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Introduction
 There is an increasing worldwide interest in the field of nanotech-
nology in recent years [1]. Research into nanoparticles is inevitable 
today, not only through implementation but also through synthesis 
[2].

 Silver is a non-toxic, secure antibacterial inorganic agent that can 
kill about 650 kinds of microorganism-causing illnesses [3]. Because 
of their antimicrobial characteristics, there is growing interest in sil-
ver nanoparticles [4]. They are even being projected as future genera-
tion antimicrobial agents [5].

 Silver nanoparticles (AgNPs) have had many notable biological 
roles in therapeutic field (antimicrobial, anticancer, antiparasitic, an-
tidiabetic and antioxidant activity, bio-molecular detection and diag-
nostics, drug delivery, food manufacturing, farming and waste treat-
ment [6-9].

 Ziziphus spina-christi L., frequently referred to as Christ’s Thorn 
Jujube, is a deciduous tree indigenous to hot temperate and subtropi-
cal areas, including North Africa, South Europe, Mediterranean, Aus-
tralia, South, and East Asia and the Middle East [10]. Z. spina-christi 
L. (Family: Rhamnaceae), it was called sedr (related to the Qur’an 
lote trees). It was one of the most important crops in folk medicine 
in Saudi Arabia [11]. Z. Spina-Christi has been used as an alternative 
medicine for the treatment of fever, pain, dandruff, wounds and ul-
cers, inflammatory conditions, asthma and eye illnesses [12].

 Z. spina-christi has been shown to possess antibacterial, antifun-
gal, antioxidant and anti-hyperglycemic activity. Ziziphus plants con-
tain strong reducing agents such as polyphenols, terpenoids, phenolic 
acids, alkaloids, sugars flavonoids, saponins and proteins which are 
key players for bio reduction of silver ions (Ag+) due to presence of 
several -OH group [13].

 The nanoparticles inhibit bacterial cell division causing membrane 
destruction and enhanced cell permeability, which ultimately leads to 
cell death [14]. Bacterial proliferation also declines when functional 
groups on the surface of nanoparticles interfere with proteins of the 
bacterial membrane, phospholipids, lipoproteins, and lipoteichoic ac-
ids and decrease their colonization and surface adherence [15].The 
mechanism of antifungal activity of silver nanoparticles was also re-
ported [16,17].

 In the present research, we used Ziziphus spina-christi plant ex-
tracts for green synthesis of AgNPs.Up to our knowledge, there is no 
report on synthesis of silver nanoparticles fromZiziphus spina-chris-
tiL till date. Green synthesis of nanoparticles is an eco-friendly ap-
proach, which should be further studied for the potential synthesis of 
nanoparticles using different plant extracts [18].Several pathogenic 
gram-positive and gram-negative bacterial strains were explored for 
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the antimicrobial activity of biosynthesized silver nanoparticles. The 
antifungal activity of these particles against pathogenic fungi was also 
evaluated.

Materials and Methods
Materials

 Ziziphus spina-christiplant were obtained from a local farm (Me-
kkah, KSA)identified by our expert botanical taxonomists, Silver ni-
trate (AgNO3), Nutrient agar, Mueller Hinton Broth (MHB), Mueller 
Hinton Agar (MHA) were purchased from Sigma–Aldrich (St. Louis, 
MO, USA). DimethylSulfoxide (DMSO) from SD Fine-Chem Lim-
ited, India.Potato Dextrose Agar (PDA) and Potato Dextrose Broth 
were from (Difco Laboratories, Fisher Scientific).The bacterial 
strains used in the present study were collected from King AbdulAziz 
hospital, Mekkah, KSA.All bacterial strains were identifiedmolec-
ularly using 16s rRNA as reported by Malah[19].Mutant strains of 
P. aeruginosaand K. pneumoniaehave been submitted to Genbank 
under accession number MN121254, MN121255, MN121256, and 
MN121250 respectively.All fungal isolates were identifiedusing ITS 
rDNA sequence analysis as reported by Al-Zubaidi[20].

