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ABSTRACT

Background: Silver nanoparticles (AgNPs) have gained significant attention due to their unique antimicrobial, catalytic and optical
properties. This study focuses on the green synthesis of silver nanoparticles using Black rosehip (Rosa pimpinellifolia L.) seeds
(Rp-AgNPs) and evaluates their biological activities.

Methods: Rp-AgNPs were synthesized using R. pimpinellifolia seed extract and characterized using multiple analytical techniques
including UV-Vis spectroscopy, XRD, FTIR, TEM, SEM, EDAX, zeta potential analysis, DSC, SERS and XPS. The biological activities
were assessed through DPPH free radical scavenging assay, cytotoxicity testing against H460 lung cancer cells and antimicrobial
activity evaluation against various pathogens.

Result: The synthesized Rp-AgNPs exhibited spherical morphology with an average size of 51.27 nm and demonstrated stability with a
zeta potential of -18.9. The nanoparticles showed enhanced antioxidant activity (IC,, = 30.89 ug/mL) compared to the seed extract (IC,, =
136.4 pg/mL). Antimicrobial testing demonstrated effectiveness against both Gram-positive and Gram-negative bacteria (MIC 50-100 pg/

mL) and Candida strains (MIC 100-200 ug/mL).
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INTRODUCTION

Silver nanoparticles (AgNPs) are easy to produce by
biological methods, that is low-cost and environmentally
friendly (Garg et al., 2020). AgNPs exhibit cellular
interactions by binding to cell membrane proteins due to
their small size (Kumar et al., 2020). This size-dependent
behavior affects both their cellular distribution and
biological activity, with smaller AQNPs generally showing
greater cytotoxicity (Avalos et al., 2014). AgNPs have
anticarcinogenic (Veeragoni et al., 2022), anti-inflammatory
(Haider et al., 2020) and antimicrobial (Mousavi et al., 2018)
effects. In a complementary investigation, Rengarajan and
colleagues achieved successful AQNP synthesis using
Calotropis gigantea leaf extract. Their methodological
approach incorporated multiple advanced characterization
techniques, including UV-visible and FT-IR spectroscopy,
electron microscopy (SEM and TEM), XRD and EDX
analysis. The resulting nanoparticles showed varied
morphologies (spherical to cubic) while retaining key
bioactive compounds from the original extract, such as
tannins, alkaloids, flavonoids and polyphenols. These
results support the wide therapeutic potential of plant-
derived AgNP composites in biological and pharmaceutical
applications (Rengarajan et al., 2024).

Medicinal and aromatic plants effect health and
disease processes, especially due to presence of their
phytochemical compounds and high antioxidant content
that impart anticarcinogenic, antidiabetic (Tasci Celikel et al.,
2024; Orkun Erkilic and Bayraktar, 2025a; 2025b) and
antimicrobial effects (Bayraktar and Tekce, 2018; Bayraktar
et al., 2023; Ozcan et al., 2024). Black rose is the fruit of a
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shrubby plant belonging to the Rosa genus of the
Rosaceae family that sheds its leaves in winter. It contains
tannins, phenolic compounds such as quercetin,
kaempferol and catechin (MarmoL et al., 2017); carotenoids
(such as beta-carotene, lycopene, lutein and zeaxanthin)
(Andersson et al., 2011) as well as antioxidant (El Wafa et al.,
2025) anti-inflammatory (Rajabi-Moghadam et al., 2025),
antimicrobial and anticancer effects (Mallick et al., 2024;
Rajabi-Moghadam et al., 2025).The Rosa genus, especially
Rosa pimpinellifolia, is an interesting candidate for green
synthesis with its rich phytochemical content (Stralsjo
et al., 2003). Recent studies have reported that it has the
potential to treat non-small cell lung cancer (NSCLC)
(MarmoL et al., 2017; Demir et al., 2021; Kizil, 2023).
Therefore, this study aims to investigate the green
synthesis of silver nanoparticles using Black rose seeds
and evaluate their biological activities.
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MATERIALS AND METHODS
Preparation of the plant extract

Plant specimens of Rosa pimpinellifolia L. were collected
from GiUmissu Village, Bayburt Province, Turkiye (N:40°
13’ 29.0064"; E: 40° 18’ 11.8620", 1,817 m elevation)
Rosehip species identification was confirmed by a botanist
from the Department of Organic Agriculture, Faculty of
Applied Sciences, Bayburt University.

