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ABSTRACT

Effective management of fruit peel waste is essential 
for environmental sustainability. Utilizing these waste 
substrates for nanoparticle (NP) synthesis presents 
a sustainable approach. The green synthesis of NPs 
using fruit peels has garnered attention due to its cost 
efficiency and eco-friendly nature. This study inves-
tigates the antioxidant and antimicrobial properties 
of silver and iron nanoparticles synthesized from 
jackfruit peel extract (Artocarpus heterophyllus). 
NPs were characterized using UV-vis spectroscopy, 
FTIR, and SEM analysis. Antioxidant activity was 
assessed through DPPH, ABTS●+, Superoxide, FRAP, 
and phosphomolybdenum assays. Antibacterial activ-
ity was tested against gram-positive (Enterococcus 
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faecalis, Streptococcus mutans, and Staphylococcus 
aureus) and gram-negative (Bacillus subtilis, E. coli, 
Pseudomonas aeruginosa) bacterial strains. Antifun-
gal activity was evaluated against Candida krusei, C. 
tropicalis, and C. albicans. A distinct color change 
from yellow to brown, coupled with a peak in the 
UV spectrum at 425 nm, confirmed the formation 
of AgNPs. Similarly, the formation of FeNPs was 
confirmed by a color change from yellow to black 
and a peak in the UV spectrum at 213 nm. The aver-
age particle size of AgNPs ranged from 45.0 to 72.1 
nm, while FeNPs measured between 4.9 and 30.9 
nm. FeNPs exhibited significantly better antioxidant 
activity, with IC50 values of 109.23, 54.98, and 61.56 
µg/mL for DPPH, ABTS, and superoxide radical 
assays (p<0.05). In contrast, AgNPs demonstrated 
better antibacterial activity with a maximum zone 
of inhibition recorded for S. mutans (24 mm) and 
C. tropicalis (16 mm) while antifungal activity was 
observed only for AgNPs. Results indicate that NPs 
synthesized from jackfruit peel extract have antiox-
idant and antimicrobial activities, making this fruit 
peel a suitable medium for eco-friendly nanoparticle 
production.

Keywords Nanoparticles, Fruit peels, Artocarpus 
heterophyllus, Antioxidant, Antimicrobial.          

INTRODUCTION

Fruits and vegetables are among the most widely 
consumed horticultural products. The processing 
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of fruits and vegetables generates waste in the form 
of pomace, peels, rinds, and seeds, which account 
for 25–30% of total produce. These by-products 
generated from industries, and household kitchens, 
are rich in valuable bioactive compounds, dietary 
fiber, essential micronutrients, and oils (Kumar et al. 
2020). However, they are often discarded improperly, 
leading to environmental issues. Fruit peels serve 
as a valuable source of bioactive compounds, from 
which natural antioxidants and antimicrobial agents 
can be extracted (Nirmal et al. 2023). Recently, there 
has been a growing focus on valorizing these low-
cost horticultural wastes for diverse applications. 
Nanotechnology is experiencing significant growth 
in interdisciplinary research and provides innova-
tive solutions for waste valorization. Fruit peels are 
emerging as novel precursor agents for synthesizing 
various nanoparticles (NPs)  while also contributing 
to the reduction of agricultural by-products (Suhag 
et al. 2022, Rodriguez-Felix et al. 2023). Research 
indicates that different metal oxide NPs can be de-
rived from waste materials produced by fruits such as 
pomegranates, oranges, and apples (Leta et al. 2024).

