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Abstract. In this study, silver nanoparticles (AgNPs) were obtained in a low cost, easy and simple way by 
using the leaf extract of Prunus dulcis L. (almond tree) growing in the Mardin region. Characterization of 
AgNPs obtained by biosynthesis: Fourier Transform Infrared Spectroscopy (FT-IR), X-Ray Diffractom-
eter (XRD), UV-visible spectrophotometer (UV-Vis.), Scanning Electron Microscope (SEM), Transmission 
Electron Microscope (TEM), Zeta potential and Zeta size analysis was done through data. It was determined 
that AgNPs have maximum absorbance at 443 nm wavelength, they exhibit 14.67 crystal nano size, -19.9 
mV zeta potential in spherical appearance. The Minimum Inhibition Concentration (MIC) of the obtained 
AgNPs was determined by using microdilution method on the growth of pathogen strains. 
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Introduction

Nanoparticles are structures with superior proper-
ties. Thanks to its properties such as large surface area 
and high resistance to heat treatments,(1) biomedical 
applications (2, 3) food industry (4) bioremediation 
studies (5) cosmetics sector (6) catalysis studies (7) 
Ag (silver) (8), Au (gold) (9), zinc (Zn) (10), copper 
(Cu) (11), palladium (Pd) (12). are some of the famous 
metallic nanoparticles. Obtaining nanoparticles with 
different properties is done by bottom-up or top-down 
approaches (13, 14). Physical, chemical and biologi-
cal methods are used to synthesize nanoparticles. In 
addition to the use of toxic chemicals in the synthe-
sis stages, the high energy requirement is among the 
factors that make chemical and physical methods dis-
advantageous (15, 16). Silver nanoparticles (AgNPs) 
obtained through biosynthesis studies are environ-
mentally friendly, their synthesis stages are easier, their 
advantages such as low cost and being economical and 

biocompatible increase the interest in these methods 
(17). Biological sources such as plant sources (18), 
bacteria (19), fungi (20), algae (21) are used to obtain 
AgNPs by biosynthesis.

The main reasons for the interest in this field are 
factors such as synthesis of AgNPs by using plant 
sources in large quantities, their stable structure, easy 
application, no risk of pathogenicity and no special 
conditions (8, 22). In synthesis with plant sources, the 
leaves of the plant (23), flowers (24), fruits (25), the 
plant itself (26) or roots (27) are used. Bioactive phy-
tochemicals such as alcohols, phenolic compounds, 
flavonoids, aromatic compounds found in vegetable 
sources are biomolecules that form AgNPs by reduc-
ing Ag+ ions in the aqueous environment and convert-
ing them to Ag form (28, 29). Medical applications of 
AgNPs as antimicrobial agents and anticancer agents 
have an important place 30, 31]. It is equally impor-
tant to detect the toxic effects of these particles that 
may occur with their use (32, 33).
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The almond plant, Prunus species (Prunus dul-
cis L.), belongs to the Prunoideae subfamily of the 
Rosaceae family. Almond tree leaves are a potential 
source of bioactive substances. Almond leaves are 
thrown away as agricultural waste (34). In the present 
study, it was aimed to characterize AgNPs obtained by 
the economic, environmentally friendly, easy synthesis 
of AgNPs with the extract obtained using almond tree 
leaves grown in the Mardin Şeyhan region and exami-
nation of biomedical applicability.

Materials and Methods

Preparation of leaf extract and silver nitrate solution

Almond tree leaves were collected in the Mardin 
Şeyhan region in August. It was subjected to washing 
with a series of taps and distilled water. It was then left 
to dry at room temperature. 100 grams of dried leaves 
were weighed and boiled with 400 ml of distilled water. 
The obtained extract was cooled in a sealed container 
and made ready for biosynthesis after filtration.

For the synthesis of AgNPs, the solid AgNO3 
(silver nitrate) salt Sigma Aldrich was used. At the 
time of biosynthesis, a solution of 5 mM (millimolar) 
concentration was prepared from the AgNO3 salt.

