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Abstract
Biogenic production of silver nanoparticles (sn-AgNPs) was accomplished by Sambucus nigra. The identification of structures 
was performed by a wide spectroscopic study. Ultraviolet–visible (UV–Vis) spectroscopic study indicated the maximum 
absorption of nanoparticles at 480 nm. Scanning electron microscopy (SEM) presented the nanoparticles as spherical shapes. 
X-ray diffraction (XRD) signals (2θ) at the degrees of 38.20°, 44.40°, 64.61°, 77.61°, and 81.76° corresponded to [111, 
020, 202, 131, and 222] facet, respectively, confirming the nanostructure as face-centered cubic structure. The size of the 
nanoparticles was determined as 28.6 nm and 27.4 nm by SEM and TEM images, respectively. Zeta potential presented the 
stability of the product (− 51.3 mV). Furthermore, the histogram of dynamic light scattering (DLS) displayed the particle size 
of the nanostructure as 31.01 nm. HPLC analysis was used to determine the phenolics in S. nigra aerial part quantitatively 
and chlorogenic acid was the main product (10.76 mg/g extract). sn-AgNPs showed the substantial antioxidant effect as 
12.1 ± 0.19 (µg/mL, lC50) and 3.1 ± 0.1 (lC50) for DPPH• and ABTS•+ assays, respectively. Antibacterial activity of extract 
and sn-AgNPs was executed. Both extract and Sn-AgNPs exhibited considerable activity.
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Introduction

Nanotechnology attracts a lot of attention due to its signifi-
cant application area (Sahin Yaglioglu et al. 2022). Due to 
the high surface area, nanoparticles have distinctive prop-
erties providing them to be used widely in fields such as 
optoelectronics, biomedicine, and biosensing (Karan et al. 

2022). Mostly, nanoparticle synthesis is carried out using 
physical and chemical techniques containing toxic chemicals 
(Genc et al. 2021). The green approach in nanoparticle syn-
thesis has emerged as the most popular topic in recent years 
(Geetha et al. 2013). Natural products including vegetable 
waste, algae, arthropods, microorganisms, panchakavya, 
and plants have been applied for the production of nano-
structures. Among them, plant-based materials are hopeful 
substrates for nanoparticle synthesis since the procedure is 
simple to scale up (Ameen et al. 2019).

Natural products have been applied for food and remedy 
for years (Zerrouki et al. 2022). Owing to their secondary 
metabolite contents, plants display a lot of biological effects, 
and they are utilized effectively in drug discovery processes 
(Yaglioglu et al. 2022). Plants synthesize compounds called 
primary and secondary metabolites. The former is essential 
for the survival of plants, and they execute physiological 
functions in the body (Eser et al. 2022). They involve in 
growth, development, and reproduction. However, second-
ary metabolites are derivatives of primary metabolism and 
play a role in ecological functions (Elmastaş et al. 2015). 
Moreover, secondary metabolites derived from plants were 
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reported to display noteworthy biological effects including 
anti-inflammatory, anticancer, antimicrobial, antioxidant, 
anticonvulsant, antidepressant, antifungal, antiviral, etc. 
(Elmastas et al. 2016).

Natural products have been used extensively for nano-
particle synthesis. Aromatic and medicinal plants mediated 
synthesis of silver nanoparticles were reported to display 
considerable biological activities (Zhang et al. 2020).