Green synthesis of silver nanoparticles (Rp AgNPs)

For the green synthesis of Rp-AgNPs, ground seeds were
extracted in distilled water (100 g in 400 mL) at 45°C for 2
hours. The filtered extract was slowly added to silver nitrate
solution (0.037 mM, 400 mL) and kept at 55°C for 2 hours
until the color changed to brown, indicating nanoparticle
formation. The synthesized Rp-AgNPs were purified by
three centrifugation cycles (12,000 rpm, 20 minutes) and
stored at 4°C (Gecer, 2021).

Characterization of Rp AgNPs

Synthesized Rp-AgNPs were comprehensively characterized
using several techniques. 'UV-Vis spectrophotometry was
performed with a Thermo Scientific Multiskan Go. Crystal
structure was determined by XRD (Bruker D8 Discover, 26
= 5°-80°). Average crystalline size (D) was calculated using
the Debye—Scherrer formula:

D=BcosBK\ (1)

Where,

A = 0.154056 nm (CuKa).
B = FWHM in radians.

0 = diffraction angle.

K =0.9.

Structural characterization included FTIR (Perkin Elmer
spectrum device, 4000-450 cm) to examine bonds and
functional groups (Buyuksirit and Kuleasan, 2014).
Morphological analysis used TEM (FEI Talos-F200S, 200
kV) and SEM (FEI-Quanta FEG 450). TEM samples were
prepared on carbon-coated copper grids (200 mesh) with
solvent evaporation. Composition was analyzed by EDAX
and EDX. Surface charge was determined using a Malvern
Instruments Zetasizer Nano ZSP. Thermal properties were
investigated by DSC (Perkin Elmer 8000, 5 mg samples,
10°C/min to 500°C) (Niraimathi et al., 2013). Surface
plasmon resonance of AgNPs (typically ~400 nm for
spheres), influenced by various factors, was examined for
its role in SERS (Stamplecoskie et al., 2011). SERS analysis
(WITech Alpha 300R) provided insights into biomedical
molecule properties (Bindhu et al., 2015). XPS (SpecsGroup
Flexmod-Germany) was used for atomic/molecular structure
analysis, quantifying seed extract-AgNP binding and
elemental composition of Rp-AgNPs (Ag and O).

Antioxidant activity analysis

The antioxidant capacity of functionalized silver
nanomaterials and R. pimpinellifolia seed aqueous

extracts was evaluated using a DPPH. (1,1-diphenyl-2-
picrylhydrazyl) free radical scavenging assay with a 0.26
mM DPPH solution (SIGMA). Samples at various
concentrations were incubated for 30 minutes at room
temperature in the dark and absorbance was measured at
517 nm using UV-Vis spectroscopy (Fig 1). The DPPH
scavenging effect was calculated using the equation:

(A-B)
A

Scavenging (%) = x 100 . (2)

Where,
A = Absorbance of the blank.
B = Sample absorbance at 517 nm. (Erenler et al., 2017).

Cytotoxicity assessment of Rp-AgNPs

Cytotoxicity was evaluated using the H460 non-small cell
lung cancer cell line (ATCC, USA). Cells were cultured in
RPMI medium (Gibco) with 10% FBS (Gibco) in 25 ml flasks
and maintained at 37°C in 5% CO, for 24-48 hours, with
PBS (Sigma) washing and trypsin-EDTA (Gibco) for
detachment. Cell viability was checked with trypan blue
staining (Sigma) and cell counting was done using a
Thoma slide after centrifugation (Gecer, 2021). Cell viability
was quantified using the WST-8 assay with a CVDK-8 kit
(Ecotech Biotechnology®, Turkiye). The procedure included: 1.
Seeding H460 cells in 96-well plates for 24 hours. 2.
Treating with plant extract (200-12.5 pyg/mL in PBS). 3.
Incubating for another 24 hours. 4. Assessing viability after
72 hours per kit instructions. 5. Adding 10 yl CVDK-8
reagent and incubating for 3 hours. 6. Measuring
absorbance at 450 nm (MultiSkan Go, Thermo Scientific).
Statistical significance was set at p<0.05.