Biosynthesis of AgNPs

The almond leaf extract and 5 mM AgNO3 
solution were mixed at a ratio of 1:2 and kept under 
room conditions on a fixed surface, and color change 
was observed. At the end of the synthesis, the dark 
colored reaction liquid was centrifuged at 8000 rpm 
for 20 minutes. Particles in the bottom sediment were 
washed with distilled water. It was then dried and used 
for characterization. 

Characterization of AgNPs

To determine the presence of AgNPs, the maxi-
mum absorbance data were examined by performing 
wavelength scans in the range of 200-800 nm with 
samples taken against time with color change with a 
Perkin Elmer One brand UV-Vis. device (35).

To specify the functional groups of phytochemi-
cals responsible for bioreduction, the spectra of both 
leaf extract and liquids obtained after biosynthesis 
were evaluated with the Perkin Elmer One brand 
FT-IR device.

Nano dimensions were calculated by determin-
ing the crystal structures of AgNPs with the data read 
between 20-80 at 2θ of the Rigaku Miniflex 600 model 
XRD device. The nano sizes of AgNPs were calculated 
with the Debye-Scherrer equation given below (17). 

D = Kλ/(β cosθ) (1)
In the equation: D = particle size, K = constant 

value, λ = X-ray wavelength value, β = half of the 
FWHM value of the maximum peak, θ = Bragg angle 
of the high peak.

The morphological structures of AgNPs were 
determined by EVO 40 LEQ brand SEM, FE-SEM, 
Jeol Jem 1010 Transmission Electron Microscopy 
(TEM) micrographs. The elemental compositions of 
the particles synthesized with RadB-DMAX II com-
puter-controlled EDX device data were evaluated.

Determining the anti-microbial effects of AgNPs

The antimicrobial effects of AgNPs on pathogenic 
strains were examined by the microdilution method 
with minimum inhibition concentration. Gram-
positive, gram-negative bacteria and yeast C.albicans 
pathogen strains were used in the application. Gram 
positive Staphylococcus aureus (S.aureus) ATCC 29213 
and Bacillus subtilis (B.subtilis) ATCC 11774, gram 
negative Escherichia coli (E.coli) ATCC25922 and Pseu-
domonas aeruginosa (P. aeruginosa) ATCC27833 bacte-
ria were used. S. aureus, E. coli and C. albicans strains 
were obtained from Microbiology Laboratory of İnönü 
University Medical Faculty Hospital. P. aeruginosa and 
B. subtilis strains were procured from Mardin Artuklu 
University Microbiology Research Laboratory.

Bacteria in nutrient agar medium and yeast C. 
albicans in Sabora dextrose agar medium were grown 
by incubating overnight at 37 oC for one night. Solu-
tions were prepared according to the turbidity value 
of McFarland standard 0.5 (36) with microorganisms 
grown from the medium plates. Then, for microdilu-
tion, Muller Hinton broth was prepared for bacteria 
and Roswell Park Memorial Institute (RPMI) 1640 
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broths for C. albicans yeast. An appropriate medium 
prepared for each strain was added to the wells in 96 
microplates. Some wells were identified for steriliza-
tion and growth control. 

The solution containing AgNPs with a concentra-
tion of 16 µg/mL−1 was pipetted into the first wells. 
A series of micro-dilutions were applied to the other 
wells along with the first well. Then, the solutions 
prepared for each microorganism were added to the 
microplate wells. Plates were incubated overnight at 
37 oC after micro-dilution. The MIC value was calcu-
lated by detecting the wheregrowtstarted.

Results and Discussion

UV-vis Spectrophotometer Data

Color change from yellow to dark brown occurred 
30 minutes after the almond leaf extract and 5 mM 
AgNO3 solution were mixed. This color change due 
to the formation of AgNPs by the bioreduction of Ag+ 
ions (13, 38) is caused by the Surface Plasmon Reso-
nance vibration (SPR). Bands at 443 nm confirme 
the synthesis of AgNPs due to the excitation of free 
electrons in the UV-vis absorption spectra (15, 39) 
(Figure.1). 

