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KEYWORDS Abstract Recently, the production of nanoparticles using biological resources has gained consider-
D) brittonii; able attention due to their application for animal and human well-being. In this study, we used
Biosynthesis; a green synthesis to fabricate gold and silver nanoparticles by reducing HAuCl, and AgNO; into
DB-AgNPs; AuNPs and AgNPs, respectively, using Dudleya brittonii (DB) extract. The physio-chemical proper-
DB-AuNPs; ties of the synthesized nanoparticles were analyzed using a UV—vis spectrophotometer, FESEM,
Antibacterial; EDX, HR-TEM, AFM and FT-IR. Furthermore, the antimicrobial and cytotoxicity activities of
Cytotoxicity DB-AuNPs and DB-AgNPs against livestock pathogenic bacteria and different cell lines, as well as

anti-oxidant activity, were investigated. DB synthesized AuNPs and AgNPs were mostly spherical
with a few triangular rods and sizes ranging of 5-25 nm and 10-40 nm, respectively. The in vitro
antibacterial and antifungal studies demonstrated the DB-AuNPs and DB-AgNPs have good antibac-
terial activity against E. coli and other livestock pathogens, including Y. pseudotuberculosis and S.
typhi. Cell studies revealed that the higher concentrations of both DB-AuNPs and DB-AgNPs
(1 pg/ml to 1 mg/ml) showed potent cytotoxicity in chicken cells after 24 hrs, whereas the middle
and lower concentrations of DB-AuNPs and DB-AgNPs did not show cytotoxicity in selected cell
lines after 24 hrs. In addition, the DB synthesized AuNPs and AgNPs exhibited good free scavenging
activity in a dose-dependent manner. Therefore, the biosynthesized nanoparticles can be utilized by
the livestock industry to develop an effective source against livestock microbial infections.
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1. Introduction

Nanotechnology is one of the most dynamic fields within science and
engineering research. Recently, the production of nanoparticles using
a green approach has steadily gained interest among the international
community towards improving environmental conditions, sustainable
development, and minimizing the effect of harmful man-made wastes
for promising applications in human health and agriculture areas
(Arvizo et al., 2010; Erdogan et al., 2019; Alabdallah and Hasan,
2021). The green synthesis of nanoparticles potentially offers easy-
to-handle, one pot reaction, economic and environmental-friendly
advantages in the production of nanoparticles for various applications,
including agriculture, adjuvants in vaccine development and biomedi-
cal uses (Saif et al., 2016; Ronavari et al., 2021). Till date, a diverse
group of plant species, microorganisms and their byproducts were used
for the green synthesis of metallic nanoparticles. In particular, the
biosynthesis of nanoparticles using plant extracts is more expedient
and easier than that using microorganisms. Besides, microbial culture
requires a wide range of downstream processes that are more expensive
than plant extracts in the synthesis of nanomaterials (Kuppusamy
et al., 2016; Lee et al., 2018). Kumar et al. (2011) suggest that biosyn-
thesis approaches have the potential to generate less waste and more
productivity in an eco-friendly manner compared to traditional
approaches (Kumar et al., 2011). The synthesis of nanoparticles with
desired sizes, shapes, and monodispersity nature is highly challenging
in terms of unique applications and associated nano-based product
development. Conventional fabrication of nanoparticles can be used
to synthesize unique sizes and morphologies. On the other hand, these
methods are laborious, tedious procedures with hazardous chemical
uses that cause the environment to be unsafe and less suitable for
biomedical applications (Xin Lee et al., 2016; Murad et al., 2018;
Koul et al., 2021). Therefore, it is necessary to develop a sustainable,
reliable, and eco-friendly method for the fabrication of metal nanopar-
ticles. This can be achieved by synthesizing of nanoparticles using bio-
logical substances such as plant extracts, microorganisms, algae,
seaweeds, enzymes, fungi, mushrooms, and biological polymers. Also,
the biological synthesis method could control the toxicity and size opti-
mization at pilot scale production of nanoparticles (Nath and
Banerjee, 2013; Rauf et al., 2021).

Nanoparticles are commonly categorized into two major classes,
i.e., organic and inorganic nanoparticles. Organic nanoparticles
encompass metallic (Au, Ag, Cu), magnetic (Co and Ni), and
semi-conductors (Zn, CaSoy) types, whereas inorganic nanomaterials
include carbon based materials such as carbon nanotubes and quan-
tum dots (Zhang et al., 2016; Bamal et al., 2021; Tehri et al., 2022).
Metal based nanoparticles, mainly Au and Ag are extensively used
in commercial and biomedical applications due to their unique tune-
able electrical, photo-thermal, and biocompatible properties. These
nanosized materials can be used in different applications, including
biosensor development, diagnostic imaging, therapeutic agents, bio
labelling, waste water treatment, catalysis, and delivery of drugs
and gene (Watanabe et al., 2006; Zayed et al, 2019; Botteon
et al., 2021). The gold nanoparticles (AgNPs) are active against
pathogenic microorganisms, different cancer cells, and many other
acute diseases. These nanosized materials have a large surface area,
that can simultaneously integrate with drugs to target specific sites
for treatment and imaging agents, which can be useful for cancer
treatments and other clinical applications (Wei et al., 2015; Das
et al., 2021). Metallic silver nanoparticles (AgNPs) are extensively
used as antimicrobial agents, personal care products, drug carriers
in cancer treatments, vaccine adjuvants, anti-aging and anti-
inflammatory agents. Plant broth contains a complex variety of
nutrients and bioactive metabolites (flavonoids, amino acids, pro-
teins, fatty acids, carbohydrates, phenolic, alcohols, and alkaloids)
that play a crucial role in nanoparticle formation, reduction, and
capping agents (Mat Yusuf et al., 2020; Mohammadinejad et al.,
2019).

