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Abstract 

Nanotechnology is a vast area which attracts researchers due to molecules being within the nanoscale. 
Artocarpus heterophyllus is a medicinal fruit with many health benefits. In this study, five different 
variants of Jackfruit leaves; Red, Durian, Maharagama, Mandoor and Nirosha were used to synthesize 
silver nanoparticles (AgNP) via green approach. The shape and size of the AgNP was analyzed using a 
scanning electron microscope, which showed spherical AgNP in the range of 20-60 nm. The water 
extracts (WE) and their AgNP were evaluated on their total flavonoid content, total phenolic content 
and total antioxidant content, which showed higher values for AgNP. The antioxidant activity was 
determined via the 2,2-diphenyl-1 picrylhydrazyl assay and their IC50 value was determined, showing 
that the Durian and Mandoor WE had an IC50 higher than their AgNP. The cytotoxicity of AgNP was 
determined using Artemia salina and all of them had a 100% viability. The degradation of para-
nitrophenol was also observed in the presence of AgNP and Durian_AgNP showed the highest 
degradation rate. Furthermore, the photocatalytic degradation of methylene blue was performed with 
4000 ppm and 266.67 ppm AgNP. 4000 ppm AgNP showed a faster degradation in the presence of 
NaBH4 and no visible degradation was observed under sunlight. Detection of melamine in milk was 
performed using Mandoor_AgNP, melamine was detected in water but not in milk. Lastly, the 
antibacterial activity was tested against E. coli and S. aureus using the well diffusion method. A zone 
of inhibition was observed with all the AgNP with E. coli and S. aureus. These research findings can 
be utilized in drug delivery, as alternatives for antibiotics and in the degradation of dye before entering 
the environment. 

Keywords: Artocarpus heterophyllus, Green Synthesis, Scanning Electron Microscope (SEM), Silver 
Nanoparticles (AgNP), Melamine, Antioxidants 

1. Introduction

Nanotechnology is a vast area that attracts 
many researchers due to its contribution in 
fields like science, engineering and computer 
science. “Nanoscience is the study of structures 
and molecules on the scales of nanometers 
ranging between 1 and 100 nm, and the 
technology that utilizes it in practical 
applications is called nanotechnology.”10 

Nanoparticles are materials that have a 
dimension within the nanoscale.45 There are 
many types of nanoparticles out of which AgNP 
have drawn great attention in recent years due 
to its chemical stability, increased surface area 
to volume ratio, anti-microbial properties, 
catalytic activity,71 along with optical, thermal 
and electrical conductivity.79 AgNP has a 

variety of applications in anti-cancer therapy, 
wound healing and drug delivery.15 It is also 
used in cosmetics, textile, electronics, sensors 
and water treatments.32  

Metal nanoparticles can be synthesized using 2 
approaches; the top-down approach and the 
bottom-up approach, illustrated in Figure 01. In 
the top-down approach, bulk materials are used 
as the starting material for nanoparticle 
synthesis. Bottom-up approach starts with 
atoms and builds on to produce nanoparticles.76 
Under these two approaches, there are three 
ways to synthesize nanoparticles, which are 
physical, chemical and biological methods.  
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Physical method uses techniques like laser 
ablation and evaporation-condensation.36 This 
uses mechanical processes to reduce the size of 
the bulk material.76 In chemical methods, the 
silver precursors are reduced by organic/ 
inorganic solvents which leads to AgNP 
synthesis.46 Biological methods or the green 
approach involves the use of plants and 
microbes, causing it to be an eco-friendly, cost- 
effective, simple approach yet high yield of 
AgNP can be produced.77 In this research plants 
were used as the use of microbes requires time 
and aseptic conditions.2  

Figure 01: Different methods of AgNP 
synthesis.20 

Artocarpus heterophyllus or Jackfruits are 
known for its taste, appearance as well as its 
health benefits. However, the pulp and seeds of 
the fruit is usually consumed and the other parts 
like the rind and leaves are often wasted despite 
them having many health benefits such as high 
antioxidant activity, the ability to control blood 
glucose levels, possessing anticarcinogenic, 
antimicrobial, anti-inflammatory and for 
wound healing.55 Therefore, this research 
focuses on the synthesis of AgNP using 
Jackfruit leaves and performing various other 
tests from the synthesized AgNP and evaluating 
their results. In this research, five different 
variants of Jackfruit leaves were used: Red, 
Durian, Maharagama (MG), Mandoor and 
Nirosha. 

Substances (natural or synthetic) that prevent or 
delay cellular damage caused by oxidants are 
known as antioxidants.11 These oxidative 
stresses are associated with diseases like 
cancer, diabetes, atherosclerosis, Alzheimer's 

disease.25 The AgNP can act as an antioxidant 
either by the single electron transfer or the 
hydrogen transfer and thus prevents or delay the 
damages caused to the cell by the oxidative 
stresses.12 

Since nanoparticles can be used in the health 
field, it is important to test for its possible 
toxicity before its final use in the industry. 
Artemia salina (brine shrimps) are used to test 
for the lethality of AgNP. These are common 
model organisms, as it is cost-effective, has a 
short life cycle, increased offspring production 
and easy availability of the cysts.8 The nauplii 
has a higher sensitivity to the toxic components 
compared to the adult brine shrimp. Other 
techniques to detect toxicity in cells include dye 
exclusion, colorimetric and fluorometric 
assays. However, these have their 
disadvantages such as insensitivity, time-
consuming and labor intensive.7 