XRD Analysis Data

Crystal structures and sizes of AgNPs were evalu-
ated in the data taken in XRD 2 θ (111), (200), (220) 
and (311) are peaks showing the crystal structure of 
silver. The values of these peaks showing that it has a 
cubic crystal structure were read as 38.11, 44.30, 64.45 
and 77.40, respectively (Figure. 2) (39, 40). The Debye-
Scherrer equation given below was used to determine 
the crystal nano sizes of AgNPs (41)

 D=Kλ/(β cosθ (2)
In equality; D = particle size, K constant value 

(0.90), λ = X-ray wavelength value (1.5418 Å), β = 
FWHM value of high peak and cosθ = Braggθ angle 
of high peak.

In the calculation made with the Debye-Scherrer 
equation, the crystal nano dimensions of AgNPs were 
determined as 14.67 nm. By using this equation in some 
green synthesis studies, crystal nano sizes of AgNPs 
were calculated as 14.58 nm (26) and 16 nm (42)

FT-IR spectroscopy data

To evaluate the functional groups involved in the 
reduction in the biosynthesis of AgNPs, FT-IR spectra 
of both the extract and the reaction liquid after synthe-
sis were evaluated. The frequency shifts in the spectra 

Figure 1. a. Leaf extract b. Dark brown color change due to the Formation of AgNPs, c. UV-vis. indicating the presence of AgNPs 
synthesized from Prunus dulcis L. leaf extract spectra.
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at 3336.83 –3332.80 cm-1, 2107.27–2107.15 cm-1 and 
1635.02–1635.16 cm-1 suggest that hydroxyl groups 
(43), methylene groups (26) and carboxyl groups (44) 
are effective in reduction (Figure.3). 

FE-SEM, SEM and TEM micrographs of AgNPs

Morphological structures of synthesized AgNPs 
were determined by electron microscopy images. 
Micrographs were seen to be spherical in appearance 
and monodisperse (Figure. 4) (30, 45, 46)

EDX Analysis Data

Strong peaks of silver in the EDX profile of the 
particles synthesized in Figure. 5 show the presence of 
AgNPs in the element content (39, 42). Strong silver 
peaks are the result of silver nanoparticles absorbing a 
large amount of energy due to SPR (47), while weak 
peaks such as C, Cl and O are due to the phytochemi-
cals contained in the extract (48, 49)

Zeta potential and zeta sizer distribution data of AgNPs

The average zeta size distribution of AgNPs syn-
thesized by biosynthesis was determined to be 181 nm 
(Figure. 5a). In one of the environmentally friendly 
synthesis studies of AgNPs, the zeta size distribution 
was analyzed as 78.2-160.6 nm (50). 

The AgNPs showed a zeta potential distribution 
of -19.9 mV in the zeta potential analysis data made 
to determine the surface charge. This result shows that 
the surface charge distribution of AgNPs is completely 

Figure 2. XRD pattern of the crystal structures of AgNPs syn-
thesized from Prunus dulcis L. leaf extract

Figure 3. Spectra of functional groups that play a role in biore-
duction in the formation of AgNPs synthesized from Prunus 
dulcis L. leaf extract a. The liquid formed after the synthesis of 
AgNPs, b. extract

Figure 4. Micrographs of AgNPs synthesized from Prunus dulcis L. leaf extract a. SEM, b. FESEM, c. TEM images 
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negatively charged (Figure. 5b). The difference in the 
surface load of AgNPs causes results such as agglom-
eration and accumulation (32) and negatively affects 
their stable structure (51). In a study conducted, zeta 
potential distributions of AgNPs were found as -19 
mV (52) in a study.