Preparation of aqueous leaf extract of Ziziphus spina-christi

 Ziziphus leaves were extracted according to the method described 
by Adzu [21]. The plant was dried under shade at 25°C and the dried 
leaves were ground into powder. Five grams of dried powder was 
added to 100 ml of double-distilled deionized water stirred for 15 min 
at room temperature. The extract was filtered through Whatman No. 1 
filter paper and was used for biosynthesis of silver nanoparticles [22].

Green synthesis of silver nanoparticles

 Ziziphus leaves extract solution (1, 2, 3, 4 and 5 mL) were added 
separately to 10 mL of 1 mM silvernitrate solution with constant stir-
ring for 90 min at room temperature and incubated in a dark bottle to 
minimize photo-activation of silver nitrate.The pH value of result-
ing solution was measured to be about 7.5. The color of the solution 
was changed to light brown immediately and then to dark brown af-
ter 90 min indicating the reduction of Ag+ to Ag0which was further 
confirmed by usingUV-Visible spectroscopy.The silver nanoparticles 
obtained by Ziziphus leaves extract were centrifuged at 15,000 rpm 
for 10 min and then dispersed in sterile distilled water to get rid of any 
clumsy biological materials.

Characterization Methods 

 UV visible spectroscopy was carried out on a (UV-2450, Shimad-
zu, Tokyo, Japan). FT-IR Spectra for silver nanoparticles solution was 
carried out using Fourier transform infrared spectroscopy (Thermo 
Scientific Smart iTR™). Scanning electron microscopy (SEM) anal-
ysis of silver nanoparticles was done using JEOL JSM 5200 SEM 
Electron Microscope. The shape and size of silver nanoparticles were 
determined by High-Resolution Transmission Electron Microscope 
(TEM, JEM2100, Jeol, Japan). Few drops of silver nanoparticles sus-
pension were loaded on a carbon-coated copper grid and then allowed 
to air-dry on a filter paper for 5 -10 min.

Antimicrobial activity

 A single colony of each test strain was grown overnight in MHB 
on shaker incubator with (200 rpm) at 37°C. The overnight bacterial  

cultures were diluted with 0.9% NaCl to obtain 0.5 McFarland stan-
dards and then plated on MH agar plates and left for 1 hour at RT. 
together withSterile disks were impregnated with different concen-
tration of AgNPs (10 µg/ml, 20 µg/ml, and 30 µg/ml) were placed on 
the swabbed plate and incubated overnight at 37°C and the zone of 
inhibition was measured [23]. The antifungal activity of AgNPs was 
examined against the fungal isolates A. flavus,P. digitatum, F. oxys-
porum, and A. niger by using agar well diffusion method [24]. Fungi 
under test were grown on PDA liquid media at 26°C for 5 days, and 
then cells containing 1 × 106 colony-forming units/mL were cultured 
on fresh PDA solid media. 50 μl containing different concentrations 
of AgNPs (10 μg/mL, 20 μg/mL, and 30 μg/mL) was placed on 8 mm 
diameter wells on PDA media and incubated at 26°C for 5 days. Con-
trols of Silver-free plates as well as Nystatin PDA plates as a standard 
antifungal control were also incubated under the same conditions.

Data analysis 

 The fungal mycelium growth was recorded on PDA plates con-
taining AgNPs and antifungal standard (Nystatin).When mycelial 
growth on Silver-free plates reached the edge of the petridish, radial 
inhibition rate was calculated according to the following equation. 

Inhibition rate (%) = R−r/R

 Where R is the fungal radial growth on the control silver free plate 
and r is the radial of fungal growth on culture plate inoculated with 
AgNPsor Nystatin.

Results and Discussion
Effect of incubation period

 Effect of incubation period on the change of the color of biosyn-
thesized AgNPs was achieved indicating the successful reduction of 
silver metal ions. The intensity of the dark brown color was directly 
proportional to the incubation time of reaction mixture.The rate of 
silver ions reduction was going slowly during the first 15 min, as in-
dicated by the low absorbance values at wavelength 420 nm and color 
intensity.Significant increase in the absorbance together with color 
intensitywas revealed after a time periods up to 90 min as shown in 
(Figure 1).