Para-nitrophenol (PNP) is a toxic substance 
released from the dye, explosives and pesticides 
industries that causes harm to the environment, 
especially to the aquatic system and humans.63 
Since PNP degradation is too slow, the AgNP 
acts as a catalyst and allows the reaction to 
proceed. Advantages of AgNP involve them 
being biodegradable, cost-effective and the lack 
of secondary pollution production.63 Despite 
there being other techniques like electro or 
photocatalyst and adsorption, these use high 
energy and expensive instruments.75 

Synthetic dyes are widely used in the textile 
industries, where the waste is discarded into the 
water system. These dyes are either non-
biodegradable35 or can be transformed into 
carcinogens upon degradation of microbes 
present inside humans or animals. Even though, 
there are many wastewater treatment processes 
like reverse osmosis, incineration, filtration, 
electrochemical oxidation, they have their 
disadvantages such as the production of volatile 
toxic gases, increased reaction time, smelly 
odour, sludge formation and more.60 Since 
AgNP have a large surface area, high 
adsorption properties and increased equilibrium 
rates, they can be used in the removal of these 
harmful dyes before entering the water 
system.42 

Melamine is a chemical compound rich in 
nitrogen that is used as an adulterant in dairy 
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products, to increase their protein content. 
AgNP can be used in the detection of melamine 
(in milk) using colorimetric methods.34 
Melamine can also be detected by gas 
chromatography and high-performance liquid 
chromatography. In contrast, these techniques 
are time consuming, involve the use of 
expensive equipment, extensive sample 
preparation and require skilled personnel.57 

Recently, antibiotics were becoming less 
effective against bacteria due to the increased 
usage and mutations in the bacterial cell. It is 
difficult to develop new antibiotics, as it is time 
consuming to study the efficacy and safety of 
the new drug and a large number of resources 
are needed. Meanwhile, the infections from the 
resistant microbes continue to spread.14 
Therefore, AgNP can be an excellent 
alternative to antibiotics, due to their 
antibacterial properties of releasing Ag+ ions, 
inducing oxidative stress and the surface-
binding of the bacteria to the AgNP, making it 
difficult for the bacteria to develop resistance 
against AgNP,65 thus, allowing AgNP to be 
incorporated into medical products like 
catheters and other surgical tools. 

This study aimed to investigate the use of leaf 
extracts from five different variants of 
Jackfruits to synthesize AgNP. The AgNP 
produced was used in assessing their 
antioxidant and photocatalytic activity, 
antibacterial properties, melamine adulteration 
in milk, para-nitrophenol catalysis and 
cytotoxicity studies. Scanning electron 
microscope (SEM) was used to analyze the 
shape and size of the AgNP. 2,2-diphenyl-1 
picrylhydrazyl (DPPH) assay was used in the 
estimation of the antioxidant properties, 
whereas methylene blue (MB) and NaBH4 was 
used in the estimation of the photocatalytic 
activity. As for the PNP catalysis, the 
synthesized AgNP was used to catalyze the 
reaction between PNP and NaBH4. E. coli and 
S. aureus were used in the evaluation of the
antibacterial properties via well diffusion and
the cytotoxicity was tested on Artemia salina.
Hence, utilizing this research results in
wastewater treatment, industrial and medical
fields.

2. Methodology

Throughout the research, a good laboratory 
practice was followed along with the use of 
personal protective equipment. 

2.1 Sample Collection. In this research, five 
different variants of Jackfruit leaves, collected 
from Diyatha Uyana, Battaramulla were used. 
The variants used are Red, Durian, 
Maharagama (MG), Mandoor and Nirosha, 
illustrated in Figure 02.  

            

Figure 02: Different variants of Jackfruit 
leaves; (A) Red (B) Durian (C) MG (D) 
Mandoor (E) Nirosha  

2.2 Preparation of water extraction of Jackfruit 
leaves. Dried Jackfruit leaves were cut into 
smaller pieces and 2 g of each variant was 
soaked in 50 mL distilled water (d.H2O) . This 
was placed in the hot oven for 1 hour at 100 ºC 
and was then allowed to cool. Afterwards, all 
the five different water extracts (WE) were 
filtered using Whatman Filter paper and were 
stored at – 4 ºC until further use.39 

2.3 Qualitative analysis of phytochemicals. 
This qualitative analysis was performed with 
WE. 

(A
)

(B
)

(C) 

(E
)

(D
)
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Table 01: Shows the Phytochemicals test 
performed and their expected results. 

Phytochemical 
Tests 

Methodology Expected 
Results 

Alkaloids A volume of 0.5 
mL from each WE 
were placed into 
an oven to obtain 
residues. 
Afterwards, 
1.5mL of the 2% 
(v/v) HCl was 
added into the WE 
residues and was 
dissolved. To this 
1 drop of Mayer’s 
reagent was 
added.  

A white 
precipitate.66 

Amino acids Ninhydrin reagent 
(2 drops) was 
added into 0.5 mL 
of WE and was 
heated in a water 
bath 

Colour 
change to 
blue.13 

Anthocyanins A volume of 0.5 
mL of 
concentrated HCl 
was added into 0.5 
mL of WE 

Anthocyanins 
appear red in 
acidic 
conditions.31 

Carbohydrates To 0.5 mL WE, 2 
drops of Iodine 
solution was 
added  

Blue-black 
colour 
observed.23 

Flavonoids A volume of 125 
µL of 1% AlCl3 
was added into 0.5 
mL of WE. 

Colour 
changes to 
yellow.40 

Glycosides WE (0.5 mL) were 
placed in an oven 
to reduce their 
volume in half. To 
this 0.5 mL of 
NH4OH was 
added and was 
shaken. 

