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Abstract. The current study reports the green synthesis of silver nanoparticles (AgNPs) using Capparis
spinosa leaf extract acting as a capping and reducing agent. The characterization of AgNPs was
confirmed using ultraviolet-visible spectrophotometry (UV-Visible), fourier transform infrared spectro-
scopy (FTIR), energy-dispersive X-ray spectroscopy (EDX), and transmission electron microscopy
(TEM). The plant extract used reduces Ag+ into AgNPs within a few minutes as indicated by the changed
color, from yellow to reddish-brown. The UV-vis spectrum of AQNPs appeared a characteristic surface
plasmon resonance peak at 400-450 nm. FTIR spectroscopy confirmed the role of plant extract as a
reducing and capping agent of silver ions. The spectra of FTIR revealed a broad transmission peaks
from 3412 to 617 cm™. An EDX analysis signal at 3 keV and weight 65.38% showed the peak to be in
the silver region, a fact which was confirmed by the presence of elemental silver. Under TEM, the
nanoparticles were seen to be spherical, with an average particle size of 13 nm. AgNPs showed
antibacterial activity against S. epidermidis, S. aureus, MRSA and E. coli. The inhibition zones for S.
epidermidis and S. aureus were 8 to 10 mm, while MRSA is 7 to 10 mm. The inhibition zone of E. coli
was higher at 10 to 13 mm.
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1.Introduction

In recent years, nanotechnology has emerged as an important research area due to its application in
electrical engineering, molecular diagnostics, drug delivery, medicine, electronics and optics, amongst
others. The term "nanoparticle” refers to a particle with a size between 1 nm and 100 nm [1]. Nano-size
enhances the surface-to volume ratio and the particles exhibit chemical, physical and biological
properties which often differ markedly from the original bulk material [2]. Nanoparticles can be
categorized into organic-nanoparticles, such as fullerenes and inorganic nanoparticles composed of
silver, gold, zinc oxide and titanium oxide. AgNPs have been used in the field of nanotechnology
because of their distinct properties, including strong conductivity, chemically stability, catalytic activity,
anti-cancer activity and antibacterial and antifungal activity [3-9]. Due of their unique properties, AgNPs
are widely used in several applications, including medicinal, agriculture, health care, consumer,
diagnostics, optical sensors and technological purposes [10-14]. Silver has interesting material properties
and is a natural resource that is cheap and abundant [15]. AgNPs have been found to exhibit antimicrobial
activity, presumably by releasing ionic silver which inactivate thiol groups leading to a) the denaturation
of bacterial enzymes, b) the disruption of cellular cytoplasm, c) the inhibition of bacterial DNA
replication and finally to a decrease in ATP levels and ultimately cell-death [16].

Capparis spinose is a perennial shrub belonging to the genus Capparis and the family Capparaceae
[17-19]. It is distributed in a variety of habitats from subtropical to tropical regions [19]. While a native
of the Mediterranean it is widely distributed, from the Atlantic coast of the Canary Islands and Morocco
to the Black Sea, the Crimea and Armenia. It can also be found in Iran and the Arabian Peninsula, notably
Yemen and Saudi Arabia [20, 21, 17]; such widespread distribution is due to the plants resistance to a
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range of biotic and abiotic stresses [17]. A range of plants, bacteria, algae and fungi can be used for
AgNPs biosynthesis [22]. Several studies reported AgNPs synthesis using plants such as Mangifera
indica [23], Tinospora cordifolia (Thunb.) [24], Solanum indicum L. [25], Acorus calamus [26], Sunroot
[27], Indigofera oblongifolia [28], Aloe fleurentiniorum [29], Amorphophallus paeoniifolius [30], Malus
domestica [31]. Moreover, other biological sources of AgNps synthesis are also available, such as cow
milk [32], Cottonseed Oilcake [33], vegetable waste [34], coconut (Cocos nucifera) oil [35], Spirulina
microalgae [36], seaweed Spyridia filamentosa [37]. Such biological sources act rapidly, are non-toxic,
cost-effective, pollution-free and therefore eco-friendly [38,39]. Capparis spinosa exhibits a variety of
potential pharmacological properties, being antimicrobial and possessing antioxidant, anticancer and
hepatoprotective properties [40-45]. It is widely used in Arab medicine to treat gastrointestinal problems,
rheumatism, headache, liver and kidney problems, convulsions, paralysis, gum problems and finally as
an antimalarial agents [46,47,21,25]

The aim of this study was to synthesize silver nanoparticles using extracts of C. spinosa leaves. The
characterization of variously synthesized AgNPs is described, as is their antibacterial activity against a range
of pathogenic bacteria.

