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ABSTRACT

Red Onion (Allium cepa L.) Peels (ROP) is an unwanted agricultural by-product after
cooking but it is rich with bioactive compounds such as phenolics, flavonoids, flavanols and quercetin. In
this work, the extract of ROP has been employed as a reducing agent in green synthesis of silver
nanoparticles (AgNPs) and investigated for their antibacterial properties. The concentration of ROP used
in this research for green synthesis is 0.003, 0.005, 0.007, and 0.009 wt%. AgNPs shapes were found to be
quasi-spherical shape, flat triangular, hexagonal shapes and sea urchin clusters depending on the
concentration of ROP. The obtained zeta potential value was approximately -40 mV indicating good
stability of AgNPs colloidal solution. The antibacterial potency of synthesized AgNPs with sharp edges
(sea urchin clusters) showed superior antibacterial effect on gram-negative bacteria toward Pseudomonas
aeruginosa (P. aeruginosa), being superior to Chloramphenicol. The inhibition zone diameter of
synthesized sea urchin-like structure of AgNPs with ROP concentration of 0.007 wt% was 16.2 + 0.9 mm
compared with the inhibition zone diameter of Chloramphenicol (13.0 + 0.0 mm). Furthermore, these
AgNPs (0.007 wt% ROP) were further applied by coating on air filters. The filters showed superior
antibacterial potency with inhibition zone diameter of 21.6 + 0.5 mm compared to uncoated air filter (0.0
+ 0.0 mm). This result suggests that these synthesized AgNPs used in this study show good potential for
use as an antibacterial agent for antibiotic-resistant bacteria in air cleaning devices, which is a significant
aspect of this work whereby harmful airborne pathogens can be inactivated and removed before they

can infect vulnerable post-surgerypatien
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CHAPTER | INTRODUCTION

Historical background

Silver nanoparticles (AgNPs) are particles with a size ranging between 1-100
nanometers, appearing in various colours (ie; yellow, brown green, blue and purple)
depending on particle size and shape in colloidal solutions. These nanoparticles
possess different characteristics including antimicrobial, antiviral, optical, electrical,
and thermal properties [1] The intrinsic antimicrobial mechanism of AgNPs involves
multifaceted interactions such as reactive oxygen species (ROS) generation, cellular
membrane disruption, and silver ion release. These multiple mechanisms make
AgNPs highly effective against a broad spectrum of microorganisms, including
bacteria, viruses, and fungi [2]. In addition, AgNPs are unique and ubiquitously used in
various applications such as wound dressings, coatings for medical devices, water

purification, and preservatives in consumer products to prevent microbial growth.

Red onions (Allium cepa L.) are cultivars of the onion with skin colour of
purple red and white flesh tinged with red. Red onions tend to be small to medium
in size with a sweet and spicy flavor. Red onions are available throughout the year in
Thailand and are high in phytonutrients. Red onions can be consumed raw, cooked,
grilled, stir-fried with other foods to make popular cuisines. However, onion peel
(Figure 1 (a)) is the agricultural byproduct after cooking which is unwanted and
usually discarded but it is an excellent source of phytochemical and bioactive
compounds. The majority of bioactive compounds found in onion peels are
phenolics, flavanols, flavonoids such as quercetin, protocatechuic acid, p-
hydroxybenzoic acid, vanillinic acid, p-cumaric acid, myricetin, kaempferol, and
isorhamnetin-3 -glucoside [3-7]. Due to the global production of onion increasing
rapidly, the amount of onion byproducts such as peel or skin has risen causing a

disposal food garbage and waste management problem to the environment.
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Figure 1 Red onions peel (ROP) (a) and aqueous extract of ROP (b).

Regarding to the waste concern and the benefits of bioactive compounds

found in onion peels, this research aims to exploit the bioactive compounds

extracted from onion peels as reducing and stabilizing agent in green synthesis of

silver nanoparticles (AgNPs). and to investigate their potential applications.

Objective

1.

To investigate the novel trends in silver nanoparticles synthesis, among which
are the physical and chemical approaches using green synthesis methods.

To explore the use of plant resources and/or agricultural waste as a
sustainable source for silver nanoparticle synthesis.

To evaluate the antibacterial properties of the synthesized silver
nanoparticles and investigate their potential application for use as air filters in

air cleaning devices.



Research hypothesis

Recent scientific investigations reveal that agricultural waste from red onion
peels affords a significant concentration of phytochemical and bioactive compounds,
including phenolics, flavanols, and flavonoids such as quercetin, protocatechuic acid,
p-hydroxybenzoic acid, vanillic acid, p-coumaric acid, myricetin, kaempferol, and
isorhamnetin-3-glucoside. These phytochemical compounds function as reducing
agents, stabilizing agents, and capping agents, facilitating critical interactions during
the silver nanoparticle synthesis process. Furthermore, research reports demonstrate
that silver nanoparticles exhibit high efficacy in inhibiting gram-positive and gram-
negative bacterial strains. This has led to the application of silver nanoparticles in
various industries such as medicine and medical equipment, agriculture and food,

and cosmetics.

Research scope

1. Synthesis of silver nanoparticles using green method from plant resources
and/or unwanted agricultural waste such as red onion peels.

2. To investigate and characterize the morphology of silver nanoparticle using
UV-visible spectroscopy, Fourier-transform infrared spectroscopy (FTIR), X-ray
diffraction (XRD), particle size analysis, zeta potential measurement, and
scanning electron microscopy (SEM) techniques.

3. To evaluate the antibacterial activities of the synthesized silver nanoparticles
against gram-positive and gram-negative bacteria using the disk diffusion
method and investigate their potential application for use as air filters in air

cleaning devices.



The benefits of thesis

1.

Knowledge acquired about green synthesis of metal nanoparticles in
this work can be employed as a novel method and new material for
fabrication of silver nanoparticles coated air filters for use in air purifier
devices.

The use of green synthesis of silver nanoparticles from unwanted
agricultural waste in this work affords an eco-friendly and
environmentally-friendly route towards value added commercial
products and promoting agricultural waste reduction within local
communities.

Novel research knowledge can be submitted for publication in peer-

reviewed international academic journals.



CHAPIER Il LITERATURE REVIEW

Green synthesis of metal nanoparticles is popularly used in many scientific
fields, both in the pure sciences and applied sciences involving nanoscale synthesis
of metals. Green synthesis is a process that involves the reduction of metal
nanoparticles through the use of plant extracts instead of chemical-reducing agents.
Nowadays, green synthesis has become more popular in an increasing number of
research areas devoted to green synthesis [8]. The replacement of physical and
chemical synthesis through the use of green synthesis has become more popular
due to environmental concerns such as the use of toxic and harmful chemicals, high
energy consumption, and sustainability. Most of the metal nanoparticles developed
through green synthesis are silver (AgNPs) [9-11], gold (AuNPs) [12,13], copper (CuNPs)
[14,15], copper Oxide (CUONPs) [16,17], iron (FeNPs) [18,19], iron oxide (IONPs) [20,21]
and palladium (PdNPs) [22,23]. There have been several studies done on the use of
green synthesis of AgNPs that have used many kinds of plant extracts as reducing
and stabilizing agents; these studies have shown antibacterial activity effecting both
gram-positive and gram-negative bacteria [24,25]. Many researchers have studied the
synthesis of AgNPs using green methods and investigated their applications. For
example, Ajitha B. and co-workers used the Tephrosia purpurea l|eaf extract to
synthesize nano-scale AgNPs for antimicrobial activity [24]. The Hagenia abyssinica
(Bruce) J.F. Gmel plant leaf extract has been utilized for green synthesis of AgNPs, in
this study antibacterial and anti-oxidant activities were investigated [26]. Extract of
Eugenia roxburghii DC. was used for the synthesis and characterization of AgNPs and

activity against biofilm-producing bacteria was also studied [27].

In another study, Taghavizadeh Yazdi ME. and co-workers utilized Helichrysum
graveolens extract for green synthesis of AgNPs, which showed anti-cancer activity
against the colon cancer cell line (C26) and also acted as a green catalyst for the

acceleration of methylene orange degradation [28]. Ranjan P. and co-workers



reported that AgNPs were synthesized using the extract of Nigella sativa. The results
showed an antibacterial reaction of AgNPs against urinary tract infection causing
bacteria [29]. AgNPs were also synthesized by Varghese Alex K. and co-workers using
neem leaf extract; these results showed AgNPs demonstrating an optimum surface
plasmon resonance (SPR) behavior, due to the presence of a high concentrations of
diterpenoids in the extract. Synthesized AgNPs in this work were shown to have
potential applications in biosensing and photocatalytic applications . Microwave
synthesis has been employed in the synthesis of spherical-like AgNPs using curcumin
biomaterial as a reductant and stabilizer for improving antibacterial properties against
Staphylococcus aureus and Escherichia coli natural rubber /Ag composite materials

[301.

There are several studies involving the biosynthesis of AgNPs using many
plants and their potential applications have been explored [31-36]. However, many
research studies have been highlighted on the green synthesis of AgNPs using plants
in the allium family. For example, Nguyen, T. and co-workers used the aqueous
extract of shallot (Allium ascalonicum) as the reducing and capping agents for
biosynthesis of silver nanoparticles. Silver colloidal solution synthesized in this work
showed brown colour with surface plasmon resonance peak at 414 nm. The SEM
morphology of the biosynthesized AgNPs were semi-sperical in shape with an average
particle size of 27.176 + 7.103 nm, while the average crystalline size obtained from
Debye-Scherer’s equation was calculated as 17 nm, showing potential to be used in

biotechnological applications [37].



Figure 2 SEM image of biosynthesized AgNPs [37].

Shanmugam, J. and co-workers employed Allium cepa var. Aggregatum
(shallot) extract as a stabilizing and reducing agent in green production of AgNPs. The
obtained colloidal solution showed reddish brown in colour. UV-visible spectroscopy
showed an absorption peak at 450 nm. The mean particle size obtained by TEM was
35 + 8 nm with a spherical shape (Figure 3). Biosynthesized AgNPs showed enhanced
antiseptic features against both gram-positive (S. aureus) and gram-negative (E.coli)

and potential application in the biomedical field [38].
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Figure 3 TEM micrographs: (a) 50 nm, (b) 20 nm and (c) particle size histogram [38].

Allium cepa (yellowish peel) was employed in synthesis and characterization
of AgNPs by Baran, M.F. and co-workers. The formation of AgNPs absorption peak
appeared around 439 nm. The mean particle size calculated by using Debye-
Scherer's equation was approximately 19.47 + 1.12 nm. TEM morphology of AgNPs
was semi-spherical in shape (Figure 4) while the stability of the colloidal solution
from zeta potential measurements was-13.1 mV. Evaluation of antibacterial,
antioxidant, and anticholinesterase activities of AgNPs were studied. Biomedical

activities and possible industrial applications have been suggested [39].

Figure 4 Unsized (a—c) and sized (d) TEM images of A. cepa-AgNPs [39].



Bougellah N.A. and co-workers synthesized AgNPs from Allium cepa and garlic
Allium sativa extracts. The results showed that the color of AgNPs colloidal solution
changed from pale yellow to brownish, with a strong UV absorption peak at 520 nm.
SEM was used to examine the size and shape of AgNPs and the particle size was
found to be approximately 28.41-56.82 nm. for Allium cepa and 22.73-60.61 nm for
Allium sativa, with a roughly spherical shape. (Figure 5) The antibacterial action of
silver nanoparticles against vaginal pathogens Staphylococcus aureus (S. aureus) and
Pseudomonas aeruginosa (P. aeruginosa) was studied showing potential biomedical

applications (Figure 6) [40].

Figure 5 SEM images of AgNPs by plant extract of (A) Allium cepa and (B) Allium
sativa [40].
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Figure 6 Antimicrobial activities of synthesized Ag nanoparticles in aqueous extract of
Allium cepa and Allium sativa plants with AgNO; to ward Pseudomonas aeruginosa

(A and C) and Staphylococcus aureus (B and D). O=Onion; G=garlic [40].

An ethanolic extract of Allium cepa peels was used to mediate the synthesis
of silver nanoparticles by Ituen E. and co-workers. The surface plasmon resonance
absorption peak at 435 nm, with a reddish-brown color, confirmed the formation of
biosynthesized AgNPs. The zeta potential of AgNPS was -46.2 + 0.1 mV, which
showed the stability of crystalline AgNPs. TEM revealed predominantly spherical
shape of AgNPs with a size range between 20-50 nm (Figure 7). Synthesized silver
nanoparticles in this work can be used as an anticorrosion additive for industrial

cleaning and pickling operations [41].
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50 nm

Figure 7 TEM images of Et-AgNPs [41].

A combination of Allium cepa and Musa acuminata plants was extracted by
Sahni G. and co-workers and the extract was used as reducing agent in the green
synthesis of AgNPs. It can be shown that the resultant AgNPs colloidal solution
appeared dark brown with an absorbance around 400-420 nm, confirming the
formation biosynthesized AgNPs. The shape of AgNPs synthesized by Allium cepa
extract was spherical, with particles size ranging from 1 nm to 10 nm as shown in
Figure 8 (a) (b) and (d) while AgNPs synthesized by M. acuminata extract was
spherical with size range between 15-25 nm as shown in Figure 8 (c) . Excellent
antibacterial activity was observed against Escherichia coli (E. Coli), P. aeruginosa,

Bacillus subtilis (B. subtilis) and Fusarium oxysporum (F. oxysporum) [42].
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Figure 8 TEM images of AgNPs synthesized by Allium cepa extract (a) and (b) Musa

acuminata extract (c) and particle size distribution of AgNPs synthesized by Allium

cepa extract (d) [42].

Naseer A. and co-workers reported the use of Allium cepa extract in the
biosynthesis of AgNPs. The surface morphology of AgNPs was spherical with size
ranging between 30 to 100 nm, with an average value of 84.83 nm (Figure 9), X-ray
diffraction analysis confirmed the crystal structure of AgNPs which were face-
centered cubic. The antibacterial application of AgNPs was evaluated against £. coli

and S. aureus showing high activity against the selected microbes (Figure 10) [43].

X368, 008 0.5km CRL _UOP

Figure 9 SEM analysis of the AgNPs prepared using Allium cepa extract [43].
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Figure 10 Antibacterial activity (zone of inhibition, mm) of Ag NPs against bacterial

strains [43].

Allium cepa was employed to synthesize AgNPs by Jini D. and co-workers.
The obtained AgNPs were spherical in shape with nano-size, showing superior
antioxidant activity and less cytotoxicity and also displayed a promise as a

phytomedicine for the treatment of diabetes [44].

Sharma P. and co-workers synthesized AgNPs in a green way by using an
aqueous extract of Allium cepa. AgNPs colloidal solution was brown in color with
surface plasmon resonance peak at 412 nm. The mean particle size of AgNPs was
approximately 100 to 200 nm with a polydispersity The zeta potential value was
found to be - 29.0 mV. TEM morphology of AgNPs was spherical with sizes ranging
between 50 to 100 nm (Figure 11). Synthesized AgNPs showed excellent catalytic

properties for the reduction of toxic dyes [45].
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Figure 11 SEM and TEM microscopy of the greenly synthesized AgNPs [45].

Abboud Y. and co-workers used Allium cepa in the biosynthesis of AgNPs,
synthesizing under microwave irradiation of 300 Watt, with a frequency of 2,450 MHz
for 30 seconds. The surface plasmon resonance of AgNPs appeared around 450 nm.
Transmission electron microscopy (TEM) was used to investigate the morphology and
size distribution of predominantly spherical biosynthezed AgNPs with sizes ranging
from 17-57 nm and average mean size of 38.7 nm (Figure 12). Furthermore, AgNPs
were examined against both Gram-negative and Gram-positive bacteria by use of the
disc diffusion test that showed these nanoparticles exhibited a high antibacterial

activity against £. Coli and Staphylococcus aureus (S. aureus) (Figure 13) [46].
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Figure 12 TEM image of AgNPs synthesized by microwave irradiation for 30 second at

300 Watt [46].

Figure 13 Antibacterial assay: zone of inhibition against £. coli and S. aureus [46]

Allium cepa was introduced by Zakaria E. as a reducing and capping agent for
the synthesis of AgNPs. UV-visible spectroscopy revealed a surface plasmon
resonance peak at 420 nm, indicating the formation of AgNPs with a spherical shape
with size ranging between 10 to 23 nm as shown in Figure 14. AgNPs demonstrated
the highest potential antimicrobial activity against P. aeruginosa and B. subtilis. and
shown to have promising potential in the treatment of infectious diseases and

tumors [47].
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Figure 14 TEM micrograph of the biosynthesized silver nanoparticles (AgNPs) [47].

Singh R. and coworkers biosynthesized silver nanoparticles using Allium cepa
extract. The average size of AgNPs was determined using TEM which was found to be
33.67 nm with a spherical shape (Figure 15). Synthesized AgNPs exhibit effective

antibacterial activity against E.coli and S. typhimurium (Figure 16) [48].

Figure 15 TEM micrographs of silver nanoparticles synthesized from onion extract

[48].
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Figure 16 Effect of silver nanoparticles on E.coli (a) and Salmonella typhimurium (b)

[48].

From the literature review above, the extraction of raw materials from
onion/shallot used in the synthesis of AgNPs can be classified into two categories: a
whole bulb and onion peel. The use of whole bulbs affords AgNPs with spherical
shape within the range between 10 to 100 nm while onion peel produces a spherical
AgNPs within the range of 5 to 90 nm. In terms of antibacterial properties, the use of
bulbs and peels present the same order of antibacterial properties as follows, in
descending order from greater biocidal impact to the lesser: Pseudomonas

aeruginosa > Bacillus subtilis > Staphylococcus aureus.

