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This study reports a green, simple, and fast method for the synthesis of gold and silver nanoparticles using
natural antioxidant compounds. The aqueous extract from dried rosehips (pseudofruit of Rosa canina L.
was used as a reducing and capping agent of HAuCl, and AgNOsz during the noble metal colloid
synthesis at room temperature and no other chemical reagent was used. The high antioxidant activity of
the plant extract was proven by 2,2-diphenyl-1-picrylhydrazyl assay by a spectrophotometric method.
The formation of stable gold and silver nanoparticles was observed by UV-visible spectroscopy and the
evolution of their characteristic surface plasmon resonance band was followed over several days.
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Introduction

Noble metal nanoparticles (NPs) are one of the most investi-
gated aspects of nanoscale materials due to their extraordinary
chemical, physical, optical, and electronic properties."* Owing
to these properties, these nanomaterials have many applica-
tions in different fields, such as in medicine, biology, catalysis,
electronics, and photonics, among others."**

There are different physical, chemical, and biological
methods for synthesizing noble metal nanoparticles, however
the most commonly applied are the ones based on chemical
reduction. Subsequent to the classic Turkevich method,” many
types of synthesis protocols have been published in the litera-
ture,"”® however, most of these methods involve hazardous
chemicals or residues. Green and biological methods offer an
alternative way of eliminating or minimizing the use of
environmental-risk materials.’*® These syntheses involve bio-
logical systems such as bacteria, fungus, and plants; however,
the use of plant extracts is the most popular method because is
the simplest extracellular syntheses for obtaining metallic
nanoparticles on a large scale. A great variety of plants extracts
have been used to synthesize metallic nanoparticles. Different
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secondary metabolites, for example alkaloids, flavonoids,
saponins, steroids, tannins, terpenoids, polyphenols, phenolic
acids, ketones, aldehydes, as well as polysaccharides, amino
acids, proteins and vitamins present in plant extracts, are
involved in the reduction of metal cations and the stabilization
of the nanoparticles formed.'**® Generally, natural antioxidants
are able to reduce silver and gold cations and some previous
works have used this property to assess the antioxidant poten-
tial of different phytochemicals.**

In particular, rosehip, the pseudofruit of Rosa canina L., is
well-known for its excellent antioxidant properties.*” Previous
studies confirmed that rosehip extracts contain active
compounds such as ascorbic acid, carotenoids, phenolic
compounds (phenolic acids; flavonoids like proanthocyanidin),
polyunsaturated fatty acids and phospholipids, among
others.”®?® These compounds should act as reducing and/or
stabilizing agents during metallic nanoparticle synthesis. Rosa
canina extracts have been used successfully for the green
synthesis of palladium,* gold®** and silver*®* nanoparticles,
as well as oxide nanoparticles like zinc oxide®* and copper
oxide*” nanoparticles. Moreover, this plant extract also allowed
the green synthesis of hybrid organometallic nanomaterials like
palladium nanoparticles supported on graphene oxide.**** All
these synthesis methods used other reactants or pH adjusting
and were carried at temperatures ranging from 60 to 100 °C.
Pulit and Banach investigated the effect of metal salt concen-
tration, reaction pH and temperature to the nanoparticle
formation.”® The smallest nanoparticles (silver with 47.44 nm
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and gold with 17.24 nm average size) were synthesized at pH 12.
Khademi-Azandehi et al. published the synthesis of gold
nanoparticles with anti-HIV characteristics.” They described
one method using 85 °C reaction temperature and gold NPs
with 27.7 nm average size were obtained. The same temperature
was applied to prepare silver nanoparticles.** TEM measure-
ments showed that the particle size was 13-21 nm. The
synthesized NPs were found to be highly effective for anti-
oxidant, antibacterial, antifungal, and DNA cleavage activities.

Here, we present a one-pot green, simple and fast method for
the synthesis of gold and silver nanoparticles using natural anti-
oxidant compounds. Aqueous extract from dried rosehips (pseu-
dofruit of Rosa canina L.) was used as a reducing and capping agent
of HAuCl, and AgNO; during the noble metal colloid synthesis at
room temperature and no other chemical reagent was used. The
formation of stable gold and silver nanoparticles was observed by
UV-visible spectroscopy and the evolution of their characteristic
surface plasmon resonance band was followed over several days.
The effect of concentrations of noble metal precursor and plant
extract solution on the formation, stabilization and size of nano-
particles are discussed. Transmission electron microscopy
confirmed the formation of quasi-spherical nanoparticles and
some applications of these colloids are presented.