Deldleya brittonii (DB) belongs to the succulent plant, and it is
widely used as an ornament. DB can be found in a variety of locations,
including California and Mexico. The biological activities of the D.
brittonii is yet elucidated. Interestingly, Mulroy, (1979) discovered that
the D. brittonii is useful in treating respiratory related diseases such as
asthma and inflammatory airway obstruction diseases, which are clo-
sely associated with macrophage cells. Recently, we reported that D.
brittonii succulent plant extract improved respiratory function and
immune function in macrophage alveolar cells. DB exposure in macro-
phage cells reduced PMA-induced cell death and enhanced anti-
inflammatory efficacy (Kim et al., 2019). Similarly, Aloe vera, belongs
to the succulent plant family, contains different bioactive compounds
such as proteins, polysaccharides, polyphenols, aldehydes, ketones,
hemicellulose, lignin and pectin. These bioactive metabolites effectively
act in the reduction of silver ions and produce potent antibacterial
AgNPs from Aloe vera (Tippayawat et al., 2016). Aqueous extract of
F. retusa leaves aqueous extract is a simple and inexpensive material
to synthesize gold and silver nanoparticles using green route
approaches (Zayed et al., 2019). However, succulent plants have not
been reported extensively in the literature. Particularly, the DB succu-
lent has attracting wide range of consumers due to their potent phys-
iological properties. And it is also used traditionally to treat various
digestive related diseases, anti-inflammatory and skin infections
(Hwang, 2021). In addition, DB is commercially well known succulent
plant and did not reported their bioactivity yet. Therefore, in this
study, we synthesized AuNPs and AgNPs in an environmentally
friendly manner using D. brittonii aqueous extract and characterized
their biological applications against pathogenic bacteria and various
cell cultures.

2. Materials and methods

2.1. Chemicals used

Tetra chloroauric acid, silver nitrate, sodium chloride, NaOH
and HCIl were purchased from Merck, Korea. Cell culture
reagents and plastic wares were purchased from Thermo-
Fisher Scientific, Korea. Pathogenic bacteria and fungal cul-
tures were obtained from the Department of Biotechnology,
Center for Industrialization of Agricultural and Livestock
Microorganisms (CIALM), Jellobuk-do, Korea. All reagents
used were HPLC grade.

2.2. Plant collection and extract preparation

D. brittonii plants (Fig. 1a) were purchased from a commercial
market located in Asan, Korea. The purchased plants were
grown at the Department of Biotechnology, Hoseo University,
Asan, Korea. 50 g of fresh leaves were cut into small pieces (1—
2 cm) and 150 ml of distilled water was added. The mixture
was extracted at 110 °C and 39.23 kPa for 10 min using an
autoclave machine. The extract was sterile filtered with a
0.22 um pore size cellulose-acetate filter (Sartorius, Goettin-
gen, Germany) and stored at 4 °C for further experiments
use (Kim et al., 2019).

2.3. Synthesis of AuNPs and AgNPs using a bio-fabrication
method

One pot synthesis of Au and Ag nanoparticles using D. brit-
tonii extract was carried out as follows: Synthesis of AuNPs
was performed with HAuCl, and aqueous D. brottonii extract.
Briefly, 5 ml of DB plant extract was mixed with 45 ml of
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Fig. 1

UV-Visible spectra of DB synthesized AuNPs and AgNPs solution measured at 30 min and 24 hr time intervals. (a) Photograph

of D. brittonii (b) Color indicates the redox reaction of DB plant extract (DB-PE), HAuCly, AgNO3, DB-Au, DB-Ag nanoparticle (c) The
UV-vis spectra of DB-AuNPs and DB-AgNPs exhibited absorption peaks at 535 and 456 nm, respectively.

aqueous solution of 10 M HAuCl,. The color of the reaction
solution changed immediately in the solution, and then the
reaction mixture was kept on a hot plate at 35 °C, and stirred
for 30 min to completely reduce metal ions in the solution. This
was done to enhance the interaction of non-reduced ions with
plant compounds present in the medium. For the synthesis of
AgNPs, 5 ml of plant extract was mixed with an AgNO; (102
M) solution. The mixture solution appeared as a yellowish-
brown color within 15 min, which indicated the silver nanopar-
ticle synthesis process in the mixture (Tamuly et al., 2013). The
synthesized nanoparticle solution was centrifuged at
10,000 x g for 15 min, and the resulting pellets were freeze-
dried and stored at 4 °C until further use. Also, the synthesized
reaction mixture was optimized using three parameters, includ-
ing pH, extract quality, and metal salt concentration. These
parameters influenced the size and structure of AuNPs and
AgNPs synthesized using a green synthesis procedure.

2.4. Characterization of synthesized Au and Ag nanoparticles

Ultraviolet—visible (UV—vis) spectra of biosynthesized gold
and silver nanoparticles were measured using a UV-vis Spec-
trophotometer (Shimadzu 1800 model, Japan) at 200-800 nm
wavelength scan range, and a resolution of 1 nm. The absorp-
tion value obtained for each sample, including nanoparticles
and the metal ion solution, was subtracted from their corre-
sponding blank solution.

The size, morphology, purity and elemental composition of
the synthesized Au and Ag nanoparticles were observed using
Field emission scanning electron microscope (FESEM),
Energy dispersive X-ray spectroscopy (EDX), elemental map-
ping with consisted of FESEM electron microscope (JEOL,
JEM2100 F, USA) operated at 200 kV. For FESEM sample
preparation, the freeze-dried samples were placed on carbon
film in a sample holder and sputter coated at 90 °C for 90 s.
The TEM instrument was also used to characterize the sizes,
shapes, and particle distribution of AuNPs and AgNPs. The
few droplets of purified aqueous nanoparticles samples were
placed on carbon-coated copper grids and dried on a hot plate
at 80 °C for 10 min, and analyzed using the TEM instrument.

XRD was performed for the analysis of the crystalline
phases of the synthesized AuNPs and AgNPs. The powder
form of the nanoparticles was studied on X-ray spectropho-
tometer, (D7 Advance, MA, USA) under the following operat-
ing conditions: 40 k voltage, 30 mA, Cu-Ka radiation of
1.54064, wavelength at a scanning rate of 1 °C/min, over the
scan range from 5 to 90' (20). Reference XRD patterns of Au
and Ag were obtained from the International Center for
Diffraction Data (ICDD).

FT-IR spectrophotometer analysis provided the functional
groups which involved in the reduction and catalytic agents for
the formation of Au and Ag nanoparticles using DB extract.
FT-IR measurements were performed using biosynthesized
AuNPs and AgNPs powder samples by a FT-IR spectropho-
tometer using the kBr method (PerekinElmer, USA), with a
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scan range of 4000—500 cm ' and a resolution of 1 cm~'. The
spectra values are obtained and plotted as transmittance (%)
versus wave number (cm ™).

