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Abstract

One of the main subjects of plant biotechnology is plant tissue culture and in recent years is considered a possible approach
model for green and eco-friendly biosynthesis of nanoparticles. This study aimed to present calli produced from the natural tetraploid
Trifolium pratense L. containing high amounts of phenolic compounds and glycosidic bioactive macromolecules and the
biosynthesis of silver nanoparticles from calli. Combinatorial optimization of silver nanoparticles was achieved for the first time in
this study, thanks to the stabilizing and reducing properties of hypocotyl, apical meristem, and epicotyl derived callus extracts of
the natural tetraploid T. pratense L. biosynthesized nanoparticles from three different callus extracts. Callus extracts were used to
create different experiments with AgNO; at various concentrations (0.16, 0.5, 0.84, 1.18, 1.52 and 1.96 mg L), different
temperatures (40, 50, 60, 70, 80, 90, 100°C), and different pH levels (5, 7, 10) to carry out the biosynthesis of AgNPs. Biologically
synthesized AgNPs were easily monitored by color change in ultraviolet and UV-Vis spectroscopy proved to be a fast and simple
method. Also, TEM, XRD, and FTIR analyses were done to characterize and confirm the formation of crystalline nanoparticles. It
was determined that antibacterial activity inhibition was achieved by using the Agar-well diffusion method for antibacterial activity
measurements on Gram-positive Staphylococcus aureus ATCC 25923 and Gram-negative Escherichia coli CECT 4972 bacteria.
Biosynthesized AgNPs were observed in the wavelength range of 400-500 nm in the UV-VIS spectrum. TEM analysis demonstrated
the size and shape of biosynthesized silver nanoparticles under different conditions. It was observed that the smaller silver
nanoparticles were spherical and the larger silver nanoparticles were triangular, elliptical, and spherical shape. The XRD analysis
proved the presence of Ag0 in nanoparticles and showed crystal structure for silver nanoparticles. By FTIR analysis, O-H hydroxyl
groups of functional groups on the AgNP surface, H-linked OH stretching, C-H stretching, -CH stretching of -CH, and -CHj3
functional groups, C-N and carboxylate, aliphatic phosphate and primary amine stretching were expressed. Biosynthesized silver
nanoparticles showed antibacterial activity against Gram-positive S. aureus ATCC 25923 bacteria, AgNP hypocotyl (1.7mm),
AgNP-epicotyl (1.1mm) against Gram-negative E. coli CECT 4972 bacteria. Among the hypocotyl, apical meristem, and epicotyl
callus cultures, the highest antioxidant activity was observed in the AgNPs obtained from hypocotyl-concentration experiments,
with a DPPH radical activity of 52% and an ABTS radical activity of 68%. In conclusion, these findings underscore the potential of
biotechnological strategies in green nanotechnology, which can be offered for developing metal nanoparticles with potential
biomedicine and biotechnology applications.
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1. Introduction

Nanobiotechnology is an important and rapidly developing
field that allows interdisciplinary studies such as medicine, drug
delivery, biomedical, physics, biology, chemistry, and materials
engineering with an environmentally friendly approach (Pandit,
2015; Anjum and Abbasi, 2016; Aktepe, 2021). It increases the
chance of economic production by making sensitive and rapid
applications that positively affect the diagnosis and treatment of
diseases. Increasing knowledge of cell and intracellular
communication will bring the scientific world to the next level
very quickly with the help of nanotechnological methods.

Silver nanoparticles (AgNP), the product of this study, are
used in food packaging, wastewater treatment, and textile
industry, but are most commonly used in biomedical practices
(Salem and Fouda, 2021). For example, AgNPs function in
biosensing, imaging, and drug delivery. At the same time,
AgNPs increase attention due to their antibacterial activities and
cost-effective preparations (Yurttas et al., 2022). They are
cytotoxic agents and are used in antimicrobial, anti-cancer, anti-
inflammatory (Gonzalez et al., 2017) or wound care applications
(Aziz et al., 2014; Kumar and Kathireswari, 2016; Singh et al.,
2016; Xia et al., 2016; Tian et al., 2018). The current interest is
in the antiviral activity of AgNPs because of the COVID-19
pandemic (Jeremiah et al., 2020; Allawadhi et al., 2021).

To increase the scientific areas in which AgNPs can be
used, different synthesis methods have been tried to be
developed, recently. The most common approach using
chemical reducing agents to synthesize AgNPs is chemical
reduction. One of these methods is in vitro AgNP
biosynthesizing with plant tissue cultures. Callus production
with plant tissue culture technigues can be carried out with an
explant of the plant (from leaf, shoot, root or hypocotyl, epicotyl,
cotyledon, apical meristem or young first leaves) and continuous
production can be achieved. In addition, with plant tissue culture
techniques under controlled conditions will be carried out,
secondary metabolites prevent the plant from being exposed to
biotic and abiotic stress factors (Ochoa-Villarreal et al., 2016;
Ozyigit et al., 2023). Callus extracts contain different amounts
of biochemicals, which are reducing and stabilizing agents, and
contain many polar groups, which are very important for the
stabilization of AgNPs. The natural tetraploid Trifolium
pratense L. used in our study is rich in flavonoids, so this study
evaluated the biosynthesis of AgNPs by callus extracts.