Antimicrobial activity analysis
Disc diffusion assay

Rp-AgNPs’ antimicrobial efficacy was assessed against a
panel of pathogens (3 Gram-positive, 3 Gram-negative

Various concentrations of Rp-AgNPs Ascorbic
Acid

517 nm

UV-Vis

Fig 1: DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical
scavenging assay.
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bacteria, 4 yeast-like fungi) using disc diffusion and broth
microdilution. Cultures revived on selective media were
incubated, pure colonies transferred to liquid media and
incubated and standardized suspensions were spread on
fresh media. Sterile discs with Rp-AgNPs were placed on
inoculated surfaces, incubated and inhibition zones
measured (Boztas et al., 2024).

Broth microdilution method

The minimum inhibitory concentration (MIC) of Rp-AgNPs
against selected pathogens was determined using broth
microdilution in 96-well plates. Wells were prepared with
95 pL liquid medium (Mueller Hinton broth for bacteria,
Saboraud Dextrose broth for fungi) and 5 pL standardized
inoculum (100 pL total). A two-fold serial dilution of Rp-
AgNPs (100 puL added to first wells, 100 pL transferred
down to the eighth well) was performed. Microplates were
incubated at 37°C with shaking (40 rpm) for 24 hours. Then,
5 pL aliquots from each well were transferred to agar plates
and incubated for another 24 hours at 37°C. The MIC was
the highest concentration showing no microbial growth
(Keskin et al., 2023).

Statistical analysis

All experiments were performed in triplicate and the results
were analyzed using GraphPad Prism software (version
8.0.1, United States). The DPPH free radical scavenging
activity was evaluated through one-way ANOVA followed by
Tukey's multiple comparisons test. Data are presented as
meanzstandard deviation, with statistical significance set
at p<0.05. Cytotoxicity data, also obtained from triplicate
experiments, were analyzed using Student’s t-test and the
results are expressed as meanitstandard deviation, with
statistical significance similarly defined at p<0.05.

RESULTS AND DISCUSSION
The pulverized Black rosehip seeds (100 g) were ground
using a coffee grinder and heated with distilled water (400 mL)

at 45°C for 2 hours.. The mixture was filtered through
Whatman filter paper and a silver nitrate solution (0.04 mM,
400 mL) was gradually added to the extract. The reaction
mixture was further heated at 60°C for 2 hours, during which
the color changed from orange to dark brown. After the
reaction, Rp-AgNPs were collected by repeated
centrifugation at 12,000 rpm for 20 minutes and washed
thoroughly with distilled water. Finally, the Rp-AgNPs were
dried via lyophilization (Fig 2).

The successful synthesis of silver nanoparticles was
confirmed by UV-Vis spectroscopy, with a maximum
absorption peak at 476 nm, consistent with the typical range
of 400-480 nm reported in the literature (Fig 3),(Sreeram
et al., 2008).

The XRD analysis of Rp-AgNPs (Fig 4) revealed
prominent peaks at 38°, 44°, 64° and 77°, corresponding to
the fcc planes (111, 200, 220 and 311) of AgNPs (Rahimi-
Nasrabadi et al., 2014). Additional peaks likely indicate
metabolites coating the nanoparticles. The calculated
crystallite size was 51.93 nm (Rahimi-Nasrabadi et al., 2014).

Fig 2: Aqueous solutions of Rosa pimpinellifolia L. seeds (A)
and Rp-AgNPs (B).
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Fig 3: UV-Visible absorption spectra of Rp-AgNPs (A) and Aqueous solutions of Rosa pimpinellifolia L. seeds (B).
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Fig 4: XRD spectrum of Rp-AgNPs.
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Fig 5: FTIR spectra of Rp-AgNPs (A) and Aqueous solutions of Rosa pimpinellifolia L. seeds (B).

A) 200 nm, B) 100 nm, C) 50 nm, D) 10 nm and E) 5 nm (magnified
view).
Fig 6: TEM image of Rp-AgNPs nanoparticles. Image scale bar.
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FTIR analysis was performed to identify functional
groups in the R. pimpinellifolia seed extract involved in the
synthesis and stabilization of silver nanoparticles. The
spectra of the extract and Rp-AgNPs (Fig 5) revealed peaks
at 3304.33 cm™ and 2926.6 cm™ (O-H stretching), 2855.12
cm? and 2111.63 cm™ (N-H and C=C stretching), 1743.53
cm? (C=0 stretching), 1637.05 cm™ (C=C stretching),
1548.06 cm™ (N-O stretching), 1450.16 cm™ (C-H bending),
1317.96 cm? (C-F stretching and O-H bending), 1242.21
cm (C-0 and C-N stretching), 1063.63 cm? (S=0 and C-O
stretching), 969.28 cm? and 896.13 cm™ (C=C bending)
and 586.43 cm? (C-I stretching).

