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Nanotechnology is one of the driving reasons for the upcoming knowledge revolution, particularly in the 
biomedical sectors and the development of antimicrobial alternatives This study included using the well 
diffusion method and the detection of the minimum inhibitory concentration to estimate the antifungal 
activity of green silver nanoparticles (AgNPs) synthesized by the green chemistry process from the leaf 
extract of Atriplex nummularia and evaluated their antimicrobial activities for three pathogenic isolates 
of Candida albicans through Minimum Inhibitory concentration (MIC). Atriplex nummularia leaves 
extract and silver nitrate were used to synthesize AgNPs; the aqueous plant extract acts as a reducing 
and stabilizing agent for silver nanoparticles.Fourier transforms infrared spectroscopy (FTIR),Field 
emission-scanning electron microscope (FESEM),X-ray diffraction (XRD), and Atomic force 
microscope(AFM) were used to evaluate the produced nanostructure. X-ray diffraction analysis was used 
to determine the AgNPs' crystalline nature. FTIR analysis appeared bundle the characteristic of the 
hydrogen-bonded OH group, which may be due to the formation of nanoparticles in the aqueous phase, 
FESEM appeared spherical in shape and around (17.50-127.87) nm in size,AFM ranged between (1-42.36) 
nm,XRD appear the average crystalline size of AgNPs was found between( 6-26 )nm silver nanoparticles 
appeared an antifungal activity at concentration of (512, 256, 128, 64) μg/mL respectively, while showing 
no inhibition and antifungal effects on study isolates at the concentration of( 32,16,8,4,2)μg/ml. The 
antifungal activity of the produced silver nanoparticles from Atriplex nummularia leaves extract was 
proven that its simple, inexpensive, safe, and effective alternative to standard antifungal medicines 

 

  

The processes of chemical, physical, and biological have 
previously been used to create several kinds of 
nanoparticles such as silver,gold,lead, and Platinum [1]. 
Because of the chemical characteristics of these particles 
and their limited capacity to generate drug-resistant 
strains, silver nanoparticles (AgNPs), as one of noble 
metallic nanomaterials, represent most significant 
candidates of choice in medical applications due to their 
wide spectrum of antimicrobial activity against a variety 
of medically important microorganisms. So, (AgNPs) have 
emerged as effective antimicrobial agents and an 
alternative remedy that may play a role in reducing 
multidrug resistance, and there has recently been a surge 
of interest from motivated scientists to adopt various 
metal nanostructures as a new antimicrobial model 
synthesized using green synthetic routes using biogenic 
matter and microbial sources. Nanomaterials produced 
by several physical and chemical methods are poisonous 
or damaging to the environment As a result, researchers 
prefer to use safer methods to make nanomaterials, such 
as the biological technique and green chemistry [2]. Due 
to its ease of manipulation, the green chemistry method 
has been widely used for the simple manufacturing of 
AgNPs [3]. Researchers are adopting green processes to 
manufacture diverse metallic nanoparticles in response to 
the growing need for ecologically acceptable 
nanoparticles. However, for the time being, leaves extract 
has been employed as a reducing agent in the creation of 

nanoparticles that may be useful [4]. Because of its 
antibacterial, antifungal, and antiparasitic properties, 
silver nanoparticles are widely employed in industry and 
medicine [1]. Silver nanoparticles are an important 
nanotechnology component, primarily because they do 
not change biosynthesis in living cells and so do not 
produce microbial resistance. Recent research has shown 
that silver nanoparticles can bind to cell walls and cause 
physical harm by affecting cellular respiration and 
preventing the usual process of budding, however the 
exact mechanisms of action of nano- silver are yet 
unknown [5-8]. There are two methodologies to 
synthesizing nanoparticles: bottom-up and top-down.The 
top-down method is the basis of the mechanical 
breakdown of most structures to the nanoscale structure. 
while on the contrary, the basis of the bottom-up method 
is the get-together of nanoscale structure is made up of 
atoms or molecules [9]. 