Materials and methods

During the experiments, the following materials were used as
received: silver nitrate (AgNO;, Sigma Aldrich, 99.9%), gold ()
chloride trihydrate (HAuCl,, Sigma Aldrich, 99.9%), 2,2-
diphenyl-1-picrylhydrazyl (DPPH, Sigma-Aldrich, 99%) and
dried rosehip of Rosa canina L. (Rosae pseudo-fructus, Natur-
land, Hungary). All glassware was cleaned with aqua regia and
thoroughly rinsed with deionized water before being used.

Preparation of Rosa canina L. extract

For the Rosa canina L. extract preparation, 100 mL of deionized
water were heated to boil, then 2 g of Rosae pseudo-fructus were
added and boiling continued for 10 minutes. The preparation was
left to cool until room temperature, decanted and gauged to
100 mL with deionized water to compensate the volume lost due to
evaporation. This extract, used as a stock solution, was reserved at
4°Cin a light covered recipient and used in no more than two days
after preparation. Four dilutions of the plant extract were also
prepared using deionized water (20, 40, 60 and 80% vol/vol); these
dilutions, and the non-diluted stock plant extract, were used as
reductants in the synthesis of gold and silver nanoparticles.

Synthesis of gold and silver nanoparticles

Gold and silver nanoparticles were prepared using two different
HAuCl, and AgNO; concentrations, 1 x 107> and 1 x 107> M.
The synthesis method was the same for the gold and silver
nanoparticles: the metallic salt solutions (5 mL) were placed in
a beaker under vigorous magnetic stirring and 5 mL of the
diluted plant extract solutions were fast injected. Once the plant
extract was added to the metallic salt a change in coloration was
visible to the eye indicating the formation of noble metal
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Table 1 Details on the preparations of the gold and silver colloids and
sample label assignation

HAuCl,
concentration (M)

AgNO;
concentration (M)

Dilution of stock plant

extract [% vol/vol] 1x10% 1x10° 1x10*> 1x10°
20 G20-2 G20-3 $20-2 $20-3

40 G40-2 G40-3 S40-2 $40-3

60 G60-2 G60-3 $60-2 $60-3

80 G80-2 G80-3 $80-2 $80-3
100 G100-2 G100-3 $100-2 $100-3

nanoparticles. The mixture was left to react for 15 minutes and
then reserved. Table 1 includes the details on the preparation
and the labels assigned to each sample.

Characterization

UV-visible extinction spectra of plant extract and synthesized
gold and silver nanoparticles were collected in a Cary 60 spec-
trophotometer over a spectral range from 200 to 800 nm, using
a1 cm quartz cuvette. One droplet of the colloidal solutions was
deposited onto a carbon coated copper grid and allowed to dry
at room temperature. High-resolution transmission electron
micrographs (HRTEM) were obtained using a FEI TECNAI F30
microscope, operated at 300 kV. Scanning electronic micros-
copy (SEM) was performed using a JSM-7800F JEOL (Tokyo,
Japan) microscope: a 2 pL drop of each sample was placed on
top of an aluminized glass substrate and allowed to dry at room
temperature. All the SEM images were obtained using a 15 kV
accelerating voltage. The nanoparticles size distribution was deter-
mined by using Image] software, a minimum of 200 particles were
measured. Fourier transform infra-red (FTIR) spectra from 4000 to
900 cm ™" were acquired using a Cary 670 FTIR coupled to a Cary 620
FTIR spectrometer (Agilent Technologies, USA) and equipped with
an attenuated total reflection module (ATR). 25 pL drops of the gold
and silver colloids were allowed to dry at room temperature on top
a of clean glass substrate; once dried, subsequent drops were placed
on the same spots in order to increase the NPs concentration. The
drying process was repeated 9 times. After the FTIR analysis, the
gold and silver NPs powders were scraped from the glass substrates
and X-ray diffractograms were obtained using an XRD D2 Phaser
Bruker equipment, with a Bragg-Brentano geometry and Cu-ka
radiation (A = 1.5418 A). Surface Z-potentials of diluted gold nano-
particles (GNPs) and silver nanoparticles (SNPs) were measured
using a Malvern Zetasizer Nano ZS apparatus.

