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The isolated Aspergillus ochraceus was utilized to create silver and selenium nanoparticles (AgNPs 
and SeNPs) using its cell-free filtration (CFF). Particle sizes for SeNPs ranged from 32.3 to 50.7 nm, 
whereas those for AgNPs ranged from 6.41 to 11 nm. The biosynthesized NPs were mixed with 
either sodium alginate (SA) or chitosan (CS) to create a novel food packaging film. Using scanning 
electron microscopy (SEM), ultraviolet-visible spectroscopy (UV-Vis), and Fourier transform infrared 
spectroscopy (FTIR), the produced films were functionally and morphologically characterized. 
Composite films were tested for biodegradability, cytotoxicity, water vapor transmission rate, 
mechanical strength, solubility, and antifungal activity. When comparing SA/NPs with CS/NPs, the 
latter had superior biological, mechanical, antifungal and antioxidant properties. In the case of 
nanocomposite films containing CS/AgNPs, CS/SeNPs, SA/AgNPs, and SA/SeNPs, respectively, the 
tensile strength of CS (0.58 MPa) or SA (2.42 MPa) increased to 4.15 MPa, 4.16 MPa, 3.07 MPa and 
2.48 MPa. However, for CS/AgNPs, CS/SeNPs, SA/AgNPs, and SA/SeNPs, respectively, the water 
vapor pressures decreased from 2021.57 g/m2.day for CS and 2132.59 g/m2.day for SA to 1559.94, 
1518.93, 1945.24 and 1775.96 g/m2.day.  For CS/AgNPs, CS/SeNPs, SA/AgNPs, SA/SeNPs, CS, and 
SA, the corresponding statistical minimum inhibitory concentrations were 1020, 1040, 1080, 1025, 
1160, and 1160 µg/ 5 mL. When formed films are compared to films made of plastic, the 
nanocomposite films with NPs significantly reduce Penicillium citrinum contamination. Specifically, 
the produced CS/SeNPs films show a lot of promise as nontoxic antimicrobial active packaging 
components that could prolong the freshness of fruits and other foods.  

Keywords: SeNPs, AgNPs, Chitosan, Sodium Alginate, Biopolymer, Mycosynthesis, Nanocomposite, 
Food Packaging, Postharvest fruit preservation 

 

ARTICLE HISTORY 

Submitted: December 05, 2024 
Accepted: January 02, 2025 
 
CORRESPONDENCE TO 
Mohamed N. Abd El-Ghany, 
Botany and Microbiology Department,  
Faculty of Science, Cairo University,  
Giza 12613, Egypt 
Email: mabdelghany@sci.cu.edu.eg  
DOI: 10.21608/ejbo.2025.342066.3110 
 
EDITED BY: A. Saleh 
 
 
 
 
 
 
 
©2025 Egyptian Botanical Society

 

INTRODUCTION 

The food industry has been looking into biopolymer 
food packaging films with natural ingredients for 
some time. Food packaging has multiple purposes: 
preventing microbiological spoilage, making food 
safe, making it last longer, and reducing 
environmental impact (Alizadeh-Sani et al., 2021). In 
contrast to synthetic plastics made from petroleum, 
which are not biodegraded, biocompatible packaging 
materials and biopolymers are currently quite popular 
(Bagheri et al., 2019). Biodegradable polymers, which 
are non-toxic and have ecologically friendly 
characteristics, and other naturally occurring 
biologically active substances that enhance food 
quality, have been utilized because of increasing 
population, environmental threats, and human health 
issues. The antimicrobial, antifungal, and antioxidant 
characteristics of nanocomposite films enhanced with 
natural essential oils/or extracts make them ideal for 
use in food packaging (Alizadeh-Sani et al., 2019) . 

A natural and widespread biopolymer that comes 
from chitin; chitosan has gained attention as a 
potential material for food packaging because of its 
distinctive features. In addition to reducing the 
need for traditional polymers, the use of chitosan in 
food packaging offers a fantastic answer to the 
environmental problems caused by the seafood 

industry, since chitin is derived from seafood waste. 
The fact that it is edible, biodegradable, and 
possesses antimicrobial properties further adds to its 
attraction as a safer and more environmentally 
friendly substitute for synthetic polymers (Flórez et 
al., 2022). Its compatibility with other materials 
enables the fabrication of new packaging solutions 
and its good mechanical and barrier capabilities 
against gases like O2 and CO2 make it suited for various 
types of packaging. So, chitosan-based food 
packaging could form a solution to two problems: less 
plastic waste and better food quality and safety (Devi 
et al., 2024) . 

Both the European Food Safety Authority and the US 
Food and Drug Administration have recognized 
sodium alginate as safe for human health; it is a 
biodegradable and non-toxic polymer found in the 
cell walls of brown seaweeds in the Phaeophyceae 
class (Tran et al., 2023).  Various antimicrobial 
compounds are added to packaging using alginates as 
a substrate. This helps to protect food from 
microorganisms. Biotechnology and food industries 
have found many uses for this biopolymer due to its 
abundance, low cost, biocompatibility, and 
environmental friendliness. Some of these uses 
include thickening and gelling agents, colloidal 
stabilizers, and non-toxic food additives (Carneiro-da-
Cunha et al., 2010). 
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Incorporating active additives like plant extracts 
and/or nanoparticles into films and edible coatings 
made of sodium alginate or chitosan presents 
numerous possibilities for producing novel food 
packaging. Zinc, iron, gold, silver, selenium, and 
titanium dioxide are antimicrobial NPs that are 
applied in active packaging to prevent microbial 
growth, improve product quality, and extend the shelf 
life of food products. 

In humans, selenium (Se) plays a crucial role in a 
variety of metabolic activities, including DNA 
synthesis, antioxidant defense, infection protection, 
and selenoprotein and selenoenzyme composition 
(Rayman, 2012). Nanoparticles of selenium, or SeNPs, 
are created when basic selenium undergoes a state of 
no oxidation. SeNPs are absorbed by the human body 
at a significantly higher rate compared to other types 
of Se. SeNPs have been found to have less toxicity in 
studies compared to oxidized Se2+, Se4+, Se6+, and Se2- 
(Wang et al., 2007). SeNPs are bio-available and 
exhibit anti-inflammatory, anti-cancer, and anti-
diabetic characteristics (El Refai et al., 2024). As a 
result, SeNPs have been the subject of much interest 
because of their potential medical and food-related 
uses . 

Due to their unique physicochemical, optical, 
catalytic, antimicrobial, and thermally stable 
properties, silver nanoparticles (AgNPs) have found 
extensive use in a variety of industries, including 
electrical, medical, pharmaceutical, food, and food 
packaging (Shankar et al., 2015).  For industries such 
as food packaging, biomedicine, and pharmaceuticals, 
AgNPs' antibacterial activity is a crucial property. In 
general, it is known that the synthesis processes, in 
addition to the type of silver, size, and shape, 
determine the antibacterial activity of AgNPs . 

The synthesis of NPs has made use of several different 
approaches. Biobased synthesis, often known as 
"green synthesis," makes use of microbes, plants, and 
yeasts. Fungi are the best microbes to use because 
they multiply quickly, have useful bio-properties, and 
have readily available, simple structures. On top of 
that, these creatures produce the greatest number of 
biomolecules, which trigger the production of NPs. 
Numerous studies have focused on the synthesis of 
metallic and oxide NPs and have shown that fungi may 
be able to produce a variety of NPs via both 
intracellular and extracellular pathways (Shaheen et 
al., 2021). 