Cherish red 
colour.66 

Phenols A total of 2 drops 
of 10% ferric 
chloride was 
added into 0.5mL 
of WE 

Colour 
changes to 
black.40 

Reducing sugars To 0.5 mL of each 
WE, 1mL of 
Benedict’s 
reagent was added 
and was heated in 
a water bath  

Brick red 
indicates a 
positive result 
for reducing 
sugar.13 

Saponin A volume of 0.5 
mL of the WE 
were added in 
their respective 
test tubes and 
were shaken 
vigorously using a 
Vortex meter.  

Observation 
of foams on 
the surface of 
the test 
tube.66 

Tannin A total of 3 drops 
of 1% ferric 
chloride was 
added into 0.5 mL 
of WE 

Colour 
changes to 
black.13 

2.4 Synthesis of AgNP. A volume of 1 mL of the 
prepared WE was mixed with 9 mL of 0.02M 
AgNO3.41 This was then placed in the hot air 
oven at 90 ºC and 60 ºC for 15, 30, 45 and 60 
minutes as well as at room temperature for 24 
hours. A spectrophotometer reading was 
recorded in the range 320-520 nm with distilled 
water as the blank.  

2.5 Evaluation of the Bandgap energy of AgNP. 
Bandgap energy is the energy required for an 
electron to move from the valence band (VB) to 
the conduction band (CB).24

Equation 01:  
𝐸 = ℎ 𝑥

𝑐

𝜆
E = Bandgap energy 
h = Plank’s constant (6.626 x 10 -34 Js) 
c = Speed of light (3 x 108 ms-1) 
λ = Wavelength of AgNP 

2.6 SEM Analysis. An aliquot of Red_AgNP 
was centrifuged at 13,000 rpm for 30 seconds 
and the supernatant was removed, the sample  
was centrifuged each time after adding an 
aliquot of Red_AgNP and the supernatant was 
removed until a prominent pellet was obtained. 
Afterwards, this was allowed to dry in a hot air 
oven at 40ºC and was sent to Sri Lanka Institute 
of Nanotechnology (SLINTEC). 

2.7 Quantitative analysis of TFC, TPC and TAC 
of WE and AgNP. The WE and AgNP were 
diluted before these studies were performed. 
All these studies were done in triplicates and 
d.H2O was used as the blank.

          2.7.1 Total Flavonoid Content (TFC) 
A volume of 1 mL of 20% AlCl3 was added into 
1 mL of the samples and a drop of acetic acid 
was added. The absorbance was measured at 
415 nm.47 Then TFC was calculated using the 
quercetin as the standard curve and was 
expressed as µg/QE/100 g. 

       2.7.2 Total Phenolic Content (TPC)  
A volume of 0.25 mL of 10% Folin-ciocalteu 
phenol reagent (FCR) was added into 0.25 mL 
of the sample and was mixed well. After 5 
minutes, 2.5 mL of 7% Na2CO3 was added and 
was then incubated at room temperature for 90 
minutes. The absorbance was then recorded at 
765 nm.47 Afterwards, TPC was calculated 
using the standard curve (gallic acid) and was 
expressed as g/GEA/100 g. 

15© 2025 BMS The Journal of Applied Learning

ISSN 2989-0705 (Online)|Vol 3|Issue 2|July 2025



        2.7.3 Total Antioxidant Capacity (TAC)  
A volume of 5 mL of reagent solution was 
added into 0.5 mL of the sample. The reagent 
solution was prepared by mixing 0.60 molL-1 

H2SO4, 28 mmolL-1 NaH2PO4 and 4 mmolL-1 

(NH4)2MoO4 in a 1:1:1 ratio. The samples were 
then incubated at 95 ºC for 90 minutes. 
Afterwards, the samples were allowed to reach 
room temperature before the absorbance was 
measured at 695 nm.72 TAC was then calculated 
using ascorbic acid as the standard curve and 
was expressed as g/AA/100 g. 

2.8 Antioxidant Scavenging Activity of WE and 
AgNP via DPPH assay. DPPH solution (0.1 
mM) was used as the control and methanol was 
used as the blank. Afterwards, 20, 40, 60, 80 
and 100% of the diluted WE/AgNP were 
prepared and to this 1 mL of the DPPH solution 
was added. The absorbance was then recorded 
at 517 nm.44  

Equation 02: 
% Scavenging Activity 

=
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒(𝐷𝑃𝑃𝐻) − 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒(𝑆𝑎𝑚𝑝𝑙𝑒)

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒(𝐷𝑃𝑃𝐻) 𝑥 100
×  100 

Then, the IC50 values were calculated using the 
% scavenging activity (Equation 02). 

2.9 Cytotoxicity studies of AgNP on Brine 
shrimps. Brine shrimps were hatched in filtered 
sea water and were placed under a light source 
for 24 hours. In a 96 well plate, 800 ppm and 
240 ppm of AgNP were added into separate 
wells and were filled to a total of 250µl using 
seawater. This was done in triplicates. A control 
was also prepared using only (250µl of) 
seawater. To this, 2 nauplii brine shrimps were 
added and were incubated for 24 hours next to 
a light source and the % viability was 
calculated61 using Equation 03.  

