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Antifungal Properties of Silver Nanoparticles Synthe-
sized From Capparis Spinosa Fruit

Background: Nanoparticles (NPs) are colloidal systems with particles ranging from 10 to 100 nm 
in diameter. Because of their large surface-volume ratio, NPs‎ are biologically active materials that 
could interact with biomolecules and microorganisms, enter into the cells, and affect the metabolic 
functions. The study aimed to biosynthesize silver nanoparticles (Ag-NPs) from Capparis spinosa 
fruit aqueous extract, and evaluate their Ag nanostructure characterization and antifungal activity. 

Materials and Methods: Capparis spinosa fruit aqueous was prepared with the percolation method. 
Then, silver NPs‎ were synthesized using 0.01 M silver nitrate solution, and their formation was 
validated by color changing of the solution from green to dark brown‎. The NPs were purified ‎using 
centrifugation and then dried in an oven for further analyses. Ag-NPs nanostructure characterization 
was determined by various techniques such as Fourier Transforms Infrared (FTIR) spectroscopy, 
Scanning Electron Microscope (SEM), and Ultraviolet-visible (UV-Vis) spectroscopy. Antifungal 
activity of Ag-NPs against three pathogenic fungi of Candida albicans, Candida glabrata, and 
Kluyveromyces marxianus was also evaluated using the microdilution method.

Results: Synthesis of Ag-NPs from aqueous extract of C. spinosa fruit was done successfully. UV-
Vis spectrum of Ag-NPs showed an absorbance peak around 420 nm, revealing Ag-NPs surface 
plasmon resonance (Kmax). FTIR analysis showed that functional groups correspond to plant 
bioactive components, promoting the formation of Ag-NPs. Furthermore, spherical uniformity of 
the synthesized Ag-NPs from plant extract was confirmed by SEM analysis within the 50-80 nm 
size range. Our results showed that the produced Ag-NPs were spherical and in a suitable form and 
size (50-80 nm). The biosynthesized Ag-NPs had an inhibitory effect against all tested fungi with 
the minimum inhibitory concentration of 2500, 5000, and 625 µg/mL and minimum bactericidal 
concentration of 10000, 10000, and 156.25 µg/mL for C. albicans, C. glabrata, and K. marxianus, 
respectively. 

Conclusion: According to the UV-Vis spectrum, FTIR, and SEM results, we succeeded in 
synthesizing Ag-NPs from C. spinosa fruit aqueous extract. This research was the first report of 
Ag-NPs synthesized from aqueous extract of C. spinosa fruit. Our simple, quick, and inexpensive 
method for biosynthesis of a nanoparticle, which showed antifungal activity, provides a new potential 
antifungal agent for therapeutic applications. 
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Introduction

andida albicans is an opportunistic organ-
ism which can cause a variety of infections 
in human. Three major forms of candidia-
sis are vulvovaginal candidiasis, invasive 
candidiasis, and oropharyngeal candi-
diasis. More than 75% of women suffer 

from C. albicans infection once in their lifetime. It is 
the fourth leading cause of nosocomial infections in pa-
tients’ bloodstreams [1]. Although Kluyveromyces marx-
ianus is not usually a pathogen for human disease, it has 
been recovered from catheters, associated with candi�-
demia, and found in biofilms on many indwelling de�-
vices such as prosthetic heart valves and pacemakers. K. 
marxianus has been seen in about 1% to 3%  of cases 
with female genital infections, surgical wounds, and in-
fections related to upper respiratory tracts [2, 3].

Candida glabrata has been introduced as the second 
most common cause of candidiasis, with the mortality 
of 40%-50%. Infections caused by C. glabrata have in-
creased worldwide, which may be due to the prevalence 
of antifungal drug resistance among the clinical isolates 
of this yeast [4]. It is, thus, crucial to assay and apply 
new drugs to design more suitable therapeutic strate-
gies and control diseases caused by the fungi. Nanopar-
ticles (NPs) are colloidal systems with particles ranging 
from 10 to 100 nm. Nowadays, a wide range of NPs are 
available and often produced by chemical and biologi-
cal methods [5]. Studies have shown that NPs‎ are bio-
logically active due to their large surface-volume ratio. 
Therefore, they could interact with biomolecules and mi-
croorganisms, enter into the cells, and affect their meta-
bolic functions [6].