UV-Vis spectroscopy

 Ziziphus spina-christi plant-mediated synthesis of silver nanopar-
ticles was analyzed using UV-Vis. spectroscopy within reaction 

Figure 1: Formation of AgNPs using Ziziphusspina-christi leaf extract within time. 
The bright brown color of the reaction mixture is indicating the formation of nanopar-
ticles.
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duration regarding the surface plasmon resonance (SPR) of the syn-
thesized silver nanoparticles. (Figure 2) shows the absorption spectra 
of the synthesized silver nanoparticles at a different time interval (15 
to 90 min). The absorption peaks obtained at 420 nm can be due to 
the surface plasmon resonance excitation as reported by Obaid [25]. 
It was observed that the concentration of 1mM of AgNO3 displayed 
good optical properties and stability and resulted in the creation of 
well-dispersed silver nanoparticles as evidenced by color and UV-
Vis plots. On the behalf of UV-Vis data, it was cleared that Z. christi 
extract was successfully capable of reducing silver metal ions rapid-
ly after 15 min from initiation reaction indicating the formation of 
nanoparticles as reported by Ahmed and Ikram [26]. 

SEM, TEM and FTIR

 The surface morphology and formation of nanoparticles was ana-
lyzed using SEM. (Figure 3A and 3B) shows that the biosynthesized 
nanoparticles were sphericalin shape with different particle size.TEM 
measurements gave further insight into the morphology and size de-
tails of the silver nanoparticles. DLS histogram indicated most of the 
particles were in the size range between 10 and 42.3 nm and possesses 
an average size of 24± 4 nm (Figure 3C) which was in well agreement 
with the data obtained by TEM imaging.

 FTIR analysis was carried out to identify the biomolecules for 
capping and efficient stabilization of the metal nanoparticles synthe-
sized. The FTIR spectrum of silver nanoparticles showed broad band 
at 3300 cm-1 corresponds to O-H stretching H-bonded alcohols and 
phenols (Figure 4).

 The sharp band at 1638 cm-1 corresponds to secondary amides 
C=Oconjugated carbonyl’s (C=). The peak at 1056 cm-1 showed the 
bond stretch for C-O.Whilethe stretch for AgNPswas found around 
516 cm-1 [27]. The presence of Carbonyl groups or conjugated car-
bonyl’s (C=) proved that flavanones or terpenoids could be absorbed 
on the surface of metal nanoparticles. The FT-IR results indicate that 
the secondary structures of proteins were not affected as a conse-
quence of reaction with Ag+ ions or binding with AgNPs.

Dynamic Light Scattering (DLS)

 The physicochemical characterization of prepared nanomaterials 
is an important factor in the study of biological activities using radi-
ation scattering techniques [28,29]. DLS tests the light from a laser 
that passes through a colloid and relies mostly on Rayleigh scattering 
from the nanoparticles that are suspended [30]. The modulation of the 
scattered light intensity is then measured as a function of time and the 
hydrodynamic scale of the particles can be calculated [31]. To deter-
mine any nanomaterial’s toxic potential, its solution characterization 
is necessary [32].Therefore, DLS is used mainly to assess particle 
size and size distributions in watery or physiological solutions [33].
The average of particle size used in this study was 24±4 nm. (Fig-
ure 3A,B and C) revealed that the nanoparticles arespherical in shape 
and not uniformly distributed (polydispersed). These results were in  

Figure 2: UV-visible absorption spectrum of biosynthesized AgNPs by the reduction 
of Ziziphus extracts solution at different incubation time (15, 30, 45, 60, and 90 min).
The surface plasmon resonance peaks of silver nanoparticles were shown at 420 nm.

Figure 3: (A) SEM micrograph of biosynthesized silver nanoparticles using 
Ziziphusspina-christi leaf extract magnified 350x. (B) TEM micrograph of biosynthe-
sized silver nanoparticles, the scale bar corresponds to 100 nm. (C) DLS histogram of 
biosynthesized AgNPs indicates size distribution by number.