In this work, biosynthesis of AgNPs was performed by using red onion peels as
reducing and stabilizing agent to obtain different sizes and shapes of AgNPs that
could be of benefit in the application of their antibacterial properties; especially in
the air cleaning device application. Green synthesis of red onion peels was
performed using microwave extraction with water to obtain red aqueous extract as
shown in Figure 1(b). Biosynthesized AgNPs were investigated for their antibacterial

properties on both gram-negative bacteria (P. aeruginosa and E. coli) and gram-
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positive bacteria (S. aureus and E. faecalis). Further investigation has also been
performed to study the potential application of AgNPs coated on air filter
membranes to counter the activity of airborne diseases P. aeruginosa. Naturally, P.
aeruginosa is a gram-negative rod-shaped bacterium that can cause disease in plants
and animals, including humans. This bacteria species can infect humans in many
ways after surgery such as blood, lungs, and other parts of the body, especially
respiratory infections to the patients who require breathing machines and air cleaning
devices. P. aeruginosa is a multidrug resistant pathogen that can inhibit various
antibiotics from penetrating its outer membrane. Treatment of P. aeruginosa
infections is difficult because it is naturally resistant to antibiotics. However,
increasing antibiotic drug regimens is possible but adverse effects may occur with the
patient. So, the development of air filter membranes to prevent and inactivate
airborne diseases such as P. aeruginosa will be of advantage to patients in hospital

and people who are under the risk of P. aeruginosa infections.



CHAPTER Il RESEARCH METHODOLOGY

This chapter describes materials and methods used in this study including
preparation of red onion (Allium cepa L.) peel extract, synthesis of silver

nanoparticles, antimicrobial activity and sample characterization.

Material and methodology
Chemicals and materials

AR-grade silver nitrate (AgNO;) was purchased from Labscan (RCL Labscan
Limited, Bangkok, Thailand). The Red Onion was purchased from a local market in
Phayao province, Thailand. The nutrient agar (Muller Hinton agar (MHA) and Muller
Hinton broth (MHB) were purchased from HiMedia Laboratories (HiMedia Laboratories
Pvt. Ltd. Mumbai, India). Deionized water (RCL Labscan Limited, Bangkok, Thailand)
was used in all the experiments. 3M Filtrete air filter was purchased from 3M

Thailand.

Preparation of red onion (Allium cepa L.) peels extract

Red Onion bulbs were peeled and the peels were dried in the oven at 50°C
overnight. Then 5 g of dried red onion peels were cut into small pieces in a blender
and were heated in the microwave for 15 min at 130 W with deionized water. The
ratio of dried red onion peels to deionized water was 1 €10 mL. The obtained
solution was then filtered until it became a red clear colour (Figure 17) and then

lyophilized to obtain a red extracted powder of red onion peels (ROP).
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Figure 17 Preparation of red onion (Allium cepa L.) peels extract

Silver nanoparticles synthesis

AeNPs were synthesized using ROP as a reducing and stabilizing agent by
performing as follows: Solution of silver nitrate 10 mL, 0.025 wt% of AgNO; was
added into 10 mL of ROP solution. The concentration of ROP in the mixture was
prepared as follows: 0.003, 0.005, 0.007, and 0.009 wt%. The solution mixture was
then stirred overnight for 12 h at ambient temperature and the temperature was
finally increased to 80°C for 1 h in the final step. All reactions were performed in dark
conditions. The brownish colloidal solution of AgNPs was kept in the dark condition

at ambient temperature prior to use (Figure 18).
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Figure 18 Green synthesis of silver nanoparticle using red onion (Allium cepa L.) peels

extract.

Antimicrobial activity

The antibacterial activity of obtained AgNPs colloidal solution was assessed
using the disc diffusion method following standards and guidelines from the Clinical
Laboratory Standards Institute (CLSI) as mentioned in our previous work (Figure 19)
[49]. The antimicrobial properties of synthesized AgNPs with ROP extract were tested
for antimicrobial activities towards overnight-grown bacteria both gram-negative
bacteria (P. aeruginosa and E. coli) and gram-positive bacteria (S. aureus and E.
faecalis) which were standardized using the McFarland standard (McFarland standard
No. 0.5). These microorganisms were collected, cultured and maintained at the
Department of medical microbiology and parasitology, School of Science, University
of Phayao, Phayao, Thailand. The bacteria suspensions were diluted 1:10 to obtain
1.5x10" colony forming units per milliliter (CFU/mL) and were plated on the nutrient
agar using sterile cotton buds. Antibacterial testing samples were prepared by adding
a small volume (50 pL) of Chloramphenicol, NaCl, AgNO; (0.025 wt%), ROP extract
(0.009 wt%), and the obtained different dilutions of biosynthesized AgNPs varying

from 0.003, 0.005, 0.007, and 0.009 wt% were dropped onto the antibiotics test
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plate, sheet, grade MN 827 ATD, 6 mm. Each Petri plate containing nutrient agar was
loaded with four antibacterial testing samples. The Petri plates were incubated at
37°C for 18 h and then examined for the appearance of a clear area around the disc
by measuring the diameter of inhibition zones using a ruler which was recorded and
expressed in millimeters. The antibacterial activity of synthesized AgNPs was
compared to the size and diameter of inhibition zones with Chloramphenicol
(positive control), NaCl (negative control), AgNO; and ROP extract. The antibacterial
testing procedure on air filter for potential use in air cleaning devices was similar to
the method mentioned above but the antibiotics test plates were replaced by using

3M Filtrete air filter.

Inoculation of bacterial strains

The ti dishe bought t
on MHB agar plates. e preti dishes are bought to

incubation at 37°C for 18 h.

Putting the paper discs/air filters

R aded tothe wels.
' 4
- - rd —
.11

' ' paper discs/air filters - e . W

wetting 50 L of (7

antibiotics l ' ' '

E. coli, 5. aureus and E. faecalis adjusted to 0.5 ‘_"W"" A
Antibiotics : Chloramphenicol, o ;i s

Preparation of baterial suspension: P. aeruginosa,

McFarland standard.
NaCl, AgNO3 (0.025 wt%), ROP

extract (0.009wt%) and AgNPs Measurement of the inhibition zone
using ruler (mm)

Figure 19 Schematic representation of agar well diffusion assay of silver nanoparticles

on P. aeruginosa, E. coli, S. aureus and E. faecalis.

Sample characterization

The formation of Ag nanoparticles was observed by use of a UV-Vis
spectrometer (Jusco, V530, Jasco International Co., Ltd., Tokyo, Japan) in dual beam

mode. The functional groups on AgNPs were validated using a Fourier-transform
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infrared (FTIR) spectrometer (Nicolet 6700, Thermo Fisher Scientific). A laser particle
sizer (Malvern Zetasizer Nano ZS, Malvern Instruments Limited, Worcestershire, UK)
equipped with a He-Ne laser at 633 nm, 4 mW was used to determine particle size
and zeta potential at 25°C by dynamic light scattering (DLS) in backscattering mode.
AgNPs colloidal solution was diluted with deionized water (1:4) prior to subjecting to
test. An X-ray diffractometer (Rigaku Miniflex 600 X-ray diffractometer using Cu KOl x-
ray radiation, Rigaku Corporation, Tokyo, Japan) was used to obtain the diffraction
patterns of the AgNPs dried film on a glass slide. The surface morphology, size, and
structural properties of AgNPs (drop-cast on a copper plate with gold sputter-coating)
were characterized by SEM (SEM, Philips Tecnai 12, FEI Company, OR, Czech)
Instruments used for analyzing and identifying of synthesized AgNPs in this research

are listed in Table 1.

Table 1 List of instruments used for analyzing and identifying of synthesized AgNPs in

this research.

Instrument Company Picture of Instrument
UV-Vis spectrometer Jasco International
(Jusco, V530) Co., Ltd.,,  Tokyo,
Japan. 'rﬂ 8
Fourier-transform Thermo Fisher
infrared Scientific,  Waltham,

(Nicolet 6700) Massachusetts, U.S.
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Laser particle sizer
( Malvern Zetasizer

Nano ZS)

Malvern  Instruments
Limited,
Worcestershire,

United Kingdom.

X-ray diffractometer

(Rigaku Miniflex 600)

Ricaku  Corporation,

Tokyo, Japan.

Scanning electron
microscopy : SEM
(Philips Tecnai 12)

SEM,  Philips  Tecnai
12, FEI Company, OR,
Czech.




CHAPTER IV RESULTS AND DISCUSSION

Spectroscopic measurements

The investigation of AgNPs formation by green synthesis using ROP (Red Onion
Peels) extract was observed by UV-vis spectroscopic technique. Due to the
photosensitivity of silver, AgNPs colloidal solution was kept under dark conditions at
room temperature prior to subjection to UV-Vis spectroscopic measurements. The
UV-vis spectra of the reaction mixtures have been acquired on AgNPs aqueous
colloidal solutions synthesized at the different ROP concentrations of 0.003, 0.005,
0.007, and 0.009 wt% on the first day after heat treatment. In terms of physical
appearance, it can be observed that the series of colour intensity of AgNOs aqueous
solution reduced by ROP extract before and after reduction overnight followed by
heating at 80°C for 1 h with subsequent standing for 24 h shows the appearance of a
brownish color under ambient conditions for the whole series; where their intensity
increases with the increase from 0.003 to 0.009 wt% of ROP concentration (Figure
20). The change in colour intensity can be used as a preliminary indication for the
formation of AgNPs and the surface plasmon resonance absorption. Figure 21
illustrates the spectroscopic measurements of a reaction mixture showing SPR peak
at around 450 nm which is attributed to the nucleation and coalescence processes
of AgNPs formation [50] corresponding to colour change of the mixture (AgNPs+ROP

extract) from colourless to brown.
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Figure 20 Colour intensity of AgNPs aqueous colloidal solution reduced by ROP
extract before (left) and after reduction (right) shows changes in colours which are

more intense in all the series starting from 0.003 to 0.009 wt% of ROP concentration.

0.35 —0.003 wt% Allium
0.3 —10.005 wt% Allium
——0.007 wt% Allium

0.25
——=0.009 wt% Allium

Absorbance
=}
3]

230 330 430 530 630 730
Wavelength (nm)

Figure 21 UV-vis spectra of AgNPs colloidal solution reduced by ROP at room
temperature with concentration range from 0.003 wt% to 0.009 wt9%.

Interestingly, the shape, number and red shifting of SPR bands can be used to predict
shape and size of AgNPs [29,30,51]. In this work, a single SPR band was observed in
all spectroscopic measurements. This can be interpreted as that AgNPs in this work
are spherical or quasi-spherical in shape. Furthermore, the red shifting in the SPR

band is also observed (black arrow) in this work indicating that larger particle sizes
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are observed with respect to the concentration of ROP [52]. The spectroscopic
measurement result is evidence of the reduction of Ag” to AgNPs by phytonutrients
in the ROP extract such as polyphenols, flavonoids, terpenoids, alkaloids, phenolic
acids, antioxidants and vitamins [53]. Moreover, AgNPs formation rate is faster at the
higher concentration of ROP as can be observed by the change of the absorbance

intensity and the colour of AgNPs aqueous colloidal solution.

FTIR studies were accomplished for both the ROP extract and the whole series of
AgNPs colloidal solutions to examine the reduction reaction and stabilization of
biosynthesized AgNPs that have been coated with different functional groups of
phytochemicals in the ROP extract. Figure 22 shows FTIR spectra of pure ROP extract
and dried powder obtained from AgNPs colloidal solutions reduced using ROP at the
different concentrations of 0.003, 0.005, 0.007 and 0.009 wt%. The FTIR spectrum of
ROP extract shows a broad absorption peak at around 3428 cm™ ! which is attributed
to the N-H stretching of protein, the O-H widening of carbohydrates, alcoholic,
phenolic compounds and water. The shoulder at 1635 cm™ ' corresponds to the C=C
stretching of phenyl in polyphenol components. The peaks at 1417 cm™ ! correspond
to the bending of C-H asymmetric in CH, and CHj; groups. FTIR can be used to
confirm the existence of ROP extract in all samples due to the similarity of the IR
spectra between ROP extract and synthesized AgNPs with ROP extract. It can be
observed that as the concentration of ROP extract was increased, clear peaks in the
spectra were revealed. Marked shifts observed in FTIR spectra are also related to the
adsorption of ROP extract constituents on the AgNPs surface. Furthermore, the
observed marked shifts (black straight line) at 3446 cm™ !, 1628 cm™ %, 1386 cm™* and
824 cm™! are evidence that ROP extract was involved in the reduction of Ag+ to
obtain biosynthesized AgNPs, and that the biosynthesized AgNPs from ROP extract
were coated with different functional groups of phytochemicals found in ROP. The
phytochemical compounds such as flavonoids and phenolic acids in ROP are rich in

hydroxyl groups (-OH group) which can be associated with electron transfer in the
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reduction process of Ag* to Ag’, leading to the formation of silver nuclei and
production of AgNPs [53] Moreover, the functional groups coating on the AgNPs
surface such as the —-OH group on carbohydrate residues can prevent aggregation and

aid stabilization of biosynthesized AgNPs [37].

rv\\ /(_\\
/ Allium Extract
\\ - > R
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0.005 wt% Allium

0.007 wt% Allium

|t —
/\ 0.009 wt% Allium
B il
400 800 1200 1600 2000 2400 2800 3200 3600 4000

Wavenumber (cm™)

Figure 22 FTIR of ROP extract and AgNPs reduced by ROP at the different

concentrations.

X-ray diffraction

To investigate the crystallographic structure and arrangement of the
synthesized AgNPs reduced by ROP extract, X-ray diffraction (XRD) technique was
employed, and the analysis results are displayed in Figure 23. Strong diffraction peaks
are observed in all AgNPs samples reduced by ROP at the different concentrations of
0.003, 0.005, 0.007, and 0.009 wt% indicating a crystalline structure of AgNPs in
nature. The diffraction peaks identified at an angle 20 around 38° 44°, 64°, and 77°
can be indexed as (111), (200), (220), and (311) Bragg reflections planes of cubic

metallic Ag respectively. The sets of these diffraction peaks were in agreement with
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the standard data file JCPDS No. 04-0783, International Centre for Diffraction Data
(ICDD), Newton Square Pennsylvania, USA) of the Joint Committee on Powder
Diffraction Standards and were consistent with other literature reports [53]. Moreover,
no peaks related to silver oxide such as AgO,, Ag;O,4, or other Ag molecules were
observed in the diffraction pattern, indicating that synthesized AgNPs by ROP extract

in this work show a phase with a high degree of purity.
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Figsure 23 Powder XRD pattern of AgNPs obtained from AgNPs colloidal solution
reduced and stabilized by ROP of different concentrations: (A) 0.003 wt%, (B) 0.005
wt%, (C) 0.007 wt%, and (D) 0.009 wt% respectively.

Zeta potential and size distribution
Dynamic Light Scattering (DLS) technique was used to analyze the mean
average size and stability of AgNPs by measuring the hydrodynamic size and zeta

potential value. Zeta potential with a large negative or positive value indicates a
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good stability of the AgNPs by preventing the agglomeration and flocculation due to
electrostatic forces ie; charge repulsion [54,55]. All AgNPs colloidal solutions
synthesized using ROP extract in this work show high zeta potential values of - 38.62
+78,-442+29,-41.17 + 5.1, and — 40.15 + 3.6 mV respectively as shown in Table
2. Noticeably, AgNPs at the concentration of ROP extract ranging from 0.005 to 0.009
wt% had higher zeta potentials than for 0.003 wt%. This can be explained by the
concentration effect that contributes to the functional groups such as hydroxy group

resulting in a repulsive charge interaction.

The mean particle sizes of synthesized AgNPs colloidal solution show polydispersity
in nature as shown in Table 2. The mean particle size obtained from the 1st peak of
AgNPs reduced by ROP at the concentration of 0.003, 0.005, 0.007, and 0.009 wt%
are 6.8 = 1.0 nm, 9.3 + 0.3 nm, 7.8 + 1.2 nm, and 9.6 + 1.3 nm respectively, while
the mean particle size of the 2nd peak in all samples are 62.8 + 18.7, 90.0 + 46.0
nm, 76.1 + 32.9 nm, and 95.7 + 57.7 nm respectively. It can be observed that, when
the concentration of ROP increases, AgNPs size also increases except for the AgNPs at
the concentrations of 0.005 and 0.007 wt% of ROP that show nearly the same size.
The measurement of size and zeta potential value can be used to confirm a
successful bio-reduction of AgNPs that was influenced by phytochemicals such as

phenolics, flavonoids, flavanols and quercetin in the ROP extract.

Table 2 Mean zeta potential values and Mean particle sizes (1st peak and 2nd peak
in nm) of AgNPs colloidal solutions obtained from ROP extract at different

concentrations ranging from 0.003 to 0.009 wt%.