The morphology and size distribution of
nanoparticles produced through biological synthesis
were examined using TEM, a robust analytical method.
The TEM image reveals individual silver particles and
illustrates the polydispersity of the nanoparticles. Notably,
the silver nanoparticles exhibit an almost spherical
shape (Fig 6).

The surface morphology and dimensions of silver
nanoparticles produced under optimal conditions were
assessed through SEM, as illustrated (Fig 7).

The surface morphology was also identified to possess
a spherical nature, with an average size measuring 51.27
nm (Fig 8).

In the EDAX analysis, a distinct peak of silver metal
was observed at 3 kV, confirming the presence of silver in
the complex. Additionally, the peaks corresponding to other
elements in the EDAX spectrum are illustrated (Fig 9).

Zeta potential measures the electrical potential at the
solid-liquid interface, influencing nanoparticle stability. Rp-
AgNPs showed a zeta potential of -18.9, indicating stability
and particle repulsion (Fig 10), (Gecer, 2021).

Differential scanning calorimetry (DSC) was used to
analyze the thermal stability of Rp-AgNPs. The DSC curve
showed endothermic and exothermic processes, with an
exothermic peak at 92°C indicating desorption of organic
components from the nanoparticle surface (Fig 11).

43.50 nm

[ — L]
n L

Fig 8: SEM image of nanoparticles from 16 points.
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Surface-enhanced Raman scattering (SERS) is a 613 cm™? (C-S-C) and 1301 cm™ (anti-symmetric C=0
highly sensitive technique for detecting and characterizing stretching) (Joshi et al., 2018) (Fig 12).
metal nanoparticles (Bindhu et al., 2015). The Raman X-ray Photoelectron Spectroscopy (XPS) was used
spectra of silver nanoparticles (AgNPs) showed vibrational to analyze the surface composition and chemical state
modes at 238 cm™? (Ag-O stretching) (Linic et al., 2015). of Rp-AgNPs. The XPS spectrum (Fig 13) revealed Ag 3d
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Fig 9: EDAX spectrum of silver nanoparticles synthesized utilizing black rosehip seeds.
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Fig 11: Differential scanning calorimetry (DSC) of Rp-AgNPs.
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Fig 12: RAMAN scattering spectra of the Rp-AgNPs.
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Fig 13: XPS spectra of Ag 3d 5/2, O 1s and C 1s peak of the Ag NPs functionalized with seed aqueous extract.

5/2 peaks at binding energies of 365.1 and 369.0 eV,
corresponding to oxidized silver (Ag-O) (Maiti et al.,
2016).

DPPH free radical scavenging activity showed that
ascorbic acid (IC50: 11.53 pyg/mL) had the highest activity,
followed by Rp-AgNPs (IC: 30.89 ug/mL) and R. pimpineliifolia
seed extract (IC_: 136.4 pg/mL). This is the first study on
silver nanoparticles functionalized with R. pimpinellifolia
seeds.

The antimicrobial activity of Rp-AgNPs synthesized
using Rosa pimpinellifolia seed extract was evaluated
against various pathogenic microorganisms. The disk
diffusion method and broth microdilution technique were
employed to assess in vitro activity, with results
summarized in Table 1.

The increasing issue of antibiotic resistance
(Nikolich and Filippov, 2020) has driven interest in
alternative antimicrobial strategies, such as nanoparticle-
based approaches (Murugaiyan et al., 2022). R. pimpinellifolia
has a high polyphenol content (121.38 mg GAE/100 g
fresh weight) and shows tolerance to various stresses

(Fattahi et al., 2012). Rp-AgNPs at 100 pg/mL showed
inhibition zones of 10-14 mm for bacteria and 7-8 mm for
Candida strains, with MIC values of 50-100 pg/mL for
bacteria and 100-200 pg/mL for Candida. Rp-AgNPs
demonstrated in vitro antimicrobial activity against all
tested pathogens, consistent with previous findings (Fattahi
et al., 2012).