Antimicrobial effects of AgNPs

The antimicrobial effects of AgNPs on patho-
genic microorganisms were determined by microdilu-
tion. MIC values causing antimicrobial effects were 
compared with antibiotics and 5 mM silver nitrate 
solution. It was determined that 0.13-2.00 µg/mL 
concentrations were suppressive MIC affecting their 
growth on microorganisms. It was determined that P. 
aeruginosa was effective against antibiotics at a lower 
concentration, but at a higher concentration than 
silver nitrate solution. In all other pathogen strains, 
AgNPs were found to exhibit much lower antimicro-
bial effects against antibiotics and silver nitrate solu-
tion (Table 1, Figure. 6).

AgNPs that are ionized in an aqueous structure 
show very high reactivity. Electrostatic attraction force 
interacts with microorganisms after they are ionized 
(21,33, 53). Reactive oxygen species (ROS) increase as 
a result. Some biomolecules have high affinity for ROS 
such as DNA and RNA. In addition, thiol groups 
of important enzymes can establish strong bonds 
with these species. As a result of this situation, these 
enzymes become incapable of functioning (35). Cell 
death occurs due to the disruption in the structures of 
biomolecules such as cell membrane and nucleus with 
the increase of ROS (34). 

In a green synthesis study, it was stated that AgNPs 
were effective on gram-positive S. aureus at a concen-
tration of 250 µg / mL, while concentrations of 15 µg / 
mL and 30 µg / mL were effective on gram-negative E. 
coli and P. aeruginosa bacteria (28). In another synthesis 
study, AgNPs were effective at 50 µg / mL concentra-
tion on E. coli, 25 µg / mL concentration on B. subtilis 
and C. albicans strains in antimicrobial activity (37). 
In a study, it was stated that AgNPs synthesized with 
Gundelia tournefortii extract were effective at a concen-
tration of 0.367 µg/mL on C. albicans (54). 

Figure 5. Analysis data of AgNPs synthesized from Prunus dulcis L. leaf extract a. Zetasizer, b. zeta potential distributions,
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Some properties have the quality that determines 
the eff ectiveness of nanoparticles in toxic activity. 
Th ese features of AgNPs include surface charge, con-
centrations, interaction time, shapes, degree of deposi-
tion, and dimensions (37), (55).

Conclusion

Almond tree leaves create a great deal of agricul-
tural waste. Obtaining useful products by recycling 
wastes has a very important place in today’s world. 
Th e biosynthesis of AgNPs with the extract obtained 
from the leaves of almond trees growing in the Mar-
din region was carried out in an easy, cost-eff ective, 
environmentally friendly and rapid manner. AgNPs 
formed by biosynthesis were characterized by FT-IR, 
TEM, SEM, FE-SEM, XRD, EDX, UV-Vis., Zeta 
sizer and Zeta potential analyzes. It was observed that 
AgNPs were eff ective in antimicrobial activity at con-
centrations lower than antibiotics at concentrations of 
0.13-2.00 µg/mL. By working on the parameters that 

Table 1. MIC values   where AgNPs synthesized from Prunus dulcis L. leaf extract, silver nitrate and antibiotics have antimicrobial 
activity on microorganisms (antibiotics used in experimental studies: vancomycin, frucosanol and colistin antibiotics were used)

ORGANISM AgNPs
µg/mL

Silver Nitrate
µg/mL

Antibiotic
µg/mL

S. aureus ATCC 29213 0.13 2.65 2

B.subtilis ATCC 11774 0.13 1.32 1

E. coli ATCC25922 1.00 0.66 2

 P. aeruginosa ATCC27833 2.00 1.32 4

C. albicans 0.25 0.66 2

Figure 6. Comparison of the antimicrobial eff ects of AgNPs 
synthesized from Prunus dulcis L. leaf extract, AgNO3 solution 
and antibiotics on microorganisms

aff ect the properties of AgNPs, it can be contributed 
to medical applications as antimicrobial agents.