29

Sample Mean zeta Mean particle size Mean particle size
potential (mV) (1% peak-nm) (2" peak-nm)
AgNPs -38.62+ 7.8 6.8+ 1.0 62.8 + 18.7

ROP Extract 0.003 wt%

AgNPs -4420 + 2.9 93+0.3 90.0 + 46.0
ROP Extract 0.005 wt%

AgNPs -41.17 + 51 78 +1.2 76.1 £ 32.9
ROP Extract 0.007 wt%

AgNPs -40.15+ 3.6 96 +1.3 95.7 £ 57.7
ROP Extract 0.009 wt%

SEM morphology

Figure 24 shows the morphology of synthesized AgNPs with ROP extract at
the different concentrations of 0.003 wt% (A), 0.005 wt% (B), 0.007 wt% (C), and
0.009 wt% (D). The agglomeration and many lumps are observed in all conditions
due to the natural characteristics of phytonutrients such as phenolics, flavonoids,
flavanols, quercetin, waxes and amino acids. Noticeably, various shapes and sizes of
AgNPs were observed throughout the concentration range as shown in Figure 24 (A)
to (D). At the low concentration of 0.003 and 0.005 wt%, the majority of quasi-
spherical shape appeared with some flat triangular and hexagonal shapes. When the
concentration of ROP reaches 0.007 wt%, the predominant appearance of silver
nanoparticles with sharp edges (sea urchin clusters) is increased. The sea urchin-like
structures of biosynthesized AgNPs using red onion peel extract show superior
antibacterial effect on gram-negative bacteria which will be discussed in the next
section. When the concentration of ROP increases to 0.009 wt%, the shape of AgNPs
becomes more quasi-spherical and flat shape again. The rationale behind this
phenomenon can be explained by the different phytonutrients found in ROP that
could have assisted in the reduction process. These phytochemical compounds can

act as reducing, capping and stabilizing agents [56,57]. For example, the
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phytochemical compounds of flavonoids and phenolic acids are involved in the
reduction process of Ag* to Ag®, while xanthones and some carbohydrates can act as
capping and stabilizing agents. The different concentrations of various plant extracts
contain different amounts of biogenic capping agents that can control the growth of
nanoparticles and affect the morphology and size of nanoparticles [58,59]
contributing to the different sizes and shapes of AgNPs in this work. The variation in
shape and size reduction of AgNPs when ROP extract was added to the system can
be explained in terms of the strong interaction between the protective polyphenolic
molecules and the surface of AgNPs that prevents the growth of AgNPs [60].
Furthermore, the increase in the concentration of ROP extract can increase the
number of nucleation sites resulting in smaller particles, while the low concentration
of ROP extract produces less nucleation sites, leading to more reduction and large
particles formation [61]. However, the final CS concentration of 0.009 wt% produced
larger structures again. This suggests that too hish ROP concentration is not suitable
for synthesizing small size AgNPs in this system. The SEM analysis shows that the
synthesized AgNPs and clusters obtained at the concentration of 0.003 to 0.009 wt%
of ROP have non-uniform shape and wide distribution of particle size (10 to 1 pm)
which can be naturally occurring in nature in green synthesis using plant extracts [62].
However, Particle sizes obtained using Dynamic Light Scattering (DLS) and SEM are
different. DLS gives the hydrodynamic size (the size of the nanoparticle plus the
liquid layer around the particle) while SEM gives the sizes of particles in the dry state.
This is the reason to explain why size measured by DLS is different from SEM. In our
case, AgNPs sizes observed by SEM are varied which may be attributed to the nature
of green synthesis using plant extracts and the agglomeration of the AgNPs structure
and/or AgNPs clusters in the dry state. So AgNPs size observed by SEM is bigger
comparing to DLS.
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Figure 24 SEM images (100000X) of synthesized AgNPs with ROP extract at the
different concentrations of 0.003 wt% (A), 0.005 wt% (B), 0.007 wt% (C), and 0.009
wt% (D).

Antimicrobial activity

The antibacterial properties of synthesized AgNPs with ROP extract were
tested for antibacterial activities towards both gram-negative bacteria (P. aeruginosa
and E. coli) and gram-positive bacteria (S. aureus and E. faecalis) compared with
Chloramphenicol (positive control), NaCl (negative control) and AgNO; as shown in
Table 3. All AgNPs show good antibacterial activities toward both gram-negative and
gram-positive bacteria and exhibit superior antibacterial activities than AgNO; as can
be seen in Table 4. The inhibition zone diameters of AgNPs for all synthesis
conditions are higher than employing AgNO; alone, but the activities are lower

compared with Chloramphenicol. However, NaCl and ROP extract alone become
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ineffective in antibacterial activities although we expect that ROP could exhibit

antibacterial activities in this work.

Noticeably, synthesized AgNPs at the concentration of 0.007 wt% ROP shows superior
antibacterial activity toward E. coli. It should be noted that AgNPs synthesized under
this condition is optimal in obtaining good antibacterial activity for E. coli and P.
aeruginosa, showing inhibition zone diameters of 16.2 + 0.9 and 10.5 + 0.5 mm. This
can be explained by the morphology of sea urchin-like structure of AgNPs at this
condition which can increase the surface area and promoting contact between the
AeNPs and the bacteria cell membrane [63,64]. Furthermore, it has been reported
that sharp edged structures exhibit higher charge density than round structures
leading to a superior disturbance permeability and rupture of the bacteria membrane

[64,65].

Table 3 Zone of inhibition (ZOI) of all synthesized AgNPs with ROP towards both
gram-negative bacteria (P. aeruginosa and E. coli) and gram-positive bacteria (S.
aureus and E. faecalis) compared with Chloramphenicol (positive control), NaCl
(negative control), Allium extract (0.009 wt%) and AgNOs; designated as A:
Chloramphenicol (positive control), B: NaCl (negative control), C: Allium extract (0.009
wit%), D: AgNO5 (0.025 wt%), E: 0.003 wt% Allium-AgNPs, F: 0.005 wt% Allium-AgNPs,

G: 0.007 wt% Allium-AgNPs and H: 0.009 wt% Allium-AgNPs



33

Bacterial agent against

Inhibition zone diameter (mm)

P. aeruginosa

E. Coli

S. aureus

E. faecalis
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Figure 25 The comparison of percent inhibition of all synthesized AgNPs with ROP
towards both gram-negative bacteria (P. aeruginosa and E. coli) and gram-positive

bacteria (S. aureus and E. faecalis).

It can be observed that the antibacterial results reported as percent inhibition in
Figure 25 illustrates the best antibacterial activity of Allium-Ag NPs against P.
aeruginosa compared to E. coli, S.aureus and E. faecalis. In the case of E. coli, the
previous work published by Alshahrani A. [6 6] reported a superior antibacterial
activity of Ag-onion than our work. However, the antibacterial activity of onion peel
extract (OPE) alone shows positive results in all tests while onion peel extract in our

work shows no antibacterial effect.

P. aeruginosa is the most common gram-negative bacteria that are found in the
environment causing infections in humans. This harmful bacteria can infect humans
through blood, lungs, and other parts of the body after surgery especially respiratory
infections to the patients who require ventilators and ventilation, such as breathing
machines and air cleaning devices [67]. Furthermore, P. aeruginosa is a pathogen that

find new routes to avoid antibiotics and is resistant to drugs used to kill them [68].



CHAPTER V CONCLUSION

Discussion and conclusion

In this research, we successfully synthesized AgNPs by green synthesis using
the extract of red onion (Allium cepa L.) Peels (ROP). Our synthesized AgNPs with
different ROP concentrations show various shapes of quasi-spherical shape, flat
triangular, hexagonal shapes and sea urchin clusters. The zeta potential shows high
values of approximately -40 mV indicating good stability of AgNPs colloidal solution.
Our AgNPs in this work show superior antibacterial effect on gram-negative bacteria
toward P. aeruginosa which is superior than AgNO; and Chloramphenicol.
Furthermore, the antibacterial test toward P. aeruginosa on fibrous filters (ROP
Extract-3M Filtrete™ with AgNPs) used in air filtration devices shows outstanding
potential for use of these AgNPs as antibacterial agents in air cleaning devices. The
maximum inhibition zone of synthesized AgNPs with ROP extract 0.007 wt% (50 L) is
21.6 £ 0.5 mm. This application of our ROP extract synthesized AgNPs as superior
antibacterial agents in air cleaning devices is crucial for the inactivation and removal
of airborne pathogens before they can infect vulnerable post-surgery patients and

forms a significant aspect of our work.

Implication of the study

Due to the good antibacterial activity of our synthesized AgNPs with ROP
extract toward P. aeruginosa. We tested our AgNPs for antibacterial application by
drop casting AgNPs colloidal solution on fibrous filters used in air filtration devices to
investicate a potential application in air cleaning devices. Our preliminary
investigation found that AgNPs (0.007 wt% of ROP, 5-800 uL) coated on air filter
exhibit a good antibacterial activity toward P. aeruginosa especially at the condition
of 50 uL of the mixture, showing inhibition zone diameters of 21.6 + 0.5 mm (Figure
26 and Table 5) while the air filter alone (non-coated AgNPs) shows no antibacterial

activity. This result suggests that our synthesized AgNPs used in this study show good
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potential for use as an antibacterial agent for antibiotic-resistant bacteria in air

cleaning devices.

Figure 26 The inhibition zone of: (Left) fibrous filter used in air filtration with no
AgNPs coating and (Right) fibrous filters used in air filtration coated with AgNPs
colloidal solution (0.007 wt% of ROP) at various applied volumes (5 pL to 800 pL).

Table 5 Inhibition zone diameters (average value + standard deviation) of fibrous

filters used in air filtration device coated with AgNPs at the concentration of 0.007

wt% of ROP ranging from 0-800 pL.

AgNPs Inhibition zone diameter of
ROP Extract 0.007 wt% (uL) P. aeruginosa (mm)

0 0.0 £ 0.0

5 145+ 0.3

10 17.8 £ 0.3

25 20.1 £ 0.8

50 216 £+ 0.5

100 21.0+x04
200 20.6 £ 0.8

400 21.1 +0.8

800 215+ 0.6
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Suggestion for future work

This research study on the green synthesis of AgNPs from red onion peels
demonstrates effective antibacterial properties against gram-positive and gram-
negative bacteria, particularly Pseudomonas aeruginosa (P. aeruginosa), a strain that
causes respiratory tract diseases and infections in patients. This study can be further
developed to a new innovative prototype such as silver nanoparticle-coated air
filtters in hospital and commercial air purification systems. Moreover, red onion peel
extracts are being employed in the green synthesis of gold nanoparticles for

potential use in cosmetic applications.
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ABSTRACT: Cotton tree [Bombax ceiba L) flower stamen has been used widely as a northern Thai food ingredient.
In this work, microwave extraction was applied to obtain the Bombay ceiba L. (BOMBAX) flower stamen extract for
use as a reducing agent in the green synthesis of silver nanoparticles {(AgNPs). The concentration of BOMBAX used
was in the range of 0.05 to 0.25 wt%. Quasi-spherical and semi-rectangular shapes of AgNPs were obtained. The
synthesized AgNPs showed & high mean zeta potential value of more than —30 mV indicating the long-term stability
and superior dispersity of AgNPs due to the repulsion of negative charges. Furthermore, the antibacterial potency of
the synthesized AgWPs affords a good inhibition zone for both gram-negative and gram-positive bacteria, especially
the gram-negative and antibiotic-resistant bacteria Pseudomonas ceruginosa, showing an inhibition zone diameter of
19.44 0.4 mm compared with that of chlophenicol (13.04+ 0.0 mm). This result suggests that the synthesized AgMPs
present good colloidal stability and show good potential as an antibacterial agent for antibiotic-resistant bacteria,

especially F. aeruginosa.

KEYWORDS: green synthesis, silver nanoparticles, cotton tree, Bombax ceiba L., antibacterial

INTRODUCTION

Bombax celba L. (BOMBAX) recognized as the “sumbal
tree” or “silk cotton tree” is an Asian tropical plant, also
known as the cotton tree or red cotton tree, due to
the physical characteristics of red flowers and white,
cotton like fibers. This plant has been used in the
wooden furniture manufacturing industry and as a
spice ingredient in cooking such as the main ingredient
in “nam ngiae" spicy noodle soup in the northern part
of Thatland. In andent times, B. ceiba L. was called
the “silent doctor” because every part of it, including
the fAowers, stem, bark, and leaves, exhibits numerous
pharmacological properties that can be used in many
medicinal applications [1]. Phytochemical screening
has indicated that there are a variety of useful phyto-
chemicals present in the flowers such as polyphenols,
alkalpids, flavonoids, coumarins, glycosaponins, tan-
nins, terpenoids, and cardiac glycosides [2].

Green synthesis of metal nanoparticles is popu-
larly used in many scientific fields, including pure
seienees and applied scences involving nanoscale syn-
thesis of metals. Green synthesis is a process that
involves the reduction of metal nanoparticles using
plant extracts instead of chemical-reducing agents.
Nowadays, green synthesis has become more popu-
lar in an increasing number of research areas [3].
The replacement of physical and chemical synthesis

by green synthesis has become more attractive due
to environmental concerns such as the use of toxic
and harmful chemicals, high energy consumption, and
sustainability,.  Most of the metal nanoparticles de-
veloped through green synthesis are silver (AgNPs)
[4, 5], gold (AuNPs) [6, 7], copper (CulPs) [8, 9], cop-
per oxide (CuOMPs) [10,11], iron (FeNPs) [12,13],
iron cxide (IONPs) [14, 15], and palladium (PdMPs)
[16,17]. There have been several studies on the use
of green synthesis of AgNPs emploving many kinds of
plant extraces as reducing and stabilizing agents; these
studies have shown antibacterial activiey effecting both
gram-positive and gram-negative bacteria [18, 19]. For
example, Ajitha et al [18] used the Tephrosia purpurea
leaf extract to synthesize nano-scale AgNPs for antimi-
crobial activity,. The Hagenia abyssinica (Bruce) J.E
Gmel plant leaf extract has been utilized for green syn-
thesis of AgNPs; antibacterial and antoxidant actvitdes
were investigaced [20]. Extract of Eugenia roxburghii
DL was used for the synthesis and characterization
of AghPs, and the activity against biofilm-producing
bacteria was also studied [21].  In another study,

Taghavizadeh et al [22] utilized Helichrysum graveolens

extract for green synthesis of AgMPs, which showed an-
ricancet activiey against the colon cancer cell line (C26)
and also acted as a green catalyst for the acceleration
of methylene orange degradation. Ranjan et al [23)]
reported synthesis of AgNPs using the extract of Nigella
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sativa. The results showed an antibacterial reaction of
AgNPs against urinary tract infection causing bacteria.
The synthesized AgMNPs using neem leaf extract demon-
strated an optimum surface plasmon resonance (SPR)
behavior due to the presence of a high concentration
of diterpencids in the extract. Potential biosensing and
photocatalytic applications were also reported in this
work [ 24]. Microwave synthesis has been emploved in
the formation of spherical-like AgNPs using curcumin
bismaterial as & reductant and stabilizer for improving
antibacterial properties against Staphylococous aureus
and Escherichia coli natural rubber,/Ag composite ma-
verials [25].

The aim of the current work was to perform
the green synthesis of AgNPs by using B. ceiba L.
flower stamen extract (BOMBAX) as a reducing and
stabilizing agent for the first time. The resultant AgNPs
were characterized, and their formation, stability, size,
shape, and antibacterial activity were observed.

MATERIALS AND METHODS

Chemicals and materials

MAR-grade silver nitrate (AgNO,) was purchased from
Labscan (RCL Labscan Limited, Bangkok, Thailand).
The dried flower stamen of the cotton tree (B. ceiba
L) was purchased from a local market in Phayao
province, Thailand. The nutrient agar (Muller Hinton
agar (MHA) and Muller Hinton broth (MHE) were
purchased from HiMedia Laboratories (HiMedia Lab-
oratories Pvt. Lid., Mumbai, India). Deionized water
(RCL Labscan Limited, Bangkok, Thailand) was used
in all the experiments.

Preparation of flower stamen extract of B. ceiba L.

The 100 g of dried flower stamen of B. ceiba L. were
cut into small pieces in a Moulinex blender and were
heated in the microwave for 15 min ac 130 W with
deionized water. The ratio of dried flower stamen
to deionized water was 1 g:10 ml. The obtained
solution was filtered wntil it became clear and then
Iyophilized o obrain the extracted powder of B. ceiba
L. (BOMBAX) that was brown in color.

Synthesis of silver nanoparticles

The green synthesis of AzNPs using BOMBAX as & re-
ducing and stabilizing agent was performed as followes:
Solution of silver nitrate 10 ml, 0.025 wit% of AgNO,
was added to 10 ml of BOMBAX solution. The con-
centration of BOMBAX in the mixture was prepared as
follows: 0,05, 0.10, 0.15, and 025 wi%. The solution
mixture was then stirred until it became homogeneous.
The reaction mixture was stirred overnight for 12 h
at an ambient temperature, and then the temperature
was increased to S0°C for 1 h in the final step. The
AgNP formation was observed by the appropriate color
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change from light brown to dark brown depending on
the BOMBAX concentration used as a reducing agent.
AgNP colloidal solution was kept away from light at
ambient temperature prior to use.

Antimicrobial activity

The antibacterial activity of the obtained AgMNPs was
assessed using the dise diffusion method following
standards and guidelines from the Clinical Leboratory
Standards Institute (CLSI). The overnight-grown bac-
teria used in this study were gram-negative bacteria
[P aeruginosa, Shigella sp., 5. enteritidis, E. coli, and
K. pnepmoniae) and gram-positive bacteria (5. aureus
and E. faecalis), which were standardized using the Mc-
Farland standard (McFarland standard No. 0.5). These
microorganisms were collected, cultured, and main-
tained at the Department of medical microbiclogy and
parasitology, School of Science, University of Phavao,
Phayao, Thailand. The bacteria suspensions were
diluted 1:10 to obtain 1.5 = 107 colony forming units
per milliliter (CFU/ml) and plated on the nutrient agar
using sterile cotton buds. Antibacterial testing samples
were prepared by adding & small volume (50 pl) of
chloramphenicol, NaCl, AgNO, (0.025 wi%), BOM-
BAX soluton (025 wi%), and the different dilutions
of obtained biosynthesized AgMPs varied from 0,05,
0.10, 0.15 and 0.25 wi%; these were then dropped
onto the antibiotic test plate, sheet, grade MM 827
ATD, & mm. Each Petri plate containing nutrient agar
was loaded with 4 antibacterial testing samples. The
Petri plates were incubated at 37°C for 18 h and then
examined for the appearance of a clear area around
the disc by measuring the diameter of inhibition zones
using a ruler, which was recorded and expressed in
millimeters. The antibacterial activity of AgNPs was
compared to the size and diameter of inhibition zones.