This study was designed to examine the antifungal 
activities of nanocomposite films synthesized using a 

green method, which would be based on 
nanoparticles and either chitosan or alginate.  
Further, there were investigations of thermal, 
mechanical, and barrier properties concerning water, 
as well as the antimicrobial effectiveness of the 
produced films and the effects of different types of 
nanoparticles against the fungus Penicillium citrinum. 
Water vapor permeability (WVP), film thickness, 
water solubility, and other experiments were 
performed to fully evaluate these films. Furthermore, 
the quality of lemons covered by these films was 
examined. 

MATERIALS AND METHODS 
Fungal strain, media, and culture conditions 

Soil dilution plates, as described in Johnson (1959), 
were used to obtain the tested fungus from the Iron 
and Steel Factory in Helwan, Egypt. On a Czapek-Dox 
agar (CZA) medium, soil samples were used as an 
inoculum. To ensure that only pure fungal colonies 
were obtained, the streak plate approach was used. 
The fungus was grown on slants with CZA at 28 °C for 
4 days. The spores of the fungus were preserved at 4 
°C in a sterile spore suspension buffer that included 
0.9% (w/v) NaCl and 1% (v/v) Tween 80 (Abd El-Ghany 
et al., 2023a). 

Molecular identification of the fungal isolate 

The identification of the fungus was confirmed using 
nuclear ribosomal DNA internal transcribed spacer 
(ITS) sequencing. We used the primer ITS 
(CTTGGTCATTTAGAGGAAGTAA) to amplify the 18S 
ribosomal RNA gene, the internal transcribed spacer 
1, 5.8S ribosomal RNA gene internal transcribed 
spacer 2, and 28S ribosomal RNA gene. The GATC 
Company (Germany) was tasked with sequencing the 
amplified product using their polymerase chain 
reaction product. An entry was made in the GenBank 
database at the National Center for Biotechnology 
Information (NCBI). An accession number and a strain 
identifier were given to the isolate. 

Synthesis and detection of the NPs 

The fungus stock spore suspensions were added into 
100 mL of MGYP medium (0.3% malt extract, 1% 
glucose, 0.3% yeast extract, and 0.5% peptone; pH 
6.8) in 250 mL cotton-plugged Erlenmeyer flasks, as 
per the instructions given in Khalil et al. (2019). For 
one day at 28 °C, the flasks were shaken in an 
incubator at 150 rpm. The inoculum (10% v/v) was 
prepared using the same medium and culture 
conditions as the starter culture; the only difference 
being a three-day incubation period. Finally, to 
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remove any residual culture material, the fungal 
mycelium was centrifuged at 5000 rpm for 15 min at 
4 °C. The contents of the biomass, including 
intracellular enzymes, were discharged into a watery 
solution after autolysis. The result was achieved by 
adding 10 g of fresh biomass to 100 mL of sterile 
deionized water and stirring gently for 15 min at 28 
°C. The CFF was obtained by separating the cells from 
the flask's contents using Whatman filter paper no. 1. 
Fifty mL of CFF and 10 mL of 10 mM AgNO3 were 
mixed and then incubated at 28 °C with 150 rpm of 
shaking in the absence of light to produce AgNPs (Abd 
El-Ghany et al., 2023b). 

According to Salem et al. (2021), 100 mL of CFF was 
combined with 0.026 g of sodium selenite, and the pH 
was brought to 6.5 using ascorbic acid to 
biosynthesize the SeNPs. The reaction mixture was 
incubated at 30 °C and agitated at 120 rpm for 24 
hours. Upon completion of the NPs production 
process, the mixture of AgNPs or SeNPs was 
centrifuged at 10000 rpm and 4 °C for 15 min. The 
centrifuged NPs were cleaned and made purer by 
rinsing them in distilled water and acetone many 
times. After the NPs were dried, their size, shape, 
charge, and morphology were studied.  

Characterization of the NPs 
UV–Vis Spectrum Analysis: A UV-Vis 
spectrophotometer (Perkin-Elmer Hitachi 2000 
model) was used to measure spectra within the 360-
600 nm range. This was done as part of the 
physiochemical identification processes that aimed at 
characterizing the materials. 

Transmission Electron Microscopy (TEM): The 
nanoparticles' size, shape, and dispersion were 
evaluated using TEM (JEOL-2100). 

Dynamic Light Scattering (DLS): Using the dynamic 
light scattering (DLS) method, we were able to 
measure the particle size of the prepared samples. 
While the solution was kept at room temperature, the 
dispersion of the nanoparticles was examined using 
the PSSNICOMP Zeta Potential/Particle Sizer 380ZLS 
(PSS-NICOMP, Santa Barbara, CA, USA). The 
nanoparticles' zeta potential was measured using a 
Zetasizer Nano ZS ZEN3600 produced by Malvern 
Instruments Ltd. of Worcestershire, UK. Charges and 
stability of NPs were determined by measuring their 
Zeta potential. 

FT-IR Spectroscopy: The main functional groups that 
had formed on the surfaces of the nanoparticles were 
estimated to be using the FTIR spectrometer JASCO, 

FT/IR-6100. A 4 cm-1 resolution was used to scan the 
spectra from 400 to 4000 cm-1. 

XRD Analysis: Crystallinity, crystallite size, and crystal 
lattice were determined using the XRD-6000 lists, 
Shimadzu equipment, SSI, Japan. The intensity of the 
dispersed X-rays was measured using diffraction angle 
2. 

Antifungal activity of synthesized NPs 

The postharvest fruit-infecting fungus Penicillium 
citrinum was isolated, purified, and identified from 
infected lemons. It was then tested for the 
effectiveness of AgNPs and SeNPs in suppressing 
spore germination. The minimum inhibitory 
concentration (MIC) was determined. Each microtiter 
plate was inoculated with 50 µL of spore suspension 
after being mixed with 100 µL of Czapek-Dox media 
and different quantities of AgNPs and SeNPs. Using 
itraconazole, as positive control, and double-distilled 
water, as a negative control, they were components of 
the experimental design. The spores germinated on 
the plate after 16 hours of incubation at 30 °C. To be 
classified as germinated, the germ tube's length must 
be double that of the spore's size. (Griffin, 1994). The 
MIC refers to the concentration of AgNPs and SeNPs 
that were required to completely block spore 
germination. 

Preparation of nanocomposite films 
Alginate nanocomposite film: When the solution 
containing 1 g of sodium alginate (w/w %) in 100 mL 
of distilled water had cooled to 70 °C, it was mixed 
with 0.05 g of nanoparticles. The mixture also 
contained 1 mL of glycerol and 1 mL of Tween 80 (an 
emulsifier and surfactant). The mixture was cast into 
equally sized petri dishes after 2 hours of mixing and 
let to dry at room temperature for 24 hours. 

Chitosan nanocomposite film: One gram of chitosan 
will be mixed with 100 mL of a 1% acetic acid solution, 
heated to 70 °C, cooled, and then treated with 1 mL 
of glycerol and Tween 80, respectively. A weight of 
0.05 g of nanoparticles was added and the final 
mixture was well mixed for a duration of two hours 
prior to being transferred to petri dishes of consistent 
size. 

Characterization of nanocomposite films 

Nanocomposite films were characterized using a UV-
Vis spectrophotometer, Fourier transform infrared 
(FT-IR) spectroscopy, and XRD. 

