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OBSERVATION OF ANTIOXIDANT, ANTIMICROBIAL AND 

PHOTOCATALYTIC PROPERTIES OF GREEN SYNTHESIZED SILVER 

NANOPARTICLES PRODUCED USING EXTRACTS OF COCOS NUCIFERA 

LEAVES 

Tiranya Illangamudali, Laknee De Silva, Dr. Mathi Kandiah 

School of Science, BMS, Sri Lanka 

ABSTRACT  

Antioxidant based research has been on 

the forefront recently, due to its effects in 

cancer and aging processes. Silver 

nanoparticles produced by the green 

synthesis pathway, has shown to have 

antioxidant, antimicrobial and 

photocatalytic properties, enabling them 

to be used in various medical and 

industrial applications. In this project, 

silver nanoparticles were synthesized 

using coconut leaf extracts of 6 varieties of 

coconut; ran thambili, porapol, tall typica, 

gon thambili, green dwarf and bodiri. The 

nanoparticles were visualized using the 

UV spectrophotometer in all varieties, 

where peaks were observed between the 

wavelengths of 400 nm to 480 nm, 

optimized at 90°C for 30 mins. A brown 

colouration observed in the solution 

caused by the surface plasmon resonance 

phenomenon indicated the successful 

synthesis and were identified as semi-

conductors. The synthesized nanoparticles 

were then assessed for their antioxidant 

properties using the assays, total flavonoid 

content (TFC), total phenolic content 

(TPC), total antioxidant content (TAC) 

and DPPH scavenging assay. Results 

prove that nanoparticles have a higher 

antioxidant content compared to their 

respective water extracts. The 

photocatalytic activity of 266 ppm and 

4000 ppm ran thambili nanoparticle was 

observed against malachite green dye, 

under UV and sunlight. The dye was 

observed to degrade with 266 ppm within 

60 mins under UV without catalyst and 

with 4000 ppm within 120 mins. under 

sunlight in the presence of catalyst 

NaBH4. Their antimicrobial activity was 

observed against Escherichia coli and 

Staphylococcus aureus. However, no 

significant difference was observed 

between the respective water extracts and 

the nanoparticles. Thus, it can be observed 

that the produced nanoparticles have 

various medical and industrial 

applications. 

Keywords: Nanoparticles, antioxidants, 

coconut leaves, green synthesis 

 

INTRODUCTION 

There has been an upsurge in free 

radicle (FR) and antioxidant-based 

research, in recent years. FRs are chemical 

species with an unpaired electron in their 

final valence shell, which results in their 

high reactivity and instability. They are 

produced by various metabolic processes 

in the body, such as phagocytosis, 

inflammation and mitochondria, and 

through various external sources such as 

(Ultra-violet) UV radiation and X-rays 

(Perez et al., 2017; Wojtunik-Kulesza et 

al., 2016). They play significant functions 

in various metabolic processes such as 

cellular signalling and blood pressure 

maintenance. However, increased 

amounts of FRs in the body results in 

oxidative stress, which leads to 

pathogenesis of diseases including 
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cancers, neurodegenerative diseases and 

senescence (Teh et al., 2021; Sadeer et al., 

2020). The FR levels in the body are 

regulated by antioxidants under normal 

conditions. 

Antioxidants are capable of remaining 

stable, even after the removal of an 

electron, thereby neutralizing excess FRs, 

by their scavenging activity and 

controlling the oxidative stress, to 

maintain homeostasis (Ighodaro and 

Akinloye, 2017). Antioxidants such as 

Glutathione and uric acid are endogenous, 

while others such as carbohydrates and 

proteins are exogenous (Mironczk-

Chodakowska, Witkowska and Zujko, 

2018). Due to poor absorption into the 

cells and disintegration during delivery, 

clinical trials for synthetic antioxidants 

have been futile (Vaiserman et al., 2020). 

The novel nanotechnological approaches 

have greatly increased the bioavailability 

and bioactivity of antioxidants. 

Nanotechnology is the study of unique 

phenomena of chemical substances at the 

nanoscale (1-100 nm), allowing for the 

development of technology with 

applications in various fields, including 

medicine, electronics, textile and 

environment (Maheshwari et al., 2019; 

Kumar et al., 2020; Behzadi et al., 2015). 