Equation 03: 

% Viability = 
𝑇𝑜𝑡𝑎𝑙𝑁𝑜.𝑜𝑓𝑣𝑖𝑎𝑏𝑙𝑒𝑠ℎ𝑟𝑖𝑚𝑝𝑠 − 𝑇𝑜𝑡𝑎𝑙𝑁𝑜.𝑜𝑓𝑛𝑜𝑛𝑣𝑖𝑎𝑏𝑙𝑒𝑠ℎ𝑟𝑖𝑚𝑝𝑠×100

𝑇𝑜𝑡𝑎𝑙 𝑁𝑜.𝑜𝑓 𝑠ℎ𝑟𝑖𝑚𝑝𝑠

2.10 Degradation PNP using AgNP as a 
catalyst. Initially, 10-4 M of PNP and 10-1 M of 
NaBH4 was prepared. The absorbance of PNP 
from 280-520 nm was used as the control. Then 
the readings were taken for a mixture of 2 mL 
of PNP and 1 mL of NaBH4. Lastly, 20 µL of 

4000 ppm AgNP was added into 2 mL of PNP 
and 1 mL of NaBH4 and the absorbances were 
recorded until the complete degradation of PNP 
was observed.29 d.H2O was used as the blank 
and this procedure was repeated with all the 
AgNP. The rate constants were then calculated 
using equation 04. 

Equation 04: 

𝑙𝑛 𝑙𝑛 (
𝐶𝑡

𝐶0
)  = −𝐾𝑡 

𝑦 = 𝑚𝑥 + 𝑐 
𝑚𝑥 =  −𝑘𝑡 

𝑦 =  −𝑘𝑡 + 𝑐 
Ct = [PNP] at each interval 
C0 = Initial [PNP]  
 t = Time interval 
 k = Rate constant 

2.11 Photocatalytic degradation of Methylene 
blue (MB) using AgNP. To 100 mL of 0.03 mM 
of MB, 1 mL of each 4000 ppm and 266.67 ppm 
of AgNP was added and the absorbance was 
recorded from 400-720 nm. This was done for 
2 hours with a 30-minute interval. This was 
then repeated with the addition of 1 mL of 
NaBH4.33 A control was also recorded using 
only MB and d.H2O was used as the blank. 

2.12 Melamine Detection in AgNP. 
Concentrations of 2 ppm and 8 ppm melamine 
were spiked by adding 600 µL of melamine to 
800 µL of 4000 ppm Mandoor_AgNP. The 
absorbance was measured from 320-720 nm 
and d.H2O was used as the blank.  

2.12.1 Melamine Adulteration in milk. 
Melamine spiked in milk involved the heating 
of 100mL of fresh milk, till it reached 90ºC and 
was allowed to cool down to 60ºC. To this, 25 
drops of 0.25M of citric acid were added and 
kept at room temperature for 30 minutes.. Then 
it was centrifuged for 20 minutes at 4000 rpm. 
Afterwards, the supernatant was filtered twice 
using a Whatman filter paper. Then the 
absorbance of 600µl of milk, 600µl of 
melamine and 800µl of Mandoor_AgNP was 
measured from 320-720nm along with the 
absorbance of 600µl of milk and 800µl of 
AgNP.54  

2.13 Antibacterial Activity. Initially, 15.2 g of 
Mueller-Hinton agar was dissolved in 400 mL 
of d.H2O and was heated on a Bunsen burner 
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until the agar was fully dissolved and the 
media turned clear. This was then autoclaved 
at 121 ºC for 15 minutes and was poured into 
labelled petri dishes and was allowed to 
solidify. The petri dish was divided into 4 and 
was labelled as Positive (+), Negative (-), 
Sample 1 (S1) and Sample 2 (S2) (Figure 03). 
The E. coli and S. aureus inoculum was 
prepared by using sterile cotton swabs to collect 
each species and this was then suspended in 
individual test tubes containing saline. 
Afterwards, the plates were inoculated with 
their respective inocula. Following this, two 
drops of WE/AgNP were added into the S1 and 
S2 wells producing duplicates of the sample. 
The samples were prepared by adding 1 mL of 
WE and AgNP to individually labelled watch 
glasses and this was allowed to dry in a hot air 
oven until residues were formed. This was then 
dissolved in 200μl of d.H2O and was then 
added into the wells. Saline (two drops) was 
used as the negative control and Gentamycin 
was the positive control. This was then 
incubated at 37 ºC for 24 hours and the zone of 
inhibition (ZOI) was measured.16 

Figure 03: A labelled petri dish with wells only 
on -, S1 and S2  

2.14 Statistical Analysis. The results obtained 
from each of these tests were then tabulated in 
Microsoft Excel Version 16.75.2 and were 
subjected to statistical analysis using SPSS. 
Comparison between species were performed 
via the one-way Anova test for TFC, TPC, TAC 
and antibacterial activity. Pearson’s correlation 

was done to observe the correlation between 
TFC, TPC and TAC. 

3. Results

3.1 Qualitative Analysis of Phytochemicals 
present in the WE 

Table 02: Qualitative studies of 
Phytochemicals present in WE (✓ indicates 
present and ✗ indicates not present) 

Phytochemica
ls 

Red Duri
an 

MG Mando
or 

Nirosha 

Saponins ✓ ✓ ✓ ✓ ✓ 

Glycoside ✓ ✓ ✓ ✓ ✓ 
Alkaloid ✓ ✓ ✓ ✓ ✓ 
Reducing 
Sugar 

✓ ✓ ✓ ✓ ✓ 

Phenols ✓ ✓ ✓ ✓ ✓ 

Flavonoid ✓ ✓ ✓ ✓ ✓ 

Tanins ✓ ✓ ✓ ✓ ✓ 

Carbohydrat
e 

✓ ✓ ✓ ✓ ✓ 

Amino acids ✗ ✗ ✗ ✗ ✗ 

Anthocyanin ✗ ✗ ✗ ✗ ✗ 

All the WE showed a positive result for the 
phytochemicals except for amino acids and 
anthocyanins. 