References

1. Baran MF. Green Synthesis of Silver Nanoparticles 
(AgNPs) Using Pistacia terebinthus Leaf Extract: Antimi-
crobial Eff ect And Characterization. Int. J. Math. Eng. Nat. 
Sci. 2018; 5(2): 67-75.

2. Rolim WR, Pelegrino MT, Lima BA et al. Green tea extract 
mediated biogenic synthesis of silver nanoparticles: Charac-
terization, cytotoxicity evaluation and antibacterial activity. 
Appl. Surf. Sci. 2019; 463: 66-74. 

3. Keskin, C., Atalar, M., Baran, M., Baran, A., Environ-
mentally Friendly Rapid Synthesis of Gold Nanoparticles 
from Artemisia absinthium Plant Extract and Application 
of Antimicrobial Activities. Iğdır University Journal of the 
Institute of Science and Technology, 2021.11(1): 365-375.  

4. Velmurugan P, Anbalagan K, Manosathyadevan M et al. 
Green synthesis of silver and gold nanoparticles using Zin-
giber offi cinale root extract and antibacterial activity of silver 
nanoparticles against food pathogens. Bioprocess Biosyst. 
Eng. 2014; 37(10): 1935-1943.

5. Th omas B, VithiYa BSM, Prasad TAA et al. Antioxidant 
and Photocatalytic Activity of Aqueous Leaf Extract Medi-
ated Green Synthesis of Silver Nanoparticles Using Pas-
sifl ora edulis f. fl avicarpa. J. Nanosci. Nanotechnol. 2018; 
19(5): 2640-2648.

6. Arroyo GV, Madrid AT,Gavilanes AF et al. Green synthesis 
of silver nanoparticles for application in cosmetics. J. Envi-
ron. Sci. Heal. - Part A Toxic/Hazardous Subst. Environ. 
Eng. 2020; 55(11): 1304-1320.

7. Rani R, Kumar V, Pal P, Singh A, Zhang W. Highly stable 
AgNPs prepared via a novel green approach for catalytic 
and photocatalytic removal of biological and non-biological 
pollutants. Environ. Int. 2020; 143: 105924.

8. Eren A, Baran MF, “Synthesis, Characterization and Inves-
tigation of Antimicrobial Activity of Silver Nanoparticles 
(AgNPs) from Peanut (Pistacia vera L.) Leaf. Turkey Agric. 
Res. J. 2019; 6(2): 165-173.



Progress in Nutrition 2021; Vol. 23, N. 3: e2021271 7

9. Keskin C, Atalar, MN, Baran MF, Baran A. Environmen-
tally Friendly Rapid Synthesis of Gold Nanoparticles from 
Artemisia absinthium Plant Extract and Application of 
Antimicrobial Activities.  J. Inst. Sci. Technol. 2021; 11(1): 
365-375.

10. Doğaroğlu ZG, Eren A, Baran MF. Effects of ZnO Nano-
particles and Ethylenediamine- N , N ′ - Disuccinic Acid 
on Seed Germination of Four Different Plants. Glob. chal-
langes 2019; 3(9): 1800111. 

11. Asghar MA, Zahir E, Shahid SM et al. Iron, copper and 
silver nanoparticles: Green synthesis using green and black 
tea leaves extracts and evaluation of antibacterial, antifungal 
and aflatoxin B1adsorption activity. LWT - Food Sci. 2018; 
Technol. 90: 98-107.

12. Ismail E, Khenfouch M, Dhlamini M, Dube S, Maaza M. 
Green palladium and palladium oxide nanoparticles synthe-
sized via Aspalathus linearis natural extract. J. Alloys Compd. 
2017; 695: 3632-3638.

13. Kumar, R., Ghoshal, G. Jain A, Goyal M. Rapid Green 
Synthesis of Silver Nanoparticles (AgNPs) Using (Prunus 
persica) Plants extract: Exploring its Antimicrobial and 
Catalytic Activities. J. Nanomed. Nanotechnol.,2017; 8(4): 
1-8.