Nanoparticles (NPs) are nanoscale 

agglomerates of multiple atoms arranged 

in a specific manner and are classified 

based on their physical and chemical 

properties. Metallic NPs, made of 

precursors of various metals such as Cu, 

Au and Ag have various applications, 

owing to its unique characteristics, 

resulted by the high surface area to volume 

ratio. (Altaf et al., 2021). Silver NPs 

(AgNPs) have various medical 

applications, due to its antimicrobial 

properties, and antioxidant properties, and 

industrial applications due to the 

photocatalytic properties (Thirumagal and 

Jeyakumari, 2020; Marimuthu et al., 

2022).  

Lately there has been an increase in the 

antimicrobial resistance worldwide, 

thereby reducing the efficiency of 

antibiotics. Nokkrut et al. (2019) shows 

that AgNPs have antimicrobial properties. 

The Ag+ and Ag0 radicals in NPs, are 

known to attack bacterial organelles and 

biomolecules, leading to its destruction. 

Therefore, AgNPs have been researched in 

various applications, including wound 

healing and against food and nosocomial 

pathogens (Patil  and Kim, 2017). 

Furthermore, textile industry uses AgNPs 

for their photocatalytic property in order to 

degrade various dyes. 

The significant resistance of the 

degradation of the organic dyes under 

aerobic digestion and oxidizing agents 

contributes to the water scarcity of the 

world. Previous research proves the 

capability of degrading azo dyes via the 

photocatalytic property of AgNPs (Altaf et 

al., 2021). The excitation of a valence 

electron of AgNPs by sunlight, results in 

formation of O2- FRs, thereby attacking 

azo bonds and degrading the dye. Thus, 

AgNPs are considered as a more effective 

method for dye effluent treatment 

(Marimuthu et al., 2022). The synthesis of 

AgNPs can be done in several physical, 

biological and chemical methods based on 

2 basic pathways: the top-down pathway 

(TDP) and the bottom-up pathway (BUP) 

(Sinsinwar et al., 2018; Kumar et al., 

2020). The TDP synthesises NPs by 

breaking down a bulk substance into the 

nanoscale by methods such as explosion 

and laser ablation. The BUP synthesises 

NPs by assembling atoms in a particular 

pattern and mostly includes strong 

reducing agents in techniques such as 

bioreduction and sol-gel process (Figure 

1) (Ovais et al., 2017). The morphology of 

the NP cannot be controlled when using 

the TDP. Therefore, in this research BUP 

is used to synthesize NPs. 
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Figure 1: Synthesis of NPs (Ovais et al., 

2017) 

 
The AgNPs produced by most chemical 

processes are unstable, expensive and are 

producing toxic compounds to the 

environment. The bioreduction process or 

the green synthesis process uses 

phytochemicals in various different parts 

and products of biological entities, as 

reducing agents to reduce Ag+ ions into 

Ag0 (Roy et al., 2019; Kumar et al., 2020). 

Recently, interest in the use of plant waste 

for synthesis of AgNPs has increased, 

owing to its unique physical and chemical 

properties. In this research, coconut leaves 

(CLs) are used in the AgNP synthesis. 

Coconut (Cocos nucifera L.), belonging 

to the Arecaceae family, has more than 19 

different forms, in 3 varieties found in Sri 

Lanka (Sinsinwar et al., 2018; Kamral, 

Perera and Dassanyaka, 2016). In Sri 

Lanka it is known as ‘Kapruka’ meaning 

‘the tree that provides all comforts’, 

because every part of the plant from the 

root to the flowers and leaves are used for 

the production of various products (Das et 

al., 2020). CLs were used since the ancient 

times, for roofing purposes (Kannaian et 

al., 2020). However, due to the 

development of technology, the use of CLs 

have reduced, making it a waste product 

(Rashid et al., 2018). Furthermore, NPs 

have been synthesized from coconut 

shells, flowers and water have been proved 

to have antimicrobial and photocatalytic 

properties (Bello et al., 2016 ;Raj and 

Arulmozhi, 2014; Elumalai, Kayalvizhi 

and Silvan, 2014). Further, Manalo et al., 

2017 have shown that CLs have 

antioxidant properties, making it a suitable 

to be used  in this research. 

