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Abstract 

The fact that AgNPs are obtained by biosynthesis applications are simple, economical and 

environmentally friendly are the reasons why the interest in these synthesis methods is increasing day by 

day. In this study, AgNPs were rapidly synthesized using the extract created from Morus nigra L. leaves. 

The application stages were carried out in room conditions without requiring special conditions. AgNPs 

were characterized using various instrument data. Maximum absorbance of AgNPs at 417.47 nm 

wavelength in UV-visible spectrophotometer (UV-Vis.), Crystal nanosize and crystal structures of 23.29 

nm in X-Ray Diffraction Diffractometer (XRD), Scanning Electron Microscope (SEM) and Transmission 

Electron Microscopy (TEM) micrographs, it was determined that they had a spherical appearance, they had 

a stable structure with negative charge distribution with -25.01 mV Zeta potential data, and that there was 

no aggregation. Fourier Transform Infrared Spectroscopy (FTIR) data demonstrated the phytochemicals 

involved in reduction and X-ray Energy Dispersive Difratrometer (EDX) with strong silver peaks indicating 

the presence of AgNPs. Suppressive activities of AgNPs on growth of pathogen strains were determined 

by microdilution method with Minimum Inhibition Concentration (MIC). Cytotoxic activities were 

investigated by MTT method on healthy cell lines and different cancer cell lines. 
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1. INTRODUCTION 

Metallic nanoparticles are 

valuable materials. Silver (Ag) (Eren, A., 

Baran, 2019a), gold (Au) (Baran, M. F., 

Saydut, 2019), zinc (Zn) (Doğaroğlu et 

al., 2019), copper (Cu) (El-Batal et al., 

2018), palladium (Pd) (El-Batal et al., 

2018) are some of them. They have 

superior physical and chemical 

properties such as having a large surface 

area and being resistant to high heat 

treatments. Different recovery methods 

such as chemical, physical and 

biosynthesis are used to obtain metallic 

nanoparticles. Biosynthesis methods are 

environmentally friendly, cheap and 

easy, which increases the interest in this 

synthesis. The fact that biosynthesis 

methods are environmentally friendly, 

cheap and easy increases the interest in 

this synthesis (Ojo, O.A., Oyinloye, 

B.E., Ojo, A.B., Afolabi, O.B., Peters, 

O.A., Olaiya, O., Fadaka, A., Jonathan, 

j., Osunlana, 2017), (M. F. Baran, 2018). 

AgNPs have many uses such as 

bioremediation studies (Thomas et al., 

2018), catalysis studies (Singh et al., 

2018), biomedical applications 

(Ramkumar et al., 2017), food industry 

(Velmurugan et al., 2014), cosmetics 

industry (Arroyo et al., 2020). Sources 

used in biosynthesis include plants 

(Ferreyra Maillard et al., 2018), bacteria 

(Gopalu, K., Matheswaran J., Alexander, 

G., Juan, Antonio LT., Evgeny, K., 

2016), fungi (S, Majeed., Mohd, S. A., 

Gouri K. D., Mohammed, T.A., Anima, 

2016), algae (Mousavi et al., 2019). 

Biosynthesis with plants is faster, more 

stable, yields high and does not carry 

risks such as pathogenicity. Also, no 

special conditions are required to obtain 

it. Parts of the plant itself (M. Ali et al., 

2016) or parts such as leaves (Francis et 

al., 2017), roots (Mohammadi et al., 

2019), fruit pods (M. H. Ali, 2020), 

flowers (Patil et al., 2018) can be used 

for biosynthesis. Phytochemicals such as 

alcoholloids (Kumar, R., Ghoshal, G. 