14. Solanki JN, Murthy ZVP. Controlled size silver nanoparti-
cles synthesis with water-in-oil microemulsion method: A 
topical review. Ind. Eng. Chem. Res. 2011; 50(22):12311-
12323.

15. Das G, Shin H, Kumar A, Vishnuprasad CN. Photo-medi-
ated optimized synthesis of silver nanoparticles using the 
extracts of outer shell fibre of Cocos nucifera L . fruit and 
detection of its antioxidant , cytotoxicity and antibacterial 
potential. Saudi J. Biol. Sci. 2021; 28(1): 980-987.

16. Singh J, Mehta A, Rawat M, Basu S. Green synthesis of sil-
ver nanoparticles using sun dried tulsi leaves and its catalytic 
application for 4-Nitrophenol reduction. J. Environ. Chem. 
Eng. 2018; 6: 1468-1474.

17. Eren A, Baran MF. Green Synthesis , Characterization and 
Antimicrobial Activity of Silver Nanoparticles (AgNPs ) 
From Maize (Zea mays L .),” Applied Ecol. Envıronmental 
Res. 2019; 17(2): 4097-4105.

18. Luna C, Chávez VHG, Barriga-Castro ED, Nú NO, Men-
doza-reséndez R. Biosynthesis of Silver Fine Particles and 
Particles Decorated with Nanoparticles Using the Extract 
of Illicium verum ( Star Anise ) Seeds. Spectrochim. ACTA 
PART A Mol. Biomol. Spectrosc. 2015; 141: 45-50.

19. Gopalu DK, Matheswaran K, Alexander J, Juan G, Anto-
nio LT, Evgeny K. Rapid Biosynthesis of AgNPs Using Soil 
Bacterium Azotobacter vinelandii With Promising Antioxi-
dant and Antibacterial Activities for Biomedical Applica-
tions,” J. Miner. Met. Mater. Soc., vol. 69, pp. 1206–1212, 
2016, doi: 10.1007/s11837-016-2175-8.

20. Li G, He D, Qian Y, Guan B, Gao S, Cui Y. Fungus-Medi-
ated Green Synthesis of Silver Nanoparticles Using Asper-
gillus terreus. Int. J. Mol. Sci. 2012; 13: 466-476.

21. Narayan S, Dipak S. Green synthesis of silver nanoparticles 
using fresh water green alga Pithophora oedogonia (Mont .) 

Wittrock and evaluation of their antibacterial activity. Appl. 
Nanosci. 2015; 5: 703-709.

22. Ojo O, Oyinloye OA, Ojo BE, Afolabi AB, Peters OB, 
Olaiya OA, Fadaka O, Jonathan A, Osunlana J. Green 
Synthesis of Silver Nanoparticles (AgNPs ) Using Talinum 
triangulare ( Jacq .) Wild . Leaf Extract and Monitoring 
Their Antimicrobial Activity. J. Bionanoscience 2017; 11: 
292-296.

23. Francis S, Joseph S, Koshy EP, Mathew B. Green synthesis 
and characterization of gold and silver nanoparticles using 
Mussaenda glabrata leaf extract and their environmental 
applications to dye degradation. Environ. Sci. Pollut. Res. 
2017; 24: 17347-17357.

24. Karunakaran G, Jagathambal M, Venkatesh M et al. 
Hydrangea paniculata fl ower extract-mediated green syn-
thesis of MgNPs and AgNPs for health care applications,” 
Powder Technol. 2017; 305: 488-494.

25. Kumar B, Smita K, Cumbal L, Debut A. Green synthesis of 
silver nanoparticles using Andean blackberry fruit extract. 
Saudi J. Biol. Sci. 2015; 24(1): 45-50.

26. Baran MF. Synthesis and Antimicrobial Applications of 
Silver Nanoparticles From Artemisia absinthium plant. Biol. 
Chem. Res. 2019; 6: 96-103.

