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ABSTRACT

	 The study of biogenic nanoparticles (NP) as antibacterial agents is a novel and rapidly 
developing area of medical biotechnology. The current work used Zizyphus spina-christi aqueous leaf 
extract to reduce the silver ions in the silver nitrate, thereby resulting in the production of nanoparticles 
of silver through biosynthesis. The fabrication and characterization of nanoparticles biosynthesized 
using leaf extracts of Zizyphus spina-christi were observed using a variety of techniques including, 
UV-Visible spectroscopy, EDS, SEM, TEM, and FTIR. AgNPs in diameters ranging from 5 to  
30 nm were produced. The FTIR spectrum identified certain functional compounds responsible 
for the biosynthesis of these AgNPs. The agar disc diffusion technique was used to assess the 
antibacterial effects of AgNPs biogenically synthesized using leaf extract of Zizyphus spina-christi 
confirmed antibacterial effect against bacteria that belong to both Gram-negative and Gram-positive 
(but were inactive against Salmonella typhimurium.) AgNPs fabricated using this plant extract can 
here are potentially of use in medicine as antibacterial agents.
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INTRODUCTION

	 Nanotechnology has rapidly expanded 
during the past ten years worldwide at the level 
of research, industrial activity, and product 
development in order to create environmentally 
friendly nanomaterials for use, in for example, water 
treatment, medicine, and solar energy conversion1-8. 
Metal particles varying between 1-100nm in 
diameter are now the object of significant research 
because of their unique chemical, optical, electrical, 
adjustable hydrophilic–hydrophobic balance and 

catalytic features, as well as their significant ratio 
of surface area to volume and strong antibacterial 
effects1. Nanomaterials have been fabricated from 
various metals, including silver, gold, magnesium, 
alginate, titanium, zinc and copper9-11. Among the 
most widely used nanoparticles, sliver nanoparticles 
have been reported to have significant antibacterial 
activity12. Numerous techniques can be employed  
to synthesize (NPs), such as chemical reduction,  
sono-electrochemical techniques, microwave 
irradiation and ultraviolet. Nowadays, biogenic 
fabrication, also known as green synthesis, is 
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advantageous over conventional methods in 
being safer, cheaper, and more environmentally 
friendly5,6,13-15. Silver nanoparticles synthesized 
using biological methods have antibacterial 
effects16,17; antioxidant, and anti-platelet activities18;  
anti-angiogenesis19; anti-viral activities20 and  
anti-inflammatory effect21). Several plants extract 
such as A. indica (Neeem), M. oleifera (Horseradish), 
C. colocynthis (Bitter Apple) and T. foenum-graecum 
(Fenugreek) etc. have been positively used for the 
biogenic synthesis of metallic nanoparticles22,23. 

	 Ziziphus spina-christi or Sidr tree, is an 
evergreen plant which is indigenous to the majority 
of nations in southern western Asia and Africa 
countries24. Along with several recently imported 
noxious species of weeds, It is believed that  
Z. spina-christi is one of the few Saudi Arabian native 
tree species still in existence25,26. Sidr leaves are 
used in traditional treatments as a demulcent, mouth 
wash, anodyne, depurative, emollient, astringent, for 
toothaches, and stomachic Zizyphus spina-christi leaf 
extract has been shown to contain flavonoids, tannins, 
phenolic, saponins and alkaloids, all of which are 
powerful agents of reduction because of their many 
OH-groups which are responsible for their antioxidant 
and antimicrobial activity27,28. In this study, an aqueous 
leaf extract of Zizyphus spina-christi L was applied 
to biosynthesize nanoparticles of silver  by reducing 
the silver ions existing in the silver nitrate solution. 
After characterization, antibacterial effects of the 
biosynthesized AgNPs were investigated and assessed 
against a number of important pathogenic bacteria. 

MATERIALS AND METHODS

Materials 
	 Zizyphus spina-christi (Sidr) leaves were 
obtained from the Riyadh region, Kingdom of Saudi 
Arabia. Nutrient agar and both Mueller Hinton Broth 
and Mueller Hinton Agar (Sigma–Aldrich) were used 
as growth media. AgNO3 (1mM, Sigma–Aldrich) was 
prepared using double distilled water and stored in 
refrigerator at 4°C.

Preparation of Zizyphus spina-christi leaf extract 
	 The obtained leaves were cleaned 
several times with tap water and dried at 25°C in 
the shade, before being powdered in a grinder. In 
order to prepare the extract, 10 g of finely ground  
Zizyphus spina-christi L leaf was added to 100 
milliliters of deionized water, which was then 

heated for 20 min, filter passed through filter paper 
(Whatman No. 1) and stored at 4°C.