Results and discussion
Characterization of Rosa canina L. extract

Rosa canina L. extract was used as a reducing agent in the
preparation of colloidal gold and silver. To reveal the antioxi-
dant capacity of the plant extract, the free radical scavenging
activity of Rosa canina L. extract was measured spectrophoto-
metrically using the DPPH assay**® (see ESI, Fig. S1t). The
elevated antiradical activity obtained suggests that this extract
is a good reductive agent for gold and silver cations.*”
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The UV-Vis absorbance spectrum of plant extract was also
analysed to exclude interference with the spectrum of DPPH
and the noble metal nanoparticles (Fig. S1t). There is an
absorbance band at 280 nm, but there is no notable absorbance
in the gold (500-600 nm) and silver (380-420 nm) nanoparticles
surface plasmon band ranges. Phytochemical characterization
of this extract reported in previous publications observed that
ascorbic acid concentration is lower in dried rosehips and
suggest that antioxidant properties are mainly the result of high
phenolic concentration.”*>¢

Synthesis and characterization of gold and silver
nanoparticles

Gold nanoparticles were analysed by UV-visible spectroscopy,
which detects the evolution of their characteristic surface
plasmon resonance band during synthesis.*® The colour of
aqueous HAuCl, solution changed immediately after the addi-
tion of Rosa canina L. extract, indicating the formation of gold
nanoparticles and that the extract acted as a reducing agent for
gold cations. In the case of the GNPs synthesized using HAuCl,
1 x 10> M solution, as the concentration of the plant extract in
the reaction was increased, the extinction value of the plasmon
band was higher (see Fig. 1A and C).

The GNPs UV-Vis spectra were monitored for seven days after
the synthesis. Small spectral differences were perceived during
the first 4 days, but after 5 days no more changes occurred,
indicating that the reaction finished, and the GNPs stabilized.
The UV-Vis spectra collected on day 1 for samples G20-2 and
G40-2, the two samples synthesized with the more diluted
extracts, showed an absorption band associated to HAuCl, at
310 nm after the reduction process. This band was also detected
in the spectrum of sample G20-2 after 5 days, but it was not
present in the spectrum collected of sample G40-2; this implies
that the reducing agent was not sufficient to reduce all of the
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Fig. 1 UV-Vis absorption spectra of GNPs synthesized with different
extract dilutions for HAUCL, concentration of 1 x 1072 M (panel A) and
1 x 107> M (panel B), collected on day 1 (dashed lines) and day 5
(continuous lines). The maximum optical extinction and the plasmon
band location as function of extract dilution are shown in panels (C)
and (D) respectively.
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gold cations in the mixture for both samples. To obtain infor-
mation about the reaction yield we compared the absorbance
values of each samples at 400 nm (Abs,). According to Hendel
et al. the Abs,o, can scale linearly with the Au(0) concentration
in gold nanoparticle solutions and enable its direct determi-
nation.* Without knowing the extinction coefficients of our
solutions, we only compared the gold concentrations of the
different samples. Abs,q as function of extract dilution is shown in
ESI, Fig. S2.f Up to 80% of extract dilution, there is a linear
increment in Abs,y, values. Whereas with the maximum amount
of extract (sample G100-2), the growth of Abs,y, decreases. This
result confirms that the added extract volume was not sufficient to
reduce all the gold ions in the case of the first four samples,
probably only for the G100-2 sample. Au(0) concentration is
increasing linearly up to G80-2, then there is a smaller increment
for G100-2. This behaviour could be the indication that total
reduction has been achieved for this sample.