 
 
 
 
 
 

Figure 2: Coconut varieties (A-Porapol 

(PP), B-Tall typica (TT), C-Ran thambili 

(RT), D-Bodiri (B), E-Gon thambili (GT), 

F-Greed dwarf (GD)) (Wijekoon, 2020) 

 
This research aims to synthesize silver 

nanoparticles (AgNPs) from the water 

extracts (WEs) of 6 different forms of 

coconuts (Figure 2) and analyze their 

shape and size by Scanning Electron 

Microscope (SEM), perform antioxidant 

assays such as total Phenolic content 

(TPC), total flavonoid content (TFC), total 

antioxidant content (TAC) and (2,2-

diphenyl-1-picrylhydrazyl) DPPH assays, 

antimicrobial assays against Escherichia 

coli and Staphylococcus aureus via well-

diffusion technique, observe its 

photocatalytic activity against Malachite 

green dye (MGD) and conductivity. These 

NPs thus, can be used in the medical and 

industrial fields based on their properties.  

 

 

MATERIALS AND 

METHODOLOGY 

Materials 
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Chemicals  Glassware  Equipment  Biological Consumables  

AlCl3 

Beakers 

(50 ml, 100 

ml, 500 ml) 

Analytical balance 

Coconut leaf 

samples 

Aluminium 

foil 

Ammonium 

molybdate 

Boiling 

tubes 
Autoclave 

Escherichia 

coli 

Cuvettes 

AgNO3 Funnel Biosafety cabinet 
Gentamycin  Eppendorf 

tubes 

Chloroform  
Conical 

flask 
Bunsen burner 

Staphylococcus 

aureus 

Falcon tubes 

(15 ml, 50 ml) 

Conc. H2SO4 Glass rod Burette stand 
 Micropipette 

tips 

Distilled water 
Measuring 

cylinder 
Dry oven 

 Petri plates 

DPPH Test tubes Incubator  Pipette tips 

Ferric chloride 
Watch 

glass 
Micropipette  

 Swab tubes 

Folin reagent  Mortar and pestle  Tissues 

HCl  Spatula  

 Whatman 

filter paper 

no. 1 

Malachite green 

dye 
 

UV 

spectrophotometer 

 Ziplock bags 

Methanol      

Millon’s reagent     

Mueller -Hilton 

agar 
  

  

NaBH4     

Na2CO3     

Na2SO4     

Ninhydrin      

Nutrient agar     

Saline water     

Table 1: Materials table 

 
METHODOLOGY 

COSHH forms were filled before 

starting the project and good laboratory 

practices were maintained throughout the 

experiments.  

 

Sample collection 

Six sample varieties of CLs; porapol 

(PP), ran thambili (RT), gon thambili 

(GT), green dwarf (GD), bodiri (B) and 

tall typica (TT) were collected from the 

Coconut Research Institute, Lunuwila. 

 

Active compound extraction from CLs 

The sample was placed at 40°C in the 

hot air oven for 20 hours to dry. 2 g of it 

was finely chopped, mixed in 50 ml of 

distilled water (DW) and heated at 95°C 

for 20 minutes in the hot air oven. The 
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extract was obtained by filtering the 

solution using the Whatman filter paper 

no. 1 (Sebastian, Nangia and Prasad, 

2018). 

 

Phytochemical screening 

The following phytochemical assays 

shown in Table 2 were performed on the 

WEs of the CL samples. 

 

Phytochemical  
Methodology  

Expected result if 

positive 

Quinones  

0.5 ml of conc. 

H2SO4 was added to 

0.5 ml of extract 

Red colouration 

Tannins  

3% ferric chloride 

was added to 0.5 ml 

extract 

Greenish-blue 

colouration 

Proteins  

Few drops of 

millon’s reagent was 

added to 0.5 ml of 

extract 

Formation of a 

precipitate 

Terpenoids  

0.5 ml of chloroform 

and 0.75 ml of conc. 

H2SO4 was added to 

0.5 ml of extract 

Formation of a red 

membrane 

Saponin  
0.5 ml of extract was 

shaken 

Foamy layer 

formation 

Amino acid 

Few drops of 

ninhydrin was added to 

0.5 ml of extract and 

heated in a water bath 

Purple 

colouration 

Phlobatannins  

0.5 ml of HCl was 

added to 0.5 ml of 

extract 

Red precipitate 

formation 

Table 2: Phytochemical screening 

(Usunobun et al., 2015; Kannaian et al., 

2020; Banu and Cathrine, 2015) 

 
Synthesis of silver nanoparticles 

9ml of 1 mM AgNO3 was combined 

with 1 ml of extract and was placed at 

90°C and 60°C for 15, 30, 45 and 60 

minutes and 24 hours at room temperature. 