2.5. Biological applications of synthesized AuNPs, AgNPs

2.5.1. Antimicrobial activity of AgNPs and AuNPs

The DB extract and synthesized gold and silver nanoparticles
(different dilutions 10" —107; stock concentration was pre-
pared 10 mg/ml) were tested for their antibacterial activity
against various livestock pathogens such as, E. coli
(KCTC2617), Salmonella derby (NCCP 12238), Salmonella
enteritidis (NCCP 14546), Salmonella typhimurium (NCCP
10438), Yersinia enterocolitica (NCCP 11129), Yersinia pseudo-
tuberculosis (NCCP 11125) and Clostridioides difficile (JCM
1296) using the agar disc diffusion method. Briefly, the
Luria-Bertani (LB) agar, Sabouraud Dextrose (SD) Agar
and Brain Heart Infusion Agar plates were used as a bacterial
growth medium. 100 pL of each bacterial suspension
(1.2 X 10® CFU/ml) was spread on a solidified agar plate.
The DB-AuNPs, DB-AgNPs, and plant extract were prepared,
and each 20 plL. sample was impregnated into sterile 6 mm
discs. The spotted nanoparticles solution and DB extract on
the disc were allowed to dry, and the disc was placed on the
bacterial inoculated agar plate. The disc-inoculated agar plates
were incubated at 37 °C for 24 hrs in a humidified incubator.
The antibiotic ampicillin (1 mg/ml) was used as a positive con-
trol and a sterile distilled water disc was used as a negative con-
trol. After incubation time, the agar plates were measured for
the zone of inhibition around the discs. The assay was repeated
in triplicate (Donga et al., 2020).

Antifungal activity was evaluated against Candida tropicalis
(NCCP 30262), Candida albicans (NCCP 31077) and Candida
glabrata (NCCP 30939) using the agar disc diffusion method.
For analysis of the fungicidal effects of biosynthesized DB-
AuNPs DB-AgNPs, and DB-extract, we used three Candida
strains. The fungal cultures were grown on a LB agar medium.
200 pL of the culture (1.2 X 10% colonies/mL) were spread
immediately. 20 pL of AuNPs, AgNPs and DB extract were
separately added to sterile filter paper blank disc and allowed
to absorb completely. The dried sample disc were then placed
on the fungal inoculated plates. The standard drug gentamycin
(1 mg/ml) was used as the positive control for this experiment.
The plates were incubated at 25 °C for 48 hrs, and subse-
quently, the inhibition zone was measured in the experimental
agar plate. The assay was conducted in triplicate (Mohanta
et al., 2017).

2.5.2. Antioxidant activity of AgNPs and AuNPs

DPPH (2, 2-diphenyll-picrylhydrazyl) free radical scavenging
activity of the AuNPs, AgNPs and DB extract was measured
using the protocol reported by Kharat and Mendhulkar
(2016) with slight modification. About 0.3 mM of DPPH
(9.5 mg) was dissolved in methanol (50 ml) solution. Different
concentrations of both Au and Ag nanoparticles (dilution 107",
102, 107, 10* and 107, stock concentration was prepared at
10 mg/ml) were prepared and mixed with 200 pL. of DPPH
methanolic solution. The control sample contains only metha-
nol and DPPH solution, and ascorbic acid was used as stan-
dard (5 mg/ml). The mixture solution was incubated for
30 min at room temperature in a dark condition.

Subsequently, the absorbance of the OD value was recorded
at 517 nm for samples, standard, and positive control. The
DPPH mixture’s decreased absorbance values may indicate
higher antioxidant activity in the samples. DPPH antioxidant
activity was determined by following formula: % DPPH free
radical scavenging activity = [(absorbance of control-
absorbance of sample)] / [(absorbance of blank-absorbance
of control)] x 100.

2.5.3. Cytotoxicity activity of AgNPs and AuNPs against
different cell lines

The cytotoxicity of DF-1 cells (chicken embryonic fibroblast
cells), HD 11 (chicken macrophage cells) and HT-29 (human
colon cancer cells) was evaluated using synthesized AulNPs
and AgNPs by WST-1 cell cytotoxicity assay. Chicken fibrob-
last cells, macrophage cells, and human colon cancer cells were
cultured in Dulbecco Modified Eagles Medium (DMEM) with
10 % fetal bovine serum and 1 % penicillin and streptomycin
(ATCC, MA, USA) at 37 °C in a humidified condition with
5 % CO,. The cells were seeded in a 96-well plate at a density
of 5X10° cells per well. After confluence reached to 70-75 %,
the medium was replaced with a different concentration of syn-
thesized nanoparticles (DB-AuNPs and DB-AgNPs) and incu-
bated for 24 hrs. The cells without nanoparticles were used as a
control. After incubation, a cell viability assay was performed
using WST-1 tetrazolium dye (Sigma-Aldrich, Korea) accord-
ing to the manufacture’s guidelines. 10 uL. of WST-1 reagent
was added to each well and incubated for 3 hrs. Finally, the
absorbance of each well was measured using an ELISA reader
at 490 nm (Bilgic et al., 2021). Experiments were conducted in
triplicate, and the mean and standard error were calculated.
The cell viability percentage was assessed by using the follow-
ing equation: Cell viability (%) = (sample OD-blank OD) /
(control OD-blank OD) x 100 %.

2.6. Statistical analysis

All experiments were performed in triplicate. Data were
expressed as mean and = SE. One-way ANOVA was used to
compare the difference among samples/groups, followed by
Duncan’s multiple range test. A P-value of less than 0.05 was
considered to be statistically significant, as indicated by different
subscript letters (a, b, ¢ and d) in the figures and tables.

3. Results and discussion

3.1. UV=Visible spectrum of synthesized DB-AuNPs and DB-
AgNPs

The biosynthesis of metal nanoparticles was preliminarily con-
firmed by the rate of color appearance in the colloidal mixture
solution. In this case, the color of DB synthesized AuNPs
changed from colorless, turbid into a pale pink color and
AgNPs changed from colorless into a brownish yellow color
(Fig. 1b), which were visual indications of metal nanoparticle
presence in the sample. Then, the synthesized sample was con-
firmed by a UV-vis spectrophotometer. The UV—vis spectra
analysis revealed that the maximum absorbance peaks were
found at 535 nm and 456 nm for gold and silver nanoparticles,
respectively. The gold and silver NPs exhibited a single broad,
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sharp SPR on the UV-vis spectrum (Fig. lc), which indicated
the attainment of bio-reduction of metal ions. Furthermore,
the colloidal nanoparticle solutions were kept for 30 days to
evaluate the stability of synthesized nanoparticles. After
30 days, there were no changes observed in color and their
absorbance spectrum (not shown).