Sambucus genus belonging to the Adoxaceae family con-
tains 30 species. S. nigra known as elderberry consists of 
natural products such as flavonoids and terpenes. The main 
natural compounds in Sambucus species were determined as 
chlorogenic acid, isorhamnetin-3-glucoside, neochlorogenic 
acid, isorhamnetin-3, cryptochlorogenic acid, isorhamnetin, 
quercetin, rutin, astragaline, isoquercitrin, kaempferol-3-ru-
tinoside, kaempferol-3-glucoside (Dawidowicz et al. 2006). 
In addition, it was reported that S. nigra fruits include min-
erals (vitamin C, amino acids, fiber, magnesium, and cal-
cium) and organic acid (citric acid, malic acid, fumaric acid, 
tartaric acid, and shikimic acid) (Uzlasir et al. 2021). Due 
to the flavonoid content, elderberry has a high commercial 
value and is beneficial as a colorant in food such as jam, 
jelly, yogurt, fruit juice, and syrup production. In addition, 
it has been used in making waffles, pancakes, candies, and 
muffins due to its flowers, fragrance, and taste. S. nigra has 
been utilized effectively in folk medicine for the remedy of 
different ailments such as skin diseases, constipation, uri-
nary tract disorders, respiratory tract diseases, viral infec-
tions, colds, and flu (Ferreira et al. 2022).

Superoxide, hydroxyl, nitric oxide, and peroxynitrite are 
reactive oxygen species produced in the mammalian body 
during metabolism (Yaman et al. 2022).

Human has many oxidative stress protection mechanisms. 
Exposure to factors such as bad lifestyle, smoking, UV radi-
ation, and alcohol leads to insufficient natural antioxidants, 
and excess free radical damages the cells and their function. 
As a result, it causes degenerative diseases and conditions. 
Many drug-based antioxidants have been used to inhibit and 
remedy complex illnesses. Recently, natural antioxidants 
have been utilized in food, perfumery, and medical sub-
stances to substitute synthetic ones which are being banned 
owing to their carcinogenic effects. Antioxidants, especially 
natural constituents existed in edible plants, have an essen-
tial effect in the inhibition of human ailments (Guzel et al. 
2017; Elmastas et al. 2018).

In the present work, sn-AgNPs were produced utilizing 
Sambucus nigra leaves, and antioxidant and antibacterial 
activities were assessed. Moreover, the quantification of 
phenolics in plants was defined.

Materials and methods

Plant

S. nigra was obtained from Murgul (Göktaş) district in Art-
vin province in June 2021 and elucidation was accomplished 
by Ozgur Eminagaoglu (Ph.D.), a voucher specimen was 
deposited in the Artvin Coruh University Herbarium (ARTH 
6049).

Silver nanoparticles synthesis

S. nigra leaves (4.0 g) were added to a flask with deionized 
water (100 mL). The extraction was carried out by heating 
the flask at 40 °C for 1.5 h. After the filtration with What-
man filter paper, the solution was divided into two parts. 
One part was applied to the reduced pressure to yield the 
crude extract. Another part (50 mL) was treated with silver 
nitrate (1.0 mM, 50 mL) at 50 °C for 2 h to yield the desired 
product. After the centrifugation and lyophilization, the sil-
ver nanoparticles were obtained in black solid form (Ameen 
et al. 2019).

Characterization

The identification of sn-AgNPs was performed by advanced 
methods. The maximum absorption of sn-AgNPs was deter-
mined by ultraviolet–visible spectrophotometry with the 
model of Shimadzu UV-2600. The functional groups of bio-
active constituents acting as capping stabilizing and reduc-
ing agents were displayed by Fourier transform infrared 
spectroscopy (Jasco, FTIR 4700). The crystalline structure 
of sn-AgNPs was determined by X-ray diffraction (XRD, 
Empyrean). Scanning electron microscopy (SEM) with EDX 
and transmission electron microscopy (TEM) displayed the 
morphology of sn-AgNPs. Zeta potential and dynamic light 
scattering were accomplished by Zetasizer Nano ZSP to dis-
play the stability and average diameter of sn-AgNPs.