The absorbance was measured from 

320nm to 480nm, to confirm the presence 

of NPs. 

 

SEM analysis 

Approximately 10 ml of 4000 ppm 

RTNP was poured into an Eppendorf tube, 

and then centrifuged and the excess water 

was removed. It was analysed using the 

SEM in Sri Lanka Institute of 

Nanotechnology (SLINTEC), Homagama. 

 

Antioxidant content (AC) 

determination 

The following assays were performed to 

determine the AC of the 15 times diluted 

WEs (DWE) and the NPs (DNPs). 

 

Total Flavonoid Content (TFC) 

The test was done in triplicates. 1.5ml 

of sample was added to 1.5 ml of 2% 

AlCl3 of sample and was then incubated in 

room temperature for 10 minutes. It was 
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then observed under 415 nm using the UV 

spectrophotometer with the blank being 

DW. Quercetin standard curve was used in 

the calculation (Perera and Kandiah, 

2018).  

 
Total Phenolic Content (TPC) 

2.5 ml of Folin reagent and 2 ml of 

Na2CO3 was added to 0.5 ml of sample 

and incubated for 30 minutes at 37°C. It 

was then observed under 765 nm, using 

the UV spectrophotometer, with DW as 

blank and the concentration was measured 

using Gallic acid as the standard. This test 

was performed in triplicates (Perera and 

Kandiah, 2018). 

 
Total Antioxidant Content (TAC) 

3 ml of sample was added to 1 ml of 

solution consisting of 28 mM Na2SO4, 0.6 

M H2SO4 and 4 mM ammonium 

molybdate in 1:1:1 ratio, and then 

incubated for 90 minutes. at 90°C. It was 

then observed under 695 nm, using the UV 

spectrophotometer. This was performed in 

triplicates, and the concentration was 

measured using ascorbic acid as the 

standard (Perera and Kandiah, 2018). 

Single-factor ANOVA was performed 

between water extracts and NPs of each 

assay, by Microsoft excel software and bi-

valent Pearson correlation, by using IBM 

spss software was performed, 

respectively.  

 

DPPH assay 

1 ml of 15x DWE and DNP was added 

to 2 ml of 0.04% DPPH and observed 

under 517 nm, using the UV 

spectrophotometer, with methanol as the 

blank. This assay was performed in 

triplicates. The equation 1 was used in the 

calculation of percentage scavenging 

activity (Kandiah and Chandrasekaran, 

2021). 

 

 

Equation 1: Percentage scavenging 

activity (Kandiah and Chandrasekaran, 

2021) 

 

Photocatalytic activity (PA) 

0.5 ml of NPs was added to 50 ml of 2 

mM MGD, and the absorbance was 

measured after a further 30× dilution, from 

320 nm to 700 nm, after being kept under 

UV and sunlight at 267 ppm and 4000 ppm 

concentrations. It was then repeated by 

adding 0.5 ml NP and NaBH4 as a catalyst 

for both concentrations. The same 

experiment was performed, with 25 ml of 

dye for 0.5 ml NaBH4 and both NP 

concentrations. The rate constant was 

calculated using the gradient of time vs 

ln(C/C_0 ) (Kandiah and Chandrasekaran, 

2021).  

 

Antimicrobial Sensitivity Testing 

A cotton swab was used to swab the 

Escherichia coli and Staphylococcus 

aureus on the Mueller-Hilton agar plates. 

The plates were divided into four parts and 

three wells were created. A gentamicin 

disk was placed, and the wells were filled 

with duplicates (S1 and S2) of sample and 

saline solution (Figure 3). They were then 

incubated for 24 hours under 37°C. The 

zone of inhibition (ZOI) was then 

measured. ANOVA test was performed 

between WE and NP of each bacterial 

strain and between bacterial strains. 