Rosa canina L. extract was confirmed as also playing the role
of stabilizing agent for the GNPs. When extract concentration
was increased the plasmon resonance band shifted towards
smaller wavelengths (Fig. 1D): utilizing 20% diluted plant
extract (sample G20-2), the maximum absorbance value was
located at 605 nm, whereas utilizing non diluted extract (sample
G100-2), the plasmon band was located at 535 nm. This blue
shift usually means a decrease in particle size.*>** Regarding the
two samples with less extract (G20-2 and G40-2), precipitated
particles were observed after one day. However, the other GNPs
synthesized remained stable for more than one week and the
absorption band was narrow, indicating the presence of
uniform quasi-spherical gold nanoparticles.*

The dual role of the Rosa canina L. extract in nanoparticle
synthesis (reducing and stabilizing agent) was also confirmed
by synthesizing a set of GNPs using a lower HAuCl, concen-
tration (1 x 1072 M). Fig. 1B shows the UV-Vis spectra of gold
colloids synthesized with different extract dilutions on the 1st
and 5th days of preparation. Due to the formation of fewer
nanoparticles, the absorbance values were lower than in the
case of 1 x 10~ > M HAuCl, (Fig. 2A). Besides, the five samples
showed similar plasmon bands and there was no significant
difference between the Abs,q, values (see Fig. S21). This indi-
cates that the amount of Rosa canina L. extract was sufficient to
reduce all the Au®* cations and stabilize the gold nanoparticle in
all the samples. This stability was maintained for one week in
the case of all five samples and only a small increase in the
absorbance band was observed (Fig. 1C).

Particle size and morphology of GNPs of samples G100-2 and
G100-3, the samples synthesized using the non-diluted Rosa
canina L. extract, were acquired by transmission and scanning
electron microscopy (TEM and SEM, respectively). The micro-
graphs (Fig. 2A, B, and ESI Fig. S3A, Bt) confirmed the forma-
tion of dispersed quasi-spherical metallic nanoparticles for
both samples, and the average sizes were also similar for both
HAuCl, concentrations: 27 & 5 (1 x 10~>M) and 26 + 4 nm (1 x
1072 M). Additionally, it is important to note that for the lowest
gold concentration the size dispersity was lower (see Fig. S4 in
ESIY). These size values agree with the UV-Vis spectroscopy data,
which verifies, once again, our hypothesis that Rosa canina L.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 TEM micrographs of samples G100-2 (panel A), G100-3 (B),
$100-2 (C) and S100-3 (D).

extract plays a dual role in gold colloid synthesis as reducing
and capping agent.

Since most reductants of HAuCl, can also be applied to
AgNO;, we wanted to probe if Rosa canina L. extract could also
produce stable SNPs. The synthesis protocol was the same as in
the case of the GNPs and UV-Vis spectroscopy was used to follow
the SNPs formation. After the addition of Rosa canina L. extract,
the AgNO; solution rapidly changed to a yellow-brownish colour
indicating the formation of silver nanoparticles. Fig. 3A, shows
the spectra recorded for a set of samples synthesized using an
AgNO; 1 x 107> M solution and different plant extract
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Fig. 3 UV-Vis absorption spectra of SNPs synthesized with different
extract dilutions for AQNO5 concentrations of 1 x 1072 M (panel A) and
1 x 107° M (panel B), collected on day 1 (dashed lines) and day 5
(continuous lines). The maximum optical extinction and the plasmon
band location on day 5 as function of extract dilution are shown in
panels (C) and (D) respectively.
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dilutions. The spectra recorded the first day revealed a principal
plasmon band located around 440 nm for all samples and a small
shoulder around 580 nm for some of them. Moreover, likewise in
the case of GNPs synthesis, the extinction value of the plasmon
band increased as the plan extract was more concentrated, indi-
cating the formation of more SNPs. Five days after the synthesis the
reaction stabilized; no more spectral changes were perceived after
this day. The extinction values for the 440 nm plasmon band
increased considerably (Fig. 3C) and samples S100-2, S80-2 and
S60-2 presented a second plasmon band around 580 nm. This
second plasmon band is often attributed to the presence of
anisotropic nanoparticles in the sol; this was confirmed by the TEM
and SEM microscopies of sample S100-2 (Fig. 2C and S3Cf¥), where
a combination of quasi-spherical (34 + 6 nm) and flat SNPs was
detected. Furthermore, the principal band presented a small blue
shift for most of the samples (Fig. 3D); the longest shift (8 nm) was
for the S20-2, the sample prepared with the more diluted extract.