3.2 Synthesis of AgNP using Jackfruit WE 

Figure 04: Synthesis of AgNP before (A) and 
after (B) incubation 

Table 03: Optimization of AgNP (✓ indicates 
synthesized and ✗ indicates not synthesized) 

Samples Incubation at 90 ºC Incubation at 60 ºC 

 Time (mins)  Time (mins) 

60 45 30 15 60 45 30 15 

(B) (A) 
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Red ✗ ✓ ✗ ✗ ✗ ✗ ✗ ✗ 

Durian ✗ ✗ ✓ ✗ ✗ ✗ ✗ ✗ 

MG ✗ ✓ ✗ ✗ ✗ ✗ ✗ ✗ 

Mandoor ✗ ✓ ✓ ✗ ✗ ✗ ✗ ✗ 

Nirosha ✗ ✗ ✗ ✗ ✗ ✗ ✓ ✗ 

Figure 05: Absorbances of optimized AgNPs of 
4 different species of Jackfruit leaves at 90 ºC - 
45 minutes and 90 ºC - 30 minutes. 

Red, MG and Mandoor showed the presence of 
AgNP at 90ºC- 45 minutes and Durian and 
Mandoor showed AgNP presence at 90ºC- 30 
minutes and AgNP was detected in Nirosha at 
60 ºC- 30 minutes. A colour change to dark 
brown was first observed (Figure 04) and the 
variant ‘Durian’ had the highest absorbance 

(Figure 05). 

3.3 Bandgap energy of AgNP 
Table 04: The band gap energy of AgNP. 

Sample Bandgap 
energy (eV) 

Classifications 

Red_AgNP 2.82 Semi-conductors 
Durian_AgNP 3.10 Semi-conductors 
MG_AgNP 2.95 Semi-conductors 
Mandoor_AgNP 3.10 Semi-conductors 

3.4 SEM Analysis 

       (A) 

     (B) 

Figure 06: SEM analysis of Red_AgNP at 15.0 
kV 10.7 mm x 120 k, 400 nm (A) 15.0 kV 10.7 
mm x 110 k, 500 nm with diameters (B) 

SEM analysis showed spherical shapes of 
Red_AgNP with diameters in the range 20-60 
nm. 

3.5 Quantitative Analysis of TFC, TPC and 
TAC of WE and AgNP 
         3.5.1 TFC 

Figure 07: Average TFC of (A) WE and (B) 
AgNP measured in triplicates 

       3.5.2 TPC 

 

(A) 

(B)
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Figure 08: Average TPC of (A) WE and (B) 
AgNP measured in triplicates 

          3.5.3 TAC 

Figure 09: Average TAC of WE and AgNP 
measured in triplicates 

The TFC, TPC and TAC of AgNP were higher 
than WE and there was a significant difference 
(p < 0.05) between the AgNP and WE. 

3.6 Antioxidant Scavenging Activity of WE and 
AgNP via DPPH assay. 

Table 05: IC50 values of WE and AgNP 

Sample ID WE AgNP 
Red 0.36 0.39 
Durian 2.43 0.04 
MG 0.081 0.39 
Mandoor 0.30 0.19 
Nirosha 0.13 - 

The IC50 of Durian and Mandoor WE were 
higher compared to their AgNP. 

3.7 Cytotoxicity studies of AgNP on Brine 
shrimps 

Table 06: Viability of Brine shrimps in 800 
ppm AgNP 

Sample Well 
01 

Well 
02 

Well 
03 

Viabil
ity 

Result
s 

 Red 02/02 02/02 02/02 100% 

Durian 02/02 02/02 02/02 100% 

MG 02/02 02/02 02/02 100% 

Mandoo
r 

02/02 02/02 02/02 100% 

Control 02/02 02/02 02/02 100% 

Table 07: Viability of Brine shrimps in 240 
ppm AgNP 

Sample Well 
01 

Well 
02 

Well 
03 

Viabil
ity 

Result
s 

Red 02/02 02/02 02/02 100% 

Durian 02/02 02/02 02/02 100% 

MG 02/02 02/02 02/02 100% 

Mandoor 02/02 02/02 02/02 100% 

Control 02/02 02/02 02/02 100% 

The results showed that the brine shrimps had a 
100% viability in the presence of both 240 ppm 
and 800 ppm AgNP. 

(B) 

(A)
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3.8 Degradation PNP using AgNP as a catalyst. 

Figure 10: Absorbance of PNP 

Figure 11: Absorbance during PNP degradation by NaBH4 over 2 hours (without AgNP) 

Degradation was not observed by the addition of NaBH4 to PNP. 

Figure 12: Absorbance of PNP and NaBH4 in the presence of Red_AgNP 
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Figure 13: Absorbance of PNP, NaBH4 in the presence of Durian_AgNP 

Figure 14: Absorbance of PNP, NaBH4 in the presence of  MG_AgNP 

Figure 15: Absorbance of PNP, NaBH4 in the presence of Mandoor_AgNP 

PNP degradation was observed with all the AgNP. 

21© 2025 BMS The Journal of Applied Learning

ISSN 2989-0705 (Online)|Vol 3|Issue 2|July 2025



3.9 Photocatalytic degradation of MB using AgNP 
   3.8.1 Degradation of MB under sunlight using AgNP 

Figure 16: Absorbance of MB and all four 266.67 ppm AgNPs at 0 and 120 minutes 

Figure 17: Absorbance of MB and all four 4000 ppm AgNPs at 0 and 120 minutes 

MB did not show any degradation with AgNP, under sunlight. 