 
 
 
 
 
 
 
 

Figure 3: Petri plate labelling (S1, S2 = 

samples, - = saline solution, + = 

Gentamicin disk) 
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RESULTS 

Phytochemical Analysis 

The 6 WEs of CLs were used in the 

phytochemical screening. All samples had 

quinones, proteins, tannins, saponins, 

phlobatannins and terpenoids and was 

tested negative for amino acids (table 3). 

 

AgNP synthesis 

A colour change observed in Figure 4, 

indicates the synthesis of NPs. 

 
 
 
 
 
 
 

Figure 4: AgNP synthesis (A-before, B-

after) at 90°C for 30mins 

 
 
 
 
 
 
 
 
 

Table 3: Phytochemical analysis results 

 
When observed under the UV-vis 

spectrophotometer, peaks were observed 

between 400-480 nm, which proves the 

presence of AgNPs (Figure 5). 

 
 
 
 
 

Figure 5: UV spectroscopic results at 

90°C at 30 mins 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Spherical shaped, NPs were observed 

with an average diameter of 68 nm (Figure 

6).  

 

Antioxidant assays 

 

Total Flavonoid Content 

 
 
 
 
 
 
 
 

AgNPs were observed to have a higher 

flavonoid content (FC) than the WE 

(Figure 7). 

 

Table 5: ANOVA test for TFC 
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ANOVA: Single Factor 

 
 
 
 
 
 
 
 

The P-value was observed to be below 

0.05, indicating a significant difference 

(SD), between the WEs and NPs (Table 5). 

 

Total Phenolic Content 

 
 
 
 
 
 
 

The AgNPs had a higher phenolic 

content (PC) compared to WEs (Figure 8).  

 

Table 6: ANOVA test for TPC 

ANOVA: Single Factor 

 
 
 
 
 
 
 
 
 
 
 
 

The P-value was observed to be less than 

0.05, which proves that there is a SD 

between WEs and NPs (Table 6). 
 

Total Antioxidant Content 

 
 
 
 
 
 
 
 

The NPs were observed to have a higher 

AC than the WEs (Figure 9). 
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Table 7: ANOVA test for TAC 

ANOVA: Single Factor 

 
 
 
 
 
 
 
 
 
 
 

The P-value was observed to be less 

than 0.05, indicating a SD between the 

NPs and WEs (Table 7). 

 
 
 
 
 
 
 
 
 
 

The DPPH scavenging activity of NPs 

was observed to higher than respective 

WEs (Figure 10). 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Complete degradation of MGD was 

observed, under UV in the presence of 267 

ppm RTNP within 60 minutes (Figure 11), 

with a rate constant of 0.0192 (Figure 12). 
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No MGD degradation was observed 

under UV for 4000 ppm RTNP (Figure 13) 

and under sunlight for 267 ppm RTNP 

(Figure 14). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Partial degradation of MGD was 

observed under sunlight for 4000 ppm 

RTNP within 90 minutes (Figure 15) with 

a rate constant of 0.0019 (Figure 16). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

No MGD degradation was observed 

under sunlight with NaBH4 with 50 ml 

dye for 266 ppm (Figure 17) or 4000 ppm 

(Figure 18). 
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A complete MGD degradation was 

observed under sunlight for 4000 ppm 

with NaBH4 with 25 ml dye (Figure 20) 

with a rate constant of 0.0062 (Figure 21), 

but no degradation for 266 ppm (Figure 

19). 

 
Antimicrobial assay 

 
 
 
 
 
 
 
 
 
 
 

The ZOI can be observed in the petri plates after 24 hours incubation (Figure 22). 

 
 
 
 
 
 
 
 

 

Table 8: ANOVA test for anti-microbial 

sensitivity test between WEs and NPs for 

Staphylococcus aureus 

 
ANOVA: Single Factor 

 
 
 
 
 
 
 
 
 

 

The P-value is greater than 0.5, 

indicating no SD between the WEs and 

NPs, against Staphylococcus aureus 

(Table 8). 

 
 
 
 
 
 
 

The ZOI of WEs can be observed to be 

higher compared to NPs, except in B 

(Figure 24). 
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Table 98: ANOVA test for anti-

microbial sensitivity test between WEs 

and NPs for Escherichia coli 

ANOVA: Single Factor 

 
 
 
 
 
 
 
 
 

The P-value is observed to be higher 

than 0.05, indicating no SD between WEs 

and NPs against Escherichia coli (Table 

9). 