Natural tetraploid T. pratense L. can be grown widely in
the Eastern Anatolia Region and Black Sea Regions of Tiirkiye
(Elci, 1982). The chromosome number of natural tetraploid T.
pratense L. is 2n=4x=28 (Buyukkartal and Colgecen, 2007). The
natural tetraploid T. pratense L. variety contains more secondary
metabolites than the diploid variety of the plant (Khaosaad et al.,
2008; Colgecen et al., 2014). Especially, due to the isoflavones
it contains, its phytoestrogenic activity is very high. The reasons
for choosing the natural tetraploid T. pratense L. callus extracts
as reducing and stabilizing agents are its richness of essential
phytochemicals and its medicinal effects. In our previous study,
some secondary metabolites obtained from calli were analysed
and high amounts of secondary metabolites were determined
(Colgecen et al., 2014).

In nanobiotechnology, silver nanoparticles are better than
gold and copper nanoparticles. AgNPs exhibit antibacterial
properties in many ways; (1) the microbial cell surface is
effective to adhere of AgNPs, it causes alteration of transport
activity and cell membrane damage, and AgNPs interact with
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cellular organelles of microbial cells and biomolecules which
affect the corresponding cellular mechanism (2) AgNPs increase
in ROS in microbial cells and so, begin damage in cell (3)
AgNPs arrange the cellular signaling system, resulting in cell
death (Dakal et al., 2016).

According to literature studies, common agents of wound
infections are Staphylococcus aureus and Escherichia coli. The
cause of hospital-acquired infections is S. aureus that is one of
the five most common, and both community-acquired and
hospital acquired staphylococcal infections are increasing. The
various diseases ranging from subacute superficial skin infection
to life-threatening septicemia such as food poisoning, skin
infection, bacteremia and bone/joint infection are agent effected
from S. aureus. In community-acquired urinary tract infections,
the highest rate of E. coli is isolated as an infectious agent in
urine cultures. Considering that drug-resistant S. aureus and E.
coli are emerging rapidly but there is no antibiotic development
line, alternative methods are needed to fight these antibiotic
resistant bacteria (Li et al., 2011; Avcioglu et al., 2019).

Antibiotic resistance is defined as some strains of a
microorganism species being unaffected by an antibiotic or an
antibiotic-sensitive strain becoming resistant by one of several
resistance mechanisms. In addition, the World Health
Organization (WHO) explains that if the problem of resistance
to antibiotics is not resolved, each year will cause 10 million
deaths due to drug-resistant diseases by 2050 and devastating
damage to the economy because of the global financial crisis of
2008-2009 (World Health Organization, 2019). Economically
(whether directly linked to agriculture or livestock), it is
predicted that antimicrobial resistance will push up to 24 million
people into high poverty by 2030 (Arséne et al., 2021).

There are no studies in the literature on the use of
hypocotyl, apical meristem and epicotyl derived callus extracts
of natural tetraploid T. pratense L. as a biological source for
AgNP biosynthesis. This study focuses on AgNPs biosynthesis
using extracts from the natural tetraploid T. pratense L. calli. and
is the first report. The presence of AgNPs was determined by
UV-visible spectroscopy, TEM, FTIR, and XRD analyses.
Additionally, it was aimed at developing an effective method
against S. aureus and E. coli using biosynthesized AgNPs. It was
determined that the DPPH and ABTS radical scavenging activity
of biosynthesized AgNPs.

2. Materials and methods
2.1. Preparation of callus extracts

Natural tetraploid T. pratense L. was grown in an
experiment garden (41.45124°N, 31.76037°W) that belongs to
the Biology Department, Science Faculty, Zonguldak Bulent
Ecevit University. The seeds were collected in May 2021. To
create aseptic seedlings, firstly, surface sterilization of naturally
tetraploid T. pratense L. seeds collected annually was
performed, the seeds were treated with 10% sodium
hypochlorite (NaOCI) solution for 10 minutes and then rinsed
with distilled water 3 times. (Colgecen et al., 2008; Colgecen et
al., 2014). After surface sterilization, 6-7 seeds of natural
tetraploid T. pratense L. were germinated in MS (Murashige and
Skoog, 1962) nutrient medium without plant growth regulator.
Hypocotyl (0.5 cm), apical meristem (2-3 mm), and epicotyl (0.5
cm) explants of 15-day-old aseptic seedlings were taken in MS
medium containing plant growth regulators: kinetin (1.5 mg L
1, NAA (1.5 mg L), and 2,4-D (0.7 mg L) (Colgecen et al.,
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2014). It is solidified with 20 g L™* sucrose, 0.7% g agar, and pH
adjusted at 5.8. The culture was incubated at a photoperiod of
16/8 h, and the temperature was set to 24+1°C (irradiation with
37 pmol m? st and 2000 lux was provided by cool-white
fluorescent tubes).

The induced callus was friable and yellow. Calli were
subcultured every 4 weeks. Photographs were taken under a
stereo microscope (Leica EZ4D). The hypocotyl, apical
meristem, and epicotyl derived calluses obtained from the
second subculture were weighed at 10 g and taken into a 250 ml
Erlenmeyer flask. 100 ml of sterile distilled water was added,
and the flask was then shaken in an 80°C water bath at 180 rpm
for one hour (Anjum and Abbasi, 2016; Xia et al., 2016; Aref
and Salem, 2020). When the temperature reached room
temperature, the extracts were filtered by a Whatman No. 1, and
the volume of the filtrate was made up to 100 ml with distilled
water (Lashin et al., 2021; Ahmad et al., 2022). Thus, 1 g/10 ml
of extract was obtained. The extracts were stored at +4+1°C in
the dark.