DPPH assay

DPPH assay for nanoparticles and extract was carried out. 
At first stock solution of extract and nanoparticles (1.0 mg/
mL) was prepared. Then, the treatment of the each extract 
and nanoparticles at different concentrations (3.0  mL, 
2–40 µg/mL) with 1.0 mL DPPH• (0.26 mM) was executed. 
The incubation of the mixture was continued for 30 min at 
room temperature. The absorbance was measured at 517 nm 
with a spectrophotometer. The results were presented as 
IC50 that was calculated by absorbance values at different 
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concentrations. The following equation was used for activ-
ity (1).

in which Ax is the control and A2 is the absorbance of the 
extract and nanoparticles. Butylated hydroxyanisole (BHA), 
butylated hydroxytoluene (BHT), and Trolox were used for 
standards (Demirtas et al. 2011).

ABTS assay

The ABTS•+ radical cation solution was prepared by the 
reaction of ABTS solution (100 mL, 2.0 mM) with sodium 
persulfate (2.45 mM, 0.20 L) for 6 h at room temperature. 
The extract and sn-AgNPs solutions were prepared (1.0 mg/
mL, in MeOH). The phosphate buffer (0.1 M, pH 7.4) was 
added to each extract and sn-AgNPs solution (80 µL) up 
to 1.25 mL. The different concentrations of sn-AgNPs and 
extract (3.0 mL, 2–40 µg/mL) were treated with 1.0 mL 
ABTS•+ solution (1.0 mL). BHA, BHT, and Trolox were 
used for standard compounds. A spectroscopy (734 nm) was 
used for the evaluation of activity with given Eq. (2).

in which Ax is the initial concentration of ABTS•+ and A2 
is the remaining concentration (Gecer et al. 2021).

Reducing power activity assay

The reducing power capacity of nanoparticles and leaf 
extract was evaluated by ferric ions reduction assay. The 
samples (10–90 µg/mL, 100 µL) were treated with the potas-
sium ferric cyanide, [K3Fe(CN)6] (1.25 mL) in the presence 
of buffer (0.20 M); then, the reaction mixture was incubated 
for 30 min at 50 °C. Afterward, 1. 25 mL of trichloroacetic 
acid and 0.25 mL of FeCl3 were to the mixture and vortexed. 
Absorbance was determined at 700 nm on a spectrophotom-
eter (Ozen et al. 2011).

Antibacterial activity

The antibacterial effect of sn-AgNPs and extract was investi-
gated by microdilution broth methods using Gram-negative: 
Salmonella Enteritidis (ATCC 13311), Escherichia coli 
(ATCC 25922), and two Gram-positive bacteria: Listeria 
monocytogenes (ATCC 15313), Staphylococcus aureus 
(ATCC 29213). Firstly, the concentrations of bacteria were 
adjusted at 0.5 Mc Farland standard (1.5 × 108 CFU/mL). 
While the initial concentration was confirmed 100%, the 
extract and synthesized silver nanoparticles were diluted 
from 10–2 to 10–8. Then, 100 µL of the tested bacterial 

(1)
DPPH∙scavenging activity (%) =

[

(Ax − Ay)∕Ay
]

× 100

(2)
ABTS∙+scavenging effect (%) =

[

(Ax − Ay)∕Ay
]

× 100

solution in Muller–Hinton broth was inoculated into each 
well, excluding negative control (medium only), and incu-
bated at 37 °C for 24 h. Subsequently, 10 µL of each sample 
was spread on the surface of blood agar (Ozen et al. 2020). 
Then, incubation was executed for 24 h at 37 °C.

Quantitative analysis of phenolics

The quantitative analysis of phenolics is significant for the 
phytochemistry of the plants. In this study, quantitative anal-
ysis of phenolics in S. nigra was performed by HPLC (Agi-
lent 1260 infinity) with C-18 column (4.6 mm × 250 mm, 
5 µm). 20 mg of extract was dissolved in a methanol/water 
mixture (1/1) and then filtrated. The extract solution was 
prepared (10,000 ppm) and injected into the column. The 
oven column temperature was settled to 30 °C, and the injec-
tion volume was 10 µL. The eluent was regulated as X: 0.1% 
phosphoric acid in water and Y: acetonitrile as 0 min, 80% 
X; 0–5 min, 75% X; 6–15 min, 70% X; 16–25 min, 65% X; 
26–30 min, 60% X; 31–35 min, 55% X; 36–40 min, 50% X; 
41–46 min, 45% X; 47–50 min, 40% X (Erenler et al. 2023).