Sample characterization

The formation of Ag nanoparticles was observed using
a UV-Vis spectrometer (Jusco, V530, Jasco Interna-
tional Co., Lid., Tokyo, Japan) in dual beam maode.
The functional groups on AgNPs were validated using a
Fourier-transform infrared (FTIR) spectrometer {Mico-
let 6700, Thermo Fisher Scientific, Massachusetts,
US). A laser particle sizer (Malvern Zetasizer Mano
Z5, Malvern [nstruments Limited, Worcestershire, UK)
equipped with a He-Me laser at 633 nm, 4 mW was
used to determine particle size and zeta potential
at 25°C through dynamic light scattering (DLS) in
backscattering mode. An X-ray diffractometer (Rigaku
Miniflex 600 X-ray diffractometer using Cu Ka x-ray
radiation, Rizaku Corporation, Tokyo, Japan) was used
to obtain the diffraction patterns of the AgMNPs on a
glass slide. The surface morphology, size, and struc-
tural properties of AgiPs were characterized by SEM
[SEM, Philips Tecnai 12, FEI Company, Oregon, US).
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Fig. 1 UV-Vis spectra of AgNPs reduced by BOMBAX with
concentration range from 0.05 wi% to 0.25 wi%.

RESULTS AND DISCUSSION
Spectroscopic measurements

The formation of green synthesized AgNPs using
B. ceiba L. (BOMBAX) extract was investigated using
UVVis spectroscopy. The synthesis of AgNPs was
carried out in a dark room, and the obtained AgNP
colloidal solution was kept under dark conditions at
ambient temperature to protect the photosensitive na-
ture of the silver until use. AgNP colloidal solutions
with different BOMBAX concentrations were charac-
terized with UV-Vis spectroscopy on the first day after
heat treatment. The effect of BOMBAX concentration
on the formation of AgNPs is shown in the UV-Vis
spectra (Fig. 1). The absorbance intensity of the AgNP
colloidal solution increases with respect to BOMBAX
concentration, which can be interpreted that the for-
mation rate of AgNPs is slower at the lowest con-
centration of BOMBAX and gradually increases when
BOMBAX concentrations are increased. The SPR peaks
at a wavelength of around 450 nm for the whole con-
centration range of BOMBAX indicated the maximum
formation of AgNPs and the color became brown. In
terms of AgNP shape and the number of SPR bands,
the more dimensions that exist for the AgNP shape,
the more SPR bands appear [26]. Spherical, rod, and
triangular shapes can produce one, two and three SPR
bands, respectively. A single SPR band was observed in
each concentration of BOMBAX. indicating the spher-
ical shape or quasi-spherical shape of AgNPs [27, 28].
Furthermore, red shifting in the SPR band indicated
that a larger particle size was observed with respect
to the concentrations of BOMBAX. The peak position
between 450460 nm can also be used to predict AgNP
size, which should be approximately 70 nm [29]. The
UV-Vis spectroscopy result can be used as evidence of
the reduction of silver ions (Ag') to AgNPs, which is
promoted by the functional groups of phytonutrients
in BOMBAX. The phytochemical compounds found in
BOMBAX such as flavonoids and phenolic acids are rich
in hydroxyl groups (~OH group), which can be associ-

Neidal

Fig. 2 Changes in color | ity of AgNP aq|
solution reduced by BOMBAX before reduction (A), after
overnight reduction (B), and after overnight reduction fol-
lowed by heating at 80 °C for 1 h, then left aside for 24 h (C).
From left to right, BOMBAX concentration starns from 0.05 to
0.25 wi%.

ated with electron transfer in the reduction of Ag' to
silver (Ag”), leading to the formation of silver nuclei
and production of silver nanoparticles (AgNPs) [30].
Fig. 2 shows the series of color intensity increases
in the AgNO, aqueous solutions reduced by BOMBAX
extract: before reduction, after overnight reduction,
and after overnight reduction followed by heating at
80°C for 1 h. The samples that were left for over
24 h show more intense changes in colors in all the
series from the beginning (left) to the end (right) of
the synthesis steps as shown in Fig. 2(A-C). Further-
more, the color intensity of the final products after
the reduction shows the most intense color changes
from yellow to dark brown (Fig. 2C) when compared
with AgNO, aqueous solution reduced by BOMBAX
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Fig. 3 Changes in color invensity of AgNP agueous colleidal
solution reduced by BOMBAX before reduction [A), after
overnight reduction (B), and afer overnight reduetion fol-
lowed by heating ar 80°C for 1 1, then left aside for 24 h ().
Fram lelt to right, BOMBAX concentration starts from 0.05 1o
0.25 wn%.

before reduction (Fig. 24) and after overnight reduc-
tion (Fig. 2B). This result suggests that AgMNPs can be
successfully synthesized using BOMBAX extract and
this can be confirmed based on the surface plasmon
resonance absorption.

Fig. 3 shows FTIR spectra of pure BOMBAX and
dried powder obtained from AgNP colloidal solu-
tions reduced using BOMBAX at different concentra-
tions. A broad absorption peak is observed at around
3450 em ™, which iz attributed ro the OH functional
group of aleoholic and phenclic compounds.  Fre-
quency of the amide 1 band is found in the range
between 1600 and 1700 em ™, which is mainly asso-
ciated with the stretching vibrations of C=0. Peaks at
1639 cm ™! represent a C=0 strerch of the carboxylic,
carbonyl group.  Peaks at 1384 cm™’ indicate the
bending of C~H asymmetric in CH, and CH, groups.
Moreover, the peak at 1070 em™' represents C—0
stretching. FTIR spectra revealed the different types
of functional groups (—=0OH, C=H, C=0, and C—0}
on AgMPs that are involved with bio-reduction and
stabilization of AgMPs. The similarity of the IR spectra
between BOMBAX and AgNPs indicates that the com-
pounds found in BOMBAX existed in all samples. The
marked shifts observed from the FTIR results confirm
that the AgNPs were biosvnthesized and coated with
different functional groups of phytochemicals found in
Bombax.

X-ray diffraction

X-ray diffraction (XRD) is a characterization technique
used in materials science to investigate the primary
crystallographic structure of a material. AgNP pow-
der {after heat treatment) reduced by BOMBAX at
the different concentrations was subjected to analy-

sis of their crystalline structure; the result in Fig. 4
confirms that all AgNP samples reduced by BOMBAX
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Table 1 Mean 2eta potential values and mean particle sizes
(1 peak and 2nd peak in nm) of AgNP colloidal solutons
abtained from BOMBAX bio-reduction {after heat treatment)
at different concentrations ranging from 0,05 o 0.25 wit%.

Concentration Mean zeta Mean particle Mean particle
of BOMBAX patentizl sze [1st sre [ Znal
{wth) {m¥] peak-nm) peak-nm)
0.05 wi¥ BOMBAX -34.240.4 4.3+0.0 73.2+36.4
0.10 wi¥ BOMBAX -30.9+1.6 53+04 a06+415
0.15 wi¥ BOMBAX -310+1.8 7714 7B.7L35.8
0.25 wit¥ BOMBAX -304+1.6 100+18 8B.3+45.2

extract are crystelline in nature. The XRD patterns
showed peaks at (28) around 38°, 44", 64", and
78", which could be indexed as (1113, (200), (220],
and (311} Bragg reflections, respectively The sets
of these diffraction peaks agreed with the standard
data file (JCPDS No. 04-0783, International Centre for
Diffraction Data (ICDD), Newton Square Pennsylvania,
USA) of the Joint Committee on Powder Diffraction
Standards and were consistent with other literature
reports [31]. However, other additional unassigned
peaks, especially found in the XRD patterns of AgMPs
reduced by BOMBEAX at the concentration of 0,25 wt%,
are also observed; this may be due to the formation of
the crystalline metallo-protein in BOMBAY extract [32]
or AgND,, which had not been reduced and remained
in the sample [33].

Zeta potential and size distribution

Dynamic Light Scattering (DL5) technique was used
to determine the zeta potential and size of AgMNPs.
Particles in a colloidal solution containing a large neg-
ative or positive zeta potential value can lead to high
stability of the colloidal particles due to their repulsion
of each other, resulting in the prevention of coalescence
of the colloidal particles. However, at small negative or
positive zeta potential values, agglomeration and floc-
culation can ocour due to charge and force minimiza-
tion allowing particles to come close together [34, 35].
Surprisingly, all synthesized AgNP colloidal solutions
show high negative zeta potential values (Table 1],
supporting high stability, good colloidal solution, and
superior dispersity of AgNPs due to the repulsion of
negative charges.

The mean particle sizes of AgMNP colloidal solution
show polydispersity in nature as shown in Table 1. The
mean particle sizes of the 1st and 2nd peaks of AgNPs
reduced by BOMBAX at different concentrations are
also shown in Table 1. When the concentration of
BOMEBEAYX increases, AgNP size also increases. This can
be explained by the influence of phytochemicals {triter-
penoid saponins, flavonoids, and glycosides) found in
BOMEAX in the bio-reduction of AgNPs.

SEM Morphology

An SEM was used to determine the size and morphol-
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Fig. 4 Powder XRD pattern of AgNPs obtained from AgNP colladdal solutien reduced and stabilized by BOMBAX of different
concentratbons: (A) 0.05 wi%, (B 0.10 wi%, (C) 0.15 wis, and (D) 0.25 witth.

Table 2 Inhibition zone diameters {mm, average valwe £ standard deviatlon) of all samples.

Sample Gram-negative bacteria Gram-positive bacteria
B meruginose  Shigeflo sp. S emterifidis Eoooli K pneumomices 5 awrens E foecalis
Chivramphenicel (positive control) 130200 3000£00 29800 30100 259x0.0 25000 26.5&0.0
MaCl (negative contral) u] 1] o 1] i} i} i}
BOMBAYX extract {0.25 wi') 1] i} o [i] a i} i}
AN, (0.025 wit) 18.0+0.0 11.3+0.0 B3+ 0.0 9.9+0.0 S6:0.0 10.4+00 98+0.0
AgMP 0.05 wit BOMBAX extract 1l8.620.E 135104 9307 123x04 9007 11.7£05 10.0£0.3
AgP 0.10 wi% BOMBAX extract 193206 116+06 103104 12.5+0.6 10.,0x0.7 114+04 59110
AgNP 0.15 wi% BOMBAX extract 194204 14.0+ 2.6 0.7+048 11.8+05 102+0.1 11.4+04 10.6+0.8
AgNP 0.25 wit% BOMBAX extract 19.0£0.0 13.8+1.9 ES+10 11.E8x0.2 10.5+0.0 11.3+04 100+ 1.4

ogy of the obtained AgMPs. Fig. 5 shows SEM images
of the synthesized AghPs. Structural studies observed
by the SEM showed an agglomeration of AghPs and
many lumps or clusters that are characteristic of phy-
tonutrients such as phenolic compounds, flavonoids,
waxes, and amino ecids. At the lowest BOMBAX
concentration of 0.05 wi¥, most of the AghPs were
spherical shaped and some flat needles with average
sizes of 70 to 80 nm and 300 to 500 nm, respectively,
as shown in Fig. 5(AB). Noticeably, SEM images and
their magnified images for sizes observed in spherical
and quasi-spherical shapes of AgNPs over the whole
concentration range of BOMBAX comrespond to sizes
observed in the size distribution in Table 1. When the

concentration of BOMBAX increases to 0.10 wil, the
size and shape of AzNPs are similar to those of the Ag-
MPs synthesized using the previous concentration, ex-
cept for the additional growth of the needle structured
AgMNPs, as shown in Fig. 5{CD). The size of the needle
structure shown by SEM imaging in Fig. 5(D) was
2 pm. When the concentration of BOMBAX reaches
0.15 wi¥, the spherical shape of AgMNPs becomes more
quasi-spherical with enlarged sizes ranging from 80 o
100 nm (Fig. SE). Surprisingly, quasi-rectangular and
cubic structures of AgNPs on & micrometer scale are
observed at this concentration (Fig. 5F). Az mentioned
earlier, B. ceiba L. contains a varery of useful phyto-
chemical compounds that can act as reducing agents
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Fig. 5 SEM images of AgNPs (different magnifications of: (A) to (C) 150k X, (D) 60k X, (E) 100k X, (F) and (G) 25k X, and
(H) 100k X) prepared using different BOMBAX concentrations of:d (A) and (B) 0.05 wt%, (C) and (D) 0.10 wt%, (E) and
(F) 0.15 wt%, and (G) and (H) 0.25 wt%.
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and surfactants to control the growth of nanoparticles
by behaving as capping agents [36]. The phyto-
chemical compounds of favonoids and phenolic acids
are involved in the reduction process of Ag', while
xanthones and some carbohydrates can act as capping
and stabilizing agents [37, 38]. It has been reported
that capping agents act as binding molecules that
mainly modulate the surface chemistry, morphology,
and size distribution of nanoparticles and maintain
the stabilization process [38]. The biogenic capping
agents found in various plant extracts used in green
synthesis can affect the morphology and size of AgNPs
[39,40]. Therefore, it can be implied that capping
agents found in different concentrations of BOMBAX
used in this research could have contributed to the
different sizes and shapes of the AgNPs. Importantly,
there are many research works reporting on the use
of surfactants to control the growth of nanoparticles
[41,42]. These findings might explain why the size
of AgNPs in this work (approximately 70 to 100 nm
observed by SEM for spherical and quasi-spherical
shape) does not vary significantly with reference to the
concentration range of BOMBAX extract and why some
other gquasi-rectangular shapes and cubic structures
of AgNPs are observed. This is because AgWPs are
capped by surfactants found in the phytochemicals
in BOMBAX. Finally, when the final concentration of
BOMBAX reaches 0.25 wi3, the AgMNPs ere mostly
semi-rectangular and cubic in shape, as shown in
Fig. 3{GH). The particle size distribution is in the range
of 20 to 260 nm, and their average size is 3 nm, as
shown by the mean particle sizes in Table 1.

Antimicrobial activity

The antimicrobial properties of AgiNPs have been uti-
lized widely in many industries such as the health,
medicinal product, food storage, packaging, wound
dressing, textile, and dye reduction industries as well
as for environmentel applications. In this work, we
investigated synthesized AgNPs as antibacterial agents,
and antimicrobial activities toward both gram-negative
bacteria and gram-positive bacteria were tested com-
pared with chloramphenicol {positive controll, NaCl
(negative control), and AgWO, as shown in Table 2.
The synthesized AgNPs exhibit good antimicrobial ac-
tivities toward the tested bacteria. Synthesis of AgNPs
using BOMBAX extract at the concentration range be-
tweean 010 wi% and 0.15 wt% is the optimal condition
to obeain good antibacterial activity shown as the large
inhibition zone observed by the disc diffusion method,
which can be explained by the extremely large surface
area of AgiNPs providing effective binding to the bac-
terial cell wall or ease of reaching cellular proximity.
The decrease in the inhibition zone observed in AgNPs
synthesized using 0.25 wi% BOMBAX extract comes
from the larger size of AgNPs obtained when using
a higher concentration of the extract. Although the

BOMBAX extract is assumed to possess antibacterial
activities that should be reflected through a greater in-
hibition zone, it shows no antibacterial activity, which
might be due to the medium used in extraction. The
inhibition zone diameters (average value + standard
deviation) of the synthesized AgNP samples show su-
perior antibacterial activity [greater inhibition zone)
than those of AgNO, alone, but lower activity (smaller
inhibition zone) when compared to chloramphenicol.
Surprisingly, the synthesized AgNPs show superior
antibacterial activity toward P oeruginosa compared
with chloramphenicol and AghO,. It should be noted
that P aeruginosa is a gram-negative bacterium found
commonly in the environment causing infections in
humans {blood, lungs, and other pars of the body
after surgery) and is remarkably capable of resisting
antibiotics. [43]. Furthermore, gram-negative bacteria
are more resistant than the gram-positive counterparts
due to the negatively charged lipopolysaccharide [44].
The superior antimicrobial resistance to P aeruginosa
of the synthesized AgNPs will be of advantage for
potential use zs an antimicrobial agent in health and
medicine applications.