2.2. Green synthesis of silver nanoparticles

10 mL of natural tetraploid T. pratense L. extract was taken
from 1 g/10 ml stock extract and was mixed with different
concentrations (0.16, 0.5, 0.84, 1.18, 1.52, and 1.96 mg L7,
separately and respectively) of freshly prepared silver nitrate
aqueous solution (AgNOs) for the biosynthesis of AgNPs
(Lashin et al., 2021). They were incubated at 24°C+2 and under
daylight. It took 6, 24, and 48 hours for the reduction of silver
ions. A color change of red was observed in the reaction mixture
after the incubation period. According to the UV-visible
spectrophotometer results, since the fastest reduction and the
fastest color change occurred at 1.96 mg L?* AgNOs,
temperature and pH experiments were continued with 1.96 mg
L1 AgNOs.

To confirm the biosynthesis of AgNPs, 10 ml of hypocotyl,
apical meristem, and epicotyl derived callus extracts were added
to 1.96 mg L AgNO; (Fluka) aqueous solution at different
temperatures (40-50-60-70-80-90-100°C). In order to evaluate
AgNPs biosynthesis in different pH ranges (5-7-10), 10 mL of
extracts were adjusted to 5, 7, and 10 with 1IN HCI and 1M
NaOH, respectively. Then 1.96 mg L' AgNO3 was added to the
prepared solutions (Nabikhan et al., 2010; Anjum and Abbasi,
2016; Xia et al., 2016; Yugay et al., 2023). The first pH of
hypocotyl, apical meristem, and epicotyl derived callus extracts
was 5.89, 6.00, and 5.92, respectively.

2.3. Characterization of bio-silver nanoparticles

UV-visible spectroscopy analysis was performed with a
UV-visible absorption spectrophotometer (Tetra T80+UV/VIS
Spectrophotometer PG) to determine the formation of AgNPs
biosynthesized from calli. After mixing the callus extracts with
AgNOs, the formation of AgNPs was first visually observed and
confirmed by color change. Absorbance measurements in the
range of 200 to 800 nm were then recorded to distinguish the
maximum surface plasmon of AgNPs. The analyses were carried
out with quartz cuvettes. Distilled water was used for blank and
zero UV-visible spectroscopy (Aref and Salem, 2020; Lashin et
al., 2021).

The size and shape distribution of AgNPs was performed
with a TEM (Hitachi HT7800) device operating at an
acceleration voltage of 120 kV (Rakesh et al., 2022). AgNPs,
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which are biosynthesis products, were centrifuged at 12.000 rpm
for 10 minutes. All callus extract residues and unconverted Ag(l)
ions were washed three times with distilled water. Finally, it was
sonicated in distilled water for 5 minutes. It was filtered with
0.22 pm filters. 3 pl of sample was dropped on the carbon-coated
grid. All samples were dried at 24°C+2 for 15 min.

Phase formation, purity, and crystal structure of the
biosynthetic product AgNPs were identified using XRD (X-ray
diffraction) spectrometry (Panalytical Empyrean). The process
was carried out using Cu/Ka radiation (A =1.54 A) at a value of
20 between 20° and 80°. The tube current of 40 mA, scan speed
of 0.1°/min, step size of 0.02°, and voltage of 45 kV were
maintained as operating parameters (Ozturk Kup et al., 2020;
Gharari et al., 2022). AgNPs, which are biosynthesis products,
were centrifuged at 25.000 rpm for 7 minutes. All plant extract
residues and unconverted Ag(l) ions were washed three times
with distilled water. Then, samples were dried at 24+2°C for 2
days.

Perkin Elmer 400 FTIR/FTFIR Spectrometer Spotlight 400
was used for FTIR (Fourier Transform Infrared Spectroscopy)
spectroscopy. The wavelength was measured at a resolution of 4
cm? in the range of 400 to 4000 cm* according to ATR (lashin
et al., 2023). The callus aqueous extract's functional groups,
which have major roles in the biosynthesis of AgNPs, were
analyzed using FTIR. AgNPs, which are biosynthesis products,
were centrifuged at 12.000 rpm for 10 minutes. All plant extract
residues and unconverted Ag(l) ions were washed three times
with distilled water. Then, samples were dried at 60°C for 48
hours (Sharifi-Rad et al., 2020; Lashin et al., 2021).

XRD and FTIR analyses were carried out at the Science
and Technology Application and Research Center, Zonguldak
Bulent Ecevit University. TEM analyses were carried out at the
Eskisehir Osmangazi University Application and Research
Center, Eskisehir.

2.4. Determination of potential biological activity

Antibacterial activity: The agar-well diffusion method was
used to determine the antibacterial activity of biosynthesized
AgNPs on Gram-positive S. aureus ATCC 25923 and Gram-
negative E. coli CECT 4972 bacteria. Antibacterial levels were
tested by inhibition zone measurement. Bacteria were inoculated
in 5 mL of TSB medium and incubated at 35+1°C for 18+2
hours. After incubation, 0.1 ml of the bacterial culture adjusted
to 0.5 McFarland standards was evenly spread on Mueller-
Hinton agar. Then, 8 mm diameter wells were made in Petri
dishes using sterile punches at 2.5 cm intervals, and 100 pL of
samples diluted to a final concentration of 1 pg/1ul were placed
in each trough and incubated at 37°C for 24 hours. The inhibition
zone (ZOl) was evaluated in terms of the diameter of the growth-
free regions with the aid of a caliper. As a negative control,
sterile distilled water was used (Devi et al., 2018; Baruah et al.,
2021; EUCAST, 2022). The antibacterial tests were repeated
three times, and the average of the three obtained data points was
reported.