Jain, 2017), flavonoids (Kumar, R., 

Ghoshal, G. Jain, 2017), terpenoids 

(Remya et al., 2015), phenolic 

compounds (Gupta et al., 2018) found in 

the structure of plant sources, form 

AgNPs by reducing Ag+ ions in the 

aqueous environment by providing Ago 

formation. Various studies are carried 

out on how AgNPs can be used as an 

alternative treatment source by taking 

them as anti-microbial and anti-cancer 

agents in the pharmacology industry (Al-

ogaidi et al., 2017), (Arumai Selvan et 

al., 2018). Various studies are carried out 

on AgNPs in the pharmacology industry 

by taking them as anti-microbial and 

anti-cancer agents and becoming an 

alternative treatment source. These 

researches can contribute to both the 

fight of many people against 

microorganisms that develop resistance 

to the antibiotics and the treatments of 

many cancer patients. Black mulberry 

(Morus nigra L.) is a plant from the 

Moraceae family, whose secondary 

metabolic products are used for many 

purposes. Black mulberry leaves are a 

plant used in conditions such as diabetes, 

inflammation, cough, fever. It is rich in 

bioactive components such as 

polyphenols and phlovanoids (Hafez et 

al., 2017), (A. Kumar et al., 2013). In this 

study, it was aimed to investigate the 

economical, easy and fast biosynthesis, 

characterization, antimicrobial and 

cytotoxic activities of AgNPs with the 

extract prepared using the leaves of 

Morus nigra L. 

 

2. MATERIALS and METHODS 

2.1. Preparation of Morus nigra L. leaf 

extract and 5 mM AgNO3 (silver 

nitrate) solution 

The leaves of Morus nigra L. 

were collected in the Mardin Mazıdağ 

region at the end of August. The 

collected leaves were washed several 
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times with tap water. Afterwards, a few 

more washing processes were carried out 

using distilled water. It was dried in 

room conditions. 100 g of dried leaves 

were weighed and mixed with 750 ml of 

distilled water and left to boil. The 

extract to be used for synthesis was 

prepared by cooling and filtering using 

filter paper. 5 mM (millimolar) solution 

was prepared freshly with Sigma aldrich 

brand solid AgNO3 salt to be used in the 

preparation of AgNPs before starting the 

synthesis. 

2.2. Biosynthesis of AgNPs 

250 mL of Morus nigra L. leaf 

extract and 750 mL of 5 mM AgNO3 

solution were mixed and kept at room 

temperature (22 oC) for biosynthesis. 

2.3. Characterization of AgNPs 

Perkin Elmer One brand UV-Vis 

due to color change occurring 20 minutes 

after mixing leaf extract and 10 mM 

(millimolar) AgNO3 solution. Maximum 

absorbance data were examined by 

performing wavelength scans in the 

range of 200-800 nm in order to detect 

the formation of AgNPs with the 

spectrophotometer device (Shao et al., 

2018). In order to evaluate the 

frequencies of the groups of 

phytochemicals responsible for effective 

reduction in the formation of AgNPs, the 

data of the leaf extract and the reaction 

liquid formed after the synthesis were 

evaluated using a Perkin Elmer One 

brand FT-IR device. The crystal 

structures and nano sizes of AgNPs were 

determined with the data obtained from 

the measurements made on Rigaku 

Miniflex 600 model computer controlled 

XRD device 2θ. The nano size was 

calculated using the Debye-Scherrer 

formula given below (Eren, A., Baran, 

2019a).  

D = Kλ / (β cosθ)                               (1)                                                                                                                      

In the formula, D = particle size, K = 

constant value, λ = X-ray wavelength 

value, β = half of the FWHM value of the 

peak with maximum height, θ = Bragg 

angle of the high peak. The 

morphological structures of AgNPs were 

determined with EVO 40 LEQ SEM and 

Jeol Jem 1010 TEM micrographs. The 

elemental composition of the particles 

was determined with the RadB-DMAX 

II computer controlled EDX device data. 

In addition, Zeta potential and charge 

distributions were determined using the 

Malvern device to determine the surface 

load structures of AgNPs. 

2.3. Examination of the antimicrobial 

activities of AgNPs by Microdilution 

method 

In order to determine the anti-

microbial effects of AgNPs, MIC 

determination was performed on 

pathogen gram positive and negative 

bacteria as well as on yeast by using 

micro dilution method. Staphylococcus 

aureus (S. aureus) ATCC 29213, 

Escherichia coli (E. coli) ATCC25922 

and Candida albicans (C. albicans) 

strains were procured from the 

Microbiology Laboratory of İnönü 

University Medical Faculty Hospital. 