The optimization of synthesis reaction was evaluated in
terms of reproducibility and production efficiency of the biosyn-
thesis method. The size and morphology of nanoparticles are
regulated by the optimization of reaction parameters. Thus,
the principal parameters, including pH, metal salt concentra-
tion, and plant extract ratio, were investigated (Fig. 2a-f). To
enhance the yield and efficiency of the production of NPs, the
different parameters such as pH (4, 5, 6, 7 and 8), metal salt con-
centration (1072, 10~ and 10~*) and plant extract ratios (1:1,
1:2, 1:3) were fixed. We found at room temperature, 5 ml of
aqueous DB extract effectively reduced 45 ml of aqueous metal
salt solution (107> M), suggesting that the synthesis of AuNPs
and AgNPs appeared faster than other reaction conditions
(Fig. 2a-f). The UV—vis spectra analysis also determined the
optimal parameters based on the SPR value and absorption
bands that could lead to the formation of nanoparticles in the
colloidal solution. Many reports have been previously published
on the successful synthesis of gold and silver nanoparticles using
various plant extracts such as Euphorbia hirta (Annamalai et al.,
2013), Torreya nucifera (Kalpana et al., 2019), Arachis hypogaea
(Raju et al., 2014), Rosa indica (Manikandan et al., 2015), and
Terminalia arjuna (Suganthy et al., 2018). Among the different
parameters, the color change is a preliminary qualitative method
of detecting plant extract for biological reduction of metal ions
into metal NPs (Wang et al., 2009; Doan et al., 2020). The color
specificity of the medium may vary due to the phytochemical
content present in the plants. Also, the plant compositions will
vary based on region of growth, soil nature, nutritive value,
and other environmental factors. These characteristics affect
the composition of plant extracts used for reduction reactions
(Hussain et al., 2019). Basically, the UV—vis spectra analysis
shows the SPR band of Au and Ag nanoparticles at approxi-
mately 500-550 nm and 400450 nm, respectively. We found
that the UV-visible spectra absorption bands were at 535 for
AuNPs and 410 for AgNPs formation in DB extract. Both bands
were observed to be slightly wider and narrower than as
reported in previous studies (Huo et al., 2018). For example,
UV-vis absorption peaks provided sensitive A™** values for
the corresponding metal nanoparticles due to the small particle
effect, which is hard to interpret in bulk compounds (Bindhu
and Umadevi, 2014; Gonzalez-Ballesteros et al., 2019).
Recently, Hwang, (2021) studied the bioactive composition of
DB aqueous extract. The extract contains higher total polyphe-
nolics content (71.49 + 0.01) mg/g and catechin content (638.
31 £ 39.62 pg/g) in DB plant. Also, the synthesis steps can be
regulated by external physio-chemical factors including pH,
metal salt concentration, and plant extract ratio, which have
an important role in determining the size and dispersity.

3.2. Size, shape and elemental composition analysis of DB-
AuNPs and DB-AgNPs using FESEM- EDX

The FESEM micrograph revealed that the synthesized gold
and silver nanoparticles were mostly spherical, with a few
rod and triangular shapes being noted in both samples

(Fig. 3a and 3b (i-iii)). The gold and silver nanoparticles had
size ranges of 5-25 nm and 1045 nm, respectively. We also
conducted an EDX analysis to confirm the elemental composi-
tion of the metal nanoparticles synthesized by the DB extract,
as shown in Fig. 3a (iv-ix) and Fig. 3b (iv-x). The strong ele-
mental signals were observed at 2.3 and 2.8 keV which con-
firmed the characteristic peak of gold and silver
nanocrystalline, as shown in Fig. 3a (x) and Fig. 3b (xi) respec-
tively. The elemental mapping of the DB-AuNPs and DB-
AgNPs samples revealed that the selected area contains the
maximum distribution element is gold (23 %) and silver
(49 %) respectively (Fig. 3a and Fig. 3b). Also, some addi-
tional elements such as carbon, chloride, copper and oxygen
were found in trace amounts in the samples, which presumably
originated from the plant extract. Recently, the FESEM
images clearly show that the plant extract M. parviflora synthe-
sized AgNPs were mostly spherical. However, some irregular
particles were found because of the composition of the synthe-
sis medium and reaction parameters (Al-Otibi et al., 2021). The
FESEM analysis of nanoparticle showed slightly agglomerated
due to the centrifugation at high speed to separate nanoparti-
cles from the colloidal solution. Thus, the organic layer acting
as a capping agent was separated from the metal core, leading
to particle agglomeration. The EDX analysis of the biosynthe-
sized nanoparticles highlighted the presence of metallic
nanoparticles and organic moieties. Also, the biosynthesized
Au and Ag exhibited a strong signal of 2.95 and 2.67 keV in
the nanoparticle samples and weaker signal of CI and carbon,
which originated from plant sources (Devi et al., 2016; Hussain
et al., 2019). Mittal et al. (2012) found that D. morbifera (DM)
extract synthesized metal nanoparticle samples showed a
stronger signal of carbon than copper which indicates the
impurities from the FESEM carbon grid used for sample
preparation. In addition, the faint signals of chromium and
oxygen were detected, which may have originated from biomo-
lecules and certain components in the DM leaf extract. Fur-
thermore, the elemental mapping analysis clearly showed the
distribution of AuNPs and AgNPs located in the samples with
different colors in selected electron micrograph regions.