2.5. In vitro antioxidant assay: 2,2-diphenyl-1-picrylhydrazyl
(DPPH)

The activity of DPPH in the samples was determined by
making some modifications to the Sanchez-Moreno method
(Wang and Lee, 1996). The DPPH activity of biosynthesized
AgNPs was studied against 2,2-diphenyl-1-picrylhydrazil
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(DPPH). Extracts of hypocotyl, apical meristem, and epicotyl
derived callus were used as a control group. Biosynthesized
AgNPs from the extracts were prepared from aqueous products
at different concentrations (1.0, 0.5, 0.25, and 0.125 mg L™*) and
added to a well plate. Then, 2 ml of freshly prepared ethanolic
solution of DPPH solution was added to each well (Szydlowska-
Czerniak et al., 2012; Fierascu et al., 2014). The plate was
incubated in the dark for approximately 30 minutes. At this time,
the mixing solution changed from violet to yellow. With a UV-
spectrophotometer, 3 repetitive readings were performed at 1-
minute intervals at an absorbance of 517 nm. A butylated
hydroxyanisole (BHA) solution was used as a standard. The
Tetra Brand T80+UV/VIS Spectrometer PG Instruments Model
was used to determine DPPH free radical scavenging activity.

DPPH activity was calculated as Ellnain et al. (2003) and
Ozturk Kup et al. (2020):

Inhibition% = [Control (DPPH) — Sample (DPPH)] /
Control (DPPH) x 100.

2.6. In vitro antioxidant assay of 2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS)

The ABTS free radical scavenging activities of the samples
were determined by making some modifications to the method
studied by Moldovan et al. (2016). To form ABTS* radical
cation, 6.5 mM ABTS, and 2.45 mM potassium persulfate
solution were mixed in equal volumes (1:1) and incubated for 16
hours in the dark and at room temperature until a dark green
color appeared. ABTS+ was diluted with distilled water to give
an absorbance value of 0.6-0.8 units at 734 nm (Moldovan et al.,
2016; Sharifi-Rad et al., 2021). Extracts of hypocotyl, apical
meristem, and epicotyl derived callus were used as a control
group. Different amounts of AgNP aqueous products (1.0, 0.5,
0.25, and 0.125 mg L) were prepared and added to a well plate.
Then, a freshly prepared aqueous solution of 2 mL ABTS was
added to each well. The plate was incubated in the dark for
approximately 30 minutes. Also, the mixing solution changed
from dark purple to transparent. Three repetitive readings were
performed at 1-minute intervals at 734 nm absorbance with a UV
spectrophotometer. BHA solution was used as a standard. The
Tetra Brand T80+UV/VIS Spectrometer PG Instruments Model
was used to evaluate ABTS free radical scavenging activity.

ABTS radical scavenger percentage was calculated with
the equation %= [Control (ABTS) — Sample (ABTS)] / Control
(ABTS) x 100 (Das et al., 2020).

The Scherer-Debye equation was used to calculate the
average crystallite size of AgNPs (Eq. 2):

D=(K x L)/ x cosb

D= the size of the crystal, its unit is equal to A unit, usually
angstrom or nm,

A= the X-ray wavelength, Used K-Alphal wavelength,

K= a dimensionless shape factor, with a value close to
unity,

B= the full width at half maximum,

0= the peak position on the horizontal axis of diffraction
pattern, which, if the horizontal axis is 26. It should be divided
into two to get 6.

2.7. Statistical analysis
A statistical analysis of the data given in callus percentages

was attributed to the previous study (Colgecen et al., 2014).
They subjected the percentages of callus to the arcsin
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transformation (Snedecor and Cochran, 1967) and analyzed all
the data statistically with the SPSS package program. AgNPs
biosynthesis was performed from the callus extracts of natural
tetraploid T. pratense L.; each experiment was repeated 3 times.
For the statistical analysis and calculations of the differences
between the radical scavenging activities of the obtained AgNPs
products, “SPSS for Windows Ver. 24.0” (SPSS Inc., Chicago,
IL., USA) package programs the groups were compared with the
Duncan separation test (Duncan, 1955). In statistical decisions,
the p<0.05 level was accepted as an indicator of a significant
difference.

3. Results
3.1. Callus initiation

The seeds of the natural tetraploid T. pratense L. (Fig. 1a)
were germinated in an MS nutrient medium without a plant
growth regulator. The first germination was observed after 3
days. Hypocotyl (0.5 cm), apical meristem (2-3 mm), and
epicotyl (0.5 cm) explants (Fig. 1c) of grown 15-day-old aseptic
seedlings (Fig. 1b) were planted in MS media (Colgecen et al.,
2014). Hypocotyl, apical meristem, and epicotyl derived calli
were obtained after four weeks (Fig. 2).

~o

Hypocotyl =——

Epicotyl

Apical
meristem

Yy

Fig. 1. Natural tetraploid T. pratense L. (a) seeds, (b) 15-day-old aseptic
seedlings in in vitro, (c) parts of a 15-day-old aseptic seedling.

Fig. 2. The four weeks calli producing from natural tetraploid T.
pratense L. (a) apical meristem, (b) epicotyl, (c) hypocotyl.