Artocarpus heterophyllus (jackfruit), a member 
of the Moraceae family, is a tropical climacteric 
fruit known for its versatility and distinctive sweet 
flavor. It is extensively cultivated across Asia, Af-
rica, and South America (Ranasinghe et al. 2019). 
The underutilized parts of this fruit include the peel, 
perianth, rind, and outer core. The jackfruit peel 
(JFP), which constitutes approximately 60% to 70% 
of the fruit’s mass, features as a spiked exterior and 
is typically regarded as a waste byproduct (Adan 
et al. 2020). JFP is sometimes used as a cattle feed 
containing carbohydrates, proteins, and fat. JFP is a 
rich source of bioactive compounds, including ste-
roids, triterpenoids, saponins, alkaloids, glycosides, 
tannins, polyphenols, and flavonoids (Brahma and 
Ray 2022). Furthermore, peel extracts are abundant 
in pectin (8.94% to 15.14%), making them valuable 
as emulsifiers, binders, and stabilizers in the food and 
pharmaceutical industries (Xu et al. 2018).

Recently, considerable interest has been in 
utilizing solid residues, particularly peels and seeds 
produced by the fruit and vegetable industries, in 
synthesizing NPs. Although rich in phytochemicals, 

JFP is frequently discarded disorderly, contributing 
to significant environmental challenges. However, 
strategically using these by-products can enhance 
their economic value and simultaneously reduce 
disposal costs. Thus, the study aimed to evaluate the 
antioxidant and antimicrobial activities of silver and 
iron NPs synthesized using JFP.

MATERIALS AND METHODS

Plant materials and chemicals 

Jackfruits were sourced from the Koyambedu fruit 
market, Chennai during the peak maturation season 
(April – May 2024). All the chemicals utilized were 
of analytical grade and procured from Sigma Aldrich. 
Distilled water was used consistently throughout the 
study.

Preparation of peel extract

Jackfruits were thoroughly washed with tap and dis-
tilled water to remove dirt particles and impurities. 
The peels were carefully removed, rinsed thrice using 
distilled water, and cut into small pieces. To prepare 
the aqueous extract, 25 g of jackfruit peel was mixed 
with 150 mL of distilled water in a 250 mL conical 
flask. This mixture was heated at 70ºC for 30 min. 
After cooling, the solution was filtered through 
Whatman No. 1 filter paper. The resulting filtered 
extract was stored in glass bottles for subsequent 
synthesis of NPs.

Synthesis of NPs

AgNPs: To synthesize AgNPs, aqueous peel extract 
was combined with 0.1M AgNO3 (3:2 ratio) to reduce 
silver ions. The mixture was exposed to sunlight for 
10 min and incubated in the dark for 24 h. The solu-
tion was centrifuged at 6,000 rpm for 10 minutes, the 
supernatant was discarded, and the remaining pellets 
were transferred to a petri dish and dried at room 
temperature for 48 h.

FeNPs: To synthesize FeNPs, aqueous peel extract 
was combined with 0.1M FeCl2 (3:2 ratio), and the pH 
was adjusted to 6.0 by adding NaOH. This solution 
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was continuously stirred at 60ºC until a black solid 
precipitate was obtained.  The precipitate was centri-
fuged at 6000 rpm for 15 min, washed with ethanol, 
and dried in a hot air oven at 60ºC.
  
Characterization of NPs

UV–Vis Spectroscopy: Visual changes in the re-
action mixtures were first observed, followed by 
spectrophotometric analysis to confirm the synthesis 
of NPs. The optical properties of the synthesized NPs 
were evaluated using a UV–Vis spectrophotometer 
(SPECTRO x SORT 2000, High Resolution, India). 
Scans were performed within the wavelength range of 
200–800 nm at a resolution of 1 nm. Double-distilled 
water was used as the blank reference.

Fourier transform infra-red spectroscopy (FTIR): 
FTIR was employed to identify the bio-functional 
groups from JFP responsible for reducing NPs. The 
FTIR spectra were recorded over the range of 500–
3400 cm⁻¹ with a resolution of 1 cm⁻¹. (BRUKER 
ALPHA II, India).
 
Scanning electron microscopy (SEM): SEM was 
used to study the size of the NPs.
  
Antioxidant activity: For all antioxidant assays, 
ascorbic acid served as the standard, and the optical 
density (OD) was measured spectrophotometrically 
using a UV-Vis 2000 spectrophotometer (Lab India).