   3.8.2 Degradation of MB under sunlight using AgNP and NaBH4 

Figure 18: Absorbance of MB, NaBH4 and all four 266.67 ppm AgNP 
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Figure 19: Absorbance of MB, NaBH4 and all four 4000 ppm AgNP 

An instant degradation was observed with 4000 ppm AgNP and NaBH4 compared to 266.67 ppm and 
NaBH4, which took 10-15 mins.  

3.10 Melamine adulteration in milk 

      3.9.1 Detection of melamine in water 

Figure 20: Melamine detection in water (2ppm). 

Figure 21: Melamine detection in water (8ppm). 

23© 2025 BMS The Journal of Applied Learning

ISSN 2989-0705 (Online)|Vol 3|Issue 2|July 2025



Peaks were observed with 2 ppm and 8 ppm melamine, when spiked in water (Figure 20 and 21). 

     3.9.2   Melamine adulteration in milk using Mandoor_AgNP 

Figure 22: Melamine adulteration in milk (2 ppm) 

Figure 23: Melamine adulteration in milk (8 ppm). 

No peaks were observed in melamine adulteration using milk (Figure 22 and 23). 
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3.11 Antibacterial Activity of WE and AgNP 

Table 08: Antibacterial activity of WE and 
AgNP using E. coli 

Sample ID S1 
(cm) 

S2 
(cm) 

Averag
e (cm) 

(+) 
(cm) 

Red_WE - - - 2.2 
Durian_WE - - - 2.2 
MG_WE - - - 2.2 
Mandoor_WE - - - 2.4 
Nirosha_WE - - - 2.4 
Red_AgNP 1.2 1.5 1.35 2.2 
Durian_AgNP 1.3 1.3 1.3 2.2 
MG_AgNP 1.4 1.3 1.35 2.3 
Mandoor_AgN
P 

1.3 1.2   1.25 2.2 

(A)                                    (B) 
Figure 24: Antibacterial activity of  Red WE 
(A) and AgNP (B) using E. coli

(A)                                    (B) 
Figure 25: Antibacterial activity of  Durian 
WE (A) and AgNP (B) using E. coli 

(A)                                    (B) 
Figure 26: Antibacterial activity of  MG WE 
(A) and AgNP (B) using E. coli

(A)                                    (B) 
Figure 27 : Antibacterial activity of  Mandoor 
WE (A) and AgNP (B) using E. coli 

Figure 28 : Antibacterial activity of  Nirosha 
WE using E. coli 

Antibacterial activity was observed in all the 
AgNP whereas no activity was seen in WE with 
E. coli (Figure 24 - 28).

Table 09: Antibacterial activity of WE and 
AgNP using S. aureus 

Sample ID S1 
/(cm) 

S2 
/cm) 

Average 
/(cm) 

(+) 
/(cm) 

Red_WE - - - 3.5 
Durian_WE 1.5 1.2 1.35 3.5 
MG_WE 1.1 1.1 1.1 3.5 
Mandoor_WE - - - 3.4 
Nirosha_WE 1.2 1.1 1.45 3.4 
Red_AgNP 1.4 1.5 1.5 3.3 
Durian_AgNP 1.5 1.5 1.55 3.4 
MG_AgNP 1.5 1.6 1.6 3.4 
Mandoor_AgN
P 

1.6 1.6 
1.45 

3.4 

(A)        (B)         

Figure 29 : Antibacterial activity of  Red WE 
(A) and AgNP (B) using S. aureus
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(A)                   (B)   

Figure 30 : Antibacterial activity of  Durian 

WE (A) and AgNP (B) using S. aureus 

(A)       (B)                   

Figure 31 : Antibacterial activity of  MG WE 

(A) and AgNP (B) using S. aureus

(A)        (B)         

Figure 32: Antibacterial activity of  Mandoor 

WE (A) and AgNP (B) using S. aureus 

Figure 33: Antibacterial activity of Nirosha 

WE using S. aureus 

Antibacterial activities were observed only with 

Durian, MG and Nirosha WE and all the AgNP 

showed a ZOI with S. aureus (Figure 29-33). 

The Anova table showed a p value less than 

0.05 (p = 0.00185) indicating a significant 

difference between the ZOI of E. coli and S. 

aureus. 

4. Discussion

Jackfruit leaves are usually wasted despite them

having many medicinal properties. In addition,

research on jackfruit and its parts are limited,

altogether, leading us to conducting this

research. Since, this research followed the

green approach, water was used as the

extraction solvent as it is environmentally

friendly. Phytochemical analysis showed the

presence of saponins, glycosides, alkaloids,

reducing sugar, phenols, flavonoids, tannins

and carbohydrates in WE.19 However, negative

results were obtained for both amino acids and

anthocyanins.

Ag+ is reduced to Ag by the phytochemicals 

present in the plants as in Figure 34. 

Phytochemicals act as stabilizing, reducing and 

capping agents, resulting in AgNP formation.52 

Nanoparticle synthesis is affected by the 

incubation time, temperature, 

components/concentrations of WE, pH and 

metal ion concentrations.18  

Figure 34: Green synthesis of AgNP.28 

The first observation was a colour change from 

pale yellow to dark brown (Figure 04) due to 

the excitation of the Surface Plasmon 

Resonance (SPR). The oscillations of the 

conductive electrons on the AgNP surface due 

to excitation by light is known as the SPR.28 

Red, MG and Mandoor showed AgNP at 90 ºC 

- 45 minutes whereas at 90 ºC - 30 minutes,

AgNP was detected in Durian and Mandoor and

at 60 ºC - 30 minutes for Nirosha. These

temperatures were also observed with Anu and

her team.4 The detection of AgNP in the range

400-500 nm is also due to the SPR.5 

Semi-conductors have a bandgap energy < 3eV 

and insulators have a bandgap energy >4eV. 