  

Preparation of AgNO3 solution 

Silver nitrate was purchased from Sigma (169.873 g/mol), 
0.1725 gm of AgNO3 was dissolved in 250 ml distilled 
water at room temperature to form 0.004 M (4 mM) then 
the solution stir in magnetic stirrer for 15 min to make the 
solution homogenous as shown in( Fig.1) then the 
solution kept in dark container to avoid oxidation 
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Preparation leaves extract of Atriplex 
nummularia 

Atriplex nummularia leaves were washed several times 
with water, then sterilized by 50% alcohol to eliminate 
foreign materials such as dust particles, fungal spores, and 
washed with distilled water more than 5 times, Grind the 
leaves after it dries and the weight is stable,5gm of finally 
grind of leaves were boiled in a cleaned and sterilized 250 
ml Erlenmeyer flask for 45 min with 100 ml of sterile 
distilled water and then boiling the mixture for 5 min in 
water bath for the preparation of broth solutions. The 
leaves extract were and put it in the centrifuge at 5000 
rpm for 10 minutes( Fig.2), it is ready to use [10] 

 

 

Green Synthesis of silver nanoparticles (AgNPs) 

AgNO3 put on a Magnetic Stirrer and inside 
magnetic bar for an 45 minutes at a 
temperature of 60 degrees Celsius then add 20 
ml of aqueous leaves extract drop by drop to 
silver nitrate solution with a concentration of 
0.004 M (4 mM), and watch changes in color from 
transparent to yellow to brown colour after 24 
h (Fig.3) after 24 hours in aqueous  

 

 

Antifungal activity of AgNPs suspension 

The AgNPs synthesized from Atriplex nummularia were 
tested for antifungal activity by well-diffusion method on 
the plate and by minimum inhibitory concentration 
method (MIC) using three Candida albicans isolates 

Well diffusion method 

silver nanoparticles synthesized from Atriplex 

nummularia were compared with artificial 
antimicrobial activities against Candida albicans 
isolates, about 20 ml The melted and chilled 
medium (Sabroud dextrose agar medium) was 
sterilized and poured in Petri dish, The plate was 
left overnight at room temperature for 
inspection pollution. Made 8 wells with a 
diameter of 5 mm using sterilized pasture 
Pipette into the agar plate,well 1-8 was loaded 
with a 50 µl replicated series. The concentration 
of fluconazole Suspension was (512µg / ml) that 
used as a positive control while (D.W) was used 
as a negative control plates were incubated at 
25°C for 24 h inspecting the zones of inhibition 
surrounding the wells, each isolates tested 
triples and using a meter ruler, the diameter of 
inhibitory zones was measured, and the mean 
value for each organism was recorded and 
represented in millimeters. [11] 
Minimum inhibitory concentration (MIC) 

The minimum inhibitory concentration of AgNPs 
was determined by the assays in sterile 96 well 
microtiter plates, 100 µl of serial two fold 
dilution from prepared AgNPs suspension was 
dispensed in the eight microdilution plate well, 
the last four pits were setup as controls. All wells 
were filled by 100µl of Yeast Extract–Peptone–
Dextrose (YPD) broth then add 100µl of AgNPs 
suspension to the 1st well, mixed thoroughly 
and convey 100µl from the first well to the 
second well and so on respectively to the 8th 
well to do serial dilution to the prepared AgNPs 
suspension. One colony from overnight growing 
isolates were suspended in distilled water equal 
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to McFarland tube No.0.5 (1-6X106cell\ml) to 
prepare isolates suspention, 10 µl of Candida 
albicans suspension was added to all wells and 
each isolate tested triplicate 

  

Fourier transform infrared spectroscopy 
analysis (FTIR) 

FTIR analysis of aqueous leaves extract of Atriplex 
nummularia and Silver nitrate (Green AgNPs) contains 
biomolecules responsible for converting silver ions into 
bio-formed silver nanoparticles [12, 13], that appeared 
ten different extensions of the bundles are (3848.84, 
3435.58, 2353.61, 2081.03, 1633.27, 1505.01,1471.28, 
1455.33,1045.72, 692.86)cm-1 as appearance of the peak 
at 3,436.51 cm-1 is due to vibration and stretch the OH 
bond of alcohols and phenols and the N-H expansion 
vibration of the primary amides of the protein is the 
bundle the characteristic of the hydrogen-bonded OH 
group, which may be due to the formation of 
nanoparticles from aqueous phase. 