Biogenic synthesis of AgNPs
	 AgNPs were produced by the biosynthesis 
approach. In order to reduce the Ag+ ions, 1 mL from 
leaf extract of Zizyphus spina-christi was added to 
100 mL of an aqueous solution of AgNO3 (1 mM) and 
stirred at 60°C for 1 hours. To confirm the formation of 
AgNPs, a dark brown color alteration was detected, 
indicating the synthesis of AgNPs. The AgNPs were 
then separated from the mixture using centrifugation 
for 20 min at 15,000 rpm, followed by drying the 
nanoparticles at 40°C.

Characterization of AgNPs
	 UV-Visible spectroscopy was carried 
out between 200 and 800nm in wavelength by a  
UV/Visible Ultrospec 2100 Pro spectrophotometer 
(Biochrom, UK). EDS analysis was achieved using 
an Altima IV device (Regaku, Japan) as previously 
described29. Scanning electron microscopy (SEM) 
analysis of AgNPs was conducted using a JEOL 
microscope (JSM-6380 LA), while FT-IR Spectra 
was carried out using (Thermo Scientific Smart 
iTR™) for both AgNPs and Zizyphus spina christi leaf 
extract in order to monitor the existence of bioactive 
compounds responsible for NPs formation. The size 
of dimeters and shape of the AgNPs were observed 
via using a JEOL microscope (JEM-1011).

Antibacterial properties of AgNPs
	 Bacterial cultures were diluted with 
phosphate buffered saline to obtain 0.5 McFarland 
standards and inoculated on Petri dishes contained 
Mueller Hinton Agar. Sterile disks of paper were 
then saturated with AgNPs, put on the swabbed 
plate surface, and then cultured at 37°C for 18 to 
24 hours. Areas of inhibitory around the paper disks 
were then measured in millimeters in order to assess 
antibacterial activity.

Statistical analysis
	 Statistical analysis was implemented using 
ANOVA, and results presented as average±SD. 
P-value of less than 0.05 was considered statistical 
significance.

RESULTS AND DISCUSSION

Ultraviolet‑visible spectroscopy
	 The first characterization of AgNPs 
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synthesized using the aqueous extract of Z. spina-
christi L was carried out by UV-Vis spectroscopy. 
AgNPs were prepared using Z. spina-christi leaf 
extract with solution of AgNO3 (1 mM) at 25°C via 
Ag+ reduction to Ag0. One hour after the reaction 
was carried out, the colorless mixture changed to a 
dark brown, suggesting the formation of AgNPs. The 
change in colour of the sidr leaf extract shows the 
reducing capability of the plant extract associated 
with the fabrication of AgNPs30. The reaction kinetics 
were monitored in the range of 200–800 nm. Fig. 1 
shows the spectrum of biosynthesized AgNPs by 
Sidr leaf extract. The extreme absorption wave of 
AgNPs at 400nm illustrates the formation of AgNPs. 
The surface plasmon resonance is considered 
responsible for the extreme absorption peak of 
AgNPs at 400 nm and is attributed to the excitation 
of free electrons31. The observed colour change 
and maximum absorption wave at 400nm are in 
agreement with a number of previous studies on 
extracts of plants such as A. vera, P. oleracea and  
C. dactylon32, I. Oblongifolia33 and A. fleurentiniorum34.

show the FTIR spectra of Sidr leaf extract and 
the biogenically synthesized AgNPs. The extreme 
broadband at 3358 cm−1 results from the stretching of 
O–H groups35,36, while the strong second band in the 
FTIR profile, at 2974 cm−1 and 2880 cm−1 is related 
to the alkyl –C–H group37. The stretching vibration 
of (NH) C=O group is shown by a band at 1654 
cm−1 current in carboxylic acids, ketones, quinones, 
and esters38,39. Other strong absorption wave at  
1049 cm−1 may result from –C–O stretching vibrations 
of alcoholic compounds40. The FTIR spectrum of the 
AgNPs also revealed a similar FTIR spectral data 
derive from the plant filtrate. Finally, the results of FTIR 
confirmed the presence of O–H, –C–H –NH, (NH) C=O 
and –C–O group.