3.2. Ultraviolet-violet spectroscopy

AgNPs were produced by mixing 1.96 mg L AgNO3 with
10 ml of hypocotyl, apical meristem, and epicotyl derived callus
extracts. The reduction of Ag* in the AgNO3; solution and the
formation of AgNPs were determined using UV-vis
spectroscopy, which is one of the important techniques. The
occurrence of biosynthesized AgNPs was visualized with a color
change (dark red-brown) after completion of the reaction
between extracts of hypocotyl, apical meristem, and epicotyl
derived callus with 1.96 mg L* AgNOs; (Fig. 3). The
biosynthesized AgNPs maximum absorbance was visualized for
hypocotyl, apical meristem, and epicotyl derived callus at
wavelengths of 470, 458, and 460 nm, respectively. The change
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of 1.96 mg L AgNO3 + 1 g/10 ml callus extract in terms of
AgNPs formation at 6, 24, and 48 hours was recorded (Fig. 4).
The dark red-brown color of the AgNP solution produced with
1.96 mg L AgNO; remained unchanged for 6 months. This
demonstrated the stability of AgNPs.

Apicﬁlﬁﬁi.eristem

A

Fig. 3. The appearance of biosynthesized silver nanoparticles at 24°C
with 1.96 mg L™t AgNOs + 1 g/10 ml callus extracts after 48 hours.

1,2

Hypocotyl 6 s
== Hypocotyl 24 s
= Hypocotyl 48 s
Apical meristem 6 s

== Apical meristem 24 s

Abs

e Apical meristem 48 s
= Epicotyl 6 s

Epicotyl 24 s
= Epicotyl 48 s

300 400 500

Wavelength (nm)

600

Fig. 4. UV-VIS spectrum of biosynthesized silver nanoparticles with
1.96 mg Lt AgNOs + 1 g/10 ml callus extracts after 6, 24 and 48 hours.

0,6 -
e Hypocotyl

0,5 - == Apical meristem

0,4 - = Epicotyl
»
0 0,3 4
<

0,2 -

0,1 -

0 T T 1
300 400 500 600
Wavelength (nm)

Fig. 5. UV-VIS spectrum of biosynthesized silver nanoparticles at 90°C
with 1.96 mg L' AgNOsz + 1 g/10 ml callus extracts.

AgNPs biosynthesis experiments were carried out
separately at 40, 50, 60, 70, 80, 90, and 100°C temperatures with
1.96 mg LT AgNOs + 1 g/10 ml callus extracts (hypocotyl,
apical meristem, and epicotyl). After 2 hours, a change in
reaction color started. The change in the reaction color was
observed the fastest in the samples kept at 90°C and the slowest
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in the samples kept at 40°C. The highest biosynthesis was
determined at 90°C. The biosynthesized AgNPs maximum
absorbance was observed for hypocotyl, apical meristem, and
epicotyl derived callus at 424, 436, and 417 nm wavelengths,
respectively (Fig. 5).

AgNPs biosynthesis experiments were performed with
1.96 mg L AgNO; + 1 g/10 ml callus extracts (hypocotyl,
apical meristem, and epicotyl) at pH 5, 7, and 10. The change in
reaction color started as soon as 1.96 mg L™t AgNO3 was added.
The most intense color change was seen at pH 5. Maximum
absorbance in the UV spectrophotometer was observed for
hypocotyl, apical meristem, and epicotyl derived callus at

wavelengths of 456, 449, and 480 nm, respectively (Fig. 6).

1,2 — s 12 —_—s b2 —s

—24 5 —_—s — 2 s

1 —8s | 1 —_e| t —_—s
08 08 08
5"" 06 06
04 04 0,4
02 02 02
o \ 0+ . . , o

300 400 500 600 300 400 500 600 | 300 400 500 600

Wavelength (nm) Wavelength (nm) Wavelength (nm)

Fig. 6. UV-VIS spectrum of biosynthesized silver nanoparticles at pH:
5 with 1.96 mg L AgNOs + 1 g/10 ml hypocotyl, apical meristem and
epicotyl derived callus extracts after 6 hours.

3.3. TEM analysis of produced silver nanoparticles

TEM was applied to determine the morphology and size of
AgNPs, which are biosynthesis products. Biosynthesized
AgNPs from apical meristem derived calli were only evaluated
by TEM analysis since the highest biosynthesis was determined
in apical meristem derived calli for concentration, temperature,
and pH experiments. Biosynthesized AgNPs, with 1.96 mg L!
AgNOz + 1 g/10 ml callus extracts at room temperature had
different shapes: triangular, elliptical, and spherical (Fig. 7a).
AgNPs tend to aggregate. TEM analysis confirmed that it has an
AgNP size distribution ranging from 18.25 to 37.8 nm.

Biosynthesized AgNPs from apical meristem derived calli
at 90°C were found to be smaller in size and spherical in shape.
TEM analysis confirmed that it has an AgNP size distribution
ranging from 8.34-16.01 nm (Fig. 7b). AgNPs produced at 90°C
were separated from each other and did not aggregate.

It was determined that AgNPs produced at pH:5 was
spherical and elliptical. TEM analysis confirmed that it has an
AgNP size distribution ranging from 10.67-37.85 nm (Fig. 7c).

Transmission electron microscopy micrographs of
biosynthesized silver nanoparticles with apical meristem derived calli.
a.1.96 mg L' AgNO3, b. 90°C temperature, c. pH: 5.