Table 10: ANOVA test for 

antimicrobial testing between 

Staphylococcus aureus and Escherichia 

coli 

 
 
 
 
 
 
 
 
 
 

The P-value is higher than 0.05, 

indicating no SD between the AA against 

the two strains (Table 10). 
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DISCUSSION 

Cancer research and antimicrobial 

resistance are major concerns in the 

medical field today, due to its detrimental 

effect to the human health. AgNPs have 

shown antioxidant and antimicrobial 

properties, resulting in an increase in their 

research. AgNPs were successfully 

synthesized from 6 varieties of coconut 

leaf samples, using the green synthesis 

pathway, though this project, which aims 

to discover an eco-friendly method for NP 

synthesis. The 6 samples were mixed with 

DW and heated at 40°C for 20 mins to 

extract the active compounds. The heat 

causes the complex compounds in the leaf 

to degrade, allowing the active compounds 

to enter the solution through diffusion. 

Water is a polar molecule, which allows 

the extraction of polar active compounds, 

due to the concentration gradient created. 

Water was used in this as, it is more polar 

than ethanol, resulting in a steeper 

concentration gradient (Lainez-Ceron et 

al., 2022). Furthermore, water is more eco-

friendly than ethanol. It was discovered 

that all 6 samples had quinones, proteins, 

tannins, saponins, phlobatannins and 

terpenoids. 

AgNPs are synthesized by the 

nucleation of Ag0 followed by growth.  

Ag0 are formed by the reduction of Ag+ 

by the phytochemicals in the extract. 

AgNO3 was used as the source of Ag+ 

(Figure 25) (Ramirez et al., 2019). 

 
 
 
 
 

Figure 25: AgNPs synthesis (Ramirez et 

al., 2019) 

 
Since the synthesis of AgNPs was 

temperature sensitive, it was observed 

under different temperatures for varying 

times, and it was optimized at 90°C for 30 

mins, as the highest peak was observed 

when observing under UV 

spectrophotometer (Pinero, Camero and 

Blanco, 2017). A colour change and peaks 

between the wavelengths 400 to 480 nm, 

when observed under the UV 

spectrophotometer was observed 

confirming the AgNPs synthesis. This was 

observed due to the surface plasmon 

resonance phenomenon, which occurs due 

to the excitation of NPs by UV radiation. 

The highest absorbance of PP, GD, GT 

and RT samples were observed at 420 nm, 

while B and TT showed at 440 nm.   

The shape and size of the AgNPs were 

analyzed by the SEM. It was observed that 

the synthesized NPs were spherical in 

shape with an average diameter of 68nm. 

However, it can be observed that the NPs 

are of different sizes, giving it a 

polydisperse nature (Figure 6) (Robertsen 

et al., 2016). Gomethi et al., reports of 

‘pseudospherical’ shaped NPs with an 

average diameter of 35nm. The AgNPs 

produced in this research can be observed 

to be bigger. Thus, it can be comparatively 

inefficient in disease treatment, as it can be 

detected and removed by body’s immune 

mechanisms (Robertsen et al., 2016). 

The band gap energy (BGE) required 

for an electron to jump from the valency 

electron to the valency band determines 

the conductivity of the respective NP. It 

was observed that the lower the BGE, 

higher the conductivity of the particle. The 

BGE was measured using Plank’s 

equation (equation 2), where if the BGE 

was >4eV, it was an insulator, whereas if 

BGE <3eV it was a semiconductor 

(Sandeep et al., 2017). NPs of all 6 

varieties were classified as 

semiconductors (Table 11). It can be 

observed that PP, GT, GD and RT have 

similar BGEs, while B and TT have a 

slightly lower BGEs. 
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Table 91: Conductivity table 

Sample BGE in eV Conductivity 

PP 2.95535E-09 semiconductor 

GT 2.95535E-09 semiconductor 

GD 2.95535E-09 semiconductor 

RT 2.95535E-09 semiconductor 

B 2.82102E-09 semiconductor 

TT 2.82102E-09 semiconductor 

Previous research shows that the BGE 

and NP size are inversely proportional. 

This can be due to the electron being 

confined, due to the size reduction, 

causing the BGE to increase (Singh, Goyal 

and Devlal, 2018). Therefore, it can be 

concluded that B and TT have a smaller 

size. Due to its high semiconductive 

properties, the produced AgNPs can be 

used in high-end electronics, such as 

transistors and optical fibres (Islam, Jacob 

and Antunes, 2021). 