Statistical analysis

The statistical analysis for biological activity was performed 
by GraphPad Prism (v.8.0). After verifying the normality of 
distribution and homogeneity of the data, one-way ANOVA 
followed by Turkey’s test were employed. The results were 
stated as mean values with SDs (P < 0.05).

Result and discussion

The use of nanotechnology in the field of plants is the impor-
tant research topics of recent years. Nanoparticles have the 
ability to influence the growth and development of plants. 
Both enhancing and detrimental effects are observed in 
seed germination, shoot growth, biomass production and 
physiological/biochemical activities (Verma et al. 2018). 
Silver nanoparticles were synthesized using the leaf extract 
of Coleus forskohlii leaves, and it was determined that the 
synthesized nanoparticles showed a high effect against path-
ogenic bacteria (Chakraborty et al. 2022). The synthesis of 
AgNPs was achieved using banana leaf extract and a posi-
tive correlation was reported between the concentrations of 
nanoparticles and the growth response of stevia shoot cul-
tures (Laha et al. 2023).

UV–Vis analysis

The absorption at 480 nm in UV–vis analysis presented the 
desired product. In addition, the color change established 
the sn-AgNPs formation. The mechanism was indicated 
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using the catechin since the extract includes the catechin. 
The characteristic signal in the UV–vis spectrum between 
350 and  550 nm presents the growth of silver nanopar-
ticles (Fig. 1). Since the S. nigra includes the catechin, 
the reaction mechanism was demonstrated by the catechin 
(Fig. 2).

FTIR measurement

The compounds in leaves were determined by FTIR analy-
sis. In FTIR spectrum of extract exhibited absorption at 
3192 cm−1 belonging to the O–H stretching. The signals 
at 2101 cm−1 and 1983 cm−1 can be assigned to CH bend-
ing and alkyne stretching, respectively. The carbon–carbon 
double bond stretching signal was observed at 1590 cm−1. 
The peak at 1373 cm−1 can be assigned to O–H bending. 
The C–O signal appeared at 1042 cm−1, and the peak at 
524 cm−1 may be assigned to C–I stretching (Fig. 3) (Al-
Zaban et al. 2021).

Scanning electron microscope and transmission 
electron microscopy

The morphology and particle size were defined by SEM 
and TEM analyses (Fig. 4). The sn-AgNPs displayed regu-
lar distribution, high density, and low aggregation. The 
particle size sn-AgNPs was calculated as 28.6 nm and 
27.4 nm by SEM and TEM images, respectively. The parti-
cle size distribution was also provided (Fig. 4). In the EDX 
spectrum, the intense signals at 2.6–3.9 keV approved 
the formation of sn-AgNPs. Elemental analysis revealed 
that the nanoparticles were 83.6% pure. The intense sil-
ver peaks and weak nitrogen, chlorine, and oxygen were 
observed in the EDX spectrum. These weak signals were 
mostly associated with the bioactive compounds found in 
extract absorbed by nanoparticles (Maity et al. 2020).

XRD analysis

The crystal structure of nanoparticles was established by 
XRD analysis. The intense peak at (2θ) 38.20°, 44.40°, 
64.61°, 77.61°, and 81.76° corresponded to the plane of 
100, 020, 202, 131, and 222, respectively, suggesting the 
nanoparticles to be fcc structure (Fig. 5) (Alomar et al. 
2020). The EDX spectrum confirmed the proposed structure 
(Fig. 6) and elemental analysis displayed the formation of 
the nanoparticle with a high yield (83.60%).