Hormones are biomolecules that are involved in many
physiological processes that affect the growth and
development of cancer cells (Bayraktar and Bayraktar, 2019;
Bayraktar, 2020). Plant-synthesized AgNPs have a
promising potential in anticancer treatments because they
can affect the development of some types of cancer by
affecting the endocrine system. Juarez-Moreno et al. (2017)
demonstrated effective cytotoxicity across multiple cancer
cell lines without DNA damage, suggesting potential
applications in combination therapy. Studies with various
plant-derived AgNPs have reported significant anticancer
activity, with IC_; values ranging from 28.125 pg/mL for lung
cancer to 62.5 pyg/mL for breast cancer cells (Vijayan et al.,
2018; Valsalam et al., 2019). Green-synthesized AgNPs
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Table 1: In vitro antimicrobial activities of silver nanoparticles (Rp-AgNPs) prepared using Rosa pimpinellifolia seed extract.

Microorganisms 1ZD MIC AMP FLU

Gram (+) Bacillus cereus ATCC 14579 14 50 29 -
Enterococcus faecalis ATCC 49452 12 100 26 -
Streptococcus mutans ATCC 35668 11 100 28
Staphylococcus aureus NCTC 10788 13 50 27 -

Gram (-) Acinetobacter baumannii ATCC 19606 11 100 14 -
Escherichia coli NCTC 9001 10 100 13 -
Pseudomonas aeruginosa NCTC 12924 12 100 11 -
Salmonella typhimurium RSSK95091 11 100 12 -

Yeast like fungi Candida albicans SB1 7 200 - 25
Candida glabrata SB5 8 200 - 26
Candida krusei SB8 8 200 - 21
Candida albicans ATCC 10231 7 200 - 21

*|ZD: Inhibition zone diameter; MIC: Minimum inhibition concentration; AMP: Ampicillin; FLU: Fluconazole.

are particularly promising due to their ability to generate
ROS and penetrate cells (Jabeen et al., 2021). Furthermore,
silver nanoparticles synthesized using black rosehip seed
water extract maintained their antibacterial activity for over
8 weeks when stored at 4°C.

CONCLUSION

In our current study, Rp-AgNPs showed strong antimicrobial
activity against bacterial and fungal pathogens and
remained stable for over 8 weeks at 4°C. It is thought that
Rp-AgNPs will be beneficial and contribute to the treatment
of wound infections using environmentally friendly methods
thanks to their potential in combating antibiotic resistance.
Future research should address these gaps to better
explore the biomedical potential of these flavonoid-enriched
AgNPs, which also show promise for food and pharmaceutical
applications.

ACKNOWLEDGEMENT

I would like to thank Associate Prof. Dr. Mehmet Semih
Bingdl from Atatlirk University, Associate Prof. Dr. Sinan
Bayram and Associate Prof. Dr. Bilent Bayraktar from
Bayburt University for their valuable contributions and
support.

Preprint statement

This paper has been uploaded to Authorea as a preprint:
DOI: 10.22541/au.172653476.63929696/v1.

Disclaimers

The authors are solely responsible for the content and its
accuracy, which does not necessarily reflect their institutions’
views. They accept no liability for any losses from its use.

Informed consent

This study was approved by the Ethics Committee of Bayburt
University (Decision No: 37/04, Date: 04/30/2024) in
accordance with the Declaration of Helsinki principles. All
methods were carried out in accordance with relevant

guidelines and regulations and all experimental protocols
were approved by the Ethics Committee of Bayburt
University. The study utilized the NCI-H460 lung cancer
cell line obtained from American Type Culture Collection
(ATCC | USA). As this research was conducted using
commercially available cell lines and did not involve direct
human participants, human material, or human data
collection, it did not require clinical trial registration,
participant consent, or consent to publish.

Conflict of interest

The authors declare no conflicts of interest and the study
was not influenced by funding or sponsorship.

REFERENCES

Avalos, A., Haza, A.l., Mateo, D. and Morales, P. (2014). Cytotoxicity and
ROS production of manufactured silver nanopatrticles of
different sizes in hepatoma and leukemia cells. Journal of
Applied Toxicology. 34(4): 413-423. doi: 10.1002/jat.2957.

Andersson, S.C., Rumpunen, K., Johansson, E. and Olsson, M.E.
(2011). Carotenoid content and composition in rose hips
(Rosa spp.) during ripening, determination of suitable maturity
marker and implications for health-promoting food products.
Food Chemistry. 128(3): 689-696. doi: 10.1016/j. foodchem.
2011.03.088.