Bacillus subtilis (B. subtilis) ATCC 

11774 and Pseudomonas aeruginosa (P. 

aeruginosa) ATCC27833 strains were 

also procured from Mardin Artuklu 

University Microbiology Research 

Laboratory. Gram positive bacteria S. 

aureus and B. Subtilis and gram negative 

bacteria E. coli and P. aeruginosa 

bacteria were grown on nutrient agar 

solid media plates at 37 oC overnight. 

Yeast C. albicans was also grown on 

Sabora dextros agar medium. 

Subsequently, microorganism 

suspensions were prepared for each 

according to McFarland standard 0.5 

(Emmanuel et al., 2015) turbidity 

concentration using microorganisms 

grown on the medium plates. For micro 

dilution, media suitable for each 

microorganism was pipetted into 96 

microplates. Muller hinton broth was 
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added for application with bacteria and 

Roswell Park Memorial Institute (RPMI) 

medium for Maya C. albicans. One well 

was determined for sterilization and one 

well for growth control. The solution 

prepared with AgNPs at a concentration 

of 16 µg/mL-1 was put into the first well. 

Micro dilution was applied to the other 

wells starting from the first well. Then, 

the suspensions prepared according to 

Mc Farland 0.5 turbid standard for each 

microorganism were added to the micro-

diluted microplate wells. After these 

procedures, the microplates were 

incubated at 37 oC overnight. The next 

day, the wells in the microplates were 

examined one by one and the 

concentration of the well before the well 

where the growth started was determined 

as MIC. 

2.4. Cytotoxic Activities of AgNPs in 

cell lines by MTT method 

The cytotoxic effects of AgNPs 

synthesized with Morus nigra L. leaf 

extract in the Cell Culture Laboratory of 

Dicle University Scientific Research 

Center by MTT method using supply cell 

lines from the American Type Culture 

Collection (ATCC) were performed. In 

practice, different cell lines were studied, 

one of which was a healthy cell line. 

Human Dermal Fibroblast (HDF) was 

used as a healthy cell line. Human 

Colorectal Adenocarcinoma (Caco-2), 

Glioblastoma (U118) and Human 

Ovarian sarcoma (Skov-3) were used as 

cancer cell lines. All cell lines were 

cultured in 75 t-flasks. Culture media 

DMEM (Dulbecco Modified Eagle) 

medium with HDF, 10% FBS 2 mM L-

Glutamine and 100 U / ml Penstrep for 

HDF, CaCo-2 and U118 cell lines, 10% 

FBS for Ovarian sarcoma (Skov-3) cell 

lines, RPMI (Roswell Park Memorial 

Institute) 1640 medium containing 100 

U/ml Penstrep was used. Flasks cultured 

with cell lines were incubated in a 37 ° C 

oven containing 5% CO2, 95% air, 

humidity. After cells reached about 80% 

confluence, cells were counted with a 

hemocytometer, inoculating 104 cells per 

well of 96-well plates and incubating 

overnight. After the incubation period, 

cells were treated with nanoparticles at 

varying concentrations of 25-200 µg / 

mL1 and incubated for 48 hours. 

Untreated cells were used as control. 

After incubation, MTT solution was 

added to each well and incubated for 3 

hours. After the incubation, the medium 

in the wells was slowly aspirated with 

MTT reagent. Then 100 µl of DMSO 

was added to each well and left for a 

further 15 minutes at room temperature 

with gentle shaking. The absorbance of 

the microplates at 540 nm wavelength 

was measured using the Multi ScanGo, 

Thermo device. 

% viability = U/C ∗ 100 (Remya et al., 

2015)  (1)                                                                                                             

In the formula, U; Absorbance values of 

cells treated with AgNPs, C; expresses 

the absorbance values of control cells. 

 

3. FINDINGS and DISCUSSION 

3.1. UV-visible spectroscopy  

Leaf extract of Morus nigra L. and 

5 mM AgNO3 solution were mixed, and 

after 15 minutes the color change began 

to occur, as time passed, a transformation 

from yellow to dark brown was observed 

(Z. A. Ali et al., 2016), (Song & Kim, 

2009). The color change from yellow to 

brown occurs as a result of vibrations 

(SPR) occurring on the plasma surface 

due to the formation of AgNPs (Ahmed 

et al., 2019), (M. F. Baran, 2018). UV-

vis by sampling depending on the 

intensity of color change. device, the 

maximum absorbance value was found 

at 417.47 nm as a result of wavelength 

scans (Figure 1). It has been stated that 

AgNPs obtained with Mussaenda 

glabrata extract give maximum 

absorbance at 415 nm (Francis et al., 

2017). In other biosynthesis studies, 
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absorbances at wavelengths of 415 nm 

(Butola et al., 2019) and 418 nm (Shao et 

al., 2018) have been characterized by the 

presence of AgNPs. 