Recently, silver has drawn considerable attention due 
to its application in various industries such as jewelry, 
medicine, electronics, and chemical synthesis as a cata-
lyst. Additionally, the pharmacological properties of the 
silver NPs‎ persuaded researchers to study Ag-NPs appli-
cations in drug delivery, drug design, medical imaging, 
and controlling antibiotic-resistant pathogens [7]. Ag-
NPs are now synthesized by various methods, including 
the chemical reduction of Ag ions in solutions, photore-
duction in reverse micelles, electrolysis technique, and 
radiation-assisted reduction [8, 9]. However, the major-
ity of these methods are not eco-friendly; hence, their use 
is limited in medicine [10]. These limitations call for the 
development of new methods for the synthesis of Ag-
NPs with low toxicity and high efficacy. 

Green synthesis refers to the use of biological mol-
ecules for fabricating various nanostructures. In these 
methods, biomolecules play a central role in reducing, 
capping, and stabilizing the produced nanostructures. 
Since biomolecules are known as biocompatible and 
degradable molecules, green synthesis of nanomateri-
als is currently growing [11]. Herbal compounds can 
potentially reduce metal ions and produce NPs‎ rang-
ing from nanoscale to microscale in a one-step process. 
Besides, plant-derived NPs‎ are known as non-toxic and 
eco-friendly compared with those made through physi-
cal and chemical methods [11, 12]. 

C. spinosa, with the common name “caper” (Cappari-
daceae family), grows in the different areas and especial-
ly in Iran [13]. Studies have shown that caper contains 
some potent polyphenols such as quercetin, kaempferol, 
and anthocyanins with therapeutic effects. Therefore, 
the caper is extensively used in traditional medicine to 
treat rheumatism, gastrointestinal disorders, headache, 
toothache, as well as kidney and liver diseases [13, 14]. 
In recent studies, several biological functions, includ-
ing antioxidant, anticancer, antimicrobial, and anti-in-
flammatory activity, are related to C. spinosa plant [14]. 
The present study was conducted to fabricate silver NPs‎ 
mediated by C. spinosa fruit extract and investigate the 
antifungal activity of produced NPs‎. 

Materials and Methods 

Collection of the plant

 C. spinosa fruits were collected from Kouhdasht City, 
Lorestan Province, Iran, in 2019 September.  They were 
identified by expert botanists of Razi Herbal Medicine 
Research Center, Lorestan University of Medical Sci-
ences (Khorramabad, Iran). The fruits were washed us-
ing distilled water, shadow dried, powdered, and stored 
in the refrigerator for later uses.

Preparation of aqueous extract

 Five grams of C. spinosa fruit powder was poured into 75 
mL of deionized water in a 250-mL flask. Then, the flask 
was stored at 80° C for 50 min, and after cooling, the con-
tent was filtrated through Whatman filter paper (pore size: 
20-25 mm). The filtrated extract with a final concentration 
of 2 g/L  stored at 4° C until further use [15, 16].

Synthesis of silver NPs‎

First of all, 60 mL of freshly prepared extract was add-
ed to 100 mL of freshly prepared 0.01 M silver nitrate 
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solution while being stirred continuously, and then it 
was kept at 60° C for 24 h. Color changing of the solu-
tion from green to dark brown indicated the formation 
of NPs‎. Afterward, it was centrifuged at 10000 rpm for 
10 min. Centrifugation procedure was repeated twice to 
remove all impurities from the synthesized NPs‎. The re-
sulting purified silver NPs‎ were dried in an oven at 40° C 
and then kept for further analyses [17, 18].