Bayraktar, B., Tekce, E., Bayraktar, S., Boyik, G., Takma, C., Aksakal,
V. and Gurbiz, A.B. (2023). Investigation of endocrine
response of thyroid and intestinal and adipose tissues due
to the addition of Moringa oleifera essential oil in diet for
quails exposed to heat stress. Revista Brasileira de Zootecnia.
52: €20210040.doi: 10.37496/rbz5220210040.

Bayraktar, B. and Tekge, E. (2018). Deneysel olarak sicaklik stresi
olupturulan broilerde farkli oranlarda kullanilan bazi bitkisel
ekstrelerin serum demir seviyesine etkisinin incelenmesi.
Journal of Traditional Medical Complementary Therapies.
1(2): 50-5 doi: 10.5336/jtracom.2018-61570.

Bayraktar, B. (2020). Endocrine system. In: Physiology for Health
Sciences. [Tapkin E, Kocahan S, (editors).], Akademisyen
Yayinevi: Ankara. Tirkiye. pp. 239-270.

8 Legume Research- An International Journal



Biosynthesis of Functionalized Silver Nanomaterials Utilizing Seeds of Black Rosehip (Rosa pimpinellifolia L.) and its Remar ...

Bayraktar, B. and Bayraktar, S. (2019). Kanserde Sirkadiyen Ritim
Ve Kortizol Sirkadiyen Ritim Fizyolojisinin incelenmesi,
INES. Cizgi Kitabevi:Konya. Turkiye. pp. 161-165.

Bindhu, M., Sathe, V. and Umadevi, M. (2015). SERS activities of
green synthesized silver nanoparticles. Journal of Cluster
Science. 26: 1451-1461. doi: 10.1007/s10876-014-0825-y.

Boztas, K., Gercek, Y.C., Turer, G., Canl, D., Bayram, S., Celik, S.
and Ecem Bayram, N. (2024). Microwave hydrodistillation
of Pelargonium graveolens L'Her leaves: Essential oil
profile, phytochemical composition of wastewater, histo-
anatomical structure. Journal of Essential Oil Bearing
Plants. 27(3): 659-677. doi:10.1080/0972060X.2024.
2323663.

Buyuksirit, T. and Kuleasan, H. (2014). Fourier déntsumli kizilotesi
(FTIR) spektroskopisi ve gida analizlerinde kullanimi. Gida.
39(4): 235-241.

Demir, E. A., Demir, S., Turkmen, N. and Turan, I. (2021). The effect
of Rosa pimpinellifolia extract on the proliferation of human
tumor cells. KSU J. Agric Nat. 24(6): 1170-1176. doi: 10.
18016/ksutarimdoga.vi.848137.

ElWafa, S.S.A., Kassem, H.A., Ramadan, N.M., Eltaweel, M.M., Younis,
N.A. and Younis, I. Y. (2025). Phytochemical profiling of
Pelargonium graveolens I'Hér and evaluation of its activity
against D-galactose induced skin ageing. Natural Product
Research. 5: 1-13. doi: 10.1080/14786419.2025.2487148.

Erenler, R., Meral, B., Sen, O., Elmastas, M., Aydin, A., Eminagaoglu,
O. and Topcu, G. (2017). Bioassay-guided isolation,
identification of compounds from Origanum rotundifolium
and investigation of their antiproliferative and antioxidant
activities. Pharmaceutical Biology. 55(1): 1646-1653.

Fattahi, S., Jamei, R. and Hosseini, S.S. (2012). Antioxidant and
antiradical activities of Rosa canina and Rosa pimpinellifolia
fruits from West Azerbaijan.

Mallick, S.R., Hassan, J., Hoque, M.A., Sultana, H., Kayesh, E., Ahmed,
M. and Siddiqui, M. H. (2024). Color, proximate composition,
bioactive compounds and antinutrient profiling of rose.
Scientific Reports. 14(1): 21690. doi: 10.1038/s41598-
024-72424-w

Garg, D., Sarkar, A., Chand, P., Bansal, P., Gola, D., Sharma, S. and
Bharti, R.K. (2020). Synthesis of silver nanoparticles
utilizing various biological systems: Mechanisms and
applications-A review. Progress in Biomaterials. 9: 81-95.
doi: 10.1007/s40204-020-00135-2.

Gecer, E.N. (2021). Green synthesis of silver nanoparticles from
Salvia aethiopis L. and their antioxidant activity. Journal
of Inorganic and Organometallic Polymers and Materials.
31(11): 4402-4409.