2.Materials and methods
Plant collection and preparation of leaf extract

Fresh leaves of C. spinosa were collected from Yemen, washed 2-3 times with tap water, rinsed with
distilled water and kept it in the dark until completely air dried. A sample (10 g.) of leaf powder was
then added to deionized water (100ml) and boiled with stirring for 10 min. After boiling, the mixture
was cooled and filtered using Whatman filter paper No 1, the size was 125 mm (Whatman international
Limited, England). The supernatant was finally stored at 4°C until used.

Biosynthesis of AgNPs

An aqueous solution of silver nitrate (Sigma-Aldrich, USA) 0.01 mM was used for the preparation
of AgNPs. Ten milliliters of the aqueous plant extract were added to 100 mL silver nitrate with constant
stirring at 25°C until the color changed to dark brown (indicating evidence to AgNPs formation). Then,
using centrifugation, the synthesized AgNPs were separated for 20 min at 13,000 rpm. The resultant
AgNPs were then heated at 40°C for 2 h until completely dry.

UV-Visible spectroscopy analysis
UV-Vis spectroscopy at wavelengths ranging from 300 to 800 nm (using an Ultrospec 2100 Pro
UV/visible spectrophotometer) (Biochrom, UK) was used to record the formation of AgNPs in mixture.

FTIR analysis

FTIR analysis was used to determine functional groups in C. spinosa extract that might accountbe
for the synthesis of AgNPs. FTIR analysis was achieved using a FTIR spectrometer, Nicolet iS50
(Thermo Fisher Scientific, Waltham, MA, USA). The samples were mixed with KBR (FTIR grade) and
scanned on FTIR at resolution of 4 cm™ and over the range of 4000-400 cm™2. The resultant spectrum
was then compared with a reference chart to identify functional groups present in sample.

SEM and EDS analysis

SEM investigation of dehydrated samples was achieved by mounting nanoparticles on sample stubs
with double adhesive tape and covered with gold in a sputter coater and observed at 10 kV uisng JSM-
6380 LA microscope (JEOL, Japan) and EDS examination was performed using an Altima IV device
(Regaku, Japan).
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TEM analysis

TEM analysis was used to determine size the surface morphology of AgNPs. Samples for TEM
investigation were done on carbon-coated copper TEM grids. The films on the TEM grids were allowed
to stand for 2 min, the extra solution was removed using a blotting paper, and the grid was allowed to
dehydrated previous to measurement. TEM investigation were noted at 80 kV using by a JEOL-JEM-
1011 instrument.

Antibacterial studies

The bacteria used in this study were obtained from King Saud University's Microbiology Laboratory.
S. aureus, S. epidermidis, MRSA and E.coli were inoculated onto Nutrient Agar Medium (Sigma—
Aldrich, India) and incubated for 18 hours at 37°C.

Antibacterial properties

The antibacterial effect of AgNPs was determined using antibiotic sensitivity discs. Mueller Hinton
Agar Medium almost 20 mls (Sigma-Aldrich) was poured in Petri dishes and inoculated with each
bacterium (1x10° cfu/ml). Then, 100 pL from synthesized nanoparticles were added to each disc (Bank
Disk, Arab Company for Medical Diagnostics, Jordan), and the plates were incubated at 37°C for 18 h.
The presence of inhibition zones indicated an antibacterial effect; distilled water was used as a control.

Statistical analysis
Triplicates were used and the results subjected to one-way analysis using SPSS statistical software
(SPSS Inc., USA), A P-value < 0.05 indicated a statistical significant result.

3.Results and discussions
Visual observations

The synthesis of AgNPs was indicated by the color change when mixing the solution; after two hours
of incubation, the color of the reaction mixture changed to a light yellow to reddish brown. No similar
color changes were seen in the control silver nitrate solution without leaf extract. Such color changes
result from the oscillations of free electrons in the reaction mixture of the resultant nanoparticles [33,
34].