COMCLUSION

In this research, AghPs were successfully synthesized
using green synthesis from extract of the Hower stamen
part of the Cotton Tree (B. ceiba L.). Synthesized
AgNPs with different BOMBAX concentrations showed
various shapes of AgNPs (spherical, quasi-spherical,
quasi-rectangular, and cubic structures). The zeta
potential values were high, indicating good stability of
AgNP colloidal solution after synthesis. The antibacte-
rial effect of synthesized AgNPs predominantly affected
the gram-negative bacteria, especially the antibiotic-
resistant P aeruginosa which is superior to chloram-
phenicol. In conclusion, synthesizing AghPs from the
floweer stamen part of the Cotton tree is a convenient,
cost-effective, and environmentally friendly method to
produce a colloidal selution that exhibits good stabilicy
with outstanding antibiotic activity toward P aerugi-
osd.
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ABSTRACT

Red Onion (Allium cepa L.) Peels (ROP) is an unwanted agricultural
byproduct after cooking but it is rich with bioactive compounds such
as phenolics, flavonoids, flavanols and quercetin. In this work, we
employed the extract of ROP as a reducing agent in green synthesis
of silver nanoparticles (AgNPs) and investigate their antibacterial
properties. The concentration of ROP used in this research for green
synthesis is 0.003, 0.005, 0.007, and 0.009 wt2:. AgNPs shapes are found
to be quasi-spherical shape, flat triangular, hexagonal shapes and sea
urchin clusters depending on the concentration of ROP. The obtained
zeta potential value is approximately -40 mV indicating good stability of
AgNPs colloidal solution. The antibacterial potency of synthesized AgNPs
with sharp edges (sea urchin clusters) shows superior antibacterial effect

1 http://epg science omu.ac.tn/ejournal/
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on gram-negative bacteria toward Pseudomonas
aeruginosa {P. aeruginosa) which is superior to
Chloramphenicol. The inhibition zone diameter of
synthesized sea urchin-like structure of AgNPs with
ROP concentration of 0.007 wt% is 16.2 £ 0.9 mm
compared with the inhibition zone diameter of
Chloramphenicol (13.0 £ 0.0 mm). Furthermore,
these AgNPs (0.007 wt% ROP) are further applied
by coating on air filters. The filters show superior
antibacterial potency with inhibition zone diameter
of 21.6 £ 0.5 mm compared to uncoated air filter (0.0
+0.0 mm). This result suggests that our synthesized
AgNPs used in this study show good potential for
use as an antibacterial agent for antibiotic-resistant
bacteriain air cleaning devices, which is a significant
aspect of our work whereby harmful airborne
pathogens can be inactivated and removed before
they can infect vulnerable post-surgery patients.

KEYWORDS: green synthesis, silver nanoparticles,
red onion, Allium cepao L., antibacterial

1. INTRODUCTION

Red onions (Allium cepa L) are cultivars of
the onion with skin colour of purple red and white
flesh tinged with red. Red onions tend to be small
to medium in size with a sweet and spicy flavor. Red
onions are available throughout the year in Thailand
and are high in phytonutrients. Red onions can be
consumed raw, cooked, grilled, stir-fried with other
foods to make popular cuisines. However, cnion
peel (Figure 1 (a)) is the agricultural byproduct after
cooking which is unwanted and usually discarded
but it is an excellent source of phytochemical and

.
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bioactive compounds. The majority of bioactive
compounds found in onion peels are phenolics,
flavanols, flavonoids such as quercetin, protocatechuic
acid, p-hydroxybenzoic acid, vanillinic acid, p-cumaric
acid, myricetin, kaempferol, and isorhamnetin-
3-glucoside [1-5]. Due to the global production
of onion increasing rapidly, the amount of onion
byproducts such as peel or skin has risen causing
a disposal food garbage and waste management
problem to the environment.

Regarding to the waste concern and the
benefits of bioactive compounds found in onion
peels, this research aims to exploit the bioactive
compounds extracted from onion peels as reducing
and stabilizing agent in green synthesis of silver
nanoparticles (AgNPs). There are several studies
involving the biosynthesis of AgNPs using many plants
and their potential applications have been explored
[6-11]. However, many research studies have been
highlighted on the green synthesis of AgNPs using
plants in the allium family. For example, Nguyen, T.
and co-workers used the aqueous extract of shallot
(Allium ascalonicum) as the reducing and capping
agents for biosynthesis of silver nanoparticles, showing
potential to be used in biotechnological applications
[12]. Shanmugam, J. and co-workers employed
Allium cepa var. Aggregatum (shallot) extract as a
stabilizing and reducing agent in green production
of silver nanoparticles. The biosynthesized silver
nanoparticles showed enhanced antiseptic features
on both gram-positive and negative organisms and
potential application in the biomedical field [13].
Allium cepa (yellowish peel) was employed in synthesis
and characterization of silver nanoparticles by Baran,

Figure 1. Red onions peel (ROP) (a) and aqueous extract of ROP (b).
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W.F. and co-workers. The evaluation of antibacterial,
antioxidant, and anticholinesterase activities were
studied. Biomedical activities and possible industrial
applications have been suggested [14). Bougellah
M.A. and co-workers synthesized silver nanoparticles
from Allium cepa and garlic Allium sativa extracts.
The antibacterial action of silver nanoparticles
against vaginal pathogens Streptococcus preumonioe
(5. preumoniae) and Pseudomonas aeruginosa
(P oeruginosa) was studied showing potential
biomedical applications [15]. An ethanaolic extract of
Allium cepa peels was used to mediate the synthesis
of silver nanoparticles by ltuen E. and co-workers.
Synthesized silver nanoparticles can be used as an
anticorrosion additive for industrial cleaning and
pickling operations [16]. The combination of Allium
cepa and Muso acuminota plants were extracted
by Sahni G. and co-workers and the extract was
used as reducing agent in green synthesis of silver
nanoparticles. Excellent antibacterial activity was
observed against Escherichio coli (E. Coli), B aeruginosa,
Bacillus subtilis (B. subtilis) and Fusarium oxysporum
{F. oxysporum) [17]. Naseer A. and co-workers
reported the use of Allium cepa extract in the
biosynthesis of silver nanoparticles, The antibacterial
activity was evaluated against E. coli and 5. aureus
showing high activity against the selected microbes
[18]. Allium cepawas employed to synthesize silver
nanoparticles by Jini D, and co-workers. The obtained
silver nanoparticles showed better antioxidant
activity and less cytotoxicity and displayed promise
as a phyto-medicine for the treatment of diabetes
[19]. Sharma P. ond co-workers synthesized silver
nanoparticles in a green way by using an agueous
extract of Alffium cepa [onion). Silver nanoparticles
capped with onion show themselves to be excellent
catalysts for the reduction of hazardous and toxic
dyes [20]. Abboud ¥, and co-workers used Allium cepo
in the biosynthesis of silver nanoparticles. These
nanoparticles exhibited a high antibacterial activity
against E. Coli and Stophylococous aureus (5. aureus)
[21]. Alfiurm cepo was introduced by Zakaria E. as a
reducing and capping agent for the synthesis of silver
nanoparticles. The obtained silver nanoparticles show
promising potential to be used in the treatment of
infectious diseases and tumors [22]. Singh R. and
coworkers biosynthesized silver nanoparticles using
Allium cepo extract and analyzed the bactericidal
property of the nanoparticles which was found to be
effective [23). From the literature review above, the
extraction of raw materials from onion/shallot used
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in the synthesis of AgMNPs can be classified into two
categories: a whole bulb and Onion peel. The use
of whole bulbs afford AgNPs with spherical shape
within the range between 10 to 100 nm while onion
peel produces a spherical AgMNPs withing the range
of 5 to 90 nm. In terms of antibacterial properties,
the use of bulbs and peels present the same order
of antibacterial properties from greater biocidal
impact as follows; Pseudomeonas oeruginosa =
Bacillus subtilis > Staphylococcus aureus.

In this work, we performed biosynthesis of
AgMPs by using red onion peels as reducing and
stabilizing agent to obtain different sizes and shapes
of &gNPs that could be of benefit to the antibacterial
properties especially in the air cleaning device
application. Green synthesis of red onion peels
was performed using microwave extraction with
water to obtain red agueous extract as shown in
Figure 1(b). Biosynthesized AgNPs were investigated
for their antibacterial properties on both gram-
negative bacteria (P geruginosa, and E. coli) and
gram-positive bacteria (5. oureus and E. foecalis).
Further investigation has been performed to study
the potential application of AgMPs coated on air
filter membranes to counter the activity of airborne
diseases P oeruginosa. Maturally, P oeruginoso is a
gram-negative rod-shaped bacterium that can cause
disease in plants and animals, including humans.
This bacteria species can infect humans in many
ways after surgery such as blood, lungs, and other
parts of the body especially respiratory infections
to the patients who require breathing machines and
air cleaning devices. B aeruginosa is a multidrug
resistant pathogen that can inhibit various antibiotics
from penetrating its outer membrane. Treatment
of P oeruginesa infections is difficult because
it is naturally resistant to antibiotics. However,
increasing antibiotic drug regimens is possible but
adverse effects may occur with the patient. 5o, the
development of air filter membranes to prevent and
inactivate airborne diseases from £ oeruginosa will
be of advantage to patients in hospital and people
who are under the risk of P aeruginosa infections.

2. MATERIALS AND METHODS
2.1 Chemicals and Materials

AR-grade silver nitrate (AgNO,) was purchased
from Labscan (RCL Labscan Limited, Bangkok, Thailand).
The Red Onion was purchased from a local market in
Phayano province, Thailand. The nutrient agar (Muller
Hinton agar (MHA) and Muller Hinton broth (MHE)
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were purchased from HiMedia Laboratories (HiMedia
Laboratories Pvt. Ltd. Mumbai, India). Deionized
water (RCL Labscan Limited, Bangkok, Thailand) was
used in all the experiments. 3M Filtrete air filter was
purchased from 3M Thailamd.

2.2 Preparation of Red Onion (Allium cepa L.)
Peels Extract

Red Onion bulbs were peeled and the peels
were dried in the oven at 50°C overnight. ThenS g
of dried red onion peels were cut into small pieces
in a blender and were heated in the microwave for
15 min at 130 W with deionized water. The ratio of
dried red onion peels to deionized water was 1 g:10
mL. The obtained solution was then filterad until it
became a red clear colour (Figure 1 (b)) and then
Iyophilized to obtain a red extracted powder of red
onion peels (ROP).

2.3 Silver Nanoparticles Synthesis

AgNPs were synthesized using ROP as a
reducing and stabilizing agent by performing as
follows: Solution of silver nitrate 10 mL, 0.025 wt%
of AgNO, was added into 10 mL of ROP solution. The
concentration of ROP in the mixture was prepared
as follows: 0.003, 0.005, 0.007, and 0.009 wt3. The
solution mixture was then stirred overnight for 12 h
at ambient temperature and the temperature was
finally increased to 80°C for 1 hin the final step. All
reactions were performed in dark conditions. The
brownish colloidal solution of AgMPs was kept in the
dark condition at ambient temperature prior to use.

2.4 Antibacterial Activity

The antibacterial activity of obtained AgNPs
colloidal solution was assessed using the disc diffusion
method following standards and guidelines from
the Clinical Laboratory Standards |nstitute (CLS1) as
mentioned in our previous work [24]. The antibacterial
properties of synthesized AgNPs with ROP extract
were tested for antibacterial activities towards
overnight-grown bacteria both gram-negative bacteria
(P peruginosa and E. coli) and gram-positive bacteria
(5. gureus and E. faecaolis) which were standardized
using the McFarland standard (McFarland standard
Mo. 0.5). These microorganisms were collected,
cultured and maintained at the Department of
medical microbiology and parasitology, School of
Science, University of Phayao, Phayao, Thailand.
The bacteria suspensions were diluted 1:10 to
obtain 1.5%10° celony forming units per milliliter
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(CFU/mL) and were plated on the nutrient agar using
sterile cotton buds. Antibacterial testing samples
were prepared by adding a small volume (50 pL) of
Chloramphenicel, NaCl, AgNO, [0.025 wt3%), ROP
extract (0.009 wt%), and the obtained different
dilutions of biosynthesized AgNPs varying from
0.003, 0.005, 0.007, and 0.009 wt% were dropped
onto the antibiotics test plate, sheet, grade MM 827
ATD, 6 mm. Each Petri plate containing nutrient agar
was loaded with four antibacterial testing samples.
The Petri plates were incubated at 37°C for 18 h
and then examined for the appearance of a clear
area around the disc by measuring the diameter of
inhibition zones using a ruler which was recorded and
expressed in millimeters. The antibacterial activity
of synthesized AgMNPs was compared to the size and
diameter of inhibition zones with Chloramphenicol
(positive control), MaCl (negative control), AgNO,
and ROP extract. The antibacterial testing procedure
on air filter for potential use in air cleaning devices
was similar to the method mentioned above but
the antibiotics test plates were replaced by using
3M Filtrete air filter.

2.5 Sample Characterization

The formation of Ag nanoparticles was observed
by use of a UV-Vis spectrometer (Jusco, V530, Jasco
International Co., Ltd., Tokyo, lapan) in dual beam
made. The functional groups on AgNPs were validated
using a Fourier-transform infrared (FTIR) spectrometer
(Micolet 6700, Thermao Fisher Scientific). A laser
particle sizer (Malvern Zetasizer Nano 75, Malvern
Instruments Limited, Worcestershire, UK) equipped
with a He-Me laser at 633 nm, 4 mW was used to
determine particle size and zeta potential at 25°C
by dynamic light scattering (DLS) in backscattering
mode. AgNPs colloidal solution was diluted with
deionized water (1:4) prior to subjecting to test.
An ¥-ray diffractometer (Rigaku Miniflex 600 X-ray
diffractometer using Cu Ka x-ray radiation, Rigaku
Corporation, Tokyo, Japan) was used to obtain the
diffraction patterns of the AgNPs dried film on a glass
slide. The surface morphology, size, and structural
properties of AgNPs (drop-cast on a copper plate
with gold sputter-coating) were characterized by SEM
[SEM, Philips Tecnai 12, FEI Company, OR, Czech).

3. RESULTS AND DISCUSSION
3.1 Spectroscopic Measurements

The investigation of AgNPs formation by green
synthesis using ROP (Red Onion Peels) extract was
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Figure 2. Colour intensity of AgNPs agueous colloidal solution reduced by ROP extract before (left) and after
reduction (right) shows changes in colours which are more intense in all the series starting from 0.003 to

0.009 wt% of ROP concentration.
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Figure 3. UV-vis spectra of AgNPs colloidal solution reduced by ROP at room temperature with concentration

range from 0.003 wt% to 0.009 wt%.

observed by UV-vis spectroscopic technique. Due
to the photosensitivity of silver, AgNPs colloidal
solution was kept under dark conditions at
room temperature prior to subjection to UV-Vis
spectroscopic measurements. The UV-vis spectra
of the reaction mixtures have been acquired on
AgNPs aqueous colloidal solutions synthesized at
the different ROP concentrations of 0.003, 0.005,
0.007, and 0.009 wt% on the first day after heat
treatment. In terms of physical appearance, it can
be observed that the series of colour intensity of
AgNO; aqueous solution reduced by ROP extract
before and after reduction overnight followed by

Chiang Mal Joumnal of Science

heating at 80°C for 1 h with subsequent standing
for 24 h shows the appearance of a brownish color
under ambient conditions for the whole series;
where their intensity increases with the increase
from 0.003 to 0.009 wt% of ROP concentration
(Figure 2). The change in colour intensity can be
used as a preliminary indication for the formation
of AgNPs and the surface plasmon resonance
absorption. Figure 3 illustrates the spectroscopic
measurements of a reaction mixture showing SPR
peak at around 450 nm which is attributed to the
nucleation and coalescence processes of AgNPs
formation [25] corresponding to colour change of

http://epg schence cmu.ac.th/ejournal/
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the mixture (AgMPs+ROP extract) from colourless
to brown.

Interestingly, the shape, number and red
shifting of SPR bands can be used to predict
shape and size of AgNPs [26-28]. In this work, a
single SPR band was observed in all spectroscopic
measurements. This can be interpreted as that
AgNPs in this work are spherical or guasi-spherical
in shape. Furthermore, the red shifting in the SPR
band is also observed (black arrow) in this work
indicating that larger particle sizes are observed
with respect to the concentration of ROP [29]. The
spectroscopic measurement result is evidence of
the reduction of Ag+ to AgMPs by phytonutrients
inthe ROP extract such as polyphenols, flavonoids,
terpenoids, alkaloids, phenolic acids, antioxidants
and vitamins [30]. Moreover, AgNPs formation rate
is faster at the higher concentration of ROP as can be
observed by the change of the absarbance intensity
and the colour of AgMPs agueous colloidal solution.

FTIR studies were accomplished far both the
ROP extract and the whole series of AgiPs colloidal
solutions to examine the reduction reaction and
stabilization of biosynthesized AgMPs that have
been coated with different functional groups of
phytochemicals in the ROP extract. Figure 4 shows
FTIR spectra of pure ROP extract and dried powder
obtaimed from AgMPs colloidal solutions reduced
using ROP at the different concentrations of 0.003,

N

/\/_T“‘”“w-___

400 00 1200 1600 2000

2400
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0.005, 0.007 and 0.009 wt%. The FTIR spectrum of
ROP extract shows a broad absorption peak at around
3428 cm’ *which iz attributed to the N-H stretching of
protein, the O-H widening of carbohydrates, alcohalic,
phenolic compounds and water. The shoulder at 1635
cm ' corresponds to the C=C stretching of phenylin
polyphenol components. The peaks at 1417 cm *
correspond to the bending of C-H asymmetric in
CH, and CH, groups. FTIR can be used to confirm
the existence of ROP extract in all samples due to
the similarity of the IR spectra between ROP extract
and synthesized AgNPs with ROP extract. It can be
observed that as the concentration of ROP extract
was increased, clear peaks in the spectra were
revealed. Marked shifts observed in FTIR spectra
are also related to the adsorption of ROP extract
constituents on the AgMPs surface. Furthermore,
the observed marked shifts (black straight line)
at 3446 cm ', 1628 cm Y, 1386 cm “and 824 o’
are evidence that ROP extract was involved in the
reduction of Ag+ to obtain biosynthesized AghPs,
and that the biosynthesized AgMPs from ROP extract
were coated with different functional groups of
phytochemicals found in ROP. The phytochemical
compounds such as flavonoids and phenolic acids in
ROP are rich in lydroxyl groups (-OH group) which can
be associated with electron transfer in the reduction
process of Ag' to Ag”, leading to the formation of
silver nuclei and production of AgNPs [30] Moreover,

Allium Extract
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Figure 4. FTIR of ROP extract and AgNPs reduced by ROP at the different concentrations.
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the functional groups coating on the AgMNPs surface
such as the —OH group on carbohydrate residues
can prevent aggregation and aid stabilization of
biosynthesized AgMPs [12].