3.3. TEM characterization of DB-AuNPs and DB-AgN Ps

The DB-AuNPs and DB-AgNPs of size, morphology, and par-
ticle distribution nature of the nanoparticles at different mag-
nifications using HR-TEM are presented in Fig. 4a and 4b.
The DB synthesized Au and Ag nanoparticles were typically
spherical, relatively uniform, and well dispersed. The particle
size distribution diagram was drawn from Image J using
TEM images of nanoparticles that calculated the average par-
ticle size of approximately 18 and 30 nm for gold and silver
nanoparticles, respectively (Fig. 4a and 4b, (inserts)). The
FFT of green synthesized DB-AuNPs and DB-AgNPs detected
bright circular rings with a crystalline electron pattern. The
characteristics of the indexing planes of (111), (200), (220)
and (311) were noted to indicate the synthesized gold and sil-
ver nanoparticles were highly crystalline in nature. From TEM
images that characterized the DB synthesized both AuNPs and
AgNPs, the shapes of nanoparticles were highly spherical, and
only a few irregular shapes were found in the FFT image of the
internal spacing of the gold silver plane (111). Scimeca et al.
(2018) reported that HR-TEM images of AuNPs synthesized
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Fig. 2  Optimization of synthesis of DB-AuNPs and DB-AuNPs using different pH, plant extract, and metal salt concentrations. UV—vis

absorbance spectra of DB synthesized gold (a-c) and silver nanoparticles (d-f) with different ranges of pH, ratio of plant extract, and metal
ion concentrations, respectively, for 24 hrs.
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Fig.3  Field Emission Scanning Electron Microscope image of DB synthesized AuNPs and AgNPs. (a) (i-iii) Size and morphology of the
synthesized AuNPs with a scale bar of 100 nm. (iv-ix) Elemental mapping of purity and distribution analysis in selected electron
micrograph region of gold nanoparticle sample. (x) Energy dispersive X-ray spectrum of biosynthesized AuNPs (inset table with
composition of elements in wt.%). (b) (i-iii) Size and morphology of the biosynthesized AgNPs with a scale bar of 100 nm. (iv-x) Elemental
mapping of purity and distribution analysis in selected electron micrograph region of silver nanoparticle sample. (xi) Energy dispersive X-
ray spectrum of synthesized AgNPs (inset table with composition of elements in wt%).
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Fig. 4 Transmission Electron microscope images of DB synthe-
sized AuNPs and AgNPs. (a) (i-iii) Shape and size of the
synthesized AuNPs (scale bar: 50, 20 and 5 nm). (Inset: histogram
diagram showing particle size distribution of synthesized gold NPs
analysed using the ImageJ program. (iv) SAED pattern of the
AuNPs. b) (i-iii) Shape and size of the synthesized AgNPs (scale
bar: 50, 20 and 5 nm). (Inset: histogram diagram showing average
size distribution of synthesized silver NPs analysed using the
Image]J program. (iv) SAED pattern of the AgNPs.

from plant extract showed highly ordered planar spacing, con-
sistent with the internal spacing of metallic AuNPs. The size
and shape of synthesized nanoparticles were measured and
the AuNPs had a mean diameter of 15-34 nm with an almost
spherical shape with smooth edges (Mohanta et al., 2017).

The surface topography of the DB synthesized AuNPs and
AgNPs was analyzed using the AFM technique displayed in
Fig. 5a and 5b. The 2D and 3D AFM images clearly showed
the surface topology, height, roughness, and phases of the
DB-AuNPs and DB-AgNPs, which indicated dense aggregates
of spherical AuNPs and AgNPs with an average size of 25 and
30 nm respectively. The aggregation in AFM images was due
to the sampling process in the AFM analysis. The nanoparti-
cles samples were dropped onto a silica glass plate and allowed
to dry to form a thin film of NPs, which may cause the NPs to
appear clumped together. From 2D and 3D micrographs of
the AulNPs, it was evident that the AgNPs are spherical with
a few triangular, measured sizes ranging from 5 to 30 and
10-45 nm. The surface roughness of the gold and silver
nanoparticles was calculated as 1.22 and 6.78 nm, respectively.
Also, the agglomeration of the gold and silver nanoparticles
was noticed, which was due to the sample coating preparation
for AFM analysis (Alzharani et al., 2021). The results of our
AFM analysis closely correlated with the TEM data discussed
above.

3.5. FT-IR analysis of DB biosynthesized AuNPs and AgNPs

The function groups of secondary metabolites involved in the
synthesis of DB-AuNPs and DB-AgNPs were identified using
FTIR. Fig. 6i shows the FT-IR absorption spectra of DB
AuNPs, AgNPs and DB plant extract alone. Fig. 6i shows
the FT-IR absorption spectra of DB AuNPs, AgNPs and
DB plant extract alone. The FT-IR spectrum of the DB extract
showed major absorption peaks at 3396, 1711, 1599, 1438,
1234, 1149, 1094, 1040, 833, 608 and 547 cm™' (Fig. 6 ii).
The gold nanoparticles’ major absorption peaks were found
at 3221, 2260, 2027, 1609, 1479, 1195, 1109, 1037, 882 and
547 cm ™', which indicates the different phytochemicals avail-
able in the samples. For AgNPs, we also found different
absorption peaks at 3427, 2731, 2394, 1763, 1721, 1618, 1383
and 824 cm ™! (Fig. 6i). The AuNPs and AgNPs, whose broad
bands were at 2394 and 547 cm™!, completely disappeared,
indicating that C—H and O—H were involved in the formation
of metal nanoparticles. The weak band at 2700 cm ™' can be
assigned to aliphatic C—H group stretching vibrations, which
were present in DB-AgNPs but absent in DB-AuNPs and the
plant extract. The transmittance signal at 1040 cm™' showed
the presence of reducing sugar and glycosidic bond C—O
stretching vibration found in the DB extract. The mixture with
metal salt and plant extract exhibited some additional func-
tional groups (2260, 2027 and 2731, 2394 cm ') for gold and
silver nanoparticles samples, which may have shifted from
other unknown metabolites of the plant extract. The strong
band at 1599 cm ™! corresponding to the C=C stretches (fla-
vanones) and broad peaks at 3396 cm~! indicated that N—H
stretches (amide) were present in the plant samples. The promi-
nent band at 1438 cm ™' may be attributed to the C—O stretch-
ing mode, indicating the presence of a carbonyl group. Also,
the band at 1094 cm ™' corresponds to the presence of fatty



Antimicrobial and cytotoxicity properties of biosynthesized gold and silver nanoparticles 9

(a)

35.0 nm

-35.0 nm

10.0°

-10.0°

65.0 nm

-65.0 nm

0.0 Height 1.0 um

20.0°

-20.0°

0.0 Phase 1.0um

Fig. 5 AFM analysis of 2D and 3D structural views of DB synthesized (a) AuNPs and (b) AgNPs.

acids present in the DB extract. The IR spectra analysis
demonstrates that different functional groups, including
hydroxyl and carbonyl, are present in the DB aqueous extract.
It suggests that the sugars and phenolic compounds could be
used for the reduction and stabilization of the DB-AuNPs
and DB-AgNPs samples.