Since some AgNP had a bandgap energy >3eV 
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but <4eV (Table 04), they were also classified 
as semi-conductors.  

The shape and size of Red_AgNP was 
determined using SEM.6 SEM analysis showed 
spherical AgNP of sizes in between 20-60nm 
(Figure 06), similar findings were also shown 
by Manjare.41 However, AgNP clustering was 
observed27 and this could be due to the 
increased Ag+ concentration or increased pH of 
the extracts.9 

The principles of TFC, shown in Figure 35, 
involves AlCl3 forming a stable acid complex 
with the ketone groups along with the 
orthodihydroxyl group of the flavonoids, giving 
a yellow colour.38 The TFC of AgNP were 
higher than their WE. TFC was high in 
Nirosha_WE and Red_AgNP (Figure 07). A p 
value of 2.14x10-8, shows a significant 
difference between AgNP and WE.   

Figure 35: Principles of quantitative TFC.37 

In TPC, the oxidation of the phenol group by 
the FCR enables the reduction of the 
phosphomolybdate-phosphotungstate in the 
FCR into molybdenum-tungsten complex 
(Figure 36), giving rise to a blue complex. 
Na2CO3 provides an alkaline atmosphere which 
facilitates the dissociation of protons from the 
phenolic compound.49 

Figure 36: Principles of quantitative TPC.62 

The TPC of AgNP was higher than the WE. 
Durian_WE and AgNP showed the highest 
TPC value (Figure 08). A p value of 5.37x10-5 
(p < 0.05) suggests a significant difference 
between the TPC of the WE and AgNP. 

TAC assay involves the reduction of 
molybdenum (VI) into molybdenum (V) in the 
presence of an antioxidant, giving a greenish-
blue colour (Figure 37). The TAC of AgNP was 
higher than the WE and Durian_WE and AgNP 
had the highest TAC value (Figure 09). A p 
value of 8.67x10-6   (p < 0.05) shows a 
significant difference between the WE and 
AgNP. However, studies were not conducted 
on Jackfruits to support this. 

Figure 37: Principles of Quantitative TAC.59 

The TFC, TPC and TAC of the AgNP were 
higher than their respective WE. However, the 
increase in TFC and TPC in WE compared to 
AgNP17 could be due to different locations, 
variants and the involvement of the 
phytochemicals during AgNP synthesis.67  

A strong correlation was observed among TFC, 
TPC and TAC in the Pearson correlation 
analysis (Figure 38). The TFC-TAC was higher 
compared to the others, indicating that 
flavonoids were the predominant phenolic 
compounds in jackfruit leaves that attributed to 
their antioxidant activities.78 

Figure 38: Pearson correlation between TFC, 
TPC and TAC 

DPPH is a stable free radical that contains free 
electrons in its nitrogen atom which can be 
reduced by the H atom of the antioxidant. 
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DPPH has a deep purple colour which changes 
to pale yellow colour when it is reduced. There 
is a strong absorbance at 517 nm due to the 
presence of an odd electron. The AgNP’s 

antioxidant activity, in Figure 39, is due to the 
bioactive molecules and secondary metabolites 
on the AgNP surface.30  

Figure 39: Antioxidant activity of 
Nanoparticles.69 

The IC50 is the concentration of an antioxidant-
containing substance required to scavenge 50% 
of the initial DPPH radicals.48 A high 
antioxidant activity is indicated by a low IC50 
value. The results showed that Durian and 
Mandoor WE along with Red and MG AgNP 
had higher antioxidant activities (low IC50) than 
their respective AgNP/WE.26 Antioxidant 
activity of WE could be due to their increased 
phenolic and flavonoid content.17 

AgNP’s cytotoxic effect involves the 

interaction between the chitin of the brine 
shrimp and the Ag+ ions, leading to the 
deformation of the chitin structure and 
eventually death.51 AgNP can also enter the cell 
through diffusion or endocytosis. AgNP or Ag+ 
generates ROS and elevated ROS levels 
produces oxidative stresses which eventually 
results in damage to the DNA and proteins in 
the cell leading to cell apoptosis,3 as shown in 
Figure 40. 

Figure 40: Cytotoxicity of AgNP.3 

However, the brine shrimps had a 100% 
viability with 240 ppm and 800 ppm AgNP, due 
the production of AgNP via green synthesis. 
Phytochemicals involved in nanoparticle 
formation are usually compatible with the 
biological systems, resulting in a decreased 
cytotoxicity.70 

PNP has 2 different absorbances based on its 
pH, 317 and 400 nm. In acidic conditions, a 
peak at 317nm is observed and upon the 
addition of NaBH4, the peak shifts to the right 
and forms at 400nm (Figure 10).73 PNP 
degradation to p-aminophenolate (PAP) by 
NaBH4 is kinetically too slow due to the 
presence of a potential difference and a kinetic 
barrier between the donor (borohydride) and 
the acceptor (p-nitrophenolate ions), therefore, 
a slow degradation was observed with PNP and 
NaBH4 (Figure 11). 