 

(FESEM) Field-emission scanning electron 
microscopy analysis 

The results showed various shapes and different sizes of 
these particles but the spherical shape prevailed [14] [15] 
and it was distributed Unilaterally (mono scattering) 
without agglomeration and with dimensions ranging 
between (17.50 -127.87) nm as in (Fig.5) the spherical 
shape of silver nanoparticles is one of the desirable 
properties of its relationship Its function and because it 
plays a crucial function in microorganism communication 
with the cell membrane [16]. 

 

 

Atomic force microscopy analysis  The results for 

green way showed two-dimensional and three-
dimensional images of the topography of the surface of 
the silver particles,the nanoparticles have dimensions 
(0.39×0.39) μm and a height of 12 nm as shown in Figure 
(Fig.6.a), while it ranged between (1-42.36)nanometer as 
in the figure(Fig.6.b) 

 

 

 

 

(XRD) X-ray diffraction analysis 

The results of the X-ray diffraction analysis of bio-
manufactured(green synthized) by aqueous extract and 
having (2-Theta) angles(26.408, 28.615, 30.999, 32.384, 
35.773, 38.238, 39.983, 43.621) as in(fig.7) it confirms 
that the extract of the leaves has reduced the entire silver 
ions in the form of silver metal only and without the 
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the success of the preparation on the one hand and also 
proves that the Atriplex nummlaria leaves extract has a 
high reducing ability and prevents the oxidation of silver 
and preserves it without turning it into oxides, as noted in 
anther hand. The absence of an angle (64,77) because the 
silver nanoparticles are less crystallized due to their 
presence in Nano-size and spherical shape [17], the 
average crystalline size of AgNPs was found between( 6-
26 )nm by the calculation that done by using the equation: 

D = 𝐾ʎ
𝛽⁄ CO𝑆𝜃 (Debye-Scherrer ) 

 

Well diffusion method 

The antifungal activity of serial dilutions of the generated 
AgNPs from A triplex nummular by green method was 
evaluated using three different isolates of Candida 
albicans as a model, and the effects were measured as an 
inhibitory zone on the plates using the well diffusion 
method, at varied concentrations of AgNPs (512, 256, 
128, 64, 32, 16) μg/mL, the AgNPs activity against C. 
albicans was tested, the result showing that the (AgNPs) 
solution have an antifungal activities at well No. 1, 2,3,4 
in concentration of(512,256,128,64μg/ml) respectively 

 

 

 

From Table 1 and Fig.9 the highest inhibition area.is 
observed in AgNPs solution of 512 μg/ml and decrease 
with Decreased nanoparticle concentration up to the 
fourth dilution (64 µg/mL) with a Statistically significant 
differences (P < 0.05) between different Inhibition and 
(Control fluconazole well C+), Distal water(C-) as negative 
control, while well No.5(532 µg/ml) and No.6 (16 µg/ml 
)show no inhibition. 

Table 1: Inhibition distance zones for a suspension of 
AgNPs compared to a solution of fluconazole as a 

control in Candida albicans by Well-diffusion method. 

Isolate 3 
Mean 

inhibition 
zone(mm) 

Isolate 2 
Mean 

inhibition 
zone(mm) 

Isolate 1 
Mean 

inhibition 
zone(mm) 

Concentration 
of the 

suspension 
μg/ml 

Well No. 
suspension 

22. 33333 22.66667 23.33333 512 1- AgNPs 

20.33333 19 19.33333 256 2- AgNPs 

17.66667 17.66667 18.33333 128 3- AgNPs 

15.33333 14.66667 15.33333 64 4- AgNPs 

0 0 0 32 5- AgNPs 

0 0 0 16 6- AgNPs 

20.33333 20 20.66667 512 

Fluconazole 
suspension 

C+ 

0 0 0 0 
Distilled 
water C - 

L.S.D.Interaction P < 0.05=1.404 

 

 

Minimum inhibitory concentration (MIC): 

The MIC values showing a clear inhibitory effect of AgNPs 
on Candida albicans growth depending on the size/shape 
of AgNPs, with no inhibition effects at the lowest 
concentrations (32 μg /mL, 16 μg /mL, 8 μg /mL, 4 μg /mL, 
2 μg /mL).concentrations, 64 μg/ml of AgNPs is the MIC 
concentration that inhibits the growth Candida albicans 
on YPD broth (complete inhibition) as shown in( Fig.10) to 
confirming the effect of complete inactivation of the 
prepared AgNPs suspension, samples from all micro-wells 
(in the MIC test) were re-inoculated onto YPD agar plates 
And incubated for 24 hours at 25 °C, no growth was 
observed from the first four wells   ( 1,2,3,4  )indicates the 
complete inhibition effects of the as-prepared AgNPs 
Commentary on the study isolates. 

