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Abstract
Nanoparticles (NPs) are used in many fields. For example, electronics, optics, textiles, pharmaceuticals, catalysts, water 
treatment, and environmental remediation. In this work, the biosynthesis of silver nanoparticles (Af-AgNPs) from Astragalus 
flavesces leaf was synthesized. Af-AgNPs were featured by UV–visible, Fourier-transform infrared spectroscopy, scanning 
electron microscopy (SEM), transmission electron microscopy, and powdered X-ray diffraction (XRD) analyses. The maxi-
mum absorption peak was detected at 417 nm. The average size of Af-AgNPs was 63.15 nm and their spherical shape was 
determined by SEM spectral analysis. XRD spectral analysis at 2θ degrees of 38.1°, 44.3°, 64.4°, and 77.4° can be indexed 
to the (111), (200), (220), and (311) face-centered cubic crystalline structure. Af-AgNPs have the potential of − 29.1 mV 
which indicated the stability of nanoparticles as well as repulsion among the particles. Antioxidant activities of Af-AgNPs 
and the extract were investigated by the DPPH·, ABTS·+, and FRAP assays. Af-AgNPs showed antioxidant activity to a 
degree that can be used in the food and pharmaceutical industries. The catalytic activity of Af-AgNPs was studied and at 
28 h, 69% degradation was observed in the methylene blue solution.
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1  Introduction

Nanoparticles (NPs) have many commercial applications 
such as optical devices, environmental cleanup, biomedical 
engineering, catalysis, energy applications, etc. [1].
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Nanoparticles are synthesized by three methods: physi-
cal, chemical, and biological methods. The high energy con-
sumption in physical methods, the use of organic solvents, 
and toxic reagents in chemical methods that cause harmful 
waste to the environment limit the use of these meters. On 
the contrary, the biological or green synthesis method has 
advantages such as being environmentally friendly, inex-
pensive, easy to use, low harmful potential, and compatible 
with living organisms. In these methods, bacteria, fungi, 
algae and plants are used [2, 3]. Among them, plant extracts 
contain many compounds such as flavonoids, terpenoids, 
ketones, carboxylic acids, amides, proteins, and enzymes 
[4]. The secondary metabolites can act as reducing, stabi-
lizing, and capping agents in the reduction of metal ions to 
metallic nanoparticles (MNPs) [5] In addition; the synthesis 
of plant-based NPs overcomes the aggregation problems of 
NPs and provides greater stability and faster reduction rate 
compared to other methods [6]. However, the green synthe-
sis does not require high pressure, high energy, high tem-
perature, and toxic chemicals [7]. Therefore, plant extracts 
have been used in the synthesis of many NPs [8–14].

In addition, NPs synthesized with plant extracts, a syn-
ergistic activity occurs when the activity of both materials 
(plant extract and MNPs) is combined [15].

Astragalus L. (Fabaceae) species is one of the largest 
genera in the world with approximately 3000 taxa [16]. In 
Turkey, the genus is represented by 476 taxa with 51% end-
emism [17]. Saponins, flavonoids, and polysaccharides are 
the main active components of Astragalus species [18]. At 
the same time, the species have anthraquinones, alkaloids, 
amino acids, β-sitosterol and metallic elements [19] and 
many phenolic compounds [20, 21].

Among the plant-based synthesized metal NPs, AgNPs 
have many biological activities such as antimicrobial, 
wound-healing, antibacterial, antiviral, antifungal, anti-
inflammatory, and anticancer activities, especially anti-
oxidant activity [15, 22]. AgNPs synthesized from some 
Astragalus species have antioxidant, antibacterial, and anti-
inflammatory activity [23–25].

Hydroxyl (OH⋅), peroxyl (ROO⋅), superoxide (O2⋅
−), per-

oxynitrite (⋅ONOO−) radicals are reactive oxygen species 
produced during oxidation in humans. Although humans 
have many protection systems against oxidative stress, they 
can sometimes be insufficient. Accordingly, radicals cause 
diseases by damaging the cell membrane. For this purpose, 
foods containing antioxidant substances that prevent the oxi-
dation of the substrate should be consumed. Phenolic com-
pounds found in plants are produced by plants. The plants 
are natural antioxidants because of inhibiting oxidation [26].

In this work, Af-AgNPs were synthesized from Astra-
galus flavesces leaf and their structures were determined by 
spectroscopic methods. In addition, antioxidant activities of 
silver nanoparticles and plant extract were performed. The 

catalytic activity of the synthesized nanoparticles was inves-
tigated. This is the first report on the synthesis and identi-
fication, antioxidant activity and, catalytic degradation of 
silver nanoparticles from the leaf of Astragalus flavesces. 
AgNPs are increasingly used in the medical, food, health, 
consumer and industrial fields. Every plant contains second-
ary metabolites. AgNPs, which are capped and stabilized by 
phenolic compounds found in A. flavesces, could be promis-
ing materials for the food and pharmaceutical industries.