SEM with EDX: Using an Energy Dispersive X-ray 
Analyses (EDX) Unit in conjunction with a scanning 
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electron microscope (SEM, Quanta FEG 250, FEI, 
Republic of Czech) allowed for a morphological 
analysis of the atomic distribution and percentages in 
the films. 

Mechanical properties: The films' mechanical 
characteristics were measured using a texture 
analyzer (CT3, Brookfield, USA) that applied a 
modified version of the standard method ASTM 
D882/12. The film was measured for thickness after 
being cut into 1-by-6-centimeter strips. For calculating 
the tensile strength (TS) and the elongation at break 
(EAB), the following formulae were used: 

TS (Mpa) = 𝐹𝐹
ℎ × 𝑑𝑑

 

EAB (%) = 𝐿𝐿−𝐿𝐿°
𝐿𝐿°

× 100 

Where F (N) was the maximum tension at film break, 
d (mm) was the film thickness, h (mm) was the width 
of the film; L (mm) was the length of the film after 
stretching, and L0 (mm) was the initial length of the 
film . 

Thermal analysis: The temperature was scanned from 
10 to 600 °C at a rate of 10 °C/min. The TGA curve was 
used to determine the percentage of weight loss and 
the maximum decomposition temperature of the 
films. 

Moisture content (MC) and water solubility (WS): 
After weighing the film strips (20 mm x 20 mm) (W0), 
they were subjected to a vacuum drying oven set at 
105 °C for three hours, following which they were 
reweighed (W1). After the film had been dried, it was 
combined with 30 mL of distilled water and left to sit 
at room temperature for 48 hours to rehydrate. After 
collecting the residual film, it was dried at 50 °C for 24 
hours and then measured as W2. (Hu et al., 2021). To 
find the MC and WS of the film, these formulae were 
used: 

MC (%) = 𝑊𝑊°−𝑊𝑊1
𝑊𝑊°

× 100 

WS (%) = 𝑊𝑊1−𝑊𝑊2
𝑊𝑊1

× 100 

Where W0 (g) was the initial mass of the film sample, 
W1 (g) was the weight of the dry initial film sample 
and W2 (g) was the final dry mass of the film sample. 

Water vapor permeability (WVP): The films' water 
vapor permeability (WVP) was calculated using a 
modified version of the American Society for Testing 
and Materials (ASTM) standard (Xu et al., 2019). The 
following formula was used to determine the WVP: 

WVP (  𝑔𝑔.𝑚𝑚
ℎ.𝑚𝑚2.𝑃𝑃𝑃𝑃

) = 𝛥𝛥𝑚𝑚 𝛸𝛸 𝑑𝑑 
 𝑡𝑡 × 𝐴𝐴 × 𝛥𝛥𝛥𝛥

 

Where △m (g) was the weight gain, d (m) was the 
thickness of the film sample, t (h) was the time for the 
weight gain of the test cup, A (m2) was the 
permeation area of the film sample and △p (Pa) was 
the water vapor pressure difference between both 
sides of the film sample. 

Water contact angle (WCA): The hydrophilicity or 
hydrophobicity of the film's surface was qualified by 
measuring its water contact angle (WCA). A sessile 
drop test was performed in air using a drop shape 
analyzer (DSA25S, KRUSS, Hamburg, Germany) to 
evaluate the contact angle. 

Antioxidant effect of the films 

The films' capacity to scavenge free radicals was 
evaluated by measuring their hydrogen-donating or 
radical-scavenging capabilities using the stable free 
radical DPPH. Using a method outlined in Ansari et al. 
(2013), the films' capacity to neutralize DPPH radicals 
was assessed. The final volume was 1.5 mL, which was 
achieved by mixing a 1 mM DPPH solution in ethanol 
with a 1 mg/mL extract solution in ethanol. At 517 
nm, the findings were compared to those obtained 
with a 3 mL ethanol blank solution and a 3 mL DPPH 
control optical density (ODT). A total of three tests 
were performed. Using the following equation, we 
were able to calculate the percentage of the free 
radical DPPH that was inhibited: 

DPPH scavenged (%) = ( 𝐴𝐴 𝑐𝑐𝑐𝑐𝑐𝑐−𝐴𝐴 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡)
𝐴𝐴 𝑐𝑐𝑐𝑐𝑐𝑐

× 100 

Where (A con) is the absorbance of the control 
reaction and (A test) is the absorbance in the 
presence of the sample of the films. 

Cytotoxicity evaluation 

We utilized the baby hamster kidney cells (BHK), 
which are normal cells from the Faculty of 
Nanotechnology for Postgraduate Studies at Cairo 
University. Two groups of cells were prepared for the 
experiment: one group acted as a control, and the 
other group was exposed to varying concentrations of 
the films (0.25, 0.5, 1, and 2 mg/mL). After 24 hours, 
10 µL of the MTT reagent (with a concentration of 0.5 
mg/mL) was added to each well. The microplate was 
given a 4-hour incubation period. Each well was filled 
with 100 μL of the solubilization solution. After the 
purple formazan crystals had dissolved completely, 
the absorbance of the samples was determined using 
an ELISA reader for microplates. The optimal 
wavelength for measuring the absorbance of 
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formazan products is 570 nm. Using the following 
formula, the percentage of cells that were considered 
viable was quantified: 

The cell viability (%) = [ODS/ ODC] × 100. 

The sample's mean optical density is denoted as ODS, 
while the control's mean optical density is 
represented by ODC  . 

Biodegradability in soil 

The film's dry samples were immersed in a 10 cm 
deep pot of soil for a week or two to find out how 
biodegradable it was. After putting the pot in the lab, 
watering it regularly was ensured to maintain the soil 
moist. If there was an excess of water, it could simply 
drain out through a hole in the pot's base. Following 
a two-week interval, the films were removed, 
cleaned, and allowed air dry at 50 °C. The degradation 
value of the films was calculated using the following 
equation: 

Degradation (%) =  (W0 − Wf ) 
W0

 × 100  

The weight of the sample after testing is denoted by 
Wf, while the weight of the dry film before testing is 
W0 . 

Antifungal activity of nanocomposite films 

In this experiment, the Czapek-Dox medium was used 
to grow the Penicillium citrinum fungus. Five mL of the 
mentioned medium was placed into each falcon vial 
for culture. Different concentrations of the films were 
tested, including 62.5, 125, 250, and 500 µg/5 mL. To 
create inocula, spores were extracted from 7-day-old 
slants of the tested fungus and mixed with sterilized 
distilled water that included 0.1% (v/v) Tween-80. For 
every falcon, 100 µL of spore solution was added. The 
falcons were kept in a shaking incubator at 30 °C and 
160 rpm for 7 days. The culture filtrate was filtered 
using Whatman filter paper No. 1 to extract the 
mycelium. After making replications, the mycelial mat 
was oven-dried at 80 °C until it achieved a constant 
weight, and then the dry weight was quantified as 
mg/mL of growing culture. 