Given that Rosa canina L. extract was confirmed as an
appropriate reducing and stabilizing agent for the synthesis of
SNPs, a second set of samples was prepared using a lower
AgNO; concentration (1 x 10~ M). The extinction values were
lower than the ones of the 1 x 107> M SNPs, indicating the
formation of fewer SNPs (Fig. 3B). Contrary to occurred in the
set of GNPs 1 x 10> M, in this set of SNPs the extinction values
did increase as the reaction stabilized, for instance, sample
$100-3 extinction augmented from 0.359 on day 1 to 0.591 on
day 5 (Fig. 3C). The final plasmon bands were in the same range
for both silver concentrations (Fig. 3D). Microscopy analysis
performed to the sample S100-3 revealed a mean size of 33 +
5 nm for the quasi-spherical SNPs and the presence of a few flat
and twin nanoparticles (Fig. 2D and S3Dt).

The crystalline structure of nanoparticles was studied by XRD
analysis (Fig. 4). X-ray diffractograms of GNPs show four peaks at
38.2,44.4, 64.6 and 77.6° which correspond to the (111), (200), (220)
and (311) planes, respectively. This indicates a face centered cubic
structure for the synthesized GNPs." XRD patterns of SNPs showed
peaks at 38.2, 44.3 and 77.7° corresponding to (111), (200) and (311)
planes of face centered cubic silver.”> The other peaks at 27.9, 32.25,
46.3 and 56.2° could be related to crystalline and amorphous
organic phases as Kumar et al. identified in a previous work.®

FTIR spectroscopy was used to identify which plant extract
molecules could be responsible in the metallic nanoparticle
formation. Fig. 5 shows the FTIR spectrum of plant extract and
spectra of the synthesized GNPs and SNPs. Similar results were
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Fig. 4 X-ray diffraction analysis of GNPS and SNPs.
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Fig. 5 FTIR spectra of pure Rosa canina extract, SNPs and GNPs
synthesized with different extract dilutions.

obtained as published earlier.??*?* The broad peak at 3300 cm ™"

represents the stretching vibrations of O-H bonds. The adsorption
band at 2939 cm™* can be attributed to aliphatic C-H bonds.* The
bands located in 1726, 1613 and 1408 cm ™' are corresponding to
the symmetric carbonyl group (C=O0) stretching vibrations in
ketones, aldehydes and carboxylic acids, C=C stretching vibra-
tions from aromatic ring, and C-OH stretching vibrations,”
respectively. The peaks from 1330 to 1022 cm ™" represent the C-O
stretching mode of esters.* The IR data confirmed the presence of
phenolic compounds in the plant extract.

Generally, the antioxidant properties of Rosa canina fruits are
attributed to ascorbic acid, which is a well-known antioxidant.
However, the ascorbic acid content is lower in dry rose hips than
fresh forms. Many publications confirmed the high antioxidant
capacity and high phenolic compounds of dry Rosa canina
infusions. Daels-Rakotoarison et al. confirmed that the antiox-
idant properties of rose hips are not due only to ascorbic acid,
but also polyphenolics. Phytochemical results showed the
presence of proanthocyanidins, flavonoids,* ellagic acid, cate-
chin, gallic acid and caffeic acid as major compounds.***

Ascorbic acid and the phenolic compounds could be
participating in the silver and gold nanoparticles formation. It
is impossible to describe an exact reaction, but generally, it can
be said that hydroxy functional groups containing compounds
can reduce metallic cations while forming to ketone groups as
R. Kumar published earlier.*> Hydroxyl compounds also act as
stabilizing agents of metallic nanoparticles.*

Table 2 summarizes the results obtained in the Z-potential
measurements performed for the GNPs and SNPs synthesized at

Table 2 The Z-potentials for the GNPs and SNPs prepared at 1 x
10~° M (HAUCLl, or AgNOs, respectively) measured 5 days after the
synthesis

Z-Potential

Sample (mv) Sample Z-Potential
G20-3 —22.4 $20-3 —29.2
G40-3 —22.4 540-3 —26.5
G60-3 —24.9 S60-3 —23.6
G80-3 —21.7 S$80-3 —24.4
G100-3 —22.0 $100-3 —24.4
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1 x 10> M. The data for both types of NPs indicates that the use of
Rosa canina extract allowed the formation of negatively charged
GNPs and SNPs with Z-potentials varying around —24 mV, which
corresponds to stable NPs without been strongly anionic.*