2 � Materials and Methods

2.1 � Chemicals and Instrumentation

All the chemicals and solvents with analytical grades were 
purchased from Sigma-Aldrich. Fourier Transforms Infrared 
(FTIR) measurement with Jasco FT/IR 4700 spectrometer, 
Scanning Electron Microscope (SEM) analysis by Quanta 
Feg450.

2.2 � Plant Materials

Astragalus flavesces was collected from Izmir, Odemis, and 
identified by Dr. Serdar G. Senol, Ege University, Faculty of 
Sciences, Department of Biology. A voucher specimen was 
deposited at the herbarium of Ege University (EGE-19536).

2.3 � Synthesis of Silver Nanoparticles

Astragalus flavesces leaf was separated and dried. Then the 
leaf was powdered. The leaf powder (100 g) was taken in 
erlenmeyer and above-added water (0.5 L). The mix was 
heated at 80 °C for two hours. The resulting mixture was 
filtered and the plant extract was obtained. The prepared 
AgNO3 (2.5 g/ 200 mL distilled water) solution was added 
dropwise onto the plant extract and taken into the reaction 
flask. The flask was boiled at 70 °C for two hours under 
reflux. A change from yellow to brown was observed in the 
reaction medium with the reduction of Ag + to Ag0 (Fig. 1). 
After completion of the reaction, Af-AgNPs were obtained 
by repeated centrifugation at 5000 rpm for 20 min then 
washed thoroughly with distilled water. The Af-AgNPs were 
dried by lyophilisation [27].

2.4 � UV–Vis Measurement

Ultraviolet-visible (UV–Vis) measurements of Af-AgNPs 
solution were measured by Hitachi U-2900 spectrophotom-
eter. The measurement has been taken between 300 and 
800 nm.
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2.5 � X‑ray Diffraction (XRD) Analysis

XRD analysis was carried out by Malvern Panalytical Dif-
fractometer With Highscore Plus. Af-AgNPs’ dimensions 
were detected by dynamic light scattering (DLS) on a Del-
saNano C instrument.

2.6 � Scanning Electron Microscope (SEM) Analysis

The properties of Af-AgNPs were observed by SEM analy-
sis. The elemental analysis of Af-AgNPs was detected by 
EDAX detector and EDX. The analysis methods were used 
by Gecer et al. [27].

2.7 � Transmission Electron Microscopy (TEM)

Morphology and particle size analysis on biosynthesized 
Af-AgNPs were achieved by TEM measurements (Hitachi 
HighTech HT7700).

2.8 � Zeta Potential

Zeta potential measurement was carried out by the Zetasizer 
Nano ZSP (Malvern) instrument.

2.9 � Antioxidant Activity

2.9.1 � DPPH· Free Radical Scavenging Activity

2,2-diphenyl-1-picril hydrazyl radical (DPPH·) scaveng-
ing effect for Astragalus flavesces aqueous extract and Af-
AgNPs were carried out according to the method of Sahin 
Yaglioglu et al. [28]. The results were calculated as IC50.

2.9.2 � ABTS·+ Scavenging Activity

ABTS·+ radical cation scavenging activities of the extracts 
and Af-AgNPs were performed according to the method of 
Güzel et al. [29]. The activity results of the extract and Af-
AgNPs were calculated as IC50.

2.9.3 � Ferric Reduction Power (FRAP)

FRAP antioxidant power of the extract and Af-AgNPs was 
investigated according to Oyaizu methods [30] with small 
modifications [28].

2.10 � Statistical Analysis

The statistical analysis was performed by GraphtPad Prism 
software (version 8.00) with one-way ANOVA. Results were 
expressed as mean values ± standard deviation (P < 0.05).

2.11 � Catalytic Degradation of Methylene Blue

Catalytic degradation of methylene blue methods was done 
according to Suvith and Philip, 2014 method [31].

3 � Results and Discussion

3.1 � Synthesis of Silver Nanoparticles

Astragalus flavesces aqueous extract and AgNO3 at 70 °C 
for 2 h were used for Af-AgNPs. A color change from light 
yellow to deep brown was observed in the reaction medium 
due to the reduction of Ag+ to Ag0 and this change supported 
the formation of Af-AgNPs (Fig. 1) [1].