Packaging efficiency of nanocomposite films 

The weight loss of lemons was examined to find out 
how to make them last longer in the fridge 
(Kanikireddy et al., 2019). Fresh lemons were 
procured from the market and then rinsed in water 
that had been double-distilled. After washing, the 
lemons were divided into two groups. One set, which 
acted as a control, was created without the use of 

nanocomposites, whereas the other set had them 
applied. After submerging the lemons in a beaker with 
the prepared film solution for 5 minutes, it was 
removed and allowed to dry. The weight loss of the 
lemons was monitored for 20 days using these films, 
which were maintained at 5 °C. To find out how much 
weight the lemons lost, the following equation was 
used: 

Weight loss (WL) = 𝑊𝑊𝑊𝑊− 𝑊𝑊𝑡𝑡
𝑊𝑊𝑊𝑊

× 100 

Where Wt is the weight of the tomatoes at time t, and 
Wi is their initial weight. 

Statistical analysis 

The mean of three independent tests was 
represented in each experiment. The SPSS program 
was used to conduct regression analysis to determine 
the standard deviation (SD), standard error (SE), least 
significant difference (LSD), and regression analysis. 

RESULTS AND DISCUSSION 
Isolation of fungal strain 
For this research, Aspergillus ochraceus was first 
isolated and then purified. Internal transcribed spacer 
(ITS) sequencing nuclear ribosomal DNA confirmed 
the isolates' identities. A hybrid approach was used to 
sequence the PCR products, combining the more 
traditional Sanger method with the more recent 454 
method. Successfully deposition of the obtained 
nucleotide sequence at the NCBI GenBank was 
conducted with the help of a strain identifier. As a 
result, the accession number PQ590684 was assigned 
to the isolate Aspergillus ochraceus NSRN22. 
Aspergillus ochraceus NSRN22 was used as a cell 
manufacturer to produce AgNPs and SeNPs. 
Biosynthesis and detection of the NPs 
The NPs were made using the Cell Free Filtrate (CFF) 
that was extracted from the autolyzed biomass, 
ensuring that no mycelial components were present. 
In the CFF, there are proteins and enzymes. The 
fungus Aspergillus ochraceus NSRN22 releases 
metabolites that reduce the concentration of silver 
ions to nanoparticles (AgNPs) and selenium ions to 
nanoparticles (SeNPs). The successful synthesis of 
SeNPs and AgNPs was indicated by the appearance of 
ruby red or brown colors after combining the biomass 
filtrate of Aspergillus ochraceus NSRN22 with sodium 
selenite or an AgNO3 solution, respectively. The 
reaction was then terminated. After that, the colloidal 
solution of the two NPs was dried in an oven set at 80 
°C to produce a brown powder of AgNPs and a deep 
red powder of SeNPs. 
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Characterizations of NPs 
UV–Vis Spectrum Analysis: As shown in Figure 1, the 
synthesis of AgNPs in the reaction mixture was 
confirmed by UV-visible spectrophotometry, which 
showed a peak at 400 nm, as described by Dakhil 
(2017). Stimulating the surface plasmon vibrations of 
the metal nanoparticles turned them brown, as is 
typical for AgNPs. UV-Vis spectroscopy was used to 
prove the biosynthesis of SeNPs by taking readings at 
wavelengths ranging from 360 to 600 nm. Figure 1 did 
not show any peak that could be the SeNPs surface 
Plasmon resonance (SPR). As stated in Lin and Wang 
(2005), SeNPs that are smaller than 100 nm do not 
show an identifiable peak (λmax) between 200 and 800 
nm. 

Transmission Electron Microscopy (TEM): 
Biosynthesized NPs' size and shape, along with other 
morphological features, were investigated using 
transmission electron microscopy (TEM). Figure 2A 
shows that the NPs that were produced were 
spherical, well-distributed, and free of aggregates.  
 

 

 
Figure 1. UV-Visible spectrophotometry of (A) AgNPs and (B) SeNPs 
with their nanocomposite films. AgNPs: silver nanoparticles, SeNPs: 
selenium nanoparticles, CS: chitosan, SA: sodium alginate. 

The average size of AgNPs was 6.41–11 nm, and their 
polydispersity index (PDI) was 0.643. On the other 
hand, the majority of SeNPs were 32.3–50.7 nm in 
size, and their PDI was 0.29. This study's findings are 
like those of previous research. According to 
Mohammed et al. (2024), TEM investigation of the 
mycosynthesized Embellisia-AgNPs and Gymnoascus-
AgNPs, showed that they are equally distributed 
spherical nanoparticles with a diameter ranging from 
2 to 20 nm with PDI of 0.28 and 0.40, respectively. 
Fath-Alla et al. (2024) used Saccharomyces cerevisiae 
to biosynthesize SeNPs. The particle size ranged from 
34 to 125 nm, and their PDI value was 0.503. The 
particle shape was spherical. 

Dynamic Light Scattering (DLS): The average particle 
size for NPs formed by the Aspergillus ochraceus 
NSRN22 strain was shown in Figure 2B, according to 
DLS analysis. Biomoieties attached as stabilizers, 
substances absorbed on the NPs' surfaces, and the 
metallic core of the NPs all impact the size determined 
by DLS (Salem et al., 2021). Results from DLS showed 
that the average size of AgNPs was 68 nm and their 
zeta potential was -22.2 mV, suggesting that the 
AgNPs are very stable owing to the electrostatic 
repulsion between them, as shown in Figures 2B and 
2C. Previous studies have demonstrated that 
biosynthesized AgNPs typically contain negatively 
charged groups, which could account for their 
negative zeta potential value (Elamawi et al., 2018). In 
the present work, the SeNPs that were examined had 
an average size of 68 nm. One way to measure the 
surface charges of nanoparticles in a colloidal solution 
is by examining their zeta potential. The observed 
zeta potential of SeNPs was -30.7 mV. These findings 
are consistent with what Qiao et al. (2022) found. 
They biosynthesized AgNPs with a zeta potential of -
25.58 mV and an average particle size of 50.28 nm, as 
determined by DLS analysis. Meanwhile, a zeta 
potential of -22.4 mV and a size of 173.9 nm were the 
results of DLS analysis of SeNPs made by Fath-Alla et 
al. (2024). 

FT-IR Spectroscopy: The produced NPs were freeze-
dried before FT-IR spectroscopy could be performed. 
The FT-IR spectra of the NPs biosynthesized by the 
Aspergillus ochraceus NSRN22 biomass filtrate are 
displayed in Figure 3A. Fourier transform infrared 
spectroscopy was utilized to find ion-metabolite 
interactions in biomass filtrate. These metabolites 
may act as a reducing intermediary and capping 
agent, leading to the formation of well-dispersed NPs 
in their colloidal solution. The amide bonds between 
amino acid residues in proteins are known to produce  

A) 

B) 
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Figure 2. (A) TEM, (B) Particle size distribution, and (C) Zeta potential for the biosynthesized AgNPs and SeNPs. AgNPs: silver nanoparticles, SeNPs: 
selenium nanoparticles. 
 