 

Figure 1. a. Leaf extract b. Dark brown color change due to the Formation of AgNPs, c. UV-vis indicating the presence of 

AgNPs spectrophotometer data 

 

3.2. XRD Analysis Data 

The crystal structure and nano 

dimensions of AgNPs were determined 

with the peaks and values of 111o, 200o, 

220o and 311o as a result of the analysis 

performed with XRD device at 2θ. These 

peaks indicate that AgNPs are in cubic 

crystal structure (Rouhollah, H., and 

Marzieh, 2014), (Khan et al., 2018). The 

FWHM values of 111o, 200o, 220o and 

311o peaks are 38.07, 44.30, 64.44 and 

77.40, respectively, of the crystal 

structure of silver. The data show that the 

AgNPs obtained have a cubic crystal 

structure (Figure 2). By using the values 

of the spectra read in 2θ, the crystal nano 

sizes of AgNPs were calculated with the 

Debye-Scherrer equation (Khan et al., 

2018). 

 D=Kλ/(βcosθ)                                    (2) 

 

 In Equation (2), D = particle size, K 

constant value (0.90), λ = X-ray 

wavelength value (1.5418 Å), β = 

FWHM value of the high peak, cosθ = 

Braggθ angle of the high peak. 

689



MAS Journal of Applied Sciences 6(3): 685–700, 2021  

 
Figure 2. XRD pattern of the crystal structures of AgNPs 

 

As a result of the calculation, it was 

concluded that the crystal nano size was 

23.29 nm. In other studies calculating the 

crystal nano size of AgNPs using the 

Debye-Scherrer equation, dimensions of 

18 nm (Vastrad, 2016) and 20 nm 

(Pugazhendhi et al., 2018) were found.  

3.3. FT-IR spectroscopy data 

FTIR spectroscopy data of both the 

plant extract and the post-synthesis 

reaction fluid to identify the functional 

groups of phytochemicals involved in 

reduction are shown in Figure 3. 

3334.52-3333. 55 cm-1, 2107.4--2108. 

There were shifts in spectral frequencies 

of 24 cm-1 and 1635.5–1635.21 cm-1. 

Functional groups belonging to these 

frequencies may have led to the 

formation of AgNPs by reducing the Ag+ 

ion to the Ago form. The frequency shifts 

at three points suggest that -OH 

(hydroxyl) (Eren, A., Baran, 2019b), 

C≡C (alkyne) (Baran, M.F., Koç, A., and 

Uzan, 2018) and -NH2 (amine) 

functional groups, respectively, are 

effective in reduction. However, these 

functional groups also ensure the 

stability of the synthesis (V. Kumar et 

al., 2016) (Figure 3). 
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Figure 3. A. FTIR spectra of Morus nigra L. leaf extract, B. spectrum data of the liquid medium obtained after the synthesis of 

AgNPs 

 

3.4. SEM, TEM micrographs and 

EDX profile of AgNPs 

In Figure 4A, B, it was shown that 

the morphology of AgNPs obtained as a 

result of biosynthesis with Morus nigra 

L. extract had a spherical view in SEM 

and TEM micrographs (Butola et al., 

2019), (M. Baran, 2019). Strong peaks of 

silver in the EDX graph for element 

composition show the presence of 

AgNPs (V. Kumar et al., 2016). In 

addition, weak C, Cl and O peaks in 

EDX graph suggest that AgNPs, which 

are bound to the phytochemicals coming 

from the extract, are bound to 

biomolecules attached to the surface 

(Pugazhendhi et al., 2018) ,(Arumai 

Selvan et al., 2018) (Figure 4C,D). 
 