3.2 � UV–Vis Spectroscopic Analysis

Color change from light yellow to brown was observed 
with Ag0 reduction of Ag+. Accordingly, it supported the 

Fig. 1   UV–Vis spectrum of extract (1) and Af-AgNPs (2) at 417 nm. 
The aqueous solution of extract (1), Af-AgNPs (2)

Fig. 2   FTIR spectrum of extract (a) and Af-AgNPs (b)
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formation of Af-AgNPs due to this reduction in UV–Vis 
analysis. Af-AgNPs synthesized from Astragalus flavesces 
were determined to have a strong band at 350–550 nm 
in the UV–Vis spectrum. Also, the peak detected at the 
417 nm peak promoted the synthesis of Af-AgNPs (Fig. 1). 
The absorption bands between 410 and 420 nm indicate 
the presence of the biosynthesized silver nanoparticles [4].

3.3 � Fourier‑Transform Infrared Spectroscopy (FTIR)

FTIR analysis was performed to determine the second-
ary metabolites of Astragalus flavesces aqueous extract 
(Fig. 2), which are involved in the surface coating and 
stabilization of Af-AgNPs, and the functional groups 
responsible for the reduction of silver ions. In Table 1 
are given FTIR analysis results of Af-AgNPs synthesized 
from Astragalus flavesces leaves. The band assigned at 
3261 cm−1 and 2928 cm−1 corresponds to –OH stretch-
ing vibration with polyphenols present in the plant 
and –CH stretching vibration [1, 4]. Characteristic sig-
nals were found, identified as the symmetric bending at 
1591 cm−1 N–H bending of amine [2]. The band observed 
at 512 cm−1 corresponds to Ag–O tensile vibrations [1].

3.4 � X‑ray Diffraction (XRD)

XRD displayed the crystalline nature of Af-AgNPs synthe-
sized from Astragalus flavesces aqueous extract (Fig. 3). In 
XRD spectrum observation of 38.1°, 44.3°, 64.4° and 77.4° 
with 2θ degrees led to (111), (200), (220), and (311) Bragg’s 
reflections of the face-centered cubic (fcc) crystalline struc-
ture of silver respectively (JCPDS No. 87-0720) [32]. This 
structure of our AgNPs is parallel to the XRD pattern of 
the synthesized silver nanoparticles from plant extract [4, 
26]. The Debye-Scherrer formula was used to calculate the 
size of Af-AgNPs. Rietveld analysis was carried out and 
presented in Fig. 3A. The EDX spectrum of Af-AgNPs in 
Fig. 3B and the EDX quantitative results (%) of Af-AgNPs 
in Table 2 was given. The intense peak of AgNPs in the EDX 
spectrum at 3.2 keV confirmed the synthesis of AgNPs. The 
metallic silver nanoparticles show the typical strong signal 
peak at 3.0–3.3 keV due to the surface plasmon resonance 
[26].

3.5 � Scanning Electron Microscope (SEM)

The morphology of Af-AgNPs was determined by SEM 
analysis (Fig. 4). The average particle size was detected as 
63.15 nm. The presence of Af-AgNPs was confirmed by the 
energy disperses analysis (EDX) (Fig. 4).

3.6 � Transmission Electron Microscopy (TEM)

Typical TEM images of Af-AgNPs are shown in Fig. 5. The 
average particle size was calculated as 9.3 nm.

Table 1   FTIR analysis of Af-AgNPs synthesized from Astragalus fla-
vesces leaves

No. υ (cm−1) Attribution

1 3261 O–H stretching
2 2928 C–H stretching of alkane
3 1591 N–H bending of amine
4 1397 O–H bending of carboxylic acid
5 1259 C–O stretching of an aromatic ester
6 1024 C=C bending, alkene
7 512 Silver oxide
8 418 Silver oxide

Fig. 3   XRD pattern (A) and 
EDX spectrum (B) of Af-
AgNPs

Table 2   EDS Quantitative 
results (%)

Element Weight Atomic

CK 15.63 51.81
OK 8.05 20.03
AgL 76.32 28.17
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3.7 � Zeta Potential

The electrical potential between the inner Helmholtz layer 
near a particle’s surface and the bulk liquid in which the 
particle is suspended is defined as zeta potential. It is a 
parameter that represents a particle’s charge and signifies 
the potential stability of a colloidal system. If all of the par-
ticles in suspension have a large negative or positive zeta 
potential, they will repel each other and will not flocculate. 
But if the particles have a low zeta potential value, there 
will be no force to prevent the particles to be aggregating 
and agglomeration will occur. The zeta potential provides 
an opportunity to understand the interactions between par-
ticles in suspension. Thus, it is also possible to examine 
the cell structure in terms of surface-loaded properties. Af-
AgNPs have the potential of − 29.1 mV which indicated the 
stability of nanoparticles as well as repulsion among the 
particles (Fig. 6).