 

 
Figure 3. (A) FTIR and (B) XRD of AgNPs, SeNPs, CS, SA, CS/SeNPS, 
CS/AgNPs, SA/SeNPs and SA/AgNPs film samples. AgNPs: silver 
nanoparticles, SeNPs: selenium nanoparticles, CS: chitosan, SA: 
sodium alginate. 

visible infrared fingerprints (Jain et al., 2011). Proteins 
or other hydroxyl functional groups may have caused 
the peaks at 3418 cm-1 due to their strong stretching 
vibrations (Priyadarshini et al., 2013). The bands at 
2922 cm-1 may indicate the C-H stretching of the 
methylene groups in proteins, as suggested by 
(Ghaseminezhad et al., 2012). Bands at 1028 cm-1 and 
1646 cm-1, respectively, indicate protein amide 
linkages (amide I and amide II), which are responsible 
for the -N-H and carbonyl C-O stretching vibrations, 
respectively, as shown in (Suresh et al., 2011). The 
peaks at 1378 cm-1, on the other hand, could 
represent the COO-symmetrical stretch from the 
carboxyl groups of amino acid residues, as suggested 
by Gajbhiye et al. (2009). According to Gopinath and 
Velusamy (2013), the carboxyl groups of Asp and Glu 
residues, as well as the hydroxyl groups of Tyr 
residues, are the most active functional groups for Ag 
reduction and the anisotropic development of AgNPs. 
On the other hand, in infrared spectra taken by the 
biosynthesized SeNPs, O-H stretching groups of 
phenols and alcohols are associated with the peak at 
3418 cm-1, which may be due to the N-H asymmetric 
stretch mode of amines (El-Sayyad et al., 2020). 
However, the 1536 cm-1 band is correlated with the 
binding vibrations of the protein's amide I band with 
N-H stretching. The peak at 1079 cm-1 is caused by a 
stretching vibration of the C-O bond (Zhang et al., 
2019). All the above proves that the metabolites 
made by the Aspergillus ochraceus NSRN22 biomass 
filtrate are important to produce SeNPs. 

XRD Analysis: Silver nanoparticles, greenly 
synthesized by Aspergillus ochraceus NSRN22, are 

A) 

B) 
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shown in Figure 3B as an XRD pattern. The Bragg's 
diffraction peaks for the green synthesized AgNPs 
were determined to be 38.02°, 45.8° and 77.1°, 
respectively. According to Qiao et al. (2022), these 
two prominent XRD peaks represent planes (111), 
(200) and (311), respectively. This showcases the face-
centered cubic (FCC) structure and crystallinity of 
AgNPs made from Aspergillus ochraceus NSRN22. 
Figure 3B shows the XRD pattern of the SeNPs, which 
reveals their hexagonal structure. The diffraction 
peaks 2θ at 23.6°, 29.9°, 41.4°, 43.8°, 45.4°, 51.8°, 
55.9°, 61.8°, 65.3° and 68.3° were symbols of the 
typical Bragg's reflections at angles (100), (101), (110), 
(102), (111), (201), (003), (202), (210) and (211), 
respectively (Srivastava and Mukhopadhyay, 2015). 
The results of the XRD pattern confirm that the 
substance listed in the ICDD file number 00-001-0848 
is elemental selenium. 

Antifungal activity of synthesized NPs 

The isolated Penicillium citrinum was utilized to test 
the antifungal potency of AgNPs and SeNPs. The 
absence of Penicillium citrinum spore germination 
was caused by the produced NPs. The MIC values for 
itraconazole, selenium nanoparticles, and silver 
nanoparticles were 200, 100, and 50µg/mL, 
respectively. The antimicrobial efficacy of AgNPs has 
been demonstrated in earlier studies. The mechanism 
by which AgNPs exert their antimicrobial properties 
was better understood after studies examined the 
possible loss of DNA and proteins. Scientists 
discovered that the presence of AgNPs caused 
proteins and DNA to leak out of the spore solution. 
The majority of AgNPs, as stated by Durán et al. 
(2016), attach to specific sites on the cell membrane 
and then readily penetrate it, creating pores that 
enable substances to exit the cell. Consequently, DNA 
and proteins were released from the tested fungal 
cells.  

In this research, SeNPs demonstrated a potent 
antifungal activity at a concentration of 100µg/mL by 
inhibiting the germination of fungal spores. Research 
has demonstrated that SeNPs can inhibit the growth 
of specific types of fungi when used at lower 
concentrations. For instance, El-Saadony et al. (2021) 
found that the effects of SeNPs derived from chemical 
and environmentally friendly methods on Fusarium 
graminearum, F. cereales, F. poae, F. avenaceum, and 
F. culmorum were examined. In this research, SeNP 
concentrations varied between 50 and 150µg/mL. In 
terms of controlling the examined fungi, the results 
demonstrated that fungal growth was considerably 

inhibited in the MIC range (25-45 µg/mL) by the 
ChemSeNPs. On the other hand, BioSeNPs effectively 
inhibited the tested fungi within the 20-40 µg/mL MIC 
range. A probable theory is that the stability and 
surface area/volume ratio of the bulk form of the 
same material prevent it from exhibiting the same 
antibacterial capabilities as smaller-size 
nanoparticles. Nanoparticles (NPs) can bind to the cell 
membranes of microorganisms due to their small size 
and high surface area to volume ratio. This provides 
opportunities for diffusion and interactions within 
cells, which stimulate processes mediated by reactive 
oxygen species (ROS) that either damage DNA or 
restrict cell proliferation. Or maybe the ions that NPs 
release into the environment are responsible for their 
antimicrobial effects. The rate of ion dissolution is 
supposedly determined by the concentration of the 
solution and the size of the NPs (Lazcano-Ramírez et 
al., 2023) . 

Preparation and Characterization of nanocomposite 
films 

The color of the film used for covering food affects 
how the product looks and how a customer perceives 
it. The color of films made of either chitosan or SA 
varied from colorless transparency to yellow in the 
presence of AgNPs and red in the presence of SeNPs. 

UV–Vis Spectrum Analysis: The optical properties of 
the chitosan composite films were investigated using 
transmission ultraviolet-visible spectrophotometry. 
Figure 1 shows that CS film had the lightest 
transmission in the visible and ultraviolet light 
spectra. Specifically, at a wavelength ranging between 
360- and 600 nm, there are no light-blocking particles 
or functional groups, which lead to this result 
(Ediyilyam et al., 2021). Adding silver nanoparticles to 
CS (CS/AgNPs), on the other hand, made them absorb 
light more effectively. It is the result of the 
nanoparticle coating's absorbing groups working in 
harmony with the light-blocking or scattering effect. 
The CS/SeNPs film achieved the lowest UV-Vis light 
transmission. This occurs because, once dispersed 
into the CS substrate, SeNPs can either scatter or 
block light as it is transmitted through the film. It can 
thus be suggested that packaged foods could be 
protected from light-induced quality losses by using 
the CS/SeNPs coating since it successfully blocked UV-
Vis light. By examining their UV-Vis absorption 
spectra, one could determine whether the AgNPs 
were stable within the film. Figure 1 shows that the 
SA/AgNPs film did display an absorption peak, which 
corresponds to the absorption peak of AgNPs; in 
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contrast, the SA film showed almost no noticeable 
absorption peak. Research demonstrated that AgNPs 
were able to keep their shape while embedded in the 
film. 

FT-IR: Figure 3A shows the chitosan films with the 
asymmetric stretch mode of the amines and the 
stretching vibration peaks of the -OH limits in the 
absorption bands at 3272 and 3265 cm-1. Amide-I and 
amide-II linkage bending results in an absorption 
band at 1640 cm-1, which is caused by the presence of 
residual N -acetyl groups. In -CH3, the peak at 1408 
cm-1 corresponds to the angular vibration of -(CH2)n-. 
The band at 1028 cm-1 shows the stretching of the C-
O skeleton. The bands at 2922 and 2929 cm-1 in SA 
films are linked to the stretching vibrations of the 
methylene groups. As can be seen from the 
absorption peak at 1408 cm-1, the stretching vibration 
of the carboxylate anion -COO- demonstrates two 
characteristics: the asymmetric and the symmetric 
stretching vibrations of the carboxylate group. The 
vibration at 1028 cm-1 reflects the C-O stretching in 
the carboxylic groups of the SA backbone. When 
polysaccharides are present, the stretching of C-O-C 
bonds is indicated by the band at 924 cm-1. Finally, the 
C-N stretching band is at 1326 cm-1, while the amide I 
and II bands are at 1640 and 1558 cm-1, respectively. 
The fingerprint region highlights the saccharides 
structure through absorption peaks at 850 and 1252 
cm-1 (Schulz and Baranska, 2007). 