Characterization of silver NPs‎

To characterize silver NPs‎, we used three analytical 
procedures:

1. Ultraviolet-Visible (UV-Vis) spectrum analy-
sis: Ag+ ions reduction was monitored using UV–Vis 
spectrum measurement of the reaction medium after 5 
hours. A small aliquot of the sample was diluted in dis-
tilled water, and UV–visible spectral analysis (200 to 
700 nm) was done using a UV–Vis spectrophotometer 
(JENWAY6405).

2. Fourier Transforms Infrared Spectroscopy (FTIR): 
The synthesized Ag-NPs and KBr powder were mixed 
and then pressed into a pellet for measurement. Back-
ground correction was prepared using a reference blank 
KBr pellet. The analysis and measurement were per-
formed using the FTIR spectrophotometer (model Ni-
colet 32) in a range of 400-4000 and with a resolution 
of 1-4 (cm-1) [18].

3. Scanning Electron Microscope (SEM): Size and 
morphology of synthesized NPs‎ were examined using 
electron microscopy (Mira3, Made in Czech) with 15 
kV, magnification of x10, and resolution of 1 nm.

Antifungal activity study 

Fungal strains

Standard strains of Candida glabrata (PTCC 5297), 
Candida albicans (PTCC 5072), and Kluyveromyces 
marxianus (PTCC 5193) were purchased from Depart�-
ment of Medical Mycology, Iran University of Medical 
Sciences, Tehran, Iran. The strains were incubated in sa-
bouraud dextrose agar at 30° C for 2-3 days. 

In vitro antifungal activity assessment:

Antifungal effects of Ag-NPs against the three fungi 
were investigated using the broth microdilution meth-
od, according to the modified M27-A3 protocol on 
yeasts provided by the Clinical and Laboratory Stan-
dards Institute (CLSI, 2005). First of all, two-fold se-

rial dilutions of each nanoparticle (ranging from 9.7 to 
5000 µg/mL) were prepared in 1% dimethyl sulfoxide. 
After that, 100 µL of nanoparticle solution was pipetted 
into the first row of the 96-well microplates. Then, 50 
µL peptone dextrose broth (Sigma–Aldrich) was added 
to the other wells.

Serial dilutions were prepared similarly for each well 
that had 50 µL of the test material in serially descending 
concentrations. Afterward, 50 µL of broth, containing 
each one of fungi suspension (5.0×105 CFU/mL), was 
added to each well. The microplates were sealed with 
clean film and incubated at 30° C for 36 h. Finally, 15 µL 
of 2, 3, 5-triphenyl tetrazolium chloride (TTC, 0.18%) 
solution was added to each well and incubated at 37° 
C for 1 h. The lowest nanoparticle concentration that 
showed no color change (clear) was recorded as positive 
and considered as minimum inhibitory concentration 
(MIC). The lowest concentration that yielded negative 
sub-cultures was considered as Minimum Bactericidal 
Concentration (MBC) [19, 20].

Statistical analysis

All experiments were conducted in triplicate, and the 
values were analyzed in SPSS V. 19 to find any signifi-
cant differences among the parameters and variables. 
Results were considered significant if P<0.05.

Results

UV-Vis absorption spectroscopy analysis:

 The addition of aqueous extract of C. spinosa into the 
beakers containing an aqueous solution of AgNO3 led 
to color changing of the solution to yellowish to reddish-
brown, because of excitation of surface plasmon vibrations 
in silver NPs‎. The formation of the color was for excita-
tion of the surface plasmon vibrations, typical of Ag-NPs 
with גmax values, which are recorded in the visible range of 
400–450 nm. Bioactive compounds, like polyphenols, are 
strong stabilizers and anti-aggregating agents.

Therefore, binding of Ag-NPs to polyphenols creates 
a significant absorption at 420 nm, indicating how the 
nanostructure of Ag is stabilized at the contact of plant-
derived compounds [21]. Our synthesized NPs‎ also had 
a maximum peak in the zone of 420 nm (Figure 1). 