Haider, A., ljaz, M., Ali, S., Haider, J., Imran, M., Majeed, H., Shahzadi,
1., Ali, M.M., Khan, J.A. and Ikram, M. (2020). Green synthesized
phytochemically (Zingiber officinale and Allium sativum)
reduced nickel oxide nanoparticles confirmed bactericidal
and catalytic potential. Nanoscale Research Letters. 15: 1-11.

Jabeen, S., Qureshi, R., Munazir, M., Magsood, M., Munir, M., Shah,
S.S.H. and Rahim, B.Z. (2021). Application of green synthesized
silver nanoparticles in cancer treatment-a critical review.
Materials Research Express. 8(9): 092001.

Joshi, N., Jain, N., Pathak, A., Singh, J., Prasad, R. and Upadhyaya,
C.P. (2018). Biosynthesis of silver nanoparticles using
Carissa carandas berries and its potential antibacterial
activities. Journal of Sol-Gel Science and Technology.
86: 682-689.

Juarez-Moreno, K., Gonzalez, E., Giron-Vazquez, N., Chavez-Santoscoy,
R., Mota-Morales, J., Perez-Mozqueda, L., Garcia-Garcia,
M., Pestryakov, A. and Bogdanchikova, N. (2017). Comparison
of cytotoxicity and genotoxicity effects of silver nanoparticles
on human cervix and breast cancer cell lines. Human
and Experimental Toxicology. 36(9): 931-948.

Keskin, M., Kaya, G., Bayram, S., Kurek-Gérecka, A. and Olczyk, P.
(2023). Green synthesis, characterization, antioxidant,
antibacterial and enzyme inhibition effects of chestnut
(Castanea sativa) honey-mediated silver nanoparticles.
Molecules. 28(6): 2762.

Kizil, H.E. (2023). Determination of the cytotoxic effect of Prangos
ferulacea (L.) Lindl. which grows naturally in the foothills of
Bayburt Kop Mountain, on non-small lung cancer. Medicine
Science. 12(3): 652-655. doi: 10.5455/medscience.2023. 06.083.

Kumar, H., Bhardwaj, K., Nepovimova, E., Kuéa, K., Singh Dhanjal, D.,
Bhardwaj, S., Bhatia, S.K., Verma, R. and Kumar, D. (2020).
Antioxidant functionalized nanoparticles: A combat against
oxidative stress. Nanomaterials. 10(7): 1334.

Linic, S., Aslam, U., Boerigter, C. and Morabito, M. (2015). Photochemical
transformations on plasmonic metal nanoparticles. Nature
Materials. 14(6): 567-576.

Maiti, N., Thomas, S., Debnath, A. and Kapoor, S. (2016). Raman and
XPS study on the interaction of taurine with silver
nanoparticles. RSC Advances. 6(61): 56406-56411.

Méarmoal, I., Sanchez-de-Diego, C., Jiménez-Moreno, N., Ancin-Azpilicueta,
C. and Rodriguez-Yoldi, M. J. (2017). The rapeutic applications
of rose hips from different Rosa species. International Journal
of Molecular Sciences. 18(6): 1137. doi: 10.3390/ijms18061137.

Mousavi, S.M., Hashemi, S.A., Ghasemi, Y., Atapour, A., Amani, A.M.,
Savar Dashtaki, A., Babapoor, A. and Arjmand, O. (2018).
Green synthesis of silver nanoparticles toward bio and
medical applications: Review study. Artificial Cells, Nanome-
dicine and Biotechnology. 46(sup3): 855-872.

Murugaiyan, J., Kumar, P.A., Rao, G.S., Iskandar, K., Hawser, S., Hays,
J.P., Mohsen, Y., Adukkadukkam, S., Awuah, W.A. and
Jose, R.A.M. (2022). Progress in alternative strategies
to combat antimicrobial resistance: Focus on antibiotics.
Antibiotics. 11(2): 200.

Nikolich, M.P. and Filippov, A.A. (2020). Bacteriophage therapy:
Developments and directions. Antibiotics. 9(3): 135.

Niraimathi, K., Sudha, V., Lavanya, R. and Brindha, P. (2013). Biosynthesis
of silver nanoparticles using Alternanthera sessilis (Linn.)
extract and their antimicrobial, antioxidant activities. Colloids
and surfaces B: biointerfaces. 102: 288-291.

Orkun Erkilic, T. and Bayraktar, B. (2025a). Effect of jackfruit pulp
extract on serum Nesfatin-1 and Visfatin Levels in
Streptozotocin-induced rats. Indian Journal of Animal
Research. 59(2): 293-298. doi: 10.18805/IJAR.BF-1902.