DPPH (2, 2–diphenyl–1–picrylhydrazyl) radical 
scavenging assay: Various concentrations of AgNPs 
and FeNPs (20 to 120 µL) were combined with 1mL 
of freshly prepared 0.1mM DPPH methanolic solu-
tion. After 30 min of incubation in the dark at room 
temperature, the OD was measured at 517 nm (Begam 
et al. 2020). Results are expressed as % inhibition of 
DPPH free radical.

      % inhibition of DPPH free radical = [(AC-AS/AC) × 100]

AC Corresponds to control absorbance
AS Corresponds to sample absorbance

ABTS●+(2,2 2’-azino-bis-3-ethyl benzothi-
azole-6-sulphonic acid) radical scavenging assay: 
Varying concentrations of AgNPs and FeNPs (20 

to 120 µL) were combined with 1 mL of freshly 
prepared ABTS●+ solution, and incubated for 5 - 10 
min. The OD was measured at 734 nm (Sangeetha 
et al. 2020). Results are expressed as % inhibition of 
ABTS●+ radical

% inhibition of ABTS●+ free radical = [(AC-AS/AC) × 100] 
AC Corresponds to control absorbance 
AS Corresponds to sample absorbance 

Superoxide (O2−) radical scavenging assay: Vary-
ing concentrations of AgNPs and FeNPs (20 to 120 
µL) were mixed with 1mL of reaction mixture con-
taining phosphate buffer (50 mM, pH 7.4), 0.3 mL 
PMS (20 mM), NADH (150 mM), and NBT (50 mM). 
This solution was incubated for 15 min, after which 
OD was measured at 590 nm (Banu et al. 2021). 
Results are expressed as % inhibition of superoxide 
anion (O2−) radical.

     % inhibition of O2− free radical = [(AC-AS/AC) × 100]

AC Corresponds to control absorbance 
AS Corresponds to sample absorbance 

FRAP assay: Varying concentrations of AgNPs and 
FeNPs (20 to 120 µL) were mixed with 1 mL of PBS 
(0.2M; pH 6.6) and 1 mL 1% K3 [Fe (CN)6] (w/v). 
The solution was incubated in a thermostatic bath for 
25 min at 50°C. After cooling, 1 mL 10% TCA (w/v) 
and 0.5 mL 0.1% freshly prepared FeCl3 (w/v) were 
added. The OD was measured at 700 nm (Mzoughi 
et al. 2019). Results are expressed as % reduction of 
Fe3+ to Fe2+ ions.

Phosphomolybdenum reducing assay: Varying con-
centrations of AgNPs and FeNPs were (20 to 120 µL) 
mixed with 1mL of freshly prepared reagent solution 
[H2SO4 (0.6 M), Na3PO4 (28 mM), and (NH4)2MoO4 
(4 mM)] and incubated for 90 min in a thermostatic 
bath at 95°C. After cooling, the OD was measured at 
695 nm (Prieto et al. 1999). Results are expressed as 
a % reduction of Mo (VI) to Mo (V).

Antibacterial activity: Mueller Hinton Agar (MHA) 
was poured into sterile petri plates. A sterile dispos-
able cotton swab was used to evenly spread the bac-
terial culture over the surface of the agar, which was 
then allowed to dry for 5 min. Five wells measuring 5 
mm were created in the petri plates using a cork borer. 
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Three wells were filled with varying concentrations 
of AgNPs/FeNPs, one well with AgNO3/FeCl2, and 
the last well with a standard antibiotic (Tetracycline). 
After 30 min, the petri plates were incubated at 37°C 
for 24 hrs. The zone of inhibition was measured to the 
nearest mm using an antibiotic zone scale (Gabriel 
et al. 2022).
 