TFC, TPC, TAC and DPPH assays 

performed helped determine the 

antioxidant activity of the AgNPs and 

WEs.  

The TFC assay was done based on the 

calorimetry method, where AlCl3 formed 

bonds with 4th C ketones and hydroxyl 

groups in 4th and 5th carbons in 

flavonoids. The resulting complex 

provided a maximum absorbance at 432 

nm (Figure 26) (Maquasa and Ninsih, 

2020). The one-way ANOVA test showed 

that NPs had a higher FC compared to the 

respective WEs. This could be because 

flavonoids acted as the reducing agent of 

the Ag+ to Ag0. The highest FC of the WE 

was observed in the order of 

B>GT>RT>TT>PP>GD and in the NPs, 

RT>B>GT>GD>PP>TT.  Rajesh et al., 

2020 showed a total FC of 0.96 mgg-1 in 

coconut sap compared to the 4.52 mgg-1 

observed in GT extract. Thus, it can be 

observed that the TFC of CLs is lower than 

in coconut sap. 

 
 
 
 
 
 
 

Figure 2619: TFC mechanism 

(Maquasa and Ninsih, 2020) 

 
The TPC assay uses the FC reagent. It 

depends on the transfer of electrons from 

the phenolic compounds to the 

phosphomolybdate complexes, which 

causes a colour change detected at 760 nm 

(Figure 27) (Ford et al., 2019). The one-

way ANOVA test showed that NPs had a 

higher PC compared to their respective 

WEs. This could be due phenols acting as 

the reducing agent in NP synthesis. The 

highest PC was observed in the order of 

RT>B=GD=PP=TT=GT in NPs, while in 

WEst RT>B>GT>TT>GD=PP. A total PC 

of 21.99 mgg-1 was observed in coconut 

sap in a previous research, compared to 

1061.21 gdm-3 in RT extract (Rajesh et 

al., 2020). Thus, it can be observed that the 

TPC is lower in CLs in comparison to the 

coconut sap. 

 
 
 
 
 

 

 
 

Figure 20: TPC mechanism (Ford et al., 

2019) 
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The TAC assay was performed using 

the phosphomolybdenum mechanism, 

where Mo6+ ion was reduced to Mo5+ by 

the antioxidants in the extract, resulting in 

the greenish-blue compound formation. 

This compound has the optimum detection 

at 695 nm wavelength (Figure 28) (Sadeer 

et al., 2020). The ANOVA test performed 

showed that the AC of NPs were 

significantly higher in comparison to the 

WE. The AC of the NPs was observed in 

the order of RT=GT=B>PP=GD=TT, 

while in the WE, RT=B>GT=GD=PP>TT 

was observed. Kannaian et al., 2020 

showed a 155.87mg TAE/g in comparison 

to the 93.67 gdm-3 observed in RT extract. 

Thus, it can be observed that the TAC of 

CLs is lower than in coconut sap. 

 
 
 
 
 
 
 
 
 
 

Figure 21: TAC mechanism (Sadeer et 

al., 2020) 

 
The DPPH assay assesses the rate at 

which DPPH* reduces to DPPH or DPPH-

H, which has an optimum absorbance at 

517 nm by accepting a hydrogen atom or 

an electron from antioxidants. A gradual 

decolouration from purple to pale yellow 

was observed based on the amount of 

antioxidants present (Figure 29) (Sadeer et 

al., 2020). It was observed that the DPPH 

SA NPs>WEs, which corresponds to the 

TFC, TPC and TAC assays. The % SA 

was observed in the order of 

RT=GT=B>GD=TT>PP in WEs, while 

RT=GT>PP=TT>GD=B IN NPs. 

Kannaian et al., 2020 showed 88% 

inhibition by coconut sap, compared to 

94.76% observed in CLs. Thus, it can be 

observed that the coconut sap and CLs 

have approximately similar SA. 

 
 
 
 
 
 
 
 
 
 
 

Figure 2922: DPPH mechanism 

(Sadeer et al., 2020) 

 
Pearson correlation performed on the 

TFC, TPC and TAC assays, show a strong 

correlation between TPC and TAC, while 

showing a moderate correlations between 

TFC and TAC, and TFC and TPC (Figure 

30). Thus, it can be concluded that the 

TAC is mainly due to the phenols present 

in the extracts. 