 
Figure 4. SEM-TEM and EDX micrographs of AgNPs A. SEM images, B. TEM images, C, D. EDX profile element composition 

graphs 
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3.5. Zeta potential distribution of 

AgNPs 

According to Zeta potential 

analysis data, the distribution of surface 

charge of AgNPs was determined as -

25.1 mV. The fact that AgNPs with a 

zeta potential distribution of -25.1 mV 

display only negative charge distribution 

shows that they do not have aggregation 

and exhibit a stable structure (Figure 

5A). Negative and positive charge 

distribution of the surface charges of 

AgNPs causes aggregation of the 

particles (Al-ogaidi et al., 2017). The 

fact that the obtained AgNPs show only 

negative surface charge distribution 

indicates that there is no aggregation 

with the thrust effect of the same charge 

and they exhibit a stable structure (Patil 

et al., 2018), (Oliveira et al., 2019).  In a 

study, the surface charges in the zeta 

potential distributions of AgNPs were 

stated as -29 mV (R. Nishanthi, S. 

Malathi, S. John Paul, 2019). 

 

 

Figure 5. Zeta potential data showing the surface charge distributions of AgNPs 

 

3.6. Anti-microbial Activities of 

AgNPs 

Antimicrobial activities of AgNPs, 

antibiotics and 5 mM silver nitrate 

solution, which is the synthesis medium, 

on pathogenic microorganisms were 

evaluated by micro dilution method. It 

was determined that 0.03-0.12 µg/mL 

concentrations showed antimicrobial 

activity on the growth of 

microorganisms. The lowest 

concentration was determined as 0.03 

µg/mL on B. Subtilis and C. albicans 

strains. The highest concentration is the 

MIC values effective on P. aeruginosa 

with a concentration of 0.12 µg/mL. 

Concentrations of 0.03-0.12 µg/mL are 

the MIC values obtained for all strains as 

lower concentrations of antibiotic and 

silver nitrate solution (Table 1 and 

Figure 7). The antimicrobial activities of 

AgNPs on microorganisms are caused by 

their high reactivity feature by being 

ionized in an aqueous environment. 

Ionized silver and microorganisms come 

into contact with the electrostatic 

attraction force (Kumar, R., Ghoshal, G. 

Jain, 2017),(Butola et al., 2019). After 

interaction, they increase Reactive 

Oxygen Species (ROS). With the 

increase of ROS, deterioration occurs in 

the structures of important biomolecules 

such as cell membrane and nucleus 

membrane (Rouhollah, H., and Marzieh, 

2014). Biomolecules such as DNA, RNA 

and thiol groups of important enzymes 

have high affinity for ROS. They 

negatively affect the structure and 

functions of these molecules (Khan et al., 

2018). 
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Tablo 1. MIC values of AgNPs, silver nitrate and antibiotics that show 

anti-microbial activity on microorganisms 

ORGANISM 
AgNPs 

µg/mL 

Silver Nitrate 

µg/mL 

Antibiotic 

µg/mL 

S. aureus ATCC 29213 0.06 2.65 2.00 

B.subtilis ATCC 11774 0.03 1.32 1.00 

E. coli ATCC25922 0.06 0.66 2.00 

P. aeruginosa ATCC27833 0.12 1.32 4.00 

C. albicans 0.03 0.66 2.00 

 

 

Figure 6. MIC values on which AgNPs, 5 mM AgNO3 solution and antibiotics are effective in antimicrobial activity on pathogenic 

microorganisms 

 

In a study conducted for the anti-

microbial effects of AgNPs obtained by 

biosynthesis on pathogenic strains  B. 

subtilis, S. aureus, E. coli, P. aeruginosa, 

C. albicans at concentrations of 50, 50, 

25, 50 and 25 µg / mL, respectively, were 

defined as MIC at antimicrobial activity 

(Emmanuel et al., 2015). In another 

study, 0.82 and 0.67 µg / mL 

concentrations were said to be effective 

for S. aureus and E. coli strains (V. 

Kumar et al., 2016).  