Water contact angle: A film containing AgNPs or 
SeNPs was created by combining Sodium Alginate or 
Chitosan nanocomposites. The water contact angle is 
represented in Figure 4A. The films made of 
SA/nanocomposites exhibited a highly hydrophilic 
surface and significantly low contact angles. Films 
made of SA/nanocomposite materials had extremely 
low contact angles, which is consistent with previous 
research and suggests that alginate films show super 
hydrophilicity (Xu et al., 2016). The hydrophobic 
properties and high-water contact angle of chitosan 
film surfaces have been previously documented (Luo 
et al., 2014). The water contact angle of 27.02° 
observed in the present investigation is moderate for 
CS/SeNPs films. In contrast to CS/SeNPs films, 
CS/AgNPs films exhibited an extremely low water 
contact angle. The wettability of chitosan films is 
indicated by CS/nanocomposite films with extremely 
low contact angles. It is worth to mention that in 
addition to preventing denture stomatitis, it greatly 
aids in reducing bacterial adhesion (Tang et al., 2023). 

SEM with EDX: Scanning electron micrographs (SEM) 
captured of nanocomposite films at different 
magnifications are shown in Figure 4B. Films were 
non-porous, non-homogeneous, and non-smooth 
with straps and shrinkages and included spherical, 
amorphous, and consistent particle sizes of 
nanoparticles. An EDX analysis was performed to 
identify the chemical composition of the final hybrid 
nanocomposite. Carbon and oxygen were the main 
ingredients in the sample for chitosan nanocomposite 
films. On the other hand, films made of sodium 
alginate nanocomposite showed three separate 
signals for the alginate molecule's C, O, and Na 
components. The appearance of the Se and Ag peaks 
in the EDX-spectra, indicating the presence of NPs in 
the films, proved that chitosan and alginate are 
applicable substrates for dispersing NPs. 

XRD: Using XRD analysis, the structures of the films 
were further explained. Figure 3B shows the XRD 
patterns of films that contain various nanoparticles 
(NPs): CS, SA, SA/SeNPs, SA/AgNPs, CS/AgNPs and 
CS/SeNPs. The peaks at 2θ of 17.9° (101), and 22.3° 
(102) shown by the CS films correspond to the 
semicrystalline phase of CS, as illustrated in Figure 3B. 
Bond peaks between 13 and 20° reflected the film's 
amorphous structure, which is typical of chitosan (Qin 
et al., 2019). The peak of chitosan was changed when 
AgNPs and SeNPs were added to the film. Even 
though they were flatter and less noticeable, the 
diffraction peaks remained. One possible explanation 
is that the presence of nanoparticles interfered with 
the ability of chitosan to form intramolecular 
interactions, leading to a more amorphous complex 
due to the competitive influence of hydrogen bonds 
between the two molecules (Dong et al., 2022). The 
produced alginate biopolymer's XRD pattern reveals 
its amorphous structure. The SA/SeNPs product's XRD 
pattern revealed diffraction peaks at 28.09° (100) and 
29.25° (101). As previously mentioned, the pure 
AgNPs exhibited diffraction peaks at 2θ= 38.02° and 
46.1°. However, when AgNPs were added to the SA 
film, these unique peaks disappeared. These results 
are in agreement with those of the previous study of 
(Li et al., 2022) . 

Mechanical properties: The mechanical strength of 
the packaging system plays an important role in 
protecting food throughout stressful environments 
such as storage, handling, and processing. The 
mechanical properties of the film used to package 
active foods should be carefully considered to ensure 
that the film does not crack while in transit or storage.  
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 A) B) C) 

Figure 4. (A) Water contact angle, (B) SEM image and (C) EDX of CS or SA composite films with AgNPs or SeNPs. AgNPs: silver nanoparticles, SeNPs: 
selenium nanoparticles, CS: chitosan, SA: sodium alginate. 
 
Table 1. Thickness, Elongation at break (EAB), Tensile strength (TS) Moisture content (MC), Water solubility (WS) and Water Vapor permeability 
(WVP), of CS, SA films and composite films with either SeNPs or AgNPs. 

Sample Thickness 
(mm) 

Elongation at 
break (EAB) (%) 

Tensile strength 
(TS) (MPa) 

Moisture content 
(MC) (%) 

Water solubility 
(WS) (%) 

Water Vapor 
permeability (WVP) 

(g/m2.day) 
Chitosan 0.26±0.03d 2.52±0.67a 0.58±0.17a 13.24±1.08a 40.22±1.34b 2021.57±2.60e 

SA 0.22±0.026c 70.55±3.71d 2.42±0.36b 23.66±1.52c 92.33±2.51f 2132.59±3.38f 

CS/AgNPs 0.12±0.017a 9.54±0.35b 4.15±0.27d 11.79±2.57a 47.81±2.28c 1559.94±4.35b 

CS/SeNPs 0.24±0.026cd 9.21±0.64b 4.16±0.23d 12.33±2.51a 20.06±1.19a 1518.93±3.70a 

SA/AgNPs 0.17±0.005b 64.22±1.19c 3.07±0.29c 21.50±0.46c 89.29±4.04e 1945.24±5.11d 

SA/SeNPs 0.14±0.026ab 62.74±2.23c 2.48±0.41b 16.84±1.41b 83.66±0.61d 1775.96±5.05c 

LSD 0.04 3.23 0.52 3.04 4.08 7.12 
Data are means ± SD. SD: standard deviation. Values with similar superscript letters are insignificantly different while the different superscript 
letters are significantly different. LSD is the least significant difference at p ≤ 0.05. 
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The mechanical properties of an active film are 
defined by the film matrix's intramolecular structure 
and the filler-film interaction (Perera et al. 2022). The 
study's findings, presented in Table 1, show how the 
addition of AgNPs and SeNPs affected the tensile 
strength (TS) and elongation at break (EAB) 
mechanical properties of films made of chitosan and 
sodium alginate. Out of all the films tested, the 
chitosan film without nanoparticles had the lowest TS 
(0.58 MPa) and EAB (2.52%). The TS of the CS films 
was significantly improved (p ≤ 0.05) after SeNPs or 
AgNPs were added to them. Films containing AgNPs 
have a TS of 4.15 MPa and an EAB of 9.54%. After 
adding SeNPs to the film, the TS increased to 4.16 
MPa and the EAB to 9.21%. When it came to SA films, 
the ones without NPs showed the highest EAB 
(70.55%) and TS (2.42 MPa). The films that contain 
AgNPs have a TS of 3.07 MPa and an EAB of 64.22%, 
while the films that contain SeNPs have a TS of 2.48 
MPa and an EAB of 62.74%. This study has 
demonstrated that there is no significant difference 
between CS/SeNPs films and CS/AgNPs films but the 
TS and EAB were improved when compared to 
alginate films. The addition of SeNPs or AgNPs in 
alginate films considerably decreased the EAB of films 
(p ≤ 0.05), as was observed. Intermolecular forces and 
network structure are known to impact film 
mechanical properties. The addition and uniform 
distribution of SeNPs or AgNPs may have enhanced 
their interaction with chains of macromolecules, 
which could explain the result. For the same 
concentration of NPs, films containing nanoparticles 
exhibited higher TS. This is because the mechanical 
strength of the film is enhanced by the nanoparticles, 
due to their small size. this produces a more 
comprehensive network structure and ensures that 
external forces are distributed more uniformly on the 
film matrix (Dong et al., 2022). Nanocomposite films' 
EAB tends to decrease when metal or metallic 
nanoparticles are combined with biopolymer films, 
especially if the nanofiller and polymer matrix are not 
suitable to one another. Nanocomposite films' EAB 
improves as the strength of the interaction between 
the nanofiller and the polymer matrix is greater than 
that between the polymeric chains (Shankar et al., 
2016). 