3.2 X-ray Diffraction

Toinvestigate the crystallographic structure and
arrangement of the synthesized AgMPs reduced by
ROP extract, X-ray diffraction (XRD) technique was
employed, and the analysis results are displayed in
Figure 5. Strong diffraction peaks are observed in
all AgMPs samples reduced by ROP at the different
concentrations of 0.003, 0.005, 0.007, and 0.009 wt%
indicating a crystalline structure of AghPs in nature.
The diffraction peaks identified at an angle 28 around
38", 447, 64", and 77° can be indexed as (111), (200),
(220), and (311) Bragg reflections planes of cubic
metallic Ag respectively. The sets of these diffraction
peaks were in agreement with the standard data
file (JCPDS No. 04-0783, International Centre far
Diffraction Data (ICDD), Newton Square Pennsylvania,
LISA) of the loint Committee on Powder Diffraction
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Standards and were consistent with other literature
reports [30]. Moreover, no peaks related to silver
oxide such as AgO,, Ag,0,, or other Ag molecules
were observed in the diffraction pattern, indicating
that synthesized AgNPs by ROP extract in this work
show a phase with a high degree of purity.

3.3 Zeta Potential and Size Distribution

Dynamic Light Scattering (DLS) technigue was
used to analyze the mean average size and stability of
AgMPs by measuring the hydrodynamic size and zeta
potential value. Zeta potential with a large negative or
positive value indicates a good stability of the AghPs
by preventing the agglomeration and flocculation
due to electrostatic forces ie; charge repulsion [31,
32). All AgNPs colloidal solutions synthesized using
ROP extract in this work show high zeta potential
values of —38.62+ 7.8, — 442429, —4117+5.1,
and — 40.15 + 3.6 mV respectively as shown in
Table 1. Moticeably, AgNPs at the concentration of
ROP extract ranging from 0.005 to 0.009 wt% had
higher zeta potentials than for 0.003 wt%. This
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Figure 5. Powder XRD pattern of AgNPs obtained from AghPs colloidal solution reduced and stabilized by ROP
of different concentrations: 0.003 wi3 (A), 0.005 wtsa (B), 0.007 wt% (C), and 0.009 wt¥ (D) respectively.
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Table 1. Mean zeta potential values and Mean particle sizes (1st peak and 2nd peak in nm) of AgNPs colloidal
solutions obtained from ROP extract at different concentrations ranging from 0.003 to 0.009 wt%%.

Sample Mean zeta potential Mean particle size Mean particle size
_ {mV) [1" peak-nm] (2™ peak-nm)
AghiPs 38.62+ 78 6.E2+1.0 628+ 18.7
ROP Extract 0.003 wt3% el b e
ROP Extract 0.005 wi -44.20% 29 9.3+03 90.0 + 46.0
AghiPs 41,1751 7E+132 76.1+ 329
ROP Extract 0.007 wt3% CALAEE L AEAs
AgNPs
-40.15+ 3.5 96+1.3 95.7+57.7

ROP Extract 0.009 wii

can be explained by the concentration effect that
contributes to the functional groups such as hydroxy
group resulting in a repulsive charge interaction.
The mean particle sizes of synthesized AgNPs
colloidal solution show polydispersity in nature as
shown in Table 1. The mean particle size obtained
from the 1st peak of AgNPs reduced by ROP at the
concentration of 0.003, 0.005, 0.007, and 0.009 w3
are 6.8+ 1.0 nm, 9.2 + 0.2 nm, 7.8 + 1.2 nm, and
9.6 + 1.3 nm respectively, while the mean particle
size of the 2nd peak in all samples are 62.8 + 18.7,
90.0+46.0nm, 76.1+32.9nm, and 95.7 £ 57.7 nm
respectively. It can be observed that, when the
concentration of ROP increases, AgNPs size also
increases except for the AghPs at the concentrations
of 0.005 and 0.007 wt% of ROP that show nearly
the same size. The measurement of size and zeta
potential value can be used to confirm a successful
bio-reduction of AgMPs that was influenced by
phytochemicals such as phenolics, flavonoids,
flavanols and quercetin in the ROP extract.

3.4 5SEM Morphology

Figure & shows the morphology of synthesized
AgNPswith ROP extract at the different concentrations
of 0.003 wt% (A), 0.005 wt3% (B), 0.007 wt% (C),
and 0,009 wt% (D). The agglomeration and many
lumps are observed in all conditions due to the
natural characteristics of phytonutrients such as
phenolics, flavoneids, flavanols, quercetin, waxes
and amino acids. Moticeably, various shapes and
sizes of AgNPs were observed throughout the
concentration range asshown in Figure 6 (A) to (D).
At the low concentration of 0,003 and 0.005 wt%,
the majority of guasi-spherical shape appeared with
some flat triangular and hexagonal shapes. When
the concentration of ROP reaches 0.007 wt, the
predominant appearance of silver nanoparticles
with sharp edges (sea urchin clusters) is increased.

Chiang Mad Jowmial of Science

The sea urchin-like structures of biosynthesized
ApMPs using red onion peel extract show superior
antibacterial effect on gram-negative bacteria which
will be discussed in the next section. When the
concentration of ROP increases to 0.009 wt3%, the
shape of AgMPs becomes more guasi-spherical and flat
shape again. The rationale behind this phenomenon
can be explained by the different phytonutrients
found in ROP that could have assisted in the reduction
process. These phytochemical compounds can act
as reducing, capping and stabilizing agents [33,
34). For example, the phytochemical compounds
of flavonoids and phenaolic acids are involved in the
reduction process of Ag+ to Ag”, while xanthones
and some carbohydrates can act as capping and
stabilizing agents. The different concentrations of
various plant extracts contain different amounts of
bingenic capping agents that can contral the growth
of nanoparticles and affect the morphology and size
of nanoparticles [35, 36] contributing to the different
sizes and shapes of AgNPs in this wark. The variation
in shape and size reduction of AgNPs when ROP
extract was added to the system can be explained
in terms of the strong interaction between the
protective polyphenaolic molecules and the surface
of AgMPs that prevents the growth of AgNPs [37].
Furthermore, the increase in the concentration of
ROP extract can increase the number of nucleation
sites resulting in smaller particles, while the low
concentration of ROP extract produces less nucleation
sites, leading to more reduction and large particles
formation [38]. However, the final C5 concentration
of 0.009 wt% produced larger structures again. This
suggests that too high ROP concentration is not
suitable for synthesizing small size AgNPs in this
system. The SEM analysis shows that the synthesized
AgNPs and clusters obtained at the concentration of
0.003 to 0.009 wt% of ROP have non-uniform shape
and wide distribution of particle size (10 to 1 pm)

hittp:/fepg science omu.ac.th/ejournall
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Figure 6. SEM images (100000X) of synthesized AgNPs with ROP extract at the different concentrations of
0.003 wt% (A), 0.005 wt% (B), 0.007 wt% (C), and 0.009 wt% (D).

which can be naturally occurring in nature in green
synthesis using plant extracts [39). However, Particle
sizes obtained using Dynamic Light Scattering (DLS)
and SEM are different. DLS gives the hydrodynamic
size (the size of the nanoparticle plus the liquid layer
around the particle) while SEM gives the sizes of
particles in the dry state. This is the reason to explain
why size measured by DLS is different from SEM. In
our case, AgNPs sizes observed by SEM are varied
which may be attributed to the nature of green
synthesis using plant extracts and the agglomeration
of the AgNPs structure and/or AgNPs clustersin the
dry state. So AgNPs size observed by SEM is bigger
comparing to DLS.

3.5 Antibacterial Activity

The antibacterial properties of synthesized AgNPs
with ROP extract were tested for antibacterial activities
towards both gram-negative bacteria (P. aeruginosa
and E. coli) and gram-positive bacteria (S. aureus
and E. faecalis) compared with Chloramphenicol

Chiang Mai Joumal of Science

(positive control), NaCl (negative control) and AgNO;
as shown in Table 2 and 3. All AgNPs show good
antibacterial activities toward both gram-negative
and gram-positive bacteria and exhibit superior
antibacterial activities than AgNO, as can be seen
in Table 2 and 3. The inhibition zone diameters of
AgNPs for all synthesis conditions are higher than
employing AgNO,alone, but the activities are lower
compared with Chloramphenicol. However, NaCl and
ROP extract alone become ineffective in antibacterial
activities although we expect that ROP could exhibit
antibacterial activities in this work.

Noticeably, it should be noted that AgNPs
synthesized under this condition is optimal in obtaining
good antibacterial activity for P. ceruginosa and E. coli,
showing inhibition zone diameters of 16.2 £ 0.9
and 10.5 £ 0.5 mm. This can be explained by the
morphology of sea urchin-like structure of AgNPs at
this condition which can increase the surface area
and promoting contact between the AgNPs and the
bacteria cell membrane (40, 41]. Furthermore, it has

hitp://epg science omu.ac.th/ejournalf
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Table 2. Zone of inhibition (ZOl) of all synthesized AgNPs with ROP towards both gram-negative bacteria
(P. aeruginosa and E. coli} and gram-positive bacteria (S. aureus and E. faecalis) compared with Chloramphenicol
(positive control), NaCl (negative control), Allium extract (0.009 wt%) and AgNO, designated as A:
Chloramphenicol (positive control), B: NaCl (negative control), C: Allium extract (0.009 wt%), D: AgNO3
{0.025 wt%), E: 0.003 wt% Allium-AgNPs, F: 0.005 wt% Allium-AgNPs, G: 0.007 wt% Allium-AgNPs and H:
0.009 wt% Allium-AgNPs.

Bacterial agent against Inhibition zone diameter (mm)

P. aeruginosa

E. Coli

S. aureus

E. foecalis
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Table 3. Inhibition zone diameters (average value * standard deviation) of all synthesized AgNPs with ROP
towards both gram-negative bacteria (P oeruginosa and E. coli) and gram-positive bacteria (5. oureus
and E. foecalis) compared with Chloramphenicol (positive contral), MaCl (negative control), Allium extract

(0.009 wt3) and AgNO,.

Sample
Inhibition —
AENPs NPs
zone Nacl i AgNO ROP AgNPs A:DP AgNPs
diameter  Chloramphenicol [ fiye  2Xtract 0 .uzss E ROP Extract ROP
{mm} {positive control) rol) {0.009 ) 0 Extract P Extract
wi) 0.005 wik 0.009 witk
) wilh ks
P. aeruginosa 13.0200 o i} 151+00 16201 1583+01 16.2+09 15306
E. coli 271201 o i} 21+00 9E8+01 93+03 105+05 10003
5. aureus 229210 o i} B85+00 9802 93+04 96200 B9.0x02
E. faecalis 24.1%20.8 o i} 7.0+00 7304 73+04 74202 71201
o0
o1
]
60
=
2
E =
=
= 40
2
o
30
0
. Y-

P. acruginosa E. coli

B AgNPs-ROP 00000 wite

B AgNPi-ROF 0.005 wi%s

& anreus E. faecalis

AgNPs-ROP 0007 wits [ AgNPi-ROF 0,009 %

Figure 7. The comparison of percent inhibition of all synthesized AgNPs with ROP towards both gram-negative
bacteria (P aeruginosa and E. coli) and gram-positive bacteria (5. oureus and E. foecalis).

been reported that sharp edged structures exhibit
higher charge density than round structures leading
to a superior disturbance permeability and rupture
of the bacteria membrane [41, 42].

It can be observed that the antibacterial results
reported as percent inhibition in Figure 7 illustrates
the best antibacterial activity of Allium-Ag NPs
against Poeruginosa compared to E. coli, 5.aureus
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and E.faecalis. In the case of E. coli, the previous
work published by Alshahrani A. [43] reported a
superior antibacterial activity of Ag-onion than our
work. Howewver, the antibacterial activity of onion
peel extract (OPE) alone shows positive results in
all tests while onion peel extract in our work shows
mo antibacterial effect.
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Figure 8. The inhibition zone of: (Left) fibrous filter used in air filtration with no AgNPs coating and (Right)
fibrous filters used in air filtration coated with AgNPs colloidal solution (0.007 wt% of ROP) at various applied

volumes (5 mL to 800 mL).

Table 4. Inhibition zone diameters (average value + standard deviation) of fibrous filters used in air filtration
device coated with AgNPs at the concentration of 0.007 wt% of ROP ranging from 0-800 uL.

AgNPs Inhibition zone diameter of
ROP Extract 0.007 wt% (uL) P. aeruginosa (mm)

0 00400

5 145203

10 178203

25 20.1£0.8

50 216+05
100 210+04
200 206+08
400 21.1+08
800 21.5+0.6

P. aeruginosa is the most common gram-
negative bacteria that are found in the environment
causing infections in humans. This harmful bacteria
can infect humans through blood, lungs, and other
parts of the body after surgery especially respiratory
infections to the patients who require ventilators
and ventilation, such as breathing machines and air
cleaning devices [44]. Furthermore, P. geruginosa is
a pathogen that find new routes to avoid antibiotics
and is resistant to drugs used to kill them [45]. Due
to the good antibacterial activity of our synthesized
AgNPs with ROP extract toward P. geruginosa. We
tested our AgNPs for antibacterial application by
drop casting AgNPs colloidal solution on fibrous
filters used in air filtration devices to investigate a
potential application in air cleaning devices. Our
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preliminary investigation found that AgNPs (0.007 wt%
of ROP, 5-800 uL) coated on air filter exhibit a good
antibacterial activity toward P. aeruginosa especially
at the condition of 50 pL of the mixture, showing
inhibition zone diameters of 21.6 £ 0.5 mm (Figure 8
and Table 4) while the air filter alone (non-coated
AgNPs) shows no antibacterial activity. This result
suggests that our synthesized AgNPs used in this
study show good potential for use as an antibacterial
agent for antibiotic-resistant bacteria in air cleaning
devices.

4. CONCLUSIONS

In this research, we successfully synthesized
AgNPs by green synthesis using the extract of Red
Onion (Allium cepa L.) Peels (ROP). Our synthesized

hitp://epg science omu.ac.th/ejournal/
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AgNPs with different ROP concentrations show various
shapes of quasi-spherical shape, flat triangular,
hexagonal shapes and sea urchin clusters. The
zeta potential shows high values of approximately
-40 mV indicating good stability of AgNPs colloidal
solution. Our AgMNPs in this work show superior
antibacterial effect on gram-negative bacteria toward
P ageruginosa which is superior than AgNO, and
Chloramphenicel. Furthermore, the antibacterial
test toward P oeruginosa on fibrous filters (ROP
Extract—3M Filtrete™ with AgNPs) used in air
filtration devices shows outstanding potential for
use of these AgMPs as antibacterial agents in air
cleaning devices. The maximum inhibition zone of
synthesized AghPs with ROP extract 0.007 wt% (50 pL)
is 21.6+ 0.5 mm. This application of our ROP extract
synthesized AgMPs as superior antibacterial agents
in air cleaning devices is crucial for the inactivation
and removal of airborne pathogens before they can
infect vulnerable post-surgery patients, and forms
a significant aspect of our work.
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Abstract

This research stedies the fabrication of graphane /gold nanopariicles ( AuMPs) hybrid materials by a facile
method. To incorporate AuMPs on fo graphene, graphene colloidal solution and gold chioride tetrahydrate with vanous
concentration of 1, 4, 8, 40 and B0 weight percent wera mixed and stirmed ovamight at ambient temparmature for 24
hours and further reduced with Sodium borohydride. To study the catalytic activity of graphena /' AuMNPs hybrid
materials, the obilsined products were subjected to test for the formaldehyde degradation wsing UW- visible
spectroscopy. The study illustrates that graphene  AuNPs hybrid material (8 wt™ AuMPs) at pH 10 shows catalybic
activities for formaldehyde degradation around 36 percant while the catalytic activities of graphane /| AuMPs hybrid
materials with 40 and B0 wi% of AuMPs reach mora than 80 percent. The obtained products of graphene ! AulNPs
hybrid materials could be applied as catahyst for the degradation of Formaldehyde in solutions [ fluids.

Keyword: Hybrid materials, Graphene, Gold nanoparticle, Catalyst, Formaldehydea
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CERTIFICATE OF GOOD POSTER PRESENTATION

is awarded to

Sakoolrud Raunmoon, Supakid Sachak, Waranya Thong-in, Boonyakorn Sonkhayan,
Warintorn Bangwiset, Widsanusan Chartarrayawadee *

for the Poster Presentation entitled
"BOTANICAL BOMB INNOVATION® PHYTOCOSMETIC INNOVATIVE PRODUCT FOR MAIR CARE

presented in lath Science Research Conference held on 25-26 May 2023
at the School of Science, University of Phayao.