Orkun Erkilig, T. and Bayraktar, B. (2025b). Effect of Moringa
oleifera oil extract on adipokine (Apelin, Visfatin and
Nesfatin-1) and Cardiac (cTnl) response in streptozotocin-
induced Rats. Indian Journal of Animal Research. 59(1):
108-113. doi: 10.18805/IJAR.BF-1904.

Ozcan, G.B., Bozok, U.G., Battal, F. and Bayraktar, B. (2024). The
impact of aromatherapy on glossophobia among medical
students: A study on cortisol levels and stress reduction.
Medicine Science. 13(3): 610-615. doi:10.5455/medscience.
2024.06.053.

Volume Issue ]



Biosynthesis of Functionalized Silver Nanomaterials Utilizing Seeds of Black Rosehip (Rosa pimpinellifolia L.) and its Remar ...

Rajabi-Moghadam, M., Mahdavi, B., Habibi, A. and Mahdi, M. (2025).
Phytochemical composition of Rosa foetida essential oil
and evaluation of antioxidant and anti-oral squamous
cancer activities. Jundishapur Journal of Natural Pharma-
ceutical Products. 20(1): €154003.doi:10.5812/jjnpp-154003.

Rahimi-Nasrabadi, M., Pourmortazavi, S.M., Shandiz, S.A.S., Ahmadi,
F. and Batooli, H. (2014). Green synthesis of silver
nanoparticles using Eucalyptus leucoxylon leaves extract
and evaluating the antioxidant activities of extract. Natural
Product Research. 28(22): 1964-1969.

Rengarajan, S., Sivalingam,A.M., Pandian, A. and Chaurasia, P.K. (2024).
Nanomaterial (AgNPs) synthesis using calotropis gigantea
extract, characterization and biological application in
antioxidant and antibacterial activity. Journal of Inorganic
and Organometallic Polymers and Materials. 1-17.

Singh, K. and Gairola, S. (2023). Nutritional potential of wild edible
rose hips in India for food security. In wild food Plants
for Zero Hunger and Resilient Agriculture Springer.
(pp. 163-179).

Sreeram, K.J., Nidhin, M. and Nair, B.U. (2008). Microwave assisted
template synthesis of silver nanoparticles. Bulletin of
Materials Science. 31: 937-942.

Stamplecoskie, K.G., Scaiano, J C., Tiwari, V.S. and Anis, H. (2011).
Optimal size of silver nanoparticles for surface-enhanced
Raman spectroscopy. The Journal of Physical Chemistry
C. 115(5): 1403-1409.

10

Strilsjs, L., Alklint, C., Olsson, M.E. and Sjéholm, 1. (2003). Total folate
content and retention in rosehips (Rosa ssp.) after drying.
Journal of Agricultural and Food Chemistry. 51(15): 4291-
4295.

Tasci Celikel, S., Bayraktar, B., Bulbil, A.S., Sait, A., Korkmaz, S. (2024).
Effect of different rates of rambutan peel extract on
visfatin and cardiac troponin | response in type 2 diabetic
rats induced with streptozotocin. Indian Journal of Animal
Research. 58(11): 1969-1974. doi: 10.18805/IJAR.BF-1899.

Valsalam, S., Agastian, P., Esmail, G.A., Ghilan, A.K.M., Al-Dhabi,
N.A. and Arasu, M.V. (2019). Biosynthesis of silver and
gold nanoparticles using Musa acuminata colla flower
and its pharmaceutical activity against bacteria and anti-
cancer efficacy. Journal of Photochemistry and Photobiology
B: Biology. 201: 111670.

Veeragoni, D., Deshpande, S., Rachamalla, H.K. ande, A., Misra, S.
and Mutheneni, S.R. (2022). In vitro and in vivo anticancer
and genotoxicity profiles of green synthesized and chemically
synthesized silver nanoparticles. ACS Applied Bio Materials.
5(5): 2324-2339.

Vijayan, R., Joseph, S. and Mathew, B. (2018). Indigofera tinctoria
leaf extract mediated green synthesis of silver and gold
nanoparticles and assessment of their anticancer, antimicrobial,
antioxidant and catalytic properties. Atrtificial Cells, Nano-
medicine and Biotechnology. 46(4): 861-871.

Legume Research- An International Journal