3.7. Cytotoxic activities of AgNPs on 

cell lines 

Cytotoxic activities and 

proliferation-inhibiting concentrations 

of AgNPs obtained by biosynthesis on 

healthy cell line HDF and cancer cell 

lines U118, CaCo-2 and Skov-3 were 

determined by MTT method. At 25 µg / 

mL, 42.53% viability and 57% 

suppressive toxic effects were detected 

on HDF cells. On U118, CaCo-2 and 

Skov-3 cell lines, 59.22%, 35.01 and 

73.04% viability and 40, 64 and 26% 

suppressive toxic effect rates were 

determined, respectively, at a 

concentration of 25 µg/mL. In this case, 

it is seen that the highest suppressive 

effect of AgNPs with a rate of 64% is in 

the CaCo-2 cancer cell line (Table 2 and 

Figure 7). The increase in the percentage 

of viability versus the concentration of 

AgNPs in the cell lines is due to the 

proliferative properties of the cells 

(Morais et al., 2020). 

AgNPs are laccolyzed in 

biomolecules at different points such as 

nucleus, mitochondria and cell 

membranes. Where they are localized, 

AgNPs stimulate apoptosis due to the 

increase in ROS. They show toxic effects 

0
1
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µ
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by inducing cell death (Gliga et al., 

2014), (Morais et al., 2020). Ag+ ions 

released as a result of AgNPs forming 

oxidative reactions can induce the 

formation of immunological and 

genotoxic structures in biological 

environments. It is important at this point 

to evaluate these effects with cytotoxic 

applications (Wongpreecha et al., 2018).  

 

Table 2. Concentrations of AgNPs that suppress viability on cell lines 

Cell Line 
25 

µg/mL 

50 

µg/mL 

100 

µg/mL 

200 

µg/mL 

HDF 42.53 9.06 8.69 10.13 

U118 59.22 61.08 62.82 56.46 

CaCo-2 35.01 25.51 23.20 26.08 

Skov-3 73.04 68.60 63.77 21.52 
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Figure 7. Percentage viability rates as a result of the growth-suppressing cytotoxic effects of AgNPs 48 hours after their interaction 

with HDF, CaCo-2, U118 and Skov-3 cell lines 

 

In a study investigating the 

cytotoxic effects of AgNPs on CaCo-2 

cells, it was stated that a concentration of 

3.75 µg / mL has toxic effects (Mohmed 

et al., 2017). In another study, a 

concentration of 9.4 µg / mL was 

reported to be toxic in Skov-3 cell lines 

(Fahrenholtz et al., 2017). On the other 

hand, the determination of the cytotoxic 

effects of AgNPs on the HDF cell line It 

has been shown in a study conducted for 

100 µg / mL concentration to have toxic 

effects (Yixia Zhang, Dapeng Yang, 

Yifei Kong, Xiansong Wang, Omar 

Pandoli, 2010).   

There are some parameters that 

affect the toxic effect mechanism of 

nanoparticles. Among these, factors such 

as the concentration of nanoparticles, the 

chemistry of the surface components, 

surface charge, interaction time, size, 

degree of deposition, and shape are the 

factors in the formation of the toxic 

effect (Swamy et al., 2015). 

 

CONCLUSION 

The fact that AgNPs obtained by 

the biosynthesis method exhibit a 

biocompatible structure for biomedical 

applications makes these methods 
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interesting day by day. The biosynthesis 

of AgNPs with black mulberry leaf 

extract was carried out easily and 

economically. The AgNPs obtained are 

UV-vis. Spectrophotometer was 

characterized by XRD, FTIR, EDX, 

TEM, SEM, TEM and Zeta potential 

analysis data. It was determined that they 

exhibited antimicrobial activity at lower 

concentrations (0.03-0.12 µg / mL) 

against antibiotic and silver nitrate 

solution on pathogenic microorganisms. 

Cytotoxic effects and suppressive effects 

on cell growth were investigated by 

MTT method on healthy cell line HDF 

and cancer cell lines U118, CaCo-2 and 

Skov-3. It was determined that at a 

concentration of 25 µg / mL, the CaCo-2 

cancer cell line showed the highest 

suppressive effect at a rate of 64%. In the 

synthesis, parameters such as 

concentration, pH, temperature, which 

determine the properties of AgNPs, can 

contribute greatly to the search for 

anticancer and antimicrobial agents for 

biomedical applications. 
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