Antifungal activity: Potato Dextrose Agar (PDA) 
was poured into sterile petri plates. The fungal 
cultures were inoculated evenly on the surface of 
the solidified PDA plate. Five wells (each 5 mm in 
diameter) were created. Three wells were filled with 
varying concentrations of AgNPs/FeNPs, one well 
with AgNO3/FeCl2, and the last well with a standard 
antibiotic (Fluconazole). After 30 min, the petri plates 
were sealed with paraffin tape and incubated at 28°C 
for 48 hrs. The zone of inhibition was measured to 
the nearest mm using an antibiotic zone scale (Gizaw 
et al. 2022).

Statistical analyses: Data were analyzed using the 
Statistical Package for the Social Sciences (SPSS, 
version 24.0, IBM Corp., Endicott, NY, USA). Ex-
periments were conducted in triplicate, and results 
are presented as mean ± standard deviation. Further 
analysis was performed using One-way analysis of 
variance (ANOVA) followed by Duncan’s Multiple 
Range test.

RESULTS AND DISCUSSION

Nanotechnology is a promising multidisciplinary 
field dedicated to advancing organic and inorganic 
materials through manipulation at the atomic and 
molecular scale. NPs are generally categorized as 
carbon-based, inorganic, and organic-based NPs. 
Commonly synthesized inorganic metal NPs include 
silver (Ag), gold (Au), copper (Cu), iron (Fe), zinc 
(Zn), and cobalt (Co) (Khan et al. 2019). AgNPs 
and FeNPs have gained considerable attention due 
to their remarkable chemical, physical, and bio-
logical properties. These characteristics facilitate 
their extensive application across various scientific 
disciplines, particularly because of their antioxidant 
and antimicrobial properties (Fahmy et al. 2018, 
Magdy et al. 2024). Biologically produced NPs are 
gaining interest over physical and chemical methods 

because they are safer, easier to synthesize, and have 
functional properties at lower concentrations. In this 
work, aqueous jackfruit peel extract (JFPE) was used 
to synthesize AgNPs and FeNPs, as JFPE is a rich 
source of phytochemicals that function as reducing 
agents for the synthesis of NPs. The formation of 
AgNPs and FeNPs from JFPE was monitored both 
visually and spectroscopically. A sharp color change 
from yellow to dark brown indicated the presence of 
AgNPs while a color change from yellow to black 
confirmed the presence of FeNPs (Figs. 1–2).

These eco-friendly synthesized NPs were further 
confirmed by recording their UV absorption spectrum 
in the 200–800 nm range. The appearance of distinct 
broad surface resonance peaks at 425 nm and 213 
nm in the UV – vis spectra confirmed the presence 
of AgNPs and FeNPs (Figs. 3 –4).

The vibrational spectrum of a chemical molecule 
is a unique physical property that offers insights 

Fig. 1.  A)  AgNO3 solution, B)  JFP aqueous extract before adding  
AgNO3, C)  JFP aqueous tract after adding AgNO3.

Fig. 2.  A) FeCl2 solution,  B) JFP  aqueous extract before adding 
FeCl2,  C)  JFP  aqueous extract after adding FeCl2.
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Fig. 3. UV visible spectrum of AgNPs.

into its structural and functional characteristics. The 
FTIR spectra of AgNPs and FeNPs were analyzed to 
ascertain their chemical composition and functional 
groups (Faghihi et al. 2020). Figure 5 presents the 
FTIR analysis of AgNPs synthesized using JFPE. A 
prominent peak at 3362 cm⁻¹ corresponds to O–H 

stretching vibrations, indicating the presence of hy-
droxyl groups. The band at 2934 cm⁻¹ is attributed 
to methylene C–H stretching, while the peak at 2108 
cm⁻¹ is associated with C=C stretching. Additional 
bands at 1985 cm⁻¹, 1913 cm⁻¹, and 1726 cm⁻¹ are 
assigned to C=N, N=N, and C=O stretching vibra-
tions, respectively. The peak at 1629 cm⁻¹ is linked 
to alkenyl C=C stretching, reflecting unsaturated 
carbon bonding. Furthermore, the signals at 1315 
cm⁻¹ and 1071 cm⁻¹ correspond to C–N stretching 
and CO–O–CO stretching (anhydride).

