also subjected to screening to
assess their antibacterial activity. The result
showed that tested samples exhibited moderate
activity, wherein the ethyl acetate fraction and
silver nanoparticles were more active compared
to others with zone of inhibition range from 10-16
mm.

Different characterization methods,
such as UV, FT-IR and AFM, were utilized for
confirmation and detection of the size of Au/
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AgNPs. In the UV spectra of plant crude extracts,
and of AuNPs and AgNPs, no absorption bands
were observed in the range from 395 to 750 nm
in the spectra of crude extracts. However, AUNPs
showed an absorption band in the range 500-600
nm, whereas a band was observed in the range
400-500 nm in silver nanoparticles. Furthermore,
the FT-IR spectrum of D. salicifolia crude extract
showed an absorption band at 3370 cm™ due to
aromatic and aliphatic OH group stretching, and
a band in the range 1400-1651 cm™ attributed to
aromatic rings?*, The two absorption peaks in
the range of 2839-2947 and at 1211 cm™ showed
the presence of =CH and in-plane binding of OH
group, respectively, in the plant crude extract.
In the FTIR spectra of Au/AgNPs, the peak for
in-plane bent OH group was absent and a new
peak appeared at 1635 cm™ due to the formation
of quinones?32, Additionally, the broadband in
the range 480-550 cm™ confirmed the presence
of Au/AgNPs. According to AFM, the size of gold
nanoparticles was from 15-50 nm, and that of
silver nanoparticles is in the range 20-40 nm.

CONCLUSIONS

The phytochemical composition of
D. salicifolia extract/fractions indicated the
presence of tannins, saponins, flavonoids, steroids,
terpenoids, coumarins, emodins, and soluble
starch. In addition, findings from this investigation
suggested that D. salicifolia can be used for the
green synthesis of stable Au/AgNPs. These particles
were prepared and characterised according to
established procedures. The crude extracts of
D. salicifolia and synthesized Au/AgNPs have
exhibited promising antioxidant, antibacterial,
and antifungal activitiesThe important bioactive
compounds present in D. salicifolia may be used by
pharmaceutical industries for new drug discovery.
However, more detailed studies are required to
establish the safety and efficacy of this plant.
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