 

 

 

In this study, a green chemical procedure was used to 
synthesize silver nanoparticles from Atriplex nummularia 
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leaves extract in a rapid, ecologically friendly, and 
acceptable manner. The resulting particles are spherical 
in shape, and this procedure does not require the use of 
any chemical reagents. The antifungal efficacy of silver 
nanoparticles generated from Atriplex nummularia leaf 
extract by green chemistry was demonstrated in this 
study, making this approach an easy, affordable, safe, and 
effective alternative to standard antifungal medicines. 

  

1. Khatoon N, Mazumder JA, Sardar M. 
Biotechnological applications of green synthesized silver 
nanoparticles. J Nanosci Curr Res. 2017;2(107):2572-
0813.1000107. Available from: 
https://www.researchgate.net/publication/315491504 
2. Buszewski B, Railean-Plugaru V, Pomastowski P, 
Rafińska K, Szultka-Mlynska M, Golinska P, Wypij M, Laskowski 
D, Dahm H. Antimicrobial activity of biosilver nanoparticles 
produced by a novel Streptacidiphilus durhamensis strain. 
Journal of microbiology, immunology and infection. 
2018;51(1):45-54. https://doi.org/10.1016/j.jmii.2016.03.002 
3. Durán N, Marcato PD, Durán M, Yadav A, Gade A, 
Rai M. Mechanistic aspects in the biogenic synthesis of 
extracellular metal nanoparticles by peptides, bacteria, 
fungi, and plants. Applied microbiology and biotechnology. 
2011;90(5):1609-24. https://doi.org/10.1007/s00253-011-
3249-8 
4. Fatimah I, Herianto R. Physicochemical 
Characteristics and Photocatalytic Activity of Silver 
Nanoparticles-decorated on Natural Halloysite (An 
aluminosilicate clay). Oriental Journal of Chemistry. 
2018;34(2):857. Available from: 
https://www.researchgate.net/publication/324820863 
5. Franci G, Falanga A, Galdiero S, Palomba L, Rai M, 
Morelli G, Galdiero M. Silver nanoparticles as potential 
antibacterial agents. Molecules. 2015;20(5):8856-74. 
https://doi.org/10.3390/molecules20058856 
6. Kim K-J, Sung WS, Suh BK, Moon S-K, Choi J-S, 
Kim JG, Lee DG. Antifungal activity and mode of action of 
silver nano-particles on Candida albicans. Biometals. 
2009;22(2):235-42. https://doi.org/10.1007/s10534-008-
9159-2 
7. Lara HH, Romero-Urbina DG, Pierce C, Lopez-Ribot JL, 
Arellano-Jiménez MJ, Jose-Yacaman M. Effect of silver 
nanoparticles on Candida albicans biofilms: an ultrastructural 
study. Journal of nanobiotechnology. 2015;13(1):1-12. 
https://doi.org/10.1186/s12951-015-0147-8 
8. Mallmann EJJ, Cunha FA, Castro BN, Maciel AM, 
Menezes EA, Fechine PBA. Antifungal activity of silver nanoparticles 
obtained by green synthesis. Revista do Instituto de Medicina 
Tropical de São Paulo. 2015;57:165-7. 
https://doi.org/10.1590/S0036-46652015000200011 
9. Panja S, Chaudhuri I, Khanra K, Bhattacharyya N. 
Biological application of green silver nanoparticle 
synthesized from leaf extract of Rauvolfia serpentina 
Benth. Asian Pacific Journal of Tropical Disease. 
2016;6(7):549-56. https://doi.org/10.1016/S2222-
1808(16)61085-X 
10. Manokari M, Shekhawat MS. Production of Zinc 
oxide nanoparticles using extracts of Passiflora edulis Sims. f. 