Figure 6 shows the FTIR analysis of FeNPs 
synthesized using JFPE. A prominent peak at 3307 
cm⁻¹ corresponds to O–H stretching vibrations, indi-
cating the presence of hydroxyl groups. The band at 
2940 cm⁻¹ is attributed to methylene C–H stretching, 
while the peak at 2112 cm⁻¹ is associated with C≡C 
stretching. Additionally, the peak at 1624 cm⁻¹ reflects 
alkenyl C=C stretching, suggesting the presence of 
unsaturated carbon groups. The bands observed at 
1258 cm⁻¹, 1050 cm⁻¹, and 1029 cm⁻¹ are attributed 
to aromatic C–H stretching, CO–O–CO stretching 
(anhydride), and Fe–O bending vibrations (metal 
oxide), respectively. A peak at 587 cm⁻¹ is linked to Fe 
stretching, while the signals at 558 cm⁻¹ and 506 cm⁻¹ 
correspond to alkyl halides and benzene derivatives. 
These findings highlight the essential role of phyto-
chemical functional groups in the synthesis of AgNPs 
and FeNPs, aiding in their formation and stability.

Fig.  4.  UV visible spectrum of FeNPs.

Fig. 5.  FTIR spectral analysis of AgNPs.
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Fig. 6.  FTIR spectral analysis of AgNPs.

The size and shape of the synthesized NPs were 
determined using SEM analysis. The average size 
of AgNPs ranged from 45.0 to 72.1 nm and FeNPs 
measured between 4.9 and 30.9 nm, with both types 
exhibiting spherical morphology (Figs. 7 –8).

Antioxidants protect cells from reactive oxygen 

Fig. 7.  SEM micrographs of AgNPs synthesized from JFP at different magnifications.

species (ROS), which can cause oxidative damage. 
The in vitro results for free radical inhibition by the 
biosynthesized AgNPs and FeNPs are summarized 
and presented in Table 1. Both NPs effectively 
inhibited the action of free radicals in a concentra-
tion-dependent manner (p<0.05). The lower the IC50 
value, the better the scavenging activity of antioxidant 
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Table 1.  Radical scavenging activities of NPs synthesized from JFPE.

Concentration                                              DPPH assay                                                                         ABTS●+ assay 
      µg/mL                    AgNPs                         FeNPs                      Ascorbic acid                    AgNPs                          FeNPs 

	 20	 4.22 ± 1.25 a	 9.27 ± 5.66 a	 62.04 ± 1.87 b	 40.99 ± 2.22 b	 8.68 ±1.35 a

	 40	 7.21 ± 0.63 a	 28.82 ± 3.13b	 67.62 ± 1.25c	 64.04 ± 1.51 b	 12.27 ± 2.45 a

	 60	 7.89 ± 0.85 a	 32.45 ± 2.44 b	 71.70 ± 2.66 c	 71.37 ± 7.70 b	 15.5 ± 2.25 a

	 80	 11.56 ± 3.47 a	 35.46 ± 1.15 b	 78.77 ± 1.47 c	 93.95 ± 0.80 b	 72.75 ± 0.30 a

	 100	 16.46 ± 4.77 a	 39.85 ± 3.38 b	 85.44 ± 2.25 c	 96.57 ± 0.92 b	 75.05 ± 0.92 a

	 120	 20.01 ± 3.27 a	 48.37 ± 2.26 b	 89.39 ± 2.04 c	 97.64 ± 1.51 b	 83.53 ± 1.50 a

  IC50 value	      305.49	      109.23	       16.13	      24.43	      54.98    

Fig. 8.  SEM micrographs of FeNPs synthesized from JFP at different magnifications.

samples. Based on IC50 values, FeNPs showed the 
highest antioxidant properties, followed by AgNPs, 

and both were comparable to the positive control of 
ascorbic acid. The radical scavenging activity of the 

Table 1.  Continued.