FTIR spectrum analysis of the DB extract and biosynthe-
sized nanoparticles exhibited similar intense peaks. Similarly,
Agudelo et al. (2018) reported FT-IR characteristic bands at
3283 and 1637 cm ™', which may be associated with a hydroxyl
group (sucrose, glucose, fructose or glucoronic acid) which is
responsible for the reduction process. The bands observed at
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Fig. 6 (i) FTIR spectra of DB synthesized AuNPs, AgNPs, and

DB PE for the identification of functional groups present on the
nanoparticles’ surface and in plant samples. (ii) Powder X-ray
diffraction pattern analysis of biosynthesized gold and silver
nanoparticles.

1638, 1296 and 657 cm ™', assigned to C—C stretch, C—N
amine stretch, and alkene stretch vibrations, were found in
the SNL plant extract and nanoparticle synthesized samples
(Vijilvani et al., 2020). In our results, we observed some peak
splits and transmittance changes in the nanoparticles samples
and plant extract, which also suggested that the plant com-
pounds were involved in the reduction mechanisms. Lee
et al. (2016) also found light shifting in the plant extract and
nanoparticles samples, and they suggest that the carbonyl
group (C—O) in the peel extract capped and stabilized the gold
nanoparticles. The bands of C—H from Garcinia mangostana
peel extract were spilt into two bands (2914 and 2845 cm™')
suggesting that after the formation of AulNPs, the transmit-
tance value was also altered. Kumari et al. (2020) reported that
the band at 1043 cm™! represents the O—H stretching of a
polyphenolic group and the band at 832 cm™' corresponds
to the C—O stretch and the C—S stretch of aliphatic chloro
compounds. In addition, the bands at 602 and 539 cm ™! might
be a result of C—H stretching of aromatic compounds and —
OH group of phenols. Therefore, the identified functional
groups represent the metabolites present in the plant extract
that regulate the nanoparticle synthesis in the green method.

3.6. XRD characterization of synthesized DB-AuNPs and DB-
AgNPs

The powder XRD patterns of the biosynthesized DB gold and
silver nanoparticles, as reported in Fig. 6ii. XRD diffraction
peaks and planes were observed at 20 = 38.2, 44.6, 66.3 and
77.5 corresponding to the (111), (200), (220) and (311)
respectively, which reflected the gold nanocrystals presence in
the DB synthesized AuNPs. Similarly, the XRD spectrum of
DB-AgNPs confirmed that the nanoparticles were crystalline
in nature, as shown by the obtained peak and planes of
20 = 33.4, 46.5, 49.8 and 78.6 corresponding to (111),
(200), (220) and (310), and these results were similar to the
XRD pattern of AuNPs and AgNPs of previously published
studies. In addition, the obtained XRD characteristic peaks
conformed to standard ICDD data (JCPDS card no. 04-784,
89-3722 for gold and silver respectively). In addition, some
addition peaks of face-centered cubic (fcc) gold and silver
nanocrystals were observed at 28.1 and 41.3, which could indi-
cate the presence of bioactive metabolites in the DB extract.
The XRD diffractogram, in particular, revealed peaks of the
(111),(200), and (3 11) planes, which corresponded to biosyn-
thesized AuNPs and AgNPs using various plant extracts
(Hemlata et al., 2020; Nadagouda et al., 2014). Similarly,
Francis et al. (2017) claimed that the XRD patterns of
AgNPs-SS and AulNPs-SS produced diffraction peaks corre-
sponding to (111), (200), (220) and (311) planes of fcc crystal
of nano-Ag and nano-Au and respective 20 values at 37.42,
44.16, 64.44 and 77.29 (JCPDS file no. 4-0783) and 37.74,
44.16, 64.61" and 77.49 (JCPDS file no. 4-0784) respectively.
Wang et al. (2016) also noted that, the crystalline structure
of the biosynthesized AgNPs and AuNPs shows diffraction
peaks at 38.19, 44.34, 64.48 and 77.46 are assigned to (111),
(200), (220) and (311) lattice planes found to be identical to
those reported for silver NPs, and XRD peaks at 38.09,
44.40, 64.56 and 77.60 set of lattice planes were observed that
indexed to the (111), (200), (220) and (311) faces of gold
NPs. There are no different crystal phases on the surface of
the AuNPs and AgNPs, which indicates no impurities includ-
ing, Au>" and Ag”" ions within the plant extract mixture.

3.7. Antimicrobial activity of biosynthesized DB-AuNPs and
DB- AgNPs

Fig. 7 shows the antibacterial activity of DB-AuNPs, DB-
AgNPs and DB-PE using agar disc diffusion method. DB-
AuNPs, DB-AgNPs, and DB-PE were tested against livestock
pathogens including Salmonella typhi (G-), Salmonella enteri-
tidis (G-), Salmonella derby (G-), E. coli (G-), Yersinia entero-
colitica (G-), Yersinia pseudotuberculosis (G-), and Clostridium
difficile (G + ). The DB synthesized AgNPs showed the high-
est inhibitory activity against Y. pseudotuberculosis
(20 £ 3 mm) and moderate inhibitory activity against S. typhi
(9 & 3 mm), S. enteritidis (11 = 3 mm), S. derby (11 £ 3 mm),
E. coli (11 £ 3 mm), Y. enterocolitica (11 £ 3 mm), and C. dif-
ficile (11 £ 3 mm). The DB synthesized AuNPs shows strong
inhibitory activity against Y. pseudotuberculosis (20 + 3 mm)
and moderate inhibition of S. derby (14 £ 3 mm) and weak
activity against E. coli. In addition, the AuNPs demonstrated
no bactericidal activity against Salmonella sp and Y. enteroco-
litica. The antibacterial activity of DB-AgNPs had a higher
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Table 1

Zone of inhibition of biosynthesized DB-AuNPs, DB-AgNPs, and DB-PE tested against different gram negative and gram

negative pathogenic livestock bacteria and fungi. Antioxidant activities of DB-AuNPs DB-AgNPs and DB-PE were calculated using

the DPPH method.