Zeta potential

The zeta potential analysis displayed the stability of sn-
AgNPs. The potential was measured as − 51.3 mV indicat-
ing high stability (Fig. 7). In addition, the average size of 
sn-AgNPs in suspension was calculated as 31.01 nm (Fig. 8). 
Electrostatic repulsions between negative charges stabilize 
the nanoparticle in colloidal solution. Besides, a high nega-
tive charge resulted in stability. The negatively charged 

Fig. 1   UV–vis spectrum of extract (1) and sn-AgNPs (2)

Fig. 2   Reaction mechanism of silver nanoparticles synthesis

Fig. 3   FTIR spectrum of Sambucus nigra leaf extract
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nanoparticles prevented aggregation and controlled shape 
and size (Paosen et al. 2017).

Quantitative analysis

Quantification of phenolics was performed by HPLC 
(Table 1). Chlorogenic acid and t-ferulic acid were the 
chief compounds with a quantity of 10.76 mg/g extract and 
10.07 mg/g extract, respectively. In addition, sinapic acid 
(6.59 mg/g extract), catechin (2.07 mg/g extract), catechin 

hydrate (2.53), and naringin (1.56) were determined in S. 
nigra water extract abundantly. Dietary polyphenols are 
beneficial to human health due to a variety of biological 
effects. Epidemiological studies have determined that there 
is a relationship between the consumption of foods rich in 
polyphenols and the prevention of diseases such as cancer 
and heart disease. Phenolic acid and flavonoids are the class 
of polyphenols. Hydroxycinnamic acid is the major class 

Fig. 4   SEM image of sn-AgNPs and particle size distribution

Fig. 5   XRD pattern of silver nanoparticles

Fig. 6   EDX spectrum of AgNPs

Fig. 7   Zeta potential a and dynamic light scattering (DLS) b of sn-
AgNPs

Fig. 8   Dynamic light scattering (DLS) b of sn-AgNPs
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of phenolic acid, and chlorogenic acid is the main repre-
sentative of hydroxycinnamic acid. Chlorogenic acid is 
widespread in plants, fruits, and vegetables. Chlorogenic 
acid was stated to display antimutagenic, carcinogenic, and 
antioxidant activities (Sato et al. 2011). Ferulic acid was 
described to display various biological activities including 
antioxidant, antimicrobial, anti-inflammatory, and anticancer 
activities (Ou and Kwok 2004). Silver nanoparticles capped 
by compounds could be an effective agent for pharmacy.

Antioxidant effect

Antioxidant effects of extract and sn-AgNPs were performed 
employing the ABTS, DPPH, and FRAP assay (Fig. 9). In 
the DPPH assay, sn-AgNPs exhibited excellent activity 
(lC50, µg/mL, 12.1 ± 0.19) in comparison with the extract. 

sn-AgNPs also revealed considerable ABTS activity (lC50, 
µg/mL, 3.1 ± 0.1), even better than the standards. Concern-
ing the FRAP assay, the same trend was observed. The 
activity of nanoparticles was found better than that of the 
extract. Previous scientific studies reported that silver nano-
particles exhibited considerable antioxidant activity. Origa-
num majorana was employed for of AgNPs synthesis that 
showed great antioxidant activity (Erenler and Dag 2022). In 
addition, the synthesis of nanoparticles by Astragalus logo-
podioides was achieved and exhibited excellent antioxidant 
activity (Erenler and Gecer 2022a). Sideritis montana was 
applied for the synthesis of silver nanoparticles that demon-
strated a substantial antioxidant effect (Erenler and Gecer 
2022b). Bioactive compounds such as phenolic compounds 
are capable of capping, stabilizing, and reducing silver ions. 
Hence, silver nanoparticles could reveal antioxidant activity.