Concentration                       ABTS●+ assay                                                   Superoxide assay
     µg/mL                               Ascorbic acid                       AgNPs                            FeNPs                            Ascorbic acid

	 20	 72.22 ± 1.85 c	 32.35 ± 5.89 a	 27.53 ± 6.64 a	 55.22 ± 0.17 b

	 40	 76.54 ± 2.33 c	 40.20 ± 1.75 a	 43.47 ± 11.5 a	 61.46 ± 2.61 b

	 60	 80.25 ± 2.33 b	 44.12 ± 2.94 a	 52.17 ± 13.04 a	 74.46 ±1.52 b

	 80	 83.95 ± 2.33 c	 49.02 ± 1.70 a	 59.42 ± 18.17 a	 82.92 ±1.52 b

	 100	 87.65 ± 1.41 c	 53.92 ± 1.73 a	 66.67 ± 17.57 a	 87.72 ± 2.01 b

	 120	 92.85 ± 2.78 c	 58.82 ± 2.94 a	 75.36 ± 15.27 ab	 92.25 ± 1.25 b

IC50 value	      13.85	      68.20	      61.56	     18.11 

Values are presented as mean ± SD (N=3). Mean values within a row for each assay that does not share a common letter are significantly 
different based on ANOVA and Duncan’s Multiple Range Test (P<0.05). 
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AgNPs and FeNPs was found to be in the following 
order: ABTS●+>Superoxide>DPPH. Previous stud-
ies have demonstrated that FeNPs exhibit excellent 
antioxidant activities. They effectively scavenge 
free radicals by either transferring hydrogen atoms 
or donating electrons to free radicals (Bouafia et al. 
2021). Consequently, FeNPs can disrupt the oxida-
tion process, thereby preventing oxidative damage 
to proteins, nucleic acids, carbohydrates, and lipids 
(Kumar et al. 2020).

Table 2 presents the results of the FRAP assay 
for AgNPs and FeNPs. FeNPs demonstrated a higher 
capacity to reduce Fe3+ to Fe2+ ions, with values rang-
ing from 32.17% to 61.20%, while AgNPs exhibited 
values from 33.60% to 78.39%. In the phosphomo-

lybdenum assay, AgNPs showed a higher ability to 
reduce Mo (VI) to Mo (V) ions, achieving a range of 
86.41% to 94.01%, compared to FeNPs, which ranged 
from 10.18% to 72.53%.

Foodborne pathogens such as Campylobacter 
spp., E. coli, S. aureus, Salmonella spp., and Yersinia 
enterocolitica pose a significant threat to public health 
(Bintsis 2017). Research studies have identified silver 
(Ag) and gold (Au) NPs as promising antimicrobial 
agents due to their effectiveness against a wide range 
of pathogenic microbes (Rabiee et al. 2022, Balestri 
et al. 2023). Numerous research studies have inves-
tigated the antioxidant and antimicrobial activities of 
nanoparticles synthesized from various fruit peels. 
Jackfruit was chosen for this study due to the substan-

Table 2.  Reducing power of NPs synthesized from JFPE.
 
Concentration                                                   FRAP assay                                        Phosphomolybdenum assay
     µg/mL                  AgNPs                     FeNPs                      Ascorbic                    AgNPs                     FeNPs                  Ascorbic
                                                                                                      acid                                                                                        acid

	 20	 32.17 ± 0.20 a	 33.60 ± 5.42 a	 76.34 ± 1.08 b	 86.41 ± 0.34 c	 10.18 ± 2.50 a	 82.97 ± 0.29 b

	 40	 37.62 ± 0.16 a	 37.38 ± 3.89 a	 80.86 ± 1.26 b	 91.76 ± 0.57 c	 12.56 ± 2.86 a	 84.20 ± 3.56 b

	 60	 51.17 ± 0.40 b	 42.47 ± 5.20 a	 82.27 ± 0.19 c	 92.85 ± 0.28 c	 27.37 ± 2.23 a	 84.80 ± 0.28 b