Components Antibacterial activity in zone of inhibition (mm) Antifungal activity (mm) Antioxidant activity (%)
ST SE SD EC YE YS CD CA CT CG DPPH

DB-PE - - - - - - - - - - 39

DB-AuNPs - - 4F w - 4F =F AF aF - - - 41

DB-AgNPs 4 e e I + 4 aF - w w w 43

Ampicillin + + + + + + + + + + + + + + NA NA NA NA NA

Gentamycin ~ NA NA NA NA NA NA 4 4 4 4 + + + 4 4F 4F NA

Vitamin C NA NA NA NA NA NA NA NA NA NA 63.5

(Note: + + +, > 1420 mm; + +, > 12-14 mm; +, > 9 mm; w (weak), less than 9 mm; -, no inhibition, NA, Not applicable; Abbreviations:
ST-Salmonella typhi, SE-Salmonella enteritidis, SD-Salmonella derby, EC-Escherichia coli, YE-Yersinia enterocolitica, YP-Yersinia pseudotu-
berculosis, CD-Clostridium difficile, CA-Candida albicans, CT-Candida tropicalis, and CG-Candida glabrata).

inhibition zone in gram negative strains compared to the DB
AuNPs. It is because of the NPs’ larger surface area and bing-
ing ability to attach to the cell membrane of the bacterial cell
wall. We also noticed zone of inhibition differences that may
be due to the variation in the resistance of the pathogenic
strains to the plant derived nanoparticles. From our findings,
increasing the concentration of nanoparticles can be effective
against resistant bacterial strains. The zone of inhibition values
of plant extract and DB synthesized nanoparticles are pre-
sented in Table 1. Both DB-AuNPs and DB-AgNPs showed
good inhibition against gram negative bacteria (Y. pseudotu-
berculosis) with a maximum inhibition zone of (14-20 mm)
and (12-14 mm) respectively. But, the DB-AgNPs showed pos-
itive inhibitory activity for all gram positive and gram negative
bacteria compared to DB-AuNPs. The DB-AuNPs sample had
no antibacterial effect against S. typhi, S. enteritidis, or Y.
entereocolitica strains, which could be attributed to differences
in cell wall components in strains resistant to the synthesized
gold nanoparticles. 20 pL of AuNPs showed significant activ-
ity against gram positive bacteria (C. difficile) and gram nega-
tive bacteria (Y. enterocolitica and E.coli). The same
concentration of DB-AgNPs also showed potent antibacterial
activity against a wide range of pathogenic strains, including
C. difficile, Y. enterocolitica, Salmonella derby, Salmonella
typhi, Yersinia pseudotuberculosis and E.coli. The main reasons
for the bactericidal effects of metallic gold and silver nanopar-
ticles were pathogenic bacterial protein degradation and DNA
replication inhibition (Balouiri et al., 2016). Moreover, the
AgNPs interacted effectively with thiol (-S—O) that present
in bacterial cell membrane proteins, resulting in suppression
of protein synthesis and the multiplication and growth of bac-
teria. Similarly, oxygen is associated with silver and reacts with
sulthydryl (-S—H) groups on the cell wall of bacteria, resulting
in sulphur atoms to form, which block cellular respiration,
leading to cell death (Feng et al., 2000; Gopinath et al.,
2016). Therefore, the DB-AgNPs possessed a higher degree
of antibacterial properties than the Au nanoparticles. In our

<

study, the DB synthesized AgNPs had enhanced activity
against gram negative bacteria compared to DB-AuNPs. The
DB-AgNPs clearly impacted the lethality of gram negative
bacteria even at lower concentrations (20 pL), whereas gram
positive bacteria required higher concentrations to control
the growth of bacteria (Tippayawat et al., 2016).

Fig. 7 shows the fungicidal effect of DB-AuNPs and DB-
AgNPs against Candida species using the agar disc diffusion
method. The DB-AgNPs showed less activity against Candida
fungal strains at a 20 pL concentration. The inhibition zone
was calculated as less than 9 mm for selected three strains such
as C. albicans, C. tropicalis and C. glabrata. All Candida
pathogens were unaffected by the DB-AuNPs. The nanoparti-
cles’ size, shape, and surface molecules are responsible for the
antimicrobial activity of metal nanoparticles. In this study,
DB-AgNPs exhibited significant antifungal activity, against
C. albicans, C. tropicalis and C. glabrata. The DB-AuNPs
did not show any response to the Candida sp. Thus, the anti-
fungal activity is majorly different between the cell walls of
these pathogens and considering the active ingredients avail-
able on the surface of the synthesized nanoparticles
(Roénavari et al., 2018).

3.8. Antioxidant analysis of DB-AuNPs and DB-AgNPs

DPPH free radical scavenging activities of DB plant extract,
DB-AuNPs, DB-AgNPs and standard drug are presented in
Table 1. The antioxidant profile of plant extract and synthe-
sized NPs increased depending on the concentration increases,
indicating that antioxidant potential is dose dependent.
Results showed that the highest free radical scavenging was
observed in DB-AuNPs and DB-AgNPs at 5 mg/ml. The per-
centage of DPPH antioxidant potential was calculated for DB-
PE, DB-AuNPs and DB-AgNPs as 43 %, 41 % and 44 %
respectively. We also observed that the DB synthesized AuNPs
and AgNPs exhibited good free scavenging activity in dose
dependent manner. DPPH free radical scavenging percentage

Fig. 7 Antimicrobial test of agar plates containing biosynthesized DB-AuNPs, DB-AgNPs, and DB-PE impregnated discs (20 pL);
diameter of inhibition zone tested against gram positive and gram negative pathogenic livestock bacteria, and Candida sp. Ampicillin
(20 pL) was used as control for antibacterial assay and gentamycin (20 pL) was used control for Candida sp. antifungal test.
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calculated for the lowest concentration of DB-AuNPs and DB-
AgNPs was 41 % and 43 %, respectively, and the scavenging
percentage increased as the concentration increased to 5 mg/
ml. However, the standard drug vitamin C shows higher activ-
ity (63.5 %) than the DB mediated AuNPs and AgNPs.
Gonzalez-Ballesteros et al. (2019) reported results were similar
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Fig. 8 Cell cytotoxicity effects of DB synthesized gold and silver nanoparticles on chicken fibroblast cells (DF-1), chicken macrophage
(HD11), and human colon cancer cells (HT-29) after 24 hr treatment. Results show the cell viability percentage of groups treated with
nanoparticles compared with control samples *(p < 0.005). (Stock concentration was 10 mg/ml, diluted into 10" — 10° = 1 mg/ml —