7.

Fig.

3.4. XRD analysis of produced silver nanoparticles

The crystal structure of biosynthesized AgNPs with apical
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meristem, hypocotyl, and epicotyl derived callus extracts was
evaluated by XRD analysis. No 20 peak was observed for
biosynthesized AgNPs from the apical meristem and epicotyl
calli at 90°C using a concentration of 1.96 mg L't AgNO3 + 1
2/10 ml callus extract. The 20 peak was at 32.30° for AgNPs
biosynthesize from hypocotyl calli. This (101) was attributed to
the Miller indices (Fig. 8).

(101)

TERE

intensity
H

£ ¥

|Hypocotyl Apical

meristem

g 8

Epicotyl

10 20 30 50 60 70 80

2-Th<;tua-ScaIe
Fig. 8. XRD model of biosynthesized silver nanoparticles at 90°C with
1.96 mg L1 AgNOs + 1 g/10 ml hypocotyl, apical meristem and epicotyl
derived callus extract.

For biosynthesized AgNPs at pH:5 using a concentration
of 1.96 mg L' AgNO; + 1 g/10 ml callus extract, the 20 peaks
were at 32.01°, 37.84°, 46.07° for the apical meristem. For
hypocotyl: 32.55°, 38.35°, 46.52°. For epicotyl: 32.30°, 38.20°,
46.39°. These were attributed to the Miller indices (101), (111),
and (200), respectively (Fig. 9).

|Apical

|meristem
1000 | Hypocotyl
Epicotyl

Intensity

30 50 60

2-Th2ta-$cale
Fig. 9. XRD model of biosynthesized silver nanoparticles at pH:5 with
1.96 mg L't AgNOs + 1 g/10 ml hypocotyl, apical meristem and epicotyl
derived calli extract.

These peaks were caused by organic compounds present in
the extract, which are responsible for the reduction of silver ions
and stabilization of the resulting nanoparticles. The average
crystal size of AgNPs was determined as 13.5 nm for
biosynthesized AgNPs from apical meristem calli at 90°C, and
26 nm to medium at pH:5. It proved to be similar when
compared with the TEM results.

3.5. FTIR analysis of produced silver nanoparticles

FTIR analysis was performed to identify possible organic
biomolecules of hypocotyl, apical meristem and epicotyl derived
callus extracts responsible for the biosynthesis of AgNPs.
Absorption peaks in the FTIR spectrum of biosynthesized
AgNPs from hypocotyl, apical meristem, and epicotyl derived
callus extracts at 90°C using a concentration of 1.96 mg L
AgNO3z + 1 ¢g/10 ml callus extract: for hypocotyl: 2913.7,
2856.5; for apical meristem: 2971.1, 2902.1; for epicotyl:
3257.2, 2964.7, 2918.8, 2859 cm? (Fig. 10). The strong
absorption bands 2913.7, 2856.5, 2971.1, 2902.1, 3257.2,
2964.7, 2918.8, and 2859 cm™* represent -CH stretching of the -
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CHjs and -CH, functional groups.
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Fig. 10. FTIR spectrum of biosynthesized silver nanoparticles at 90°C
condition with 1.96 mg L' AgNOsz + 1 g/10 ml hypocotyl, apical
meristem and epicotyl derived calli extracts.

Absorption peaks in the FTIR spectrum of biosynthesized
AgNPs from hypocotyl, apical meristem and epicotyl derived
callus extracts at pH:5 using a concentration of 1.96 mg L™
AgNOs + 1 g/10 ml callus extract: for hypocotyl: 2921.7, 2859;
for apical meristem: 2937.2, 2850; for epicotyl: 2930.2, 2853.3
cmt (Fig. 11).
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Fig. 11. FTIR spectrum of biosynthesized silver nanoparticles at pH:5
condition with 1.96 mg L' AgNOs + 1 g/10 ml hypocotyl, apical
meristem, and epicotyl derived calli extracts.

The strong absorption band at 2921.7, 2859, 2937.2, 2850,
2930.2, 2853.3 cm™* represents the -CH stretching of the -CH3

and -CH; functional groups (Sahayaraj et al., 2012;

Mourdikoudis et al., 2018).

3.6. Determination of potential biological activity
Antibacterial  activity:  According to UV-Visible

Spectrophotometer and XRD results, biosynthesized AgNPs
using hypocotyl, apical meristem, and epicotyl calluses at pH: 5
were used for antibacterial activity experiments since the
medium with the highest biosynthesis production was pH: 5.
Hypocotyl, apical meristem and epicotyl calli without AgNPs
were used as control group.

When the antibacterial test results were evaluated, no
antibacterial activity was detected in the callus extracts (control
group) that did not contain AgNP. However, no bacterial growth
was observed in AgNP-hypocotyl (1.7mm), AgNP-apical
meristem (1.2mm), and AgNP-epicotyl (1.6mm) zone diameters
against Gram-positive S. aureus ATCC 25923 bacteria in
AgNP-containing samples. Against Gram-negative E. coli
CECT 4972 bacteria, no bacterial growth was observed in the
zone diameters of AgNP- hypocotyl (1.0mm) and AgNP-
epicotyl (1.1mm) (Fig. 12).
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Fig. 12. Antibacterial effect by Agar-well cut diffusion method
against S. aureus ATCC 25923 and E. coli CECT 4972 (A)
AgNP-Epi (B) Epi

To increase the effectiveness of antibiotics used against E.
coli bacteria and S. aureus, which are the most common
microorganisms among the microorganisms that are the most
common cause of hospital-acquired infections, 1 pg/pul AgNP
used. Investigation of antibacterial activity of biosynthesized
AgNPs against these bacteria was compared by determining the
effect of control groups.