Fourier transform infrared analysis:

C. spinosa fruit extract showed several characteristic 
bands in the FTIR (Figure 2.B). The peak at 3381.33 

Antifungal Properties of Capparis spinosa Nanoparticles

Res Mol Med, 2019; 7(4):43-50

http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjC2v6cvs_SAhXjHpoKHU44AUMQFggaMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FKluyveromyces_marxianus&usg=AFQjCNEW0bSnVTSm7xOvFGEfa0fZuqWcIA&sig2=XuQBSREBR_qrmbuU6HR1Rg&bvm=bv.149397726,d.bGs
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjC2v6cvs_SAhXjHpoKHU44AUMQFggaMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FKluyveromyces_marxianus&usg=AFQjCNEW0bSnVTSm7xOvFGEfa0fZuqWcIA&sig2=XuQBSREBR_qrmbuU6HR1Rg&bvm=bv.149397726,d.bGs


46

cm-1 is due to the O-H stretch, and the peak at 2938.04 
cm-1 is assigned to the stretching vibrations of the CH2 
functional group. The peaks at 1741.78 cm-1 and 1604.83 
cm-1 are attributed to carbonyl stretching vibration, an 
initial methyl group, and amide I group of proteins, re-
spectively. Finally, the peak at 1056.1 cm-1 is responsible 
for the stretching band of C-O groups [22]. The FTIR 
spectra of Ag-NPs synthesized from C. spinosa fruit ex-
tract is shown in Figure 2.B. The slight shifts in peak 
positions of the synthesized Ag-NPs from 3381.33, 

2938.04, 1741.78, 1604.83, and 1056.1 cm-1 to 3383.26, 
2936.04, 1612.54, 1518.04, and 1068.60 cm-1 respec-
tively, indicates that different phytochemicals present in 
C. spinosa fruit extract are responsible for reducing and 
stabilizing the nanoparticles (Figure 2.B).

Scanning Electron Microscopy analysis of AgNPs

SEM images analyses can reveal the formation and 
morphology of stable Ag-NPs‎ achieved from our green 
approach. Our scans showed the presence of both ag-

Table 1. Antifungal effects of Ag-NPs (with particle size from 50 to 80 nm and concentration of 9.7 to 5000 µg/mL) and fluco-
nazole against some pathogenic fungal strains

Microorganism
Ag-NPs Fluconazole

MIC (µg/mL) MBC (µg/mL) MIC (µg/mL) MBC (µg/mL)

C. albicans (PTCC 5072) 2500 10000 64 <128

C. glabrata (PTCC 5297) 5000 10000 128 128

K. marxianus (PTCC 5193) 625 156.25 128 >128

Abbreviations: MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration.

Figure 1. Ultraviolet-visible spectra of Ag-NPs synthesized (blue) and crude extract of C. spinosa with a concentration of 5 g/75 
mL (red)

Figure 2. Fourier transforms infrared spectra of the A: water extract of C. spinosa fruit, and B: synthesized Ag-NPs from C. 
spinosa fruit extract
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gregated and dispersed Ag-NPs. The nanoparticles were 
mainly uniform in a spherical shape with the average 
particle size from 50 to 80 nm. The Kmax obtained from 
UV-Vis spectra for the distribution of size has an excel-
lent resemblance with the SEM (Figure 3).

Antifungal assays

 Silver ions, especially Ag-NPs, are known to have strong 
antimicrobial activities. Although our synthesized Ag-NPs 
showed weak antifungal activity compared with a standard 
antibiotic (fluconazole), it was effective to some extent 
against C. albicans, C. glabrata, and K. marxianus. It must 
be considered that the antifungal potential of Ag-NPs de-
pends on the fungus type, the size of Ag-NPs, and associ-
ated closely with the formation of pits in the cell wall of 
fungus membrane integrity (Table 1).

Discussion 

Since Ag-NPs have shown various pharmacological 
potential applications, including anti-cancer, anti-par-
asitic, antifungal, and antibacterial activities, the green 
synthesis of Ag-NPs offers additional advantages over 
other methods [9]. 