Fig. 1. UV–Visible spectrum of biosynthesized AgNPs by  
Z. spina-christi leaf extract

Fig. 2. FTIR spectra of Z. spina-christi extract (a) and 
AgNPs fabricated using the Z. spina-christi leaf extract (b)

FTIR analysis
	 The potential bioactive molecules and 
functional compounds in the plant filtrate responsible 
for the biosynthesis of AgNPs were determined 
recognized using FTIR.  Fig. 2(a,b) and Table 1 

Table 1: Functional groups of AgNPs and Z. spina christi extract fabricated by FTIR analysis

	 Treatment	 Spectra	 Functional group	 Compound class

	 AgNPs	 3358 	 O–H stretching	 Alcohol
		  2974 and 2880	 –C–H bending	 alkyl
		  1654	 C=O bending	 carboxylic acids, ketones quinones, and esters
		  1049	 –C–O stretching	 Alcoholic compounds
	Z. spina-christi extract	 3358 	 O–H stretching	 Alcohol
		  2974 and 2880	 –C–H bending	 alkyl
		  1654	 C=O bending	 carboxylic acids, ketones quinones, and esters
		  1049	 –C–O stretching	 Alcoholic compounds
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EDS and SEM analysis
	 Figure 3 shows the EDS spectra of 
AgNPs, which showed significant indicators in the 
silver area at 3 keV, supporting the occurrence of 
elemental silver atoms; the EDS profile displayed the 
presence of silver 38.75%.in the nanoparticles. The 
appearance of signals for other elements such as 
carbon, oxygen and chlorine in the Fig. 3 may result 
from X-ray emissions of the peptides that are present 
in Z. spina-christi leaf extract33. There are other 
explanations for the existence of identical signals, 
such as the potential attachment of molecules to 
AgNPs surfaces inducing the reduction of silver ions 
to elemental silver36. The above findings agree with 
the results of previous studies on a variety of plant 
extracts, including Indigofera oblongifolia33, Phoenix 
dactylifera seeds41, extract of Artemisia sieberi and 
Calotropis procera42. The SEM image of AgNPs 
in Fig. 3 shows variously sized, irregularly formed 
AgNPs. AgNPs clusters, which can be linked with 
the accumulation of NPs during the sample mixture.

the size of dimeters and forms of the nanoparticles 
fabricated have also been reported following the 
use of organic synthesis techniques44,45.

Fig. 3. SEM photograph and EDS of AgNPs produced  
using leaf extract of Sidr (Z. spina-christi)

Morphology and size of AgNPs
	 The shape and sizes of silver nanoparticles 
were investigated using TEM technique in this study.  
Fig. 4 shows a TEM photograph of nanoparticles 
produced using Sidr leaf extract as well as the  
size-range of the resultant nanoparticles; the 
AgNPs were circular in shape with dimensions 
among from 5 to 30nm. Particles were well 
distributed and crystalline, with a pale organic 
cover. Small particles were also found to form minor, 
a finding which may result due to accumulation or 
improper capping. These results are consistent 
with previous findings, which generally reported a 
particle size of <50nm36,43, although. differences in 

Fig. 4. TEM image of AgNPs biosynthesized using leaf 
extract of Sidr (Z. spina-christi) (a) and particle size 

distribution (b)

Antibacterial effect of AgNPs
	 The ant ibacter ia l  ef fect  of  AgNPs 
biogenically fabricated using leaf extract of  
Sidr plant was assessed against pathogenic 
microorganisms like the Gram-negative bacteria,  
E. coli  and S. typhimurium and the Gram-positive  
bacteria, B. subtilis and S. aureus using the agar  
disc diffusion assay. Inhibition zones (mm)  
around each disc containing AgNPs are shown 
in Table 2. With the exception of S. typhimurium, 
all of the bacteria used showed significant 
susceptibility to AgNPs synthesized using Z. 
spina-christi leaf extract. AgNPs' antibacterial 
act iv i ty results from the disrupt ion of the 
respiratory chain and thereby cell division, which 
leads to cell death. Additionally, it has been 
shown that the silver nanoparticles present inside 
bacterial cells release silver ions, which increases 
their bactericidal action46,47.
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CONCLUSION

	 An easy, low-cost and an eco-friendly 
technique for the fabrication of AgNPs using the 
aqueous extract of Sidr (Z. spina-christi) was 
developed in the present study. Characterization 
of AgNPs demonstrated that the particles of silver 

Table 2: Antibacterial activity of AgNPs 
on some pathogenic bacteria

	Name of bacteria	            Inhibition zone (mm)
		  AgNPs	 Control

	 S. aureus	 8±0	 0
	 B. subtilis	 9±1.1	 0
	 S. typhimurium	 0	 0
	 E. coli	 10±0.57	 0

were circular with sizes among from 5 to 30 nm. 
AgNPs were shown to exhibit antimicrobial effects 
against some pathogenic microbes such as both  
Gram-positive species and Gram-negative species 
(with the exception of Salmonella typhimurium).  AgNPs 
fabricated using the extract of Sidr plant potentially 
could be used as antibacterial agents in medicine.
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