Considering the antibiotic effect against S. aureus ATCC
25923 bacteria, it was observed that 1 pug/pl was ineffective in
many antibiotics except Oxacillin antibiotic, and it showed an
effect against Nitrofurantoin antibiotic agent with a zone
diameter of 18-22mm. We have found that Nitrofurantoin
showed on 20-25mm (CLSI, 2020) inhibition zone to E. coli. In
our opinion when the concentration of the biosynthesized
AgNPs increases various influences may be done on
antibacterial activity and at their use many areas might be
grounded.
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3.7. Determination of antioxidant activity

Hypocotyl, apical meristem, and epicotyl derived callus
extracts were measured as the control group for DPPH and
ABTS radical activity, and biosynthesized AgNPs from the
callus extracts as the experimental group were measured. The
results for biosynthesized AgNPs antioxidant activity are shown
in Fig. 13.

The highest DPPH radical activity for extracts of control
group-hypocotyl, apical meristem, and epicotyl derived callus
was 52%, 48% and 49%, respectively; ABTS activity was 68%,
63%, 71%, respectively. DPPH radical activity for hypocotyl-
AgNP; in concentration, temperature, and pH experiments: 55%,
41% and 46%, respectively; ABTS radical activity: 58%, 44%
and 47%. DPPH radical activity for the apical meristem-AgNP;
in concentration, temperature, and pH experiments: 65%, 39%
and 41%, respectively; ABTS radical activity: 63%, 47% and
54%. DPPH radical activity for epicotyl-AgNP; in
concentration, temperature and pH experiments: 53%, 44% and
49%, respectively; ABTS radical activity: 58%, 49% and 56%
(Fig. 13) (Table 1).

4. Discussion

Plant tissue cultures are important for production of
secondary metabolites. Plant growth regulators in different
combinations or in different concentrations are used to increase
the concentrations of secondary metabolites in calli (Jakovljevi¢
et al., 2022; Ozyigit et al., 2023). Since in our previous study,
the highest secondary metabolite production occurred in the MS
medium containing kinetin (1.5 mg L), NAA (1.5 mg L) and
2,4-D (0.7 mg L% (Colgecen et al., 2014). So, to callus
production was used in the same medium for this study. The first

Concentration 1.96 Temperature 90°C
mg/ml AgNO3

ABTS

Epicotyl

Fig. 13. Antioxidant activity of biosynthesized silver nanoparticles at 1.96 mg L' AgNQs, 90°C and pH:5 conditions (a) hypocotyl, (b) apical

meristem, (c) epicotyl.

Table 1
The effect on antioxidant activity of biosynthesized silver nanoparticles by callus extracts (p<0.05).
. . . . Hypocotyl Apical Meristem Epicotyl
The Biosynthesized Silver Nanoparticles DPPH ABTS DPPH ABTS DPPH ABTS
Concentration (1.96 mg L *AgNO3) 46.00+1.76 49.40+3.42 50.00+5.40 49.50+4.94 44.7043.76 48.75+2.83
Temperature (90°C) 38.75+1.03 41.75+1.03 37.00+0.80 42.00£1.77 41.50£1.03 41.75+1.03
pH:5 42.50+2.48 47.00£2.48 38.50+1.50 45.75+£3.49 45.7542.48 47.0042.48
Mean + SE
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callus formation occurred after 1 week. After 4 weeks, the calli
were taken to the second subculture.

In our study, at different concentrations of AgNO3 (0.16,
0.5, 0.84, 1.18, 1.52 and 1.96 mg L), different temperatures
(40, 50, 60, 70, 80, 90, 100°C) and different pH (5, 7, 10)
experiments, a change was observed in callus cultures of natural
tetraploid T. pratense L. Since the bioreducing agents in the
extracts are important and primary source in reducing Ag* ions
to Ag® particles (Chowdhury et al., 2008; Vijayaraghavan et al.,
2012; Rodriguez-Leon et al., 2013; Firoozi et al., 2016; Malik et
al., 2022), the color transformation observed in our study was
attributed to a reduction mechanism.

In terms of reduction time, reduction (Ag* to AgP) started
in 6 hours in terms of color change with the addition of AgNO3
to callus and cell suspension culture extracts in concentration
and temperature experiments in our study, while reduction
started as soon as AgNO3 was added in terms of color change in
pH ftrials. It was concluded that the recording of different
reduction times in different conditions depends on the changes
in the amount of metabolites in the herb and in vitro samples, the
temperature and pH of the environment (Raja et al., 2012;
Manosalva et al., 2019; Bernabé-Antonio et al., 2022). In our
study, the reduction time, which is 4-6 hours under
concentration, temperature, and pH conditions, is similar to our
study according to the literature (Patra et al., 2015; Labulo et al.,
2016; Jalab et al., 2021). Some literatures do not give a reduction
period, since the time at which the reduction begins is important,
not giving the reduction period is seen as a deficiency (Sathiya
and Akilandeswari, 2014). In our study, we have given the onset
of reduction and the stability of the color in accordance with
much literature. Also, preliminary experiments were carried out
at 200-800 nm wavelength to determine the UV-VIS spectrum
range of biosynthesized AgNPs using extracts of callus of
natural tetraploid T. pratense L. According to the results, it was
determined that the wavelength of 300-600 nm was sufficient for
the absorbance range of AgNPs, and the studies were continued
in the range of 300-600 nm (Mude et al., 2009; Nabikhan et al.,
2010; Netala et al., 2015; Solanki et al., 2021; Alfarraj et al.,
2023). For ultraviolet-violet spectroscopy, similar results were
determined in the studies of some researchers. Aref and Salem
(2020) observed the maximum absorbance for biosynthesized
AgNPs with Cinnamonum camphora callus extract is at 420 nm,
Botcha and Prattipat (2020) observed the maximum absorbance
is at 447 nm for the biosynthesized AgNPs with Hyptis
suaveolens callus extract, Lashin et al. (2021) observed
maximum absorbance at 440 nm for biosynthesized AgNPs by
Solanum incanum L. callus extract.