Figure 41: Catalytic degradation of PNP by 
AgNP.63 

With AgNP, the addition of NaBH4, forms 
hydrogen gas, which is adsorbed onto the 
AgNP. Thereafter, the adsorption of p-
nitrophenolate ions onto the AgNP allows the 
reduction process, eventually causing the 
desorption of PAP from the AgNP. Hence, 
acting as a catalyst by facilitating the transfer of 
electrons from the donor to the acceptor and 
thus overcoming the kinetic barrier,63 
demonstrated in Figure 41. A colour change 
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from yellow to colourless also shows the 
degradation of PNP to PAP.53  

Figure 42: The rate of reaction for Red_AgNP 

Figure 43: The rate of reaction for 
Durian_AgNP  

Figure 44: The rate of reaction for MG_AgNP 

Figure 45: The rate of reaction for 
Mandoor_AgNP  
Table 10:  Rate constants of AgNP 

Sample Rate constant K 
Red_AgNP 0.0012 

Durian_AgNP 0.0037 
MG_AgNP 0.0018 

Mandoor_AgNP 0.0035 

The reaction rate increased in the order Red <  
MG < Mandoor < Durian AgNP, shown in 
Figures 42-45 and table 10. 

MB degradation by AgNP involves the 
excitation of the electrons in the VB into the CB 
upon irradiation. This generates an electron-
hole which results in the production of hydroxyl 
radicals, which acts as an oxidizing agent, 
leading to the degradation of MB,42 shown in 
Figure 46. In the presence of NaBH4, 
adsorption of the BH4

- onto the AgNP 
facilitates the transfer of electrons to MB 
eventually leading to a faster degradation,22 
explaining why there was no visible 
degradation of MB under sunlight, in the 
absence of NaBH4. 

Figure 46: Photocatalytic degradation of MB 
using AgNP.42 

With high concentrations of AgNP, there is an 
increased dispersion and an increased 
availability of active sites, explaining why an 
instant degradation of MB was observed with 
4000 ppm AgNP and NaBH4, whereas 10-15 
minutes was needed for the complete 
degradation of MB using 266.67 ppm AgNP. 
The increase in absorbance observed with 4000 
ppm AgNP and NaBH4 after 0 minutes could be 
due to the agglomeration of excess AgNP.68 

Since melamine has a high nitrogen content, it 
is used in milk adulteration.56 AgNP plays a 
role in melamine detection via the electrostatic 
interaction between the negatively charged 
nanoparticle surface and the positively charged 
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amino group of melamine. The aggregation of 
the AgNP results in a colour change from 
yellow to red,54 shown in Figure 47. A peak in 
the range 600 nm corresponds to the conversion 
of the dispersed AgNP into its aggregated 
form.64 

Figure 47: The MOA of Melamine detection by 
AgNP.50 

Even though Mandoor_AgNP detected 
melamine (2ppm and 8ppm) in water, in milk, 
no peaks were observed for both AgNP and 
melamine, showing the absence of melamine in 
milk. The absence of AgNP peaks (Figure 22, 
23), could be due to the interaction between 
existing whey proteins and AgNP, which 
inhibits the binding of melamine to the AgNP. 
However, this point was not proven with AgNP 
but this phenomenon was observed with gold 
nanoparticles,43 assuming this could be the 
same with AgNP. 

The AgNP exhibits its antibacterial activity by 
accumulating in the pits formed on the cell wall 
when they attach themselves, leading to the 
disruption of the cell wall and membrane 
permeability. The main MOA involves the 
release of Ag+ from AgNP, which attaches to 
the bacterial cell wall and membrane via 
electrostatic interactions between the sulfur 
proteins, increasing the permeability of the cell 
membrane. Upon the penetration of the cell 
membrane, the Ag+ deactivates the respiratory 
enzymes leading to the production of reactive 
oxidative species (ROS) which causes damage 
to the DNA. Since the DNA mainly consists of 
phosphate and sulphur, the Ag+ interacts with 
the DNA affecting DNA replication. 
Furthermore, protein synthesis is also inhibited 

due to denaturation of the ribosome 
components,1 shown in Figure 48. 

Figure 48: Antibacterial activity of AgNP.58 

A ZOI was observed with all the AgNP in both 
E. coli and S. aureus but no ZOI was seen with
WE in E. coli. However, Durian, MG and
Nirosha WE showed a ZOI with S. aureus. This
is due to the presence of phytochemicals, which
gives WE their antibacterial properties,
supported by the studies from Dhierllate.21 The
AgNP was more potent against S. aureus
compared to E. coli, similar results were
observed by Manjare.41 The reason behind S.
aureus being more sensitive to AgNP could be
due to the lack of an outer film surrounding the
peptidoglycan layers of the cell wall, allowing
the straightforward interaction of AgNP and the
bacterial outer membrane.74 A p value of 0.002
shows a significant difference between the ZOI
of S. aureus and E. coli.

5. Conclusion

In conclusion, AgNP was synthesized from 5 
different variants of Jackfruit leaves. 
Optimization of AgNP occurred at 90 ºC  -30 
and 45 minutes and at 60 ºC - 30 minutes. All 
the AgNP were classified as semi-conductors. 
SEM analysis showed spherical AgNP of 
diameters between 20-60 nm. TFC, TPC and 
TAC were high in AgNP compared to their WE. 
The IC50 of Durian and Mandoor WE were 
found to be higher than their AgNP. 
Cytotoxicity study using Artemia salina 
showed 100% viability. Faster degradation of 
PNP was observed in Durian_AgNP. The 
photocatalytic degradation of MB was also 
rapid with all AgNP and NaBH4. 
Mandoor_AgNP detected melamine in water 
but not in milk. All the AgNP showed 
antibacterial activity against S. aureus and E. 
coli and was more potent against S. aureus. 
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Therefore, AgNP synthesized from Jackfruit 
leaves can be used in many industries.  
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