	 80	 52.93 ± 0.07 b	 44.30 ± 4.61 a	 83.14 ± 0.26 c	 93.10 ± 0.49 c	 47.83 ± 0.46 a	 85.98 ± 0.95 b

	 100	 56.33 ± 0.06 b	 72.68 ± 1.06 a	 85.75 ± 0.35 c	 93.17 ± 0.66 c	 69.17 ± 0.30 a	 86.93 ± 0.13 b

	 120	 61.20 ± 0.04 b	 78.39 ± 6.00 a	 86.40 ± 0.15 c	 94.01 ± 0.01 c	 72.53 ± 1.16 a	 88.32 ± 0.16 b

Values are presented as mean ± SD (N=3). Mean values within a row for each assay that does not share a common letter are significantly 
different based on ANOVA and Duncan’s Multiple Range Test (p<0.05).

Table 3.  Antimicrobial activity of NPs synthesized from JFPE. 

                                                                                                       AgNPs                                                             FeNPs
Bacterial strains                     Tetracycline            250 µg             500 µg           1000 µg              250 µg           500 µg           1000 µg

Antibacterial activity

Escherichia coli	 23	 18	 18	 20	  -	 13	 14
Bacillus subtilis	 22	 17	 19	 20	 14	 15	 17
Enterococcus faecalis	 20	 17	 18	 19	 13	 14	 20
Staphylococcus aureus	 23	 21	 22	 23	  -	  -	 11
Streptococcus mutans	 25	 22	 23	 24	  -	  -	 6
Pseudomonas aeruginosa	 23	 21	 22	 23	  -	  -	 13

Antifungal activity

Fungal strains                       Fluconazole             250 µg              500 µg          1000 µg                250 µg          500 µg         1000 µg

Candida krusei	 20	 11	 11	 12	    -	   -	 -
Candida tropicalis	 19	 15	 15	 16	    -	   -	 -
Candida albicans	 21	 13	 13	 14	    -	   -	 - 
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tial waste it produces, primarily in the form of peels, 
and rind, rendering it an abundant and underutilized 
resource for green nanoparticle synthesis.

The antimicrobial activity of NPs synthesized 
from JFPE is presented in Table 3. Comparing the 
antibacterial effects of the synthesized NPs, AgNPs 
demonstrated a stronger concentration-dependent 
antibacterial effect against both gram-positive and 
gram-negative bacterial strains. The highest activity 
was recorded against Streptococcus mutans, followed 
by Pseudomonas aeruginosa and Staphylococcus 
aureus. In contrast, antifungal activity was observed 
solely for AgNPs.  AgNPs exhibit antibacterial ac-
tivity by disrupting the structure and permeability of 
bacterial cell membranes. They interact with sulfur 
or phosphorus groups in intracellular molecules such 
as DNA and proteins. They can alter the respiratory 
chain by targeting thiol groups in enzymes. Further-
more, AgNPs can interfere with cellular components, 
which subsequently alters the metabolic pathways, 
and genetic material, ultimately leading to cell death 
(Gomaa 2017, Bruna et al. 2021).

CONCLUSION

The findings highlight the potential of fruit waste 
extracts as valuable resources for the synthesis of 
green nanoparticles. Silver and iron nanoparticles 
were successfully synthesized using jackfruit peel 
extract, which showed remarkable antioxidant and 
antimicrobial properties. These nanoparticles pres-
ent significant opportunities for applications in the 
food industry, particularly in the development of 
biodegradable food films and sustainable packaging 
materials, thereby promoting an environmentally 
friendly and sustainable economy.
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PMS: Phenazine methosulfate 
NADH: Nicotinamide adenine dinucleotide 

NBT: Nitro blue tetrazolium
PBS: Phosphate buffer solution
K3[Fe(CN)6]: Potassium ferricyanide 
TCA: Trichloro acetic acid
FeCl3: Ferric chloride
Na3PO4: Sodium phosphate 
(NH4)2MoO4: Ammonium molybdate 
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