Thermal analysis: Thermogravimetric analysis (TGA) 
is a common way to find out how thermally stable a 
film is. Figure 5 shows the TGA curves. The curves 
demonstrate three separate stages. All samples were 
found to have a weight reduction between 25 and 130 

°C after the first step of removing bound water and 
physical adsorption (Li et al., 2024). As the polymer 
chain's functional groups broke down between 130 
and 400 °C, a significant weight loss occurred during 
the second stage. The degree of reduction in each 
sample was different. Decomposition, which took 
place at temperatures ranging from 130 to 400 °C, led 
to a progressive loss of weight for the following 
samples: CS (73%), SA (78%), CS/AgNPs (70%), 
CS/SeNPs (69%), SA/AgNPs (76%), and SA/SeNPs 
(75%). The amine, carboxyl, and hydroxyl polar groups 
found in both chitosan and sodium alginate give them 
the ability to bind water molecules (Kulig et al., 2016). 
The mass decrease at this stage could be due to the 
release of water molecules and volatile compounds 
linked to them if the biopolymer's functional groups 
were not removed in the first phase. Biopolymers also 
undergo mass loss at these temperatures because of 
carboxyl group breakdown. Mass loss caused by 
biopolymer chain depolymerization is also possible 
within this temperature range. The temperature 
range of 200 to 300 °C was the principal region of 
thermal degradation. The main reasons for this were 
the thermal breakdown of the polymer matrix and the 
volatilization of glycerol, a substance with a boiling 
point of 289 °C (Shankar et al., 2016). Mass loss occurs 
between 450 and 600 °C due to SA biopolymer 
degradation to Na2CO3 and complete organic 
component elimination (Soares et al., 2004). The TGA 
results showed that the selenium and silver 
nanocomposite films significantly enhanced thermal 
stability compared to the control films made of 
chitosan and alginate composite. In addition, 
compared to the other samples, CS/SeNPs exhibited  
 

 
Figure 5. Thermogravimetric curves of CS, SA, CS/SeNPs, CS/AgNPs, 
SA/SeNPs and SA/AgNPs films. AgNPs: silver nanoparticles, SeNPs: 
selenium nanoparticles, CS: chitosan, SA: sodium alginate. 
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the highest thermal stability, as evidenced by their 
lowest mass loss rate. The additives used to construct 
the structure increase the pyrolysis residue and 
postpone the films' slow decomposition. Because 
these films are more stable at high temperatures, they 
are very useful in the food industry. 

Moisture content (MC) and water solubility (WS): 
One approach to evaluate the water resistance of 
films used for food packaging is to measure their 
water solubility and moisture content. Table 1 shows 
that the CS film had a high solubility of 40.22% and a 
moisture content of 13.24%, indicating that it was 
highly hydrophilic. It is possible that the addition of 
SeNPs and AgNPs caused a significant increase (p ≤ 
0.05) in the films' moisture content and water 
solubility. This is likely due to the presence of 
additional hydrophilic groups in the coating molecules 
of these nanoparticles. The water solubility of the 
chitosan film decreased from 40.22% to 20.06% 
following the addition of SeNPs, which are insoluble 
in water. There appears to be a strong bond between 
the two functional groups in CS/AgNPs because they 
are more water-soluble than chitosan. Several studies 
found that the solubility of chitosan films changed 
when solid nanoparticles were added, so it was 
assumed that the crosslinking action of the particles 
and the intermolecular bonding of chitosan chains 
were responsible for the stability or reduction of this 
feature. As a result, lessening the impact of 
crosslinking can increase solubility (Ediyilyam et al., 
2021). At 92.33%, SA's water solubility was the 
highest among the evaluated films. Solubility was 
strong in both the SA/AgNPs film (89.29%) and the 
SA/SeNPs film (83.66%), even though the SA film was 
stronger. The formation of strong hydrogen bonds 
between the film matrix and the NPs is primarily 
responsible for the decrease in the film’s water 
solubility and moisture content. To make the 
biopolymer matrix more cohesive and less water 
sensitive, the hydroxyl groups of the extract-capped 
NPs may form strong hydrogen bonds with the 
hydroxyl and carboxyl groups on alginate (Gudimalla 
et al., 2022). 

Water vapor permeability: One of the many factors 
influencing food qualities is water vapor pressure 
(WVP). One way films with low water vapor 
transmission (WVP) can prolong the freshness and 
quality of food by reducing the water exchange 
between the food and its environment. Keeping the 
WVP as low as possible will prevent food from 
becoming dehydrated, according to (Chen et al., 
2024). The WVPs of different films are shown in Table 

1. Adding SeNPs or AgNPs significantly decreased the 
films' WVP (p ≤ 0.05), even though the SA film had the 
highest WVP. The film content of CS decreased from 
2021.57 g/m2.day to 1559.94 g/m2.day for CS/AgNPs 
and 1518.93 g/m2.day for CS/SeNPs. SA Films 
containing AgNPs reduced WVP from 2132.59 to 
1945.24 g/m2.day, while films containing SeNPs 
reduced it to 1775.96 g/m2.day. Adding SeNPs or 
AgNPs to the films may enhance their water barrier 
properties. Nanoparticles can form a dense network 
structure by filling the pores of the film matrix. Since 
this causes the water molecules to take a longer route 
through the film matrix, their diffusion is reduced 
(Dong et al., 2022). Consistent with what was found in 
the film's scanning electron microscopy (SEM) 
analysis, this points to the fact that nanoparticles 
make the film denser and that their small size makes 
them easier to evenly distribute into macro molecule 
chains, thus improving the film's barrier properties. 
Interactions between surface molecules and CS 
functional groups and hydroxyl groups occur in 
biosynthesized SeNPs and AgNPs. Among the most 
likely major reasons for these points are the following: 
the nanoparticles obstructed the micro-paths of 
water vapor in the film networks, and the 
incorporation of water-insoluble nanoparticles into CS 
film produced an additional, very thin protective layer, 
both of which could improve the barrier properties of 
nanocomposite films (Soltani et al., 2023). Dense 
networks can be formed by SeNPs or AgNPs 
interacting with the hydrophilic groups of CS. This 
makes the material highly resistant to the absorption 
of water vapor and improves its barrier properties. 