Associate Prof Dr Chayan Boonyarak
Dean of School of Science. Unhversity of Phayao




\) -
WS I ey

#drprsnnnariiiinn st

wauatusnis N d o latnnasidine $e7ta aasnaniatis

uisrrmaRTEnat 20 ¥

-nsatdsicdafoend -

.s&.'n-.wl-r.-._v.um:.xim‘. gories VvRfafuziu Ll vereaniaoanvis B
# auose A latonafuns 1Saieme ol whtiiae cheddacs 4 U Warsadan ity

L)

2 ustdewrdnn
Sedwntn Squm iyl

ety

hreviprusaduinn 1510
T SY T TSRS

veadLaan 2
Aagretaninin s
- pdaden -
andst

{6y walannndetay faé-
B Tl dandol g

AR

i 135

”
Sl vapsn: $0- 4
Wz laling

vfulhiinustoai A e

et e sualts

Pt eginsanatity
sasanta S fanns ey
SRS SRR FTASY

windniviiunmuarmjninuians Botanical bomb siiamalduviud "alseussin” uay
“SKIN Nextra” fiints¥adniinly Facebook : SKIN Nextra, Shopee : 8o to earth Uy
Frnuined un

% shlviunstse gty bunivism

LS ST BT Y

WREMEETEE 25 ey QntnBalast f- & ey viamaudatratusnngs & g2

nAo"

142



Do fentea 0 « S oo o) mmena Sosfunsifiady - Kaffs Lime vorgn
Work.‘um g« Yoo 0 i btaru
w*;_ A, 4. 1o B 2 -}-)"ﬁ“

| el Gyiideprtos fyramntiu seinmuein g
ey eflvdgnin utne S umiveus qatéhs wes i bl seber
ot

enrdnaulmans viilvias: - Sir Nexi - el 3540 KMV Live wemqe

4. e

MMMMMBM&W

. B et o "
Aoms Thetagy Broliginmsuans rungls sardarues -
\ » 2 P
ve T 100 % 5 g oD ' sacEurmeivie
A P00 0 Q
0 Turlads vnvdesd Q
e anily funmsativene

W 10 ey 900~ M‘,
uwa-ﬂu Veanw + Sanan « sosfsnnan @ .
W3 SO0 At -
" " A d 00
d ¥
N - ol ') s Yhaues *
: ¥ ridafsirre
« Sempnorivaded T © 090-2404-423
yutabui it maiswsda L Q9

Skin Neatra 02 - gor Fremium ¥ w3u - hestuniunoy e
Sy fhadstnnhavn th sue i B D L}
iy & Crgaric wil 100% - 48 TumArnefive nrvuritSand

Dwlsmnntushessanaulatio vialitem ek un v] aw\ avm e
ntzdu devise 18 Mﬂa“-—‘ ansruvad 1

NI MDA NG Y ml\mmmm\nlu
futin mlmﬁnwﬁ £u vj 184 wmadle G ot bouandeacouyy
BELuLI e NP )

V hoamureavinda Pondrade Azt Twvnd

uhafineidnyunauniattugnd 100 % ¢ ,nWWanm sz yseldls
Aupunarnts PG00 0

& Tl dndusevl &

nuladinassild fnenetimuise

Wt ran 155 - Sadnd

o 1o 450 Sednl® 4

o 5 fau 700 Sennlt

% 50 dgu 1300, - Sannd® o,

4 20 dou Sl - Virmam + Zeen® « saadaan © .

W e 100 ntu g

mlvazununioyastafeevinardofoléd

« UNE .

« Facebock  WastrAsUrISyAsR M edanem i Te R un I faen: ¢
« dasccoatTwoindl @ - 090-2824.422

witubeliiitmresdasiee L Q@

143



144

Sieln Moot 03 (Macke 10 Grdier wtard 1) - @t oo ian meand) fvdiom vl v aas w
Ardaas o ivarategevines

e d O 00Nl Vitwea admaraliede A0 W a8y & W TN A
a0 raul ivds Bunl:180e v ey nalen 2otctvnei i wflee 3.0 Te

&l inrs -\Nu.m- oot mbadman Sarsw Gobn wariw walay Measnvon
‘Monu&ﬂdbn\u- M Canagnnensi gerdfa vase 1 - Bert lier producny

«‘&nlhm PILAROL « S4% Mot ) Poemn — tertil oy Adergy Fone |
Viwmrase ) viadonar maesfive e v Bl il lvi drure annatenay niwd
nnve mlersarans n dssuliniy mﬁ-mu&h‘h‘«dl e ety revale

" lanfildz natennintusnosts fondi wonalengmmtaandilemisan vl
A a v e veatn rnm i fesund 1eds e U nesanutues ml Tl s m S udies wo i
wleuss warSonn mitidd

L AR I e TN IT T watdaw itaniRos et imd M i pdarn oo fon PR
savnemvid 100% & o dhdwitidssadow waraanse Iv14 W00
Q Tty dwantand @
alidivmsadly Cvamatiwue

Aon 29 - Seanilt ,,
3 daw 020~ Seanh ,,
§ e 1200 Sadaerit

00 A 2000 - Teanll
w20 daw ful - Wrann = Sadnl? - sosdiannne @

s 100 e
sl usvavaganie Anviued rdslen
SUNg o
» Facwtook - vl s oty e 1% .

s Envanaflndml @ 03004440

W el B Iutn s wwu e L U@

L3 B 3

* Sion Nextra O - dpwivalact shenfrmavanl A e B L P

seanampor ilaldlun iy Samvmiands Wivendy ndwat nlenn) add 1w aded v Aui

Ao nindy aduvh eiendutelnicas o — QG W

A ETeNE Organe eW100% it Voasedomamiandy hrireels aduwve ndwl

ol ndvan nvnie saa misedn bsmadscsatsa @iy wisad nfrusnlv s wn vl

fawien Waridy

v lunfasindudi edven cdwvdo i s Alnindaiinataend b e e e mieady

anbdluntu el lvnitBaniiv ,

Som Ny Procmium -agirinamiends © L — R L4

aytrinwienly Gawdrnafinnletiv st endd o alangng nad vy
wiuvalalatecas Sgm @ miesdy Wi indundun e cdnvi) sdhvae nduen afuwdalé

sacarlyn waodovinde fulvidtad) el re e deu oy s 3als ssaswitond s
Hesan b lifie s aatesien wu ey el iirnn il Warrda oot Tane!

slng D

L nade fandrade sudeunsdouaninn ringats IvidasussandadnviiCa v

sasnaemand 100 % (Defientud reiedan arave o4 X040

0 Ly derintavd 0

#aladivascld Givamefivn e

o ) e 20 Taael)

& S eu 110 - tatel ,

e 5 R 459, Sadoolt

o 10 dan 00 -~ Smaalt

o 10 das 630 - firaaw - Saanlt - sardan O .

W e 10 e

nlmum&w&&\m

s ' 3 s

* Facobook il Adrdesrm T 4
* Sennetlhot @ 09024805300

wututufhivinmardward s A 09




RESEARCH TO
BUSINESS
OUTCOMES



&y
ITHNITUTUWS5IRASIBNEIIN DIKIAWAY

+ oL

AW A PR W

donauu:a Fromiisd
#oisdwas

Y 1%
HaUUAY ns:fisy

dwamiunsa
JoKdawEig

146

s
<

» -

- - 758
a_ 2 A 'l.. A X s

PAIN POINT +

e Uoymdh nsz Ins1en rvennensnsuazaundnly
YUY
e Ugywndiunie nduud naudvengalssdoudgeeny
Tuguu
o YuuVIANINAILIRAAS I INAvIATEgRTluguY
v =
o JgymnverainianmdefiamnanisinensTugusu
v o ) a C Sy W v
* inuanshasnssamdLdunguismiaioasieneld

G




147

»

Global Organic Personal Care Product Market
(SOAP)

L

Organic Personal Care Products

Market

Market Size in USD Billion Market Size (2024) USD 19.79 Billion

CAGR Market growth will ACCELERATE Growth Contributed by
- 2029) USD 28.10 Billion ata CAGR of almost NORTH AMERICA

CAGR (2024 -2029) 721%

st Market North America

Study Period 2019-2029 GLOBAL ORGANIC SOAP MARKET 2020-2024

USD28.108

USD19.798

Incremental growth ($M) Growth for 2020

Beiersdort | KORRES [ . 260.23 5.27%

Major Players

The market s FRAGMENTED
with several players occupying the
market

ESTEE LAUDER | .OREAL

17000+ Reports covering niche topics, Read them at  Ttechnav,
“

Botanical Bomb Innovation

*

@ uians3u Botanical bomb WumskaunausznIeIngAvnsssuTAsmiuasain

nfivayulwslaglnssuitnimsuanduendnvalauuvuatvuesbing-adgl

winnssu Botanical bomb nelduusus “ASina-Aigi~ Uszyndldasdarnuinme
a I3 - i o
@ Fmgrmansdnunlumelulauazunlureanssd eiassdndnsasifluendnuel

19U “Botanical bomb fade spot soap” uaz “Botanical bomb youth drop” *

u3Anssu Botanical bomb YrenaNunsyarslaldiuiionssa uasdivandau

qadnedn 1 nse dednelivssaniam

@ winnssu Botanical bomb Yawvngsialdhju Feuidisy ¥11 nszdnla uasfinguaiwd

*
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“Botanical bomb fade spot soap”

- fwm iju Geuidleu andn anndu asusunnigmlufewdeanuu 3 in 1

“ ,  Botanical bomb o gaguFuanmialivranszdnala
— dawanyasedi f1 nazldaneas
Bawthgeitunlianga deudeu
druannsazanvauaiFeiiiy
Fumavesa Ul 91n13Au ndudu
ndud uasnduuniaInirenie

¢ fovandgymiduazndune

undiusrding

2

¥

|
=
\
|
i

3
ASINA
1
mjuiluieRIv yu Jvudou anda anndu
asusuyndywilufisudisauuy 3 in 1

: CERTIFICATE #ueci!5
CERTIFICATE OF APPRECIATION 3 or OUTSTANDING %o
is awarded to 3 POSTER PRESENTATION

Waranya Thong in
Wiarintom Bangwiset, Widsanusan Chartarrayawadee * Widsanusan Chartarrayay Channarong Aupala and Sakoolrud Raunmoos

Sotaricat Bomb Fac Spot S03p

t the School of Science, University of Phayao.

nayan Bocryarak
oan ofSchoo! of Science. University of Phayaa




Beauty & Personal care Market in Thailand
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Astng S Syl
e Koo - Spe Bron
distributor’s in Thailand

.

Soap Market in Thailand
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PARTNERS

® nauiamiansyenAieNsIT
Favianzen
naaidouilunonaasiaain
(Smart Nanocolloids Research Unit)
AN IVEAIENT IMINeduNELE
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Business Model Canvas

o, . PO AR ST )
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PROPOSITION
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nagnd Word of Mouth viarls
fuansie

Promotion #1749

Snadins Savianzien

é COST
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FldTwehuyaaans

'\O,a \ REVENUE STREAMS
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CUSTOMER
SEGMENTS
1]

yrravnimAuazndeTUszay
Py nitune fawuasda
A1 A nITanuaan
FoamstrgeRaliu Geudlou
vnszdnla
ynnafivauuazaulandadusian

Tuayulng

saunugT // funudwniog
Sufuddusisioshen /
g

Social Media (Facebook, LINE,

Instagram, Shopee, Lazada )
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TEAM STRUCTURE / DETAILS

Assoc. Prof. Dr. Widsanusan Chartarrayawadee
CEO & CFO

Area of Expertise

* Colloid chemistry

* Innovative chemistry

» Nanocosmetics, Cosmetics and Property
personal care products

* Nanotechnology in Cosmetics and
Cosmeceuticals

* Nanocarriers

* Nanoparticles

* Materials chemistry (Polymer)

¢ Graphene

» Electrophoretic deposition (EPD)

Innovation and Intellectual

* Five petty patents were submitted to
the department of intellectual
property

* “Botanical Bomb Innovation”
Phytocosmetic Innovative Product
for Hair Care

* Botanical Bomb Fade Spot Soap

* Snow White Interfusion Innovation
(Nanoemulsion in Sunscreen)
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TEAM STRUCTURE / DETAILS

Sakoolrud Raunmoom : CTO

Innovation and Intellectual
Property

Five petty patents were submitted to
the department of intellectual : Area of Expertise
property

¢ Colloid chemistry
“Botanical Bomb Innovation”

* Innovative chemistry

Phytocosmetic Innovative Product < A
g * Nanoparticles

for Hair Care

Botanical Bomb Fade Spot Soap
Snow White Interfusion Innovation
(Nanoemulsion in Sunscreen)

Channarong Aupala : CMO
% x

.

X

Innovation and Intellectual
Property

* “Botanical Bomb Innovation” Area of Expertise

Phytocosmetic Innovative Product "
for Hair Care Colloid chemistry

* Botanical Bomb Fade Spot Soap Innovative chemistry
* Snow White Interfusion Innovation anoparticles
(Nanoemulsion in Sunscreen)




153

wyansspuaanunmassmidadtud 2025
£ ..*y

Sun Stick

.‘ Wﬁmm I \\

~ T i

»




User actions

Duration

Line of

Line of

Back Stage

Emotions Support Process

Prablem

Solution

Opportuni

& Awareness

. ayulwsine
. u3nnssulkl

. Tasad Tnsawiv

o Inenmans + ayulws

o Facebook  * L.WiEn

* Tik Tok * munu

« vuds Sthe
Jmms

O e + Innovation

° odwad + Natural
2= « Environment

* Axquawd

« Concem/
need

0 Gy - Customer fit
Friendly

+ Service mind

*+ dhemsaaa

« rwthilusan
uasussnduwus
waaAwlAduR
Sansugavmo

awe

« anfliinelaauAs iy
WACATILAaY

« waoAurgoiANUIALTutisn
aaa dmssudtion

» fmsaaafes e+ 1 Influencer

Appeal

« Tnsadi/@ow  « Authentic
« Allure = WANTTO
« Temptation TRY

« agnedu

« 5-10wi
* yaudaw * 09
Audntusnu Fud
Event doq
= dunu
S

» oonmldocn ¢ W3wrhlsi
ASOUASDY SOUTHHTR
Téun
+ Product
design U * Customer
Customer fullfilment
needs

= shemsoaa

« adwaniduvay
WaaAuriwalk
anAufiauso
pololumsaen
ldwnnsaunson

» msihfivaumgoiioiiio

o Wudoenwms  , guiaduiom

AusanAEU Tumstian Swhoaum o
iy Ralhandui- E Fikhwaui

uIndiu Walk wialAgnAmin 3009

gnAfomssug fongagio

IRnniaa wndodu

« wiugabnoms * i Content

daasku Social Usndurug
media ORI wodv
KkarnKanandu il
mstinog
u haud

« adwonusios - aswiusIasAu

fududsie nRUIAIRAD |

dosiudur usudiv wia

G aIRL dalusTun

Goomonsin  MSOwAUR

b oiumsns:du
#00MSUIY

Ask
* Product 0 o drunau?
odlsto - sssuma?
+ uinnssuasls o Wanoaau?
+ 10-30wi
+ LINE
* Shopee
+ Facebook
* Tik Tok
* IG
« Baldilsu * TUsTugu 7
* swurhls * dovmoms
na?

* downmoms
Giada « GlRruuu:
« Customer o
care = g
s FAG

o thousanduwus

- fkiitidaya
waanwurldaso
AuAnudavms
Wa0aNA1 Ua:
ansaudly
Daymuavgamld

« dovnwmstiadodemsida
#ia

« i FAQTuisu
uas Facebook
« Line Chat Bot

« 1danli Allu
msnauATMY
Kiadoavdo
uawgnd

n Customer Journey Map of

Act

waldla

+ TdOwansur
t’g:;?; fmouth TaRawnsn
L
(drosSnsnw Al
anunivavuuusd)

+ 5-60wd

» LINE

* Shopee
* Facebook
» TiTok
.G

+ davmstat
« doomsitu
unu /
Franchise

« udaya
« Support ms

g
 SsUUKADOIU

= dheug
« awnsalosu

msnwldade
s

« doomons
inheaumd
Uagiuly

« wutisomunis
FihaFuAA
DuNUUAYULUTY
Ak wnaua:l
daudadudishu
daumuaaulad

« (Fanatio
WiusTasAUYUBY
Tuwunrwlna
thalAludaunu
lumssthe
aui

« daomsia
Uszaumsain
Gowmsld
wWaaituritd
AUKBU

* aauudu
+ Promotion
* Voucher

DENT
Uszaunsaifid
TRfuanAilu
msidanga
audn

+ waafuriuwd
nonan

« dsrouan
Snthouaz
ANUTBULIY
HEOAAC
nguani

* 0UKHUAmS.
WAOMUANL
Gouyaondu
anfangma
vavIONGY

154

“ASLNQ-ASHD”

Advocacy

* WanAriTEa

& ; dufiviouusud 1f
5 S::.:z:-gzu ANuSand “dugn
LEmsately  ONUA vaviudan
] 4 Giavluchan®
witousing
+ Forever
LINE * Social media
: * Word of
* Shopee mouth
+ Facebook i
O 1Ak unuuaw
° B uusud
s mavsn 3 « w3afurifason
b uasdo  [gusha,
Gulu - waofnhiD
waadurime fvAnudaoms
Tduusud “as uavusinailu
00" wan
1ng-ASND

« gnén=dounu  * UusudAldsy

* 53390 ANUIEILIY
Influencer uazAnwly
« doomsfada 210009InK
anfm uslna
+ fenagns
uazgnAl
Auviug
R + atwusogolath
=R AL AugnATiums
duviugs:ezey  ndundath

sskiwuusud = gnidanudnlu
uasgn usudtvswdy
s, Sl

« waanuily * euliwowala
aoubndmuy Tumsliusms
Anudanms niomstny
vavgnluum
nau

* Weuu
waanrif
awnsauily s
;Jn"‘n:}i;mu MslAUEMS
aseRa anf

« afws:uuify ¢ 850 Privilege
i 1

o gt
Ui

E=sac msalusluiu

uaugnMm o q



155

SRIKATE - SRIPOOM

“SRIKATE - smpoow’"’

