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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 I 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. 

2. To explore the use of plant resources and/or agricultural waste as a 

sustainable source for silver nanoparticle synthesis. 

3. To evaluate the antibacterial properties of the synthesized silver 

nanoparticles and investigate their potential application for use as air filters in 

air cleaning devices. 

 

(A) (B) 
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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. 
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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. 

2. 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. 

3. Novel research knowledge can be submitted for publication in peer-

reviewed international academic journals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

  

 

CHAPIER II 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 leaf 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 
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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 

[30]. 

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].  
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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]. 
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Bouqellah 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 AgNO3 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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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 E. coli 

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

 

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]. 



 

 

 
 14 

 

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 E. 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 E. 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-

(a) 

 

(b) 
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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 III 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 (AgNO3) 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 g: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 
           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 AgNO3 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 

1.5×107 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 µL) of Chloramphenicol, NaCl, AgNO3 (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 



 

 

 
 22 

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), AgNO3 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. 

 

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 Kα 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  
(Jusco, V530) 
 
 
 

Jasco International 
Co., Ltd., Tokyo, 
Japan. 

 

Fourier-transform 
infrared 
(Nicolet 6700) 

Thermo Fisher 
Scientific, Waltham, 
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) 

Rigaku 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 AgNO3 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. 
 

 

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 wt%. 
 

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− 1 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− 1 corresponds to the C=C 

stretching of phenyl in polyphenol components. The peaks at 1417 cm− 1 correspond 

to the bending of C-H asymmetric in CH2 and CH3 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− 1, 1628 cm− 1, 1386 cm− 1 and 

824 cm− 1 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 Ag0, 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]. 

 

 

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 2θ 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 AgO2, Ag3O4, 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. 
 

 

Figure 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 
± 7.8, - 44.2 ± 2.9, - 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%. 
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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 

Sample Mean zeta 
potential (mV) 

Mean particle size     
 (1st peak-nm) 

Mean particle size 
(2nd peak-nm) 

AgNPs  
ROP Extract 0.003 wt%   

- 38.62 ± 7.8 6.8 ± 1.0 62.8 ± 18.7 

AgNPs  
ROP Extract 0.005 wt%   

- 44.20 ± 2.9 9.3 ± 0.3 90.0 ± 46.0 

AgNPs  
ROP Extract 0.007 wt%   

- 41.17 ± 5.1 7.8 ± 1.2 
  

76.1 ± 32.9 

AgNPs  
ROP Extract 0.009 wt%   

- 40.15 ± 3.6  9.6 ± 1.3 95.7 ± 57.7 
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phytochemical compounds of flavonoids and phenolic acids are involved in the 
reduction process of Ag+ to Ag0, 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 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 µm) 
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 AgNO3 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 AgNO3 as can 
be seen in Table 4. The inhibition zone diameters of AgNPs for all synthesis 
conditions are higher than employing AgNO3 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 
AgNPs 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 AgNO3 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 
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Bacterial agent against Inhibition zone diameter (mm) 
 

 

 

 

P. aeruginosa 
 

 

 

 

 

 

 

 

E. Coli 
 

 

 
 

 

  

 

 

S. aureus 
 

 

 

 
 

 

 

 

 

 

E. faecalis 
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A B 

D 
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D 
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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 AgNO3 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 µL) 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 

investigate a potential application in air cleaning devices. Our preliminary 

investigation found that AgNPs (0.007 wt% of ROP, 5-800 µL) coated on air filter 

exhibit a good antibacterial activity toward P. aeruginosa especially at the condition 

of 50 µL 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 µL to 800 µL). 

 

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 µL. 
 

 

 

 

 

 

 

 

 

 

 

 
 

AgNPs  
ROP Extract 0.007 wt% (µL) 

Inhibition zone diameter of 
 P. aeruginosa (mm) 

0 0.0 ± 0.0 
5 14.5 ± 0.3 
10 17.8 ± 0.3 
25 20.1 ± 0.8 
50 21.6 ± 0.5 
100 21.0 ± 0.4 
200 20.6 ± 0.8 
400 21.1 ± 0.8 
800 21.5 ± 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 
filters 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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