AgNPs formation was interpreted according to the results
of UV-VIS spectra using callus extracts of the natural tetraploid
T. pratense L. (1 g/10 ml) + AgNOs (0.16, 0.5, 0.84, 1.18, 1.52
and 1.96 mg L) salt at different concentrations. It was
determined that the absorbance peak shifted towards the shorter
wavelength region (blue) as the AgNO3 concentration increased.
As a result of our experiments, we continued the experiments
with 1.96 mg L™ AgNO; at different temperatures and pH
intervals by using the extracts of callus cultures.

A lower temperature was seen as a slower increase in the
absorption band. It was concluded that the rate of nanostructure
formation is importantly dependent on temperature. Yeshchenko
et al. (2013) suggested that higher temperatures increase the
activation energy of molecules, thus leading to a faster reaction
rate.

Studies have shown that the size, morphology, stability,
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and chemical-physical properties of metal nanoparticles are
affected by experimental conditions (extract or salt
concentration, temperature, and pH), the interaction of metal
ions with reducing agents, and absorption processes (Ghorbani
et al., 2011). In general, control of the shape, size, and
distribution of the produced nanoparticles; synthesis methods
are achieved by changing reducing and stabilizing factors. Since
the optical, electronic, magnetic, and catalytic properties of
nanoparticles depend on their size, shape, and chemical-physical
properties, the size and shape of AgNPs are quite important for
some experiments, so few studies focus specifically on the size
and shape of AgNPs (He et al., 2004; Khodashenas and
Ghorbani, 2019; Restrepo and Villa, 2021).

The size and shape of AgNPs are generally evaluated by
TEM analysis, however, it is also known that the broadening or
narrowing of the UV-VIS spectrum band is a wider nanoparticle
size range and amount in solution (Nikaeen et al., 2020;
Chowdhury et al., 2021). In our study, the peaks in the
absorption band in the UV-VIS spectrum of AgNPs
biosynthesized under different conditions using callus extracts
were wider for concentration trials, while they were narrower for
temperature and pH studies. According to the results obtained,
when all samples are examined, AgNPs seen in TEM
micrographs support the UV-VIS spectrum results in terms of
size and shape. It was concluded that AgNPs were affected by
different conditions, with different sizes of AgNPs
biosynthesized under different conditions in concentration (1.96
mg L AgNO; + 1 g/10 ml), temperature: 90°C and pH: 5
experiments according to TEM micrographs. This suggested that
AgNPs were covered by biomolecules such as primary and
secondary metabolites in the extracts and was confirmed by
studies by different researchers (Lu et al., 2014; Roy et al., 2019;
Baran et al., 2023).

When compare the DPPH and ABTS reporting, ABTS was
confirmed to have significantly higher (p<0.05) scavenging
activity. According to some researchers, it has been reported that
the antioxidant activity of biosynthesized AgNPs is due to the
presence of terpenoids, phenolic compounds, and flavonoids,
which allows them to act as hydrogen donors and reducing
agents in plants (Bedlovi¢ova et al., 2020).

5. Conclusion

In the current study, biosynthesized AgNPs using the
extract of hypocotyl, apical meristem, and epicotyl derived
callus extracts were reported using callus extract of natural
tetraploid Trifolium pratense L. for the first time.
Characterization of AgNPs was performed using UV-vis, TEM,
XRD, and FTIR analysis, and results revealed that different
concentrations of callus extract did not affect the performance
of the prepared nanoparticles as well as crystallinity. The
biosynthesized AgNPs were triangular, elliptical, and spherical
in shape and determined by TEM, and XRD. In the current
study, green biosynthesis of AgNPs was performed
antimicrobial activity and antioxidant activity of AgNPs were
evaluated, and the result revealed that AgNPs have potential
antimicrobial activity against E. coli bacteria and S. aureus.
Moreover, biosynthesized AgNPs have strong antioxidant
activity as well as antimicrobial activity in safe use. In summary,
these findings underscore the potential of biotechnological
strategies in green nanotechnology, which can be offered for
developing metal nanoparticles with potential biomedicine and
biotechnology applications. Additionally, biosynthesized
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AgNPs can be offered as an alternative solution to seed surface
sterilization, or AgNPs can be recommended for seeds with low
germination percentages based on the positive effect of AgNPs
on seed germination. On the other hand, biosynthesized AgNPs
can be a solution in studies such as increasing the shelf life of
foods, contamination problems of medical devices, developing
antibiotics against resistant bacteria, and increasing the
effectiveness of active substances used in cancer research.
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