Antibacterial effects

Antibacterial activity of extract and sn-AgNPs was per-
formed. MIC values of S. nigra extract and sn-AgNPs are 
given in Table 2. sn-AgNPs displayed strong antibacterial 
activity against S. Enteritidis and E.coli at MIC values 
of 64 μg/mL and 32 μg/mL, respectively. The sn-AgNPs 
showed considerable antibacterial activity at 64 μg/mL and 
16 μg/mL against S. aureus and L. monocytogenes, respec-
tively. The extract has effective antibacterial activity against 
E.coli and MIC value was 64 μg/mL. Tetracycline standard 
revealed the excellent activity at low concentrations (4 μg/
mL) against E. coli. In some reported studies for black 
elderberry, black elderberry exhibited antioxidant, antibac-
terial, antimicrobial, antiviral, and anti-inflammatory effects 
(Młynarczyk et al. 2018).

Bioactive molecules such as phenolic acids, flavonoids, 
steroids, and terpenes in the content of plants serve the 
synthesis of silver nanoparticles. Silver nanoparticles to be 
formed will also be of great importance due to the efficient 
and effective pharmacological properties of the relevant 
bioactive molecules. It is possible to form nanoparticles 
from copper, zinc, titanium, magnesium, gold, and silver 
metals. Among them, silver is the metal with the most 
effective antimicrobial and antioxidant effect (Mohanpuria 
et al. 2008). When we investigated the nanoparticle stud-
ies of S. nigra, silver nanoparticles were synthesized from 
the fruit extract, and antioxidant studies were carried out 
(Moldovan et al. 2016). There are not many studies on 
silver nanoparticle synthesis and the antimicrobial effect 
of the plant in the pieces of literature. The effect of S. 
nigra silver nanoparticle synthesis against Staphylococcus 
aureus and Escherichia coli bacteria was investigated by 
agar well diffusion test, and it was reported that it had a 
wonderful effect against these bacteria. Unlike our study, 
silver nanoparticle synthesis was made from S. nigra 

Table 1   Quantitative analysis of phenolic compounds in S. nigra 
leaves (mg/g extract)

Compounds Quantity

Catechin 2.07
Vanillic acid Nd
Gentisic acid nd
Sinapic acid 6.59
Hyperoside nd
İsoquercitrin 0.77
Protocatechuic acid ethyl ester 0.28
Baicalin 0.12
Oleuropein nd
Hesperidin 0.15
6-hydroxy flavone 0.23
Curcumin nd
Clorogenic acid 10.76
Catechin hydrate 2.53
Caffeic acid nd
4-Hydroxy benzoic acid 0.06
Vanillin 0.05
p-Coumaric acid 0.19
Rutin 0.13
t-Ferulic acid 10.07
Hydroxy sinamic acid 0.06
Naringin 1.56
o-Coumaric acid 0.11
Rosmarinic acid 0.02
Salicylic acid 0.09
Resveratrol 0.13
Quercetin 0.50
t-Cinnamic acid 0.06
Naringenin 0.10
Chrysin 0.50
Flavone 0.01
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leaf. The effects of extracts and nanoparticles against S. 
Enteritidis and E.coli from Gram negative bacteria and L. 
monocytogenes and S. aureus from Gram positive bacteria 
were investigated by MIC value. It was determined that the 
antibacterial effect of nanoparticle against S. Enteritidis 
was better than the extract.

Conclusions

Silver nanoparticles were synthesized using S. nigra leaf 
extract by eco-friendly, cheap, and scalable approach. Sn-
AgNPs demonstrated promising antioxidant activity in com-
parison with the standards, BHA, BHT, and Trolox. Hence, 
sn-AgNPs may be a promising ingredient for food and drug 
development. In particular, it could be raw material in the 
drug development stage for the disease caused by excess free 
radicals. Due to the displaying antibacterial activity of sn-
AgNPs, they can be employed as antimicrobial agents. The 
plant extract contained chlorogenic acid and ferulic acid as 
major compounds. Hence, the antioxidant and antimicrobial 
activity could be due to these compounds or the synergic 
effect of bioactive compounds in plants.
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