Comparing with physical and chemical methods, green 
biosynthesis of the NPs method is completely non-toxic 
and eco-friendly [11, 12]. NPs‎ have several antimicro-
bial mechanisms. For example, they affect respiratory 
cycle proteins and enzymes or generate free radicals and 

reactive oxygen in microbial cells [23]. In the case of 
Ag-NPs, they either anchor to the cell membrane, in-
crease its permeability, and subsequently cause the cell 
death [24]; or create radicals and reactive oxygen, which 
may disrupt cellular integrity and normal functions. 
Artunduaga et al. [24] showed a potent antifungal ac-
tivity of Ag-NPs against fluconazole-resistant Candida 
species. Artunduaga Bonilla et al. [24] synthesized ef-
ficient Ag-NPs using chemical reduction with cysteine 
with improved potency against C. krusei and C. glabrata 
compared with fluconazole.

In this study, we synthesized Ag-NPs from aqueous 
extract of C. spinosa fruit, which showed efficacy in re-
ducing Ag2+ (AgNO3) bulk to Ag0 (Ag-NPs). Some po-
tent compounds such as flavonoids, kaempferol, and an�-
thocyanins are present in aqueous extract of C. spinosa, 
which can act as a capping agent as well as an efficient 
stabilizer in the formation of NPs‎ [25, 26]. 

Major parameters involved in biological function are 
size, monodispersity, and surface charge. Studies of 
Gguterrez-Martinez et al. showed that Ag-NPs could 
be the most potent antimicrobial agents when they are 
smaller than 100 nm in size [27]. Therefore, small NPs‎ 
(<100 nm) have a variety of biological functions because 
of their increased surface area to volume ratio. Addition-
ally, silver ions produced from Ag-NPs exhibit high re-
activity to negatively charged functional groups in bio-

Figure 3. Scanning electron microscope micrograph of Ag-NPs synthesized by C. spinosa fruit extract
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logical molecules such as phospholipids, proteins, and 
polysaccharides [28].

In this study, the physical properties of synthesized NPs‎ 
were extensively investigated using many techniques such 
as FTIR, SEM, and UV-Visible spectroscopy.  Ag-NPs ob-
tained from green synthesis were nearly spherical with the 
size ranging from 50 to 80 nm. Our synthesized Ag-NPs 
showed antifungal activity against C. albicans, C. glabra-
ta, and K. marxianus. Similarly, many studies have been 
conducted on the antifungal effects of Ag-NPs with differ-
ent potencies. Nasrollahi et al. demonstrated that chemi-
cally synthesized Ag-NPs by PVP/NaBH4 had remarkable 
antifungal activity on C. albicans and S. cerevisiae [29]. 

Moazeni et al. [30] also showed that Ag-NPs synthe-
sized by a fungal strain of the Trichophyton rubrum ex-
hibited a strong impact against the growth of C. albicans. 
Kim et al. [31] reported that spherical Ag-NPs could ef-
fectively inhibit the growth of dermatophytes, including 
Trichophyton mentagrophites, Tricosporon begelli, and 
some Candida species even stronger than fluconazole. 

Conclusions

Synthesis of Ag-NPs from aqueous extract of C. spino-
sa fruit was done successfully, and a simple, quick, and 
inexpensive method for producing a desirable nanopar-
ticle was designed. Our results showed that the produced 
Ag-NPs are in such suitable form, in size (50-80 nm) 
and spherical, that could be applied as antifungal agents 
for biological control of food spoiling and also as a new 
therapeutic agent against fungal infections in human and 
animals. Although compared with a standard antibiotic 
(fluconazole), the antifungal activity of synthesized Ag-
NPs against C. albicans, C. glabrata, and K. marxianus 
was weak, it has low toxicity and cost-effective consid-
ering other biological advantages such as being biocom-
patible. This work was the first one to synthesis Ag-NPs 
from aqueous extract of C. spinosa fruit. The synthesized 
Ag-NPs showed relatively acceptable antifungal activity 
against all fungi used in this study.  
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