Applications of GNPs and SNPs

Since the GNPs and SNPs showed good colloidal stability and
low size dispersity, we wanted to explore some practical appli-
cation where these noble metal colloids could be used. Among
these applications, the reduction of 4-nitrophenol (4-NP) to 4-
aminophenol (4-AP) using gold nanoparticles as catalysts has
become one of the significant model reactions. GNPs can
catalyse the reduction of nitro compounds by the electron
transfer from donor BH, to acceptor nitro groups.”* The
reduction process is followed by measuring absorbance change
at 400 nm as a function of time. In a standard quartz cuvette
0.1 mL of 4-NP (4 mM) was mixed with 2.4 mL of water and
0.5 mL of NaBH, (1 mM); the absorbance spectra were recorded
for 20 minutes and no spectral changes were detected (Fig. 6
top). After the addition of 0.1 mL of sample G100-3, the 400 nm
spectral band associated to the 4-NP diminished in intensity,
while a new band at 300 nm started to appear, indicating the
formation of 4-AP (Fig. 6 central panel). The lower panel of Fig. 6
shows that there was a good linear correlation between In(4,/A,)
and the time of reaction (R* = 0.98), suggesting a pseudo-first-
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Fig. 6 UV-Vis absorbance spectral kinetics of 4NP + NaBH, (top
panel) and 4NP + NaBH,4 + G100-3 (center). The variation of In(A;/Ag)
versus time, where A, is the absorbance at 400 nm at a given time and
Ao is the absorbance value t time t = 0 min.
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Fig. 7 The kinetic grow of Escherichia coli. Control sample and the
one supplemented with 0.5 ppm in a 24 hour period.

order kinetics. The rate constant was calculated from the slope
of the linear kinetic fitting. The obtained value (5.08 X
107> min~ ") is comparable to those published earlier.”>** With
this result we consider that the GNPs we synthesized could be
used for catalysis applications.

On the other hand, antimicrobial properties of silver nano-
particles are well-known since Aymonier et al. published the
synthesis of silver nanoparticles with highly branched amphi-
philic polyethyleneimine to get a highly effective and environ-
mentally friendly antimicrobial surface coatings.>*

To evaluate the antimicrobial properties of the SNPs,
Escherichia coli was growth in Luria-Bertani medium at 37 °C
for 12 hours. Next, 100 uL of the initial inoculum was trans-
ferred to 19.9 mL of LB medium supplemented with 1% (v/v)
SNPs of samples S100-3, resulting in 0.5 ppm dose. A control
sample with no SNPs added was also prepared. This E. coli
cultures were allowed to growth for 24 hours at 37 °C and the
cell count was done every 6 hours by using a 40x microscope
objective and a Neubauer chamber. Our result show that for the
control there was a fast growing that reached 1.5 x 10> bacteria
per mL at 24 hours (Fig. 7), while for the sample supplemented
with $100-3 at 0.5 ppm there was a growth up to 1 x 10° bacteria
per mL at the 6 hours count, but at the 12 hour count the
bacteria diminished to 8.3 x 10" bacteria per mL where it
remained constant until the 24 hours passed, indicating that
this 0.5 ppm is the SNPs inhibitory concentration of E. coli,
which is two orders of magnitude lower than the previously
reported concentrations by Kumar et al.**

Conclusions

Gold and silver nanoparticles were successfully produced by
a green method using aqueous extract from Rosa canina L.,
which acted as both reducing and stabilizing agent and no other
chemical reagent for the stabilization of nanoparticles was
required. The developed synthesis method is simple, fast, and
environmentally friendly since there were no waste of chemical

© 2021 The Author(s). Published by the Royal Society of Chemistry
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by-products and it was carried at room temperature. UV-vis
spectroscopy and TEM measurements confirmed the presence
of quasi-spherical nanoparticles with diameters of approxi-
mately 26 for the gold NPs and 34 nm for the silver NPs. XRD
showed FCC crystalline structure for both GNPs and SNPs. The
effect of extract and noble metal precursor concentrations on
particle formation and stability was also studied. The catalytic
properties of the GNPs and the antimicrobial effect of the SNPs
were also demonstrated.
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