0.01 pg/ml).
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Fig. 9  Cells were treated with different concentrations of biosynthesized DB-AuNPs and DB-AgNPs for 24 hr. Morphological changes
were observed in the nanoparticle-treated cells and control cells using a light microscope. (a) DF1 cells, (b) HD11 cells, and (c) HT-29 cells
treated with different dilutions of DB synthesized AuNPs and AgNPs. (Stock concentration was 10 mg/ml, diluted into 107! — 1077
dilution = 1 mg/ml — 0.01 pg/ml).
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other metal NPs. However, the scavenging potential of BO-
AgNPs was lower than that of the ascorbic acid standard
(Ansar et al., 2020).

3.9. Cell cytotoxicity analysis by WST-1 assay using DB
synthesized AuNPs and AgN Ps

The cytotoxicity effect of the biosynthesized DB-AuNPs and
DB-AgNPs was analyzed against chicken embryonic fibroblast
(DF-1), chicken macrophage (HD 11) and human colon cancer
(HT-29) cells. The in vitro cytotoxicity results were conducted
with different concentrations of DB-AuNPs and DB-AgNPs
from (107 to 10'9) dilution for 24 hr as displayed in Fig. 8.
These results suggest that cell viability decreased at maximum
concentrations (10" and 10%) of DB-AgNPs in selected cell
lines (DF-1, HD 11 and HT-29). The cell viability percentage
in DB-AgNPs treated chicken cells and human cancer cells
was less than 30 % at (10-1) and (10-2). Also, the DB-
AuNPs showed less cytotoxicity against chicken cell lines at
a moderate concentration, however, cell viability was mea-
sured at 90 %, even at higher concentrations of DB synthe-
sized AuNPs. In addition, we found that cellular viability
was more than 80 % for these cell lines at a concentration of
(104 to 10®) dilution of both DB-AuNPs and DB-AgNPs,
and thus safe for the cells. The cytotoxicity study revealed that
the DB-PE synthesized AuNPs and AgNPs had excellent cell
viability even at higher concentrations for chicken and human
cell lines. Also, the microphotographic images clearly demon-
strated that the cell numbers were reduced and morphology
was altered when treated with the maximum concentration
of AuNPs and AgNPs (Fig. 9). The medium and lower concen-
trations found no changes in the cell number, structure, or via-
bility of the cells. In this case, the DB green synthesized
nanoparticle exposure may be less harmful for the cell lines
such as DF-1, HD 11 and HT-29. However, the higher concen-
tration of DB-AuNPs and DB-AgNPs may cause cell death in
the chicken cells because of their surface functionalization and
size characteristics. In this study, the maximum concentration
(107'-1072) of DB-AuNPs and DB-AgNPs were tested, and
we found that both of the DB synthesized AuNPs and AgNPs
did not reduce the cell viability even at moderate and higher
concentrations for 24 hrs. The DB-AuNPs and DB-AgNPs
showed more than 80 % viability at 10 to 10” dilution. The
DB synthesized AuNPs and AgNPs were showed lower cell
viability by approximately 20 % at higher concentrations
(107" to 107%) in chicken cell and colon cancer cells.

The synthesized metallic nanoparticles contain various
bioactive metabolites on the surface. Because of the green com-
ponents, they are supposed to have lower toxicity against colon
and breast cancer cell lines (Lee et al., 2015; Loutfy et al., 2015;
Venugopaletal.,2017). Recently, Caoetal. (2021) reported that
L-AgNPs was detected with less cytotoxicity against A549 lung
cancer cells. The L-AgNPs exposed A549 cells showed a 98 %
survival rate. Thus, the L-AgNPs have very low cell toxicity
and are more suitable as antibacterial agents. Similarly,
Markus et al. (2017) suggest that DH-AuNPs are used at a
5 g/ml concentration to treat the RAW 264.7 cells in in vitro.
The RAW 264.7 cell line did not exhibit cell death at this concen-
tration and continued to proliferate. On the other hand, Park
etal. (2011) observed that the silver nanoparticles showed excel-
lent cytotoxicity against the A431 osteosarcoma cell line with an

optimal concentration. The cytotoxic effect of gold and silver
metallic nanoparticles is dependent on the nature of size, shapes,
large surface to volume ration, attachment and permeability
ability into cells (Patil and Kim, 2017). In our study, the viability
of cells did not significantly decrease at greater concentrations
(10* dilution). Therefore, these results indicate that DB-
AuNPs and AgNPs may not exhibit cytotoxicity against chicken
and colon cancer cells at this condition. As a result, the synthe-
sized nanoparticle could be used in other biomedical applica-
tions such as drug delivery and molecular imaging for disease
diagnosis.

4. Conclusion

Gold and silver ions were effectively reduced and capped by aqueous
D. brittonii extract via biosynthesis approaches. The synthesized DB-
AuNPs and DB-AgNPs were monodispersed in spherical shapes with
size ranges from 5 to 25 nm and 1045 nm. XRD analysis confirmed
that the DB-AuNPs and DB-AgNPs were crystalline in nature, with
an FCC structure. The presence of functional groups such as hydroxyl,
aldehyde, alkene, and amines in the plant extract is clearly indicated by
the FT-IR spectra, which could be responsible for the reduction and
stabilization of the metal nanoparticle found that the DB mediated
AuNPs and AgNPs demonstrated potent antibacterial activity against
livestock pathogenic microorganisms and also that these nanoparticles
were capped by natural phyto-compounds, making them less toxic to
the host when used at high concentration. In addition, the DB-
AuNPs and DB-AgNPs exhibited less cytotoxicity against chicken
fibroblast, macrophage cell lines, and human colon cancer cells. Hence,
the biosynthesized gold and silver nanoparticles using DB extract
could be useful as adjuvants in vaccine development, and as antimicro-
bial agents to control pathogenic infection in the livestock industry.
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