UV-Visible Spectral Analysis

The detection of the reduction in silver ions into silver nanoparticles was observed by the resultant
color change over time using a UV-visible spectrophotometer. The absorption peaks of synthesized
AgNPs using extracts of C. spinose occurred at 350 to 400 nm (Figure 1). Wave peaks confirmed the
formation of Ag nanoparticles in the mixture [35, 36,34].

14

12

(IR}

06

0.4

Absorbance (au)

200 300 400 500 600 700 80O
Wavelength (nm)
Figure 1. UV-absorption spectrum of the AgNPs
biosynthesized using C. spinosa leaf extract
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FTIR analysis

FTIR spectroscopy is suitable for surface chemical characterization. FTIR spectra of AgNPs
indicated the presence of potential bioactive compounds in the plants extracts, that were responsible for
the silver ion reducing agent and its interaction with the AgNPs (Figure 2). The spectra revealed a broad
transmission peak from 4000 to 400 cm™. The first peak at 3412.06 cm, resembles the hydrogen bonded
hydroxyl group (H and O-H stretch) of phenols and alcohols [37]. The next peak at 2923.81cm™ indicates
the alkane stretching band, while peak at 1633.34cm™ resembles to C=C stretch, which refers alkenes A
peak at 1384 cm™ corresponds to sulphonates, while that at 1109.44cm™ resembles to C-O. The final
peak, at 617.40cm™, corresponds to C=N stretch, indicating aliphatic amines.
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Figure 2. FTIR spectra of the C. spinosa extract (A) and AgNPs
produced using the C. spinosa leaf extract (B)

SEM, TEM and EDS analysis

AgNPs synthesized by using C. spinosa aqueous leaf extract was observed using SEM and TEM
analysis in order to determine the shape of the nanoparticles (Figure 3,4). The synthesized AgNPs were
spherical, with the diameter of nanoparticles ranging from 5 to 27 nm and the average particle size being
circa 13 nm. EDS analysis confirmed the presences of Ag elements in the AgNPs. The optical absorption
peak was observed at 3Kev. The AgNPs reduced by the C. spinose have the weight percentage of silver
as 65.38% (Figure 5). The results of previous studies of AgNPs biogenically synthesized from C. spinosa
extracts showed similar results [48-51,35,36] as do a variety of AgNPs synthesized using other plants
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extracts, such as Aloe vera, Portulaca oleracea and Cynodon dactylon [51]; Indigofera oblongifolia

[35]; Aloe fleurentiniorum [36].

Figure 3. SEM images of AgNPs
synthesized by C. spinose. Scale
bar represents 100 um
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Figure 4. TEM image of AgNPs synthesized using C spinosa leaf extract
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Antimicrobial Activity

The results show that the C. spinose synthesized AgNPs exhibited antibacterial activity against S.
epidermidis, S. aureus, MRSA and E. coli (Table 1). Inhibition zones of 8-10 mm for S. aureus and S.
epidermidis, 7- 10 mm for MRSA, and 10-13mm for Escherichia coli were recorded. The results are
comparable to those reported by other workers [52-54].

Table 1. Antibacterial activity of silver nanoparticles (AgNPs) against pathogenic bacteria

Inhibition zone (mm)
Bacteria
AzNPs (1 mg) AgNPs (1 mg) Control
5. gpidermidis R 10400 0=0.0
S aureus 8=0.0 10=0.0 0=0.0
MESA 7=0.0 0=0.1 0=0.0
£ colt 10=0.1 1320.1 0=0.0

*Numbers are mean #SD

4. Conclusions

This study reports simple, rapid, inexpensive and eco-friendly a method for green synthesis of AgNPs
using a C. spinose leaf extract. The synthesized AgNPs were confirmed using UV-Visible, FTIR, EDX,
and TEM. The AgNPs synthesized were mainly spherical in shape with an average particle size of 13
nm and elemental composition confirmed the significant existence of Ag without any other the
contaminants. The biosynthesized AgNPs have demonstrated strong antibacterial potential and can
therefore be used as an antibacterial agent against E. coli, S. aureus, S. epidermidis and MRSA.
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