Figure 4: FITR spectrum of silver nanoparticles from Ziziphusspina-christi.
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agreement with the values obtained by TEM measurements as shown 
in (Figure 3B). 

Antimicrobial activity

 In the current study, the antimicrobial activity of the synthesized 
AgNPs against five pathogenic bacteria (A. baumanni, S. aureas, 
E.coli, K. pneumoniae, and P.aeruginosa) and four isolates of identi-
fied fungi (A. flavus, F. oxysporum,P. digitatum,and A. niger) was in-
vestigated, and antimicrobial activity of AgNPs have been compared 
to antimicrobial agent by antibacterial and antifungal drugs as Gen-
tamycine and Nystatine, respectively. The synthesized AgNPs were 
proved to have antimicrobial activity against all the tested microor-
ganisms (Table 1 and 2). Three repeats were performed for each tested 
strain.

 Inhibition rates were determined based on three replicates of 
each experiment.The diameters of bacterial inhibition zones (mm) 
for AgNPs against A. baumanni, S. aureas, E.coli, K. pneumoniae, 
and P. aeruginosa showed strong antibacterial activity in comparison 
to those reported by Guzman [34]. The inhibitory effect of the Ag-
NPs on each bacterial strain is specific and differs from each other. 
Our study was agreed with that obtained by results of antibacterial 
activities of biosynthesized silver nanoparticles evaluated from the 
agar well diffusion method using C. zylinicum extract mediated sil-
ver nanoparticles revealed that the AgNPs showed great antibacterial 
activity against both gram negative and gram positive bacterial strain 
where the inhibition zone diameter were (25, 22, 24, and 24 mm) for 
S. aureus, A. baumannii, P. aeruginosa, and K.pneumonia, respective-
ly. As well as, our results were consistent with the results obtained by 
Halawani,whostudied the antibacterial properties of silver nanoparti-
cles using Zizyphusspinachristi L aqueous leaves extract (ZSE), and 
found that the maximum inhibition zones of 24 mm, 23 mm, 15 mm 
and 17 mm against S. aureus, Acinetobacter sp. , P. aeruginosa and E. 
coli, respectively [35].

 The inhibition rate of silver nanoparticles (AgNPs) against A. 
flavus, F.oxysporum, P. digitatum, and A.niger on PDA in vitro 
was shown in (Table 2). Inhibition rate of P. digitatum treated with 
30 μg/ml concentration of silver nanoparticles was (97.5%), followed 
by (96.5%) for A.niger, (95.75 %) for A. flavus, and (93.3 %) for 

F. oxysporium. Our results matched with that obtained by Al-Zubaid-
iwho indicated that the biothensizedAgNPs inhibited the growth of 
three different pathogenic fungi, including Fusariumoxysporum, As-
pergillusflavus and Penicillin digitatum, at 10 µg/ml concentrations 
of AgNPs in comparison to Nystatin and the highest inhibition rate 
obtained was (97.3%), (93.75 %), and (91.0 %) against A. flavous, P. 
digitatum, and F. oxysporum, respectively.

Bacterial strains Gentamycine (Standard antibacterial 
agent) (Mean±SD) (20 μg/ ml)

*Diameter of inhibition zone (mm) produced by AgNPs (Mean±SD)

10 µg/ml 20 µg/ml 30 µg/ml

Staphylococcus aureus 15.0±0.06 5.2±0.04 19.5±0.04 22.75±0.08

Acinetobacterbaumannii 30.0±0.3 4.5±0.1 15.75±0.06 24.85±0.10

Pseudomonas aeruginosa 12.0±0.1 7.9±0.007 15.0±0.08 16.85±0.14

Klebsiella pneumonia 16.0±0.1 7.5±0.006 8.5±0.02 18.5±0.2

E.coli 30.5±0.1 4.4±0.05 11.5±0.17 22.0±0.1

Fungal isolate Inhibition rate (%) produced by Ny-
statin (Standard antifungal agent)

Inhibition rate (%) produced by AgNPs

10 µg/ml 20 µg/ml 30 µg/ml

A. flavus 96.0 75.0 88.0 95.75

F. oxysporum 95.0 68.75 87.5 93.3

P. digitatum 97.0 62.5 91.0 97.5

A. niger 98.0 72.8 90.5 96.5

Table 1: The antimicrobial activity (inhibition zone in mm) of the biosynthesized AgNPs against test strains.