27. Sudhakar C, Selvam K, Govarthanan M. Acorus calamus 
rhizome extract mediated biosynthesis of silver nanoparti-
cles and their bactericidal activity against human pathogens. 
J. Genet. Eng. Biotechnol. 2015; 13(2): 93-99.

28. Srikar SK, Giri DD, Pal DB, Mishra PK, Upadhyay SN. 
Green Synthesis of Silver Nanoparticles : A Review. Green 
Sustain. Chem. 2016; 6: 34-56.

29. Song JY, Kim BS. Rapid biological synthesis of silver nano-
particles using plant leaf extracts. Bioprocess Biosyst. Eng. 
2009; 32(1):79-84.

30. Premkumar J, Sudhakar T, Dhakal A, Shrestha JB, Krishna-
kumar S, Balashanmugam P. Synthesis of silver nanoparti-
cles (AgNPs) from cinnamon against bacterial pathogens. 
Biocatal. Agric. Biotechnol. 2018; 15: 311-316.

31. Satpathy S, Patra A, Ahirwar B, Hussain MD. Antioxi-
dant and anticancer activities of green synthesized silver 
nanoparticles using aqueous extract of tubers of Pueraria 
tuberosa. Artif. Cells, Nanomedicine Biotechnol. 2018; 46 
(Sup3): 71-85.

32. Al-ogaidi I, Salman MI, Mohammad FI et al. Antibacte-
rial and Cytotoxicity of Silver Nanoparticles Synthesized 
in Green and Black Tea. World J. Exp. Biosci. 2017; 5(1): 
39-45.

33. Baran, M. F., Saydut, A., Gold nanomaterial synthesis and 
characterization. Journal of Dicle University Engineering 
Faculty, 2019.10(3): 1033-1040.  

34. Aina AD, Owolo O, Adeoye-Isijola M, Aina FO, Favour O, 
Adewumi AG. Almond leaves for the one-pot Biofabrica-
tion of silver nanoparticles: Characterization and larvicidal 
application. Int. J. Sci. Res. Publ. 2018; 8(11): 703-711.

35. Shao Y, Wu C, Wu T et al. Green synthesis of sodium algi-
nate-silver nanoparticles and their antibacterial activity. Int. 
J. Biol. Macromol. 2018; 111: 1281-1292.



Progress in Nutrition 2021; Vol. 23, N. 3: e20212718

36. Emmanuel R, Palanisamy S, Chen S-M et al. Antimicrobial 
efficacy of green synthesized drug blended silver nanopar-
ticles against dental caries and periodontal disease causing 
microorganisms. Mater. Sci. Eng. C 2015; 56: 374-379.

37. Hatipoglu A. Green synthesis of gold nanoparticles from 
prunus cerasifera pissardii nigra leaf and their antimicrobial 
activities on some food pathogens. Progr Nutr. 2021; 23(3): 
e2021241.

38. Majeed S, Mohd SA, Gouri KD, Ansari MT, Nanda A. 
Biochemical synthesis of silver nanoprticles using filamen-
tous fungi Penicillium decumbens (MTCC-2494) and its effi-
cacy against A-549 lung cancer cell line. Chin. J. Nat. Med. 
2016; 14(8): 615-620.

39. Khan AU, Yuan Q, Khan ZUH et al. An eco-benign syn-
thesis of AgNPs using aqueous extract of Longan fruit peel: 
Antiproliferative response against human breast cancer cell 
line MCF-7, antioxidant and photocatalytic deprivation 
of methylene blue. J. Photochem. Photobiol. B Biol. 2018; 
183: 367-373.

40. Rouhollah R, Marzieh H. Biosynthesis of silver nanoparti-
cles using extract of olive leaf : synthesis and in vitro cyto-
toxic effect on MCF-7 cells. Int. J. of Breast Cancer 2015; 
4: 112.