3.8 � Mechanism of Formation of Af‑AgNPs

Silver ions are reduced by bioactive compounds as shown in 
Fig. 7. Silver nanoparticles were obtained by ion reduction, 
aggregation, and growth of nanoparticles [33]. The reaction 
mechanism has been modified from Gecer 2021 [27] for the 
quercetin compound found in Astragalus species [20, 21].

3.9 � Antioxidant Activity

Antioxidant activity of Astragalus flavesces aqueous extract 
and silver nanoparticles were determined using the DPPH, 
ABTS, and FRAP assays (Fig. 8).

In DPPH· scavenging tests were used BHA, BHT and, 
Trolox as standard compounds. According to the test, Af-
AgNPs showed high activity (IC50, 11.31 µg/mL) than the 
extract. Also, Af-AgNPs displayed approximate activity 
with BHT (IC50, 10.78 µg/mL). Similarly, ABTS scaveng-
ing activity was compared with the same standard com-
pounds. In ABTS scavenging activity tests, the Af-AgNPs 
(IC50, 10.29 µg/mL) showed higher activity than the extract 
(IC50 14.41 µg/mL). However, It was noted that there was 

Fig. 4   SEM image of Af-AgNPs. Particle size is 63.15 nm

Fig. 5   TEM image of Af-
AgNPs

Fig. 6   Zeta potential of Af-AgNPs
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a significant difference in activity between the plant extract 
and the Af-AgNPs .

In the reducing power activity test, the activities were 
compared with BHA and BHT. The activity of Af-AgNPs 
(4.73 µmol TE/mg extract) was better than the plant extract 
(3.53 µmol TE/mg extract). Also, the activity of extract and 
Af-AgNPs was weaker than the activity of standards.

In tests of antioxidant activity of Af-AgNPs, a mecha-
nism of action such as hydrogen transfer or electron transfer 
is observed. Many in vitro methods (DPPH assay, ABTS, 
FRAP, H2O2, etc.) are used for this. The basic mechanism in 
these methods is attributed to the oxidation (Ag+ and Ag2+) 
of silver in Af-AgNPs depending on the reaction conditions. 
Synthesized Af-AgNPs quench free radicals by gaining or 
losing electrons [34].

As a result of these activity studies, the plant extract and 
Af-AgNPs from Astragalus flavesces showed antioxidant 
activity to a degree that can preferable in the food and phar-
maceutical industries. Af-AgNPs were synthesized for the 
first time in this study using Astragalus flavesces.

Some Astragalus species were used for the green syn-
thesis of silver nanoparticles, such as Astragalus verus, A. 
tribuloides, Astragalus membranaceus and, Astragalus gum-
mifer. Morever, these species show antibacterial [23, 24, 35, 
36] and antioxidant activity [24].

3.10 � Catalytic Activity of Silver Nanoparticles

The function of metal nanoparticles as an electron trans-
fer catalyst is dependent on chemistry and size [37]. The 
size-dependent catalytic activity of silver nanoparticles can 
be determined by reducing methylene blue (MB) to Leuco 
Methylene Blue (LMB) with NaBH4. In aqueous media, 
MB gives an absorption band at 614 nm with a shoulder at 
664 nm [38]. Under sunlight, Af-AgNPs were used to cata-
lyze the breakdown of MB. After incubation of Af-AgNPs 
and exposure to solar light, the dye’s deep blue colour trans-
formed to a light blue color. At 28 h, the 69% deterioration 
was complete. With the passage of time, the adsorption of 
Af-AgNPs on the methylene blue solution increased, result-
ing in dye degradation (Fig. 9). The reduction of MB to 
LMB using reducing agents is a reversible reaction and 
is used in various fields such as data storage media, holo-
graphic industries, and data recording [39] (Fig. 9).

4 � Conclusions

This work used Astragalus flavesces leaf extract, a natural, 
low-cost biological reducing agent, to make silver nano-
particles. Af-AgNPs were characterized by UV–Vis, TEM, 
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FT-IR, SEM with EDX, Zeta potential, and XRD tech-
niques. The average size of nanoparticles was 63.15 nm 
and their spherical shape was determined by SEM spectral 
analysis. Af-AgNPs was face-centered cubic crystalline 
structures. The functional group and elemental analysis 
were determined through FT-IR and EDX. The biosynthe-
sis of Af-AgNPs from the plant extract is simple, available, 
non-toxic, low cost, and environmentally friendly com-
pared with synthetic chemical procedures. In addition, the 
biosynthesized silver nanoparticles showed intense anti-
oxidant activity as well as good catalytic activity. There-
fore, it is thought that Af-AgNPs can be used as storage 
materials in the food and pharmaceutical industries due to 
both the antimicrobial and antibacterial effects of AgNPs 
and their remarkable antioxidant activities in our study.
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