Table 2: Inhibitory rate (%) of silver nanoparticles against some pathogenic fungi.

Figure 5: Activity of silver nanoparticles against (A) E.coli (B) P. aeruginosa (C) A. 
baumanni (D) K. pneumonia (E) S. aureas (F) A. flavus (G) F. oxysporum (H) P. digi-
tatum and (I) A. niger.
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 One of the important parameters of AgNPs against microbes is the 
surface area of the nanomaterials. AgNPs can sustainably release Ag+ 
in and out of bacteria. The size of metallic nanoparticles ensures that 
a significantly large surface area of the particles is in contact with the 
bacterial cells. Such a large contact surface is expected to enhance the 
extent of bacterial elimination [36]. Smaller AgNPs having a large 
surface area available for interaction would give more bactericidal 
effect than the larger AgNPs [37].The size of the nanoparticles de-
veloped in the current study was multi-size, ranging in size from 10 
to 42 nm with average size 24±4 nm, therefore, the great microbial 
inhibition might be due to the smaller size ofAgNPs (≤24 nm) as the 
smaller the size of nanoparticles, the greater the inhibitory effect of 
microbes as reported by Zawadzka[38].

 The mechanism of inhibitory action of AgNPs on microorganisms 
indicates inhibition of DNA replication and consequently, and the ex-
pression of the ribosomal subunit protein might be deactivated, as well 
as other cellular proteins and enzymes that are crucial for the manu-
facturing of ATP, thereby inactivating microorganisms by changes in 
gene expression [39-41]. Other studies have suggested that AgNPs 
can bind to the cell membrane that disorders cell permeability and 
respiration or interfere with the electron transport system of microbes 
[42-44]. AgNPs found to have a strong an inclination to react with 
sulfur and phosphorus groups present on the cell membrane proteins 
as well as interacting with phosphorus present in DNA and inhibition 
of metabolic pathway indicated another mechanism governing gene 
expression involving the bactericidal action of AgNPs. Specifically; 
the AgNPs demonstrated the adequate activity of sterilization against 
E. coli and S. aureus[45-48]. The Ag NPs ‘ antibacterial activity en-
gaged a species-specific mechanism of multiple antioxidant genes be-
ing upregulatedas well as genes coding for pumps for metal transport, 
metal reduction, and ATPase. Hence, AgNPs antibacterial mechanism 
is linked to antioxidant depletion.

 Certain studies indicate that the beneficial impact of the Ag+ ion 
on its antimicrobial activity through the electrostatic attraction be-
tween the microorganisms’ negatively charged cell membrane and 
the positively charged nanoparticles [49-51]. AgNPs have not been 
demonstrated to trigger bacterial resistance to bacterial diseases that 
presently complicate antibiotic therapy. This is presumed to be caused 
by the reality that in contrast to antibiotics AgNPs have not their an-
tibacterial impacts at a single particular site but at various range of 
targets in the organisms such as a bacterial wall, protein synthesis and 
DNA [52]. The synthesized AgNPs showed an extremely pronounced 
antifungal activity that could be likely due to the destruction of fungal 
membrane integrity which leads to cell death[53]. 

Conclusion
 It is becoming very hard to combat infectious diseases and cure 
patients due to widespread of MDR, in which bacteria are developing 
resistance to a wide range of antibiotics, leading to severe morbidity 
and mortality. AgNPs are a feasible solution to antibiotics and seem 
to have a strong ability to overcome the emergence of bacterial MDR.
From the current study, it is clear that the silver nanoparticles syn-
thesized through the green route using leaf extract of Ziziphus spi-
na-christiexhibited remarkable antimicrobial activity against both 
gram-positive and gram-negative bacterial strainsand also could be 
considered as a potential antifungal agent. Thus, the silver nanopar-
ticles from leaves of Ziziphus may be used in the management of hu-
man microbial infection. 
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