 
 
 
 
 
 
 

Previous research have shown that, 

AgNPs are capable of azo dye 

degradation. The AgNPs absorb photons 

in the UV and visible region, which causes 

the excitation of the electrons on its 

surface, due to the surface plasmon 

resonance phenomenon. These electrons 

reacts with O2 and OH- in the atmosphere 

and produce free radicles, which react with 

the dye molecules and degrade them, 

causing a discolouration (Figure 31) 
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(Jaffri et al., 2020). MGD was used to 

observe the PA of RTNP. 

 
 
 
 
 
 
 
 
 

Figure 231: Photocatalytic degradation 

of malachite green dye (Jaffri et al., 2020) 

 
The highest degradation rate was 

observed in UV with 266 ppm RTNP, with 

a rate constant of 0.0192 with 50 ml dye 

60 minutes. No degradation was observed 

with 4000 ppm RTNP under UV, which 

could because of formation of 

intermediate substrates. Furthermore, 

complete degradation was observed under 

sunlight with 4000 ppm in the presence of 

catalyst NaBH4 with 25 ml dye, with a rate 

constant of 0.0062 within 120 minutes. 

However, no degradation was observed 

with 266 ppm under similar conditions, 

could be due to insufficient RTNP in the 

solution. Degradation was also not 

observed in dye 50 ml with catalyst in 266 

ppm and 4000 ppm RTNP, which could be 

because the dye concentration was higher 

than RTNP and NaBH4 concentrations. 

Moreover, partial degradation was 

observed in 4000 ppm RTNP under 

sunlight without NaBH4 with a rate 

constant of 0.0019, within 90 minutes. 

This could be because of the formation of 

intermediate substrates. However, no 

degradation was observed in 266 ppm 

RTNP under similar conditions, could be 

because the concentration of RTNP and 

NaBH4 was not sufficient. Jaast and 

Grewal, 2021 had reported that AgNPs 

from Citrus reticulata peel were able to 

degrade MG within 120 hours under 

sunlight in 4000 ppm.  

Studies show that AgNPs have 

antimicrobial properties. However, its 

mechanism is still under research. It has 

been identified that AgNPs can lead to 

disruption of the cell wall, DNA and 

ribosomal destabilization and reactive 

oxygen species production leading to 

obstruction of the cellular pathways, such 

as cellular respiration, causing cell death 

(Figure 32) (Patil and Kim, 2017). 

 

 
Figure 242: Antimicrobial activity of 

AgNPs (Patil and Kim, 2017) 

 
Well-diffusion technique was used in 

this research, to determine the AA of CL 

NPs against Staphylococcus aureus and 

Escherichia coli. ZOI was observed in all 

WEs against Escherichia coli, but only in 

GD, RT and TT WEs against 

Staphylococcus aureus. This could be due 

to the thin peptidoglycan cell wall around 

Escherichia coli, who are gram-negative 

compared to Staphylococcus aureus 

(Bharathi et al., 2018). However, no 

significant difference was identified 

between the WEs and the NPs against 

either organism. Furthermore, no SD was 

observed between the ZOIs of 

Staphylococcus aureus and Escherichia 

coli. Thus, it can be concluded that the 

AgNPs of CLs does not have an added 

antimicrobial property. 

In conclusion, synthesis of AgNPs from 

CLs via the green synthesis pathway was 

successful and was proved by the brown 

colouration and the peaks observed by the 

UV-vis spectrophotometer. It was 
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optimized at 90°C for 30 minutes. The 

synthesis took place due to the oxidation 

of the phytochemicals, such as quinones, 

proteins, tannins, saponins, phlobatannins 

and terpenoids in the CLs. The SEM 

analysis showed spherical NPs with 60 nm 

diameter. The antioxidant assays showed a 

higher AC in NPs compared to their 

respective WEs. MGD was degraded 

under UV within 60 minutes with a rate 

constant of 0.0192, by 266 ppm RTNP. 

There was no significant difference 

between the AA between the WEs and 

synthesized NPs. Therefore, it can be 

observed that the CL NPs can be used in 

the treatment of free radical based diseases 

and industrially in dye effluent treatment. 
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