flavicarpa Deg. World Scientific News. 2016;2(47):267-78. 
Available from: 
https://www.infona.pl/resource/bwmeta1.element.psjd-
e7669fff-5b29-42a3-9fbe-7d5dc94b3aaf 
11. Elumalai EK, T, Prasad NVKV, J. Hemachandran SVT, 
T. Thirumalai, David E. Extracellular Synthesis of Silver 
Nanoparticles Using Leaves of Euphorbia Hirta and Their 
Antibacterial Activitie. 2010:549–54.  
12. Shahi D, Bhattarai E, Poudel M, Pradhan P, 
Pradhananga RR, Awal SC. Green synthesis of silver 
nanoparticles using different plant materials and their 
antibacterial activity. International Journal of Applied 
Sciences and Biotechnology. 2018;6(4):294-301. 
https://doi.org/10.3126/ijasbt.v6i4.22112 
13. Vijilvani C, Bindhu M, Frincy F, AlSalhi MS, Sabitha S, 
Saravanakumar K, Devanesan S, Umadevi M, Aljaafreh MJ, Atif 
M. Antimicrobial and catalytic activities of biosynthesized gold, 
silver and palladium nanoparticles from Solanum nigurum 
leaves. Journal of Photochemistry and Photobiology B: Biology. 
2020;202:111713. 
https://doi.org/10.1016/j.jphotobiol.2019.111713 
14. Shah MZ, Guan Z-H, Din AU, Ali A, Rehman AU, Jan 
K, Faisal S, Saud S, Adnan M, Wahid F. Synthesis of silver 
nanoparticles using Plantago lanceolata extract and 
assessing their antibacterial and antioxidant activities. 
Scientific Reports. 2021;11(1):1-14. 
https://doi.org/10.1038/s41598-021-00296-5 
15. Al-Otibi F, Alkhudhair SK, Alharbi RI, Al-Askar AA, 
Aljowaie RM, Al-Shehri S. The antimicrobial activities of 
silver nanoparticles from aqueous extract of grape seeds 
against pathogenic bacteria and fungi. Molecules. 
2021;26(19):6081. 
https://doi.org/10.3390/molecules26196081 
16. AbdelRahim K, Mahmoud SY, Ali AM, Almaary KS, 
Mustafa AE-ZM, Husseiny SM. Extracellular biosynthesis 
of silver nanoparticles using Rhizopus stolonifer. Saudi 
journal of biological sciences. 2017;24(1):208-16. 
https://doi.org/10.1016/j.sjbs.2016.02.025 
17. Gopinath V, Velusamy P. Extracellular biosynthesis of 
silver nanoparticles using Bacillus sp. GP-23 and evaluation of their 
antifungal activity towards Fusarium oxysporum. Spectrochimica 
Acta Part A: Molecular and Biomolecular Spectroscopy. 
2013;106:170-4. https://doi.org/10.1016/j.saa.2012.12.087 
 

https://www.researchgate.net/publication/315491504
https://doi.org/10.1016/j.jmii.2016.03.002
https://doi.org/10.1007/s00253-011-3249-8
https://doi.org/10.1007/s00253-011-3249-8
https://www.researchgate.net/publication/324820863
https://doi.org/10.3390/molecules20058856
https://doi.org/10.1007/s10534-008-9159-2
https://doi.org/10.1007/s10534-008-9159-2
https://doi.org/10.1186/s12951-015-0147-8
https://doi.org/10.1590/S0036-46652015000200011
https://doi.org/10.1016/S2222-1808(16)61085-X
https://doi.org/10.1016/S2222-1808(16)61085-X
https://www.infona.pl/resource/bwmeta1.element.psjd-e7669fff-5b29-42a3-9fbe-7d5dc94b3aaf
https://www.infona.pl/resource/bwmeta1.element.psjd-e7669fff-5b29-42a3-9fbe-7d5dc94b3aaf
https://doi.org/10.3126/ijasbt.v6i4.22112
https://doi.org/10.1016/j.jphotobiol.2019.111713
https://doi.org/10.1038/s41598-021-00296-5
https://doi.org/10.3390/molecules26196081
https://doi.org/10.1016/j.sjbs.2016.02.025
https://doi.org/10.1016/j.saa.2012.12.087