SRIKATE - SRIPOOM

OUR DEPARTMENT OUR ACCOMPLISHMENTS

OUR TEAM FUN FACTS ABOUT US

OUR ROLES AND RESPONSIBILITIES OUR POINTS OF CONTACT



INTRODUCING
OUR DEPARTMENT

156

DEPARTMENT CHART

 ASSOC. PROF. DR. WIDSANUSAN
( CHARTARRAYAWADEE
CEO
" (CHIEF EXECUTIVE OFFICER)

ASSOC. PROF. DR. e
il SAKOOLRUc[.)r gAUNMDON ~ cpo
IEF PRODUCT
CHARTARRAYAWADEE (CHIEF TECHNOLOGY OFFICER)
OFFICER)

(CHIEF FINANCIAL
OFFICER)

CHANARONG AUPALA
CcMO
(CHIEF MARKETING
OFFICER)
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GET TO KNOW OUR TEAM

OUR TEAM

® Fal ©
CATE OF APPRECIATION

sirud faunmoon, Supakid Sachai Wararya Theg-in Boonyakom Sork
‘Warntom Bangwest Widsarsan Chartarrayawsdes

wusud “Srikate-Sripoom” B3FunAusiuAulums
aswassAudanssunansdaun Cosmetics & Personal
care Products Almwanunivavwaadeuringoulk
kavlka uazdAxwloaauiluendnual laslguilu
inaluladiua:nuidaiioadvassAuinnssunaasuriuas
douauuszaumsaidunsoatuAlkAugan dolasumw
dnuaivavuusudidanuiuale uikavlka Dndnueal
CERTIFICATE & LW wdanusawnivldoe
or OUTSTANDING s

POSTER PRESENTATION

an Chartarrayawadee, Channarong Aupala and Sakoalrud

Sotaical Boms P Spct Soap

P Ussndas

e
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OUR TEAM MEMBERS

ASSOC. PROF. DR. WIDSANUSAN C CHANNARONG AUPALA )
R (SAKOOLRUD RAUNMOON)
Chief Executive Officer Chief Technology Officer Chief Marketing Officer
(2023-Present) (2023-Present) (2025:Present]

OUR ROLES

NAMES / SPECS ROLE RESPONSIBILITIES SPECIALTIES
N o _ « Caolloid chemistry
- fMkuaddenaAdua:nagnsnogsi + Innovative chemistry
. USHIsTamsavAnstumwsay « Nanocosmetics, Cosmetics and personal care
Assoc. Prof. Dr. fMruanagnsdumnaluladua:uianssy o
Widsanusan CEO/ CFO N : + anote i1 Cosmetis and &
* VUHUTOKIUKAVIBUNU + Manocariers
Chartarrayawadee _ o o i « Nanoparticles
= MSUSKIsaaMShU + Materials chenisiry (Polymer)
« Graphene
+ Electrophoretic deposition (EFD)
« VUNUMSWIULIUITONSSURAUT
« ADUAUASIUIUMSHEN «+ Colloid chemistry
Sakoolrud Raunmoon CTO = MOUHUMSHAQ « Innovative chemistry
« WeuuwaaAuriuasudanssulii « Nanoparticles
Us:ansnw
« Wouuuusuduazaswmssus
= . - ¥ « Colloid chemistry
« JlASEA0ANaUAFLULY . !
x FO _ + Innovative chemistry
Channarong Aupala CMO « dS10ANUAUWUSAUWUSTOSNIVESAD
s JER . Lo + Nanoparticles
« aswanuduwusuaimsusmsndnu = N -
anin « AnUBEINIYaGIUMsaainaaulad
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OUR ACCOMPLISHMENTS

—C 2023 )—C 2024 )—( 2025 )—C 2026 )—

29AlUL 358 Naaav ua: Tdusanssuwaafaurinwsould Tdusanssunanfauriiina Tau30nssuNAOTINADNS
Usuusodiuluuianssy 01U JAS:UDUMSHAOULIALEN [ nadaunvingimaasua:i SusavnasFIunIISadoDn
WAOAEUTT 2VUNUSIASIEK MsSVURULAIBRUTENMOMS  MSWULNUIOASSUREAATUT Wehwous:inAld aswanusiuibo
ASAa10 Ua:aswANusIY naa dowalkuNussAvaLISA aghociatlio nazagluduaau AumaAlpABUIWDUENsaa1anLIU
dafiuguyululNunwa aulodalula ASYDSUSILLNIASTIU uaschoussina donatissaod
wauuuInnssuWaniaurn WaaAuriwWageneaala asidulnagvdaltisouazgviu

matuds:ine

FUNFACTS ABOUT US

ASSOC. PROF. DR. WIDSANUSAN
SAKOOLRUD RAUNMOON CHANNARONG AUPALA
CHARTARRAYAWADEE
salunuladudwiatd wiald ] anfunuvauiieth vaulduiviuAtasea A0t0uAuLSuQ Lhéh B5ou Radoua:

Al il W n . . A SR
U' :“ Um: En:n mtnoila haraiishon, Lunudan SSURLTS65458 55U AT ALSORA Usyayrdaumuanumsai Wudavidnganuisn
Fidol 4o oo s seci bt Sonss d\)ﬁuﬁ\)uaummuuquﬁﬁw‘\)l;mn)'ﬂEaua\v uashusuguavedy 1ydafiasadiunstgin
wnw?u uaua.anma\)r:m uaun'l\.ﬂum_a)anuumnsij BT WA S 5 HAUS S AT A S RS T SAT udgvdauuszaunisailsovnsiSeulaznISAuAU
YRYHILYDY 598 HOUINYM UAUSIURUREDESSL I . . Gavyaulagvuainav UKoy yaufuuazyauuau

Kildussaluwsizurmnusa tndgaausiutdunaa ua:luyauaudszainuan

Wuiga



160

OURTEAMIS
PLEASED TO
MEET YOU!

GOTA
MESSAGE
OR QUERY?

REACHOUTTO
OURPOINTS
OF CONTACT:




161

# 0 ricloa/ kv\ r\ i‘,?""i‘.v“r"" | ausinmmesad uminodonesm
Auawim dunadlomein
Jawiemeun dvooo
DV) Uy edon

der veeygmdivilierufsnimy
wlian1y  wizaseina adla iemadawseswiVatu Gandseusis)
Asfidandoy  dmusns dwn el

pwdt aeInsmand ininsdenie Woyladwdulasimsdaksdmmisgueumses
rivaussnilnormnadefuminndemuararSnpewivauiunde towausdadusiuians
Fannsolfusclonlldlumdedinsodeninensnngnianmingd sowansiersd asngessd
wieedd fuiandngasinsmansundude awivuailvasynd Duwhwminlesns e veem
anadmi Jouyn SleBganln dandngasingmamimlnds mvivuslivsegnd lnoiliaquszad
wedadunmdanelamisgurusarnaiiselAlitugelugiuuurdanssusiadasigusu (OTOP
signature) Faexdunaiayerilitudneinaosiu SnfudununseduquAminensluiosiu
ot1edsfu waradreudanssy Waluguuuusasuianssusiaduruareydndvasesinauidovosian
Vounfinenmmdennd Ju

auringmand Srsoygnmiuidamiaszqand hodafeninlasimsdadiamde
pouwizsmriseussailasruindetuiminndomewuasmndnpeudvswivile Wewawn
wbafausidanndeanolivslmldludmdeileedodnmnsmnguiinm sewieiull bc-od
Mty eeon Ianhowiduasdadsinymingrsingmaanmmiuds swdvundussgnd drui
andufionssy dmeRuiueenusuinin o nqulssdnuggieng fuswhnde dwnadomue Tl
nein Towdl weamanadmi Gouye TAnBgygnin woilnidmi o oxe v Wufszamuam

Fadnandelusivanoygn
VOUIANIMIVATINATIN

($rwmanine Aowr dnhmes)

3 Inmsunu
atuinueIngmand

nuEMEmand TugIn
3. o ¢aa® bood KD even
i3 o ea® dobg



widadAguansmisamaiyuismiogusy

wilsfodAgavuilliliud

FamiaguTUNIEsRAI N T
wimnzlou 6-56-01-04/1-0044
weil 173 wj 9 dwawivide Sunadlomeun
Fawianei aluswdd 56000
woilnidmi 0957899253

Wweadumdngwildumssamadouiamiegoy
aumaewgaRdnahiAamicyuru we. 2548 Guuiey
oy o Yul 25 nsng ymadingy 2567
1Y o Sudl 25 nangau ymadnany 2567

I

(e wauly)

s une
ddnsninwas onnadlemman
daievzun

WA

162




w
o
=T
-
()
ocC
(W}
-
w
=T
—

This certificate s
proudly presented to

Sakoolrud
Raunmoon

Has successlully completed

CTO Masterclass

28 October - 1 November 2024

authorized by
Organic Tech Acceleration Platform

supported by
* Program Management Unit for
Competitiveness
* Naresuan University

163

Kornemok Ingkommg n

Prof. Dr. Kornkanok Ingkaninan

esuan University

>

Assoc. Prof. Dr.Sukhgij Ysothonsreekul



\
o

He

IGNITE |

[Usunsuisvsaniswauunnaluladna:usanssugwannouri/usnis

Aaiwwsnasausiela verevuialalueurns

REGISTER
n1elu 6 s8.A. 67

¢ Audndde gus=noums nav/mnsagaulo soudofiu
atiwtios 2 AU Alwanuddenalulad udnnssy

fmuayulws na:UAuIVUWANNTTUTV/USMS (TRL3+)

«  Duuohn ra:nonuddloRe=rosonaussunalulad S:U-:I'Oa‘)
na:udnnssudiBawadise 6 Inou

o lufiudouWUNISOUSU CTO Masterclass K80 (s.n. 67
CEO Academy o6lios 1 AU IA:WSoUrWIU v IL.©. 68)

ifuoategwios 1 AU -
IvowaguiunisAnidon

anusnvisoulasunisidnaonlUsinsu
molu 11 8.0, 67

ERLEE
» . g

* .7“: “ 4 N

- l “ . “ S
ouFinoUE f Nuaduayu 4 inSoviuwusions
razndovldo o 1

AWEnw aswswld lomatumss:=aunu
RINYIBUOBINY nazAmouINUIuIBou dwmsuvenugsiio

Focus Th‘l';

Translating excellent research in herbs into marketable products and/or services in these related areas

Thal Herb Formulation Digital Health & Weliness

* Cultivation * Product development * Applications that incorporate herbal remedies
* Processing/Extraction Tech * Product standardization * Translation of traditional knowledge
* Supply chain management * Remedies * Wellness solution & application

* Services * MarTech

164

l ‘ \‘/ ‘)» @

€ ortAaPNU 3 08 1150 9746 (WuSuns)




165

@

‘(@uwo

IGNITE

PROGRAM

UssmasiodagsumsAaidanidngsu ignite Program (Gate 1)

mweldlasoms Organic Tech Accelerator Platform (OTAP): uwaawasuisomistiulaniogsfio
deinalulagadosaua:udonssuaswassatritdulnagogoduluwunmatkionaudio

1 owe:isvawy 1. uaWrUWUa DAUSIASUYT
2. NEINVUAYL DAUSLASYT
3. uasdandun Ws:awunwod

2. whsudndd 1. uastunnsad su:wswans
2. uaUnusnisun sudssssunqa
3. nAunudY 1. WA.0S.9520 Waus:asy

2 uaseyansal su:wsWwans
3. uausma 35aswou

4. ASINQ-ASHD 1. sA.0s3AassA ¥10158:00
2. uaanasad 1Sauya
3. NYBIYEUSVA guas

5. Bio-Cool 1. AruwsU3nd asuuun
2. WwA.Qs.ouvA Aslam
3, ATUUUASY ASUUEY

6. Flying north fight 1 meduwa Edifoas:na
2 uanqum AdtHdgY
7. Green2U 1. LeROWNNG SniSav

2. WA.OS.USDA BU5R)
3. uameaydusy gu
4. uwdadnng wsau

8. Herb for health 1. U0EISATYYT DU
2. nwanwaso awasu
9. Horbrink 1. ATUDSUY LUDINQ

2. Arudniws rfiudu
3. WA.QS.NEYIE WSHUWNENSOU
10. Lutein Probiotics 1. lnewiian Jedtued
2 nous:lwwnas adm
3. NEsUWaUY Is:=9uns
1. Marony 1. AFUNOUANIM NUAWVY
2.5A.05.9905 NS00 Q2D
3.sA.0s.dtyud s:3oms
2



166

AIUNEA

# 7 0603.16/2.0005

AOUETNENEN TN 5L
LM IVENE LA TS
dunmilasiwalan
damTafiwnlan 65000

& UNTIAY 2565
@04 wadgyraInsiesaneUsdal§URn1sAanssy Ignite Program Bootcamp 2: Flare Forward

Gru adnTuRsw IR ER s

faftdanfoe 1 Awusnis dm 1 adu
2. andEslseendaius 1 adu
3. $1edouRans dwa 1 afu

wasil Organic Tech Accelerator Platform (OTAP) umTinendeutsas Hﬁhmsaﬁuaqu
nmBuImsuasdan "I‘i'n']ul:i: msiseraEnnIlunisu s urssdssma fune) Tafon
frevsudnlflRnsianssu lgnite Program Bootcamp 2: Flare Forward TusswaTuil 1820 unsau
2568 o Matural Park Resort De Wang Thong Phitsanul o ugu

Tumsil] A IvEIAERSIISLINE WrNEErusRos Tradguaansludsinvamiy
(srefanudeila smnas) Lﬁumuﬁaﬁﬁ’mamm?ﬂmﬁﬁ ASA9A593 lgnite Program Bootcamg 2:
Flare Forward Tusswanedufl 17-20 ungem 2568 q) Natural Park Resort De Wang Thang Phitsanulok
il Tesanaa sxdulsgaumitin ussramransdauluidiwe lreannsoaou n’uﬂamﬂmﬁmﬁmﬁﬁ

AN lanaiiming weneealnefng 09 6930 9692
FFenidialsafiasannsuioanssumuii wenadna

vauaRIATH S

//

(spem1@ns1eEd Aaufia aslasseing)

AELRAGE TN P ERTATTUNE

QR CODE Buurmadinu
Crganic Tech Accelerator Platforrn (OTAS) E HE
Twsdiw 09 6930 9652 : =

Tuswiladanysodng otap.nu 3@email com




167

iw"ﬂwnmnvlﬁﬂhuwmtimﬁiﬁm‘rﬁnn‘im lgnite Program Bootcamp 2: Flare Forward
Tuszwinaduil 17-20 unsinu 2568

i Matural Park Resort De Wang Thong Phitsanulok

UNTIVETRWEET 7T 2 W Laun
1. S2IATARSTINSE ATIANATIR 1RiRsELIR

2 wsananadnu Gauya



NAME

DATE OF BIRTH

PLACE OF BIRTH

INSTITUTIONS ATTENDED

HOME ADDRESS

PUBLICATION

AWARD RECEIVED

BIOGRAPHY

Sakoolrud Raunmoon
31 January 1998
Phayao

2021 BS.C. (Chemistry), University of Phayao, Phayao,
Thailand.

28/1 Ban San Pa Nanad Tai Moo.8, Dok Kham Tai
Subdistrict, Dok Kham Tai District, Phayao Province 56120
1. Raunmoon, S., Sachak, S., Thong-in, W.,
Sonkhayan, B., Nasomijai, P., Khamai, P., Thim-uam, A.,
Khwanchai, P., Too, O, C., and Chartarrayawadee, W.
(2024). Cotton tree (Bombax ceiba L.) flower stamen
extract: Turning a food ingredient into a reducing agent for
the green synthesis of silver nanoparticles. ScienceAsia,
50, 1-9. doi: 10.2306/scienceasial513-1874.2024.030.

2. Raunmoon, S., Bangwiset, V., Kaewmesri, W.,
Thim-uam, A., Khwanchai, P., Too, O, C., and
Chartarrayawadee, W. Red Onion Peels Extract: A Food
Waste for Silver Nanoparticles Synthesis and Potential
application in Air Cleaning Devices. (Accepted)

3. Assessment of antioxidant and tyrosinase
inhibition activity of gold nanoparticles (Manuscript in
preparation)

WNusAURsUaMINeImManialAY seauluiadne “5197aTeau

f11n” unIne1aelueIami-1y Usezanl beo



	ABSTRACT
	ACKNOWLEDGEMENT
	LIST OF CONTENTS
	Table of content
	Image of content
	CHAPTER I INTRODUCTION
	Historical background
	Objective
	Research hypothesis
	Research scope
	The benefits of thesis

	CHAPIER II LITERATURE REVIEW
	CHAPTER III RESEARCH METHODOLOGY
	Material and methodology
	Chemicals and materials
	Preparation of red onion (Allium cepa L.) peels extract
	Silver nanoparticles synthesis
	Antimicrobial activity
	Sample characterization


	CHAPTER IV RESULTS AND DISCUSSION
	Spectroscopic measurements
	X-ray diffraction
	Zeta potential and size distribution
	SEM morphology
	Antimicrobial activity

	CHAPTER V CONCLUSION
	Discussion and conclusion
	Implication of the study
	Suggestion for future work

	BIBLIOGRAPHY
	APPENDIX
	AWARDS
	PUBLICATIONS
	PETTY PATENTS
	CONFERENCE PRESENTATIONS
	ACADEMIC SERVICES
	INNOVATION TO CREATION
	RESEARCH TO BUSINESS OUTCOMES

	BIOGRAPHY