41. Baran MF, Saydut A. Gold nanomaterial synthesis and char-
acterization. Dicle Univ. J. Eng. 2019; 10(3): 1033-1040.

42. Kumar V, Gundampati RK, Singh DK, Bano D, Jagannad-
ham MV, Hasan SH. Photoinduced green synthesis of silver 
nanoparticles with highly effective antibacterial and hydro-
gen peroxide sensing properties. J. Photochem. Photobiol. B 
Biol. 2016; 162: 374-385.

43. Some S, Bulut O, Biswas K et al. Effect of feed supplemen-
tation with biosynthesized silver nanoparticles using leaf 
extract of Morus indica L. V1 on Bombyx mori L. (Lepidop-
tera: Bombycidae). Sci. Rep. 2019; 9(1): 1-13.

44. Baran MF. Synthesis , Characterization and Investigation 
Of Antimicrobial Activity of Silver Nanoparticles From 
Cydonia oblonga Leaf. Applied Ecol. Environmental Res. 
2019; 17(2): 2583-2592.

45. Butola BS, Gupta A, Roy A. Multifunctional fi nishing of 
cellulosic fabric via facile , rapid in-situ green synthesis of 
AgNPs using pomegranate peel extract biomolecules. Sus-
tain. Chem. Pharm. 2019; 12: 100135.

46. Baran MF. Synthesis of silver nanoparticles (AgNP) with 
Prunus avium cherry leaf extract and investigation of its 

antimicrobial effect. Dicle Univ. J. Eng. 2019; 10(1): 221-
227.

47. Vastrad J, Goudar G. Green Synthesis and Characteriza-
tion of Silver Nanoparticles Using Leaf Extract of Tridax 
Procumbens. Asian J. Pharm. Res. 2016; 32(3): 1525-1530.

48. Selvan DA, Mahendiran D, Kumar RS, Rahiman AK. Gar-
lic, green tea and turmeric extracts-mediated green synthesis 
of silver nanoparticles: Phytochemical, antioxidant and in 
vitro cytotoxicity studies. J. Photochem. Photobiol. B Biol. 
2018; 180: 243-252.

49. Alkhulaifi MM, Alshehri JH, Alwehaibi MA et al. Green 
synthesis of silver nanoparticles using Citrus limon peels and 
evaluation of their antibacterial and cytotoxic properties. 
Saudi J. Biol. Sci. 2020; 27(12): 3434-3441.

50. Ali M, Kim B, Belfield KD, Norman D, Brennan M, Ali 
GS. Green synthesis and characterization of silver nanopar-
ticles using Artemisia absinthium aqueous extract - A com-
prehensive study. Mater. Sci. Eng. C 2016; 58: 359-365.

51. Patil MP, Singh RD, Koli PB et al. Antibacterial potential 
of silver nanoparticles synthesized using Madhuca longifolia 
flower extract as a green resource. Microb. Pathog. 2018; 
121: 184-189.

52. Oliveira ACJ, de Araújo AR, Quelemes PV et al. Solvent-
free production of phthalated cashew gum for green synthe-
sis of antimicrobial silver nanoparticles. Carbohydr. Polym. 
2019; 213: 176-183.

53. Ahmed KBA, Raman T, Veerappan A. Future prospects 
of antibacterial metal nanoparticles as enzyme inhibitor. 
Mater. Sci. Eng. C 2016; 68: 939-947.

54. Baran MF, Koç A, Uzan S. Synthesis, Characterization and 
Antimicrobial Applications of Silver Nanoparticle (Agnp) 
with Kenger (Gundelia tournefortii) Leaf. Int. J. Math. Eng. 
Nat. Sci. 2018; 5: 44-52.

55. Hatipoğlu A. Rapid green synthesis of gold nanoparticles: 
synthesis, characterization and antimicrobial activities. 
Progr Nutr. 2021; 23(3): e2021242.

Correspondence
Ayşe Baran
Email: ayse.gorgec43@gmail.com