Antioxidant activity 

In this study, the films' ability to scavenge 1,1-
diphenyl-2-picrylhydrazl (DPPH) radicals was 
examined. The DPPH radical scavenging test is based 
on the reduced DPPH level. The purple stable free 
radical DPPH, which is centered around nitrogen, 
shows a peak at 517 nm. The absorbance and color 
intensity are reduced because antioxidants neutralize 
the free radicals in DPPH (Baliyan et al., 2022). Figure 
6A shows that all of the tested films had antioxidant 
capabilities. The absence of nanoparticles in the CS 
film did not affect its DPPH radical scavenging activity. 
This is likely because free amino and hydroxyl groups 
in CS react with free radicals to form very stable 
ammonium groups and macromolecular free radicals 
(Li et al., 2019). Composite films enhanced with SeNPs 
and AgNPs DPPH radical scavenging capabilities were 
found to be significantly higher than those of the 
chitosan film (22.1%) and SA (18.25%).  
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Figure 6. (A) DPPH radical-scavenging activity (%), (B) Cytotoxicity 
assay of cell survival of the BHK (normal cells) as a function of 
chitosan and alginate/nanocomposite films and (C) 
Biodegradability of CS, SA, CS/SeNPS, CS/AgNPs, SA/SeNPs and 
SA/AgNPs films. The results are the means of three replicates. Bars 
show means. Error bars show mean ± SE. Values with similar 
superscript letters are insignificantly different while the different 
superscript letters are significantly different. LSD for DPPH radical-
scavenging activity= 2.868 at p ≤ 0.05, LSD for Cytotoxicity= 2.35 at 
p ≤ 0.05 and LSD for Biodegradability= 3.634. AgNPs: silver 
nanoparticles, SeNPs: selenium nanoparticles, CS: chitosan, SA: 
sodium alginate. 
 

The highest DPPH radical scavenging activity, reaching 
63.3%, was observed in films that contained both SA 
and AgNPs. Films containing AgNPs or SeNPs 
demonstrated enhanced DPPH radical scavenging 
capabilities when added to CS films (62.68% and 
62.42%, respectively). Composite films' DPPH radical 
scavenging activity was enhanced by adding NPs with 
this property. NPs may enhance the film's antioxidant 
activity by accepting or donating electrons. Both 

SA/AgNPs and CS/AgNPs possess high antioxidant 
properties due to the presence of silver nanoparticles, 
which are well-known for their antioxidant 
capabilities. It is important to mention that the NPs 
used in this study were made using a green method 
that depended on fungal extract. The particles are 
coated with compounds to enhance their antioxidant 
activity in this approach. When NPs were added to the 
films, the DPPH radical scavenging activity 
significantly increased (p ≤ 0.05). As suggested by 
Nunes et al. (2018), the bioactive capping agents on 
the AgNP surfaces were responsible for the CS/AgNPs 
film's enhanced antioxidant activity. Preventing 
degenerative diseases caused by free-radically 
induced oxidation of packaged foods is a promising 
application for CS/AgNPs and SA/AgNPs film. The 
highest level of DPPH radical scavenging activity was 
shown in these films . 

Cytotoxicity 

Materials used for producing packaging should be low 
in cell cytotoxicity (Wahab et al., 2024). In MTT 
experiments, the cytotoxicity of composite films 
made of chitosan and sodium alginate was evaluated 
by examining cell viability. After the samples were 
added to the medium, every film showed promising 
cell viability. Figure 6B demonstrates, however, that as 
the film content increases, various films exhibit 
markedly diverse cell viability. It is notable that at a 
concentration of 2 mg/mL, the cell vitality of 
CS/AgNPs films was 63%, whereas the cell viability of 
CS/SeNPs films was 69.3% and that of pure CS films 
was 91.8%. There is a marked difference in the toxicity 
to the BHK cells between CS/AgNPs films and 
CS/SeNPs films. The results demonstrate that the 
cytotoxic effect was reduced when SeNPs were 
immobilized on chitosan. The cytotoxicity of films 
containing SeNPs was reduced in SA/SeNPs, which 
prevented bare nanoparticles from interacting with 
cellular components and had 62.8% cell vitality. 
Human exposure to chitosan has been documented in 
dietary supplement formulations for obesity and 
hypercholesterolemia (Ilium, 1998). Chitosan and 
alginate are safe to use in food because they have the 
GRAS (generally recognized as safe) designation from 
the US Food and Drug Administration (Luo and Wang, 
2013; Heydari et al., 2015). According to the European 
Food Safety Authority (EFSA), alginate and related 
salts can be used in limited doses (Gheorghita et al., 
2020). Thus, the composite films showed strong 
cytocompatibility and high cell viability, making them 
safe for use in the food industry. 
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Biodegradability in soil 

Researchers perform biodegradability studies to learn 
how films behave in the environment and whether 
they contribute to pollution. Soil burial is one of these 
methodologies. There is a rapid rate of breakdown at 
the initial stage of degradation due to high microbial 
activity; thereafter, the rate of degradation moderates 
during the curing period. The degradation of the 
nanocomposite films after a week is shown in Figure 
6C. The first section demonstrates the effects of water 
absorption into the polymeric network on the films' 
physical characteristics, specifically how the SA and CS 
chains have been damaged. The CS film may have lost 
up to 70% of its weight after two weeks of soil 
exposure, while the SA film may have lost up to 
90.33% (Figure 6C). Composite films biodegraded 
differently after SeNPs and AgNPs were added. 
Supplementing SA or CS with SeNPs or AgNPs slowed 
their degradation rate. Selenium and silver 
nanoparticles' antibacterial activity is the main reason 
why CS/AgNPs (60.33%), CS/SeNPs (62.67%), 
SA/AgNPs (82.33%) and SA/SeNPs (87.67%) do not 
degrade very quickly. Accordingly, degrading 
microbes are unable to grow (Kale et al., 2007). 

Antifungal activity of nanocomposite films 

It is thought that nanoparticles (NPs) are effective 
against fungi because they either penetrate their cells 
and disrupt their internal processes or damage their 
cell walls. Polysaccharide components such as chitin, 
glucan, and chitin-glucan complexes form the cell 
walls of fungi and act as a defense mechanism against 
outside influences. NPs have the potential to cause 
cellular homeostasis and apoptosis by damaging cell 
membranes and interfering with diffusibility. NPs can 
increase ROS production, which in turn can lead to 
oxidative stress (Nikzamir et al., 2021). Safaei et al. 
(2019) brought attention to the fact that NPs can bind 
to DNA, and disrupt intercellular organelles like 
lysosomes, endoplasmic reticulum, ribosomes, and 
mitochondria, leading to cell death. Chitosan is a 
common food additive with antimicrobial 
characteristics that can be utilized to treat food after 
harvesting. Positively charged CS molecules exert 
their antimicrobial action by electrostatically 
interacting with negatively charged outer fungal cell 
membranes (Xing et al., 2021). In the long term, this 
additive can protect food by inducing resistance 
against microorganisms. Chitosan edible coatings 
control moisture transfer, delay respiration and 
oxidation, and lengthen the duration of storage life of 
vegetables (Riseh et al., 2023). On the other hand, 

alginate biopolymer's antifungal efficacy remains 
unproven. Nanocomposites with antifungal 
properties, such as Ag and Se nanoparticles, can be 
created by using alginate biopolymer as a matrix 
(Hurtado et al., 2022). In the present work, in terms 
of controlling Penicillium citrinum, it was expected 
that the CS/AgNPs solution would perform better 
than CS alone (MIC of 1160 µg/ 5 mL). As shown in 
Figure 7, the minimum inhibitor concentration 
causing antifungal activity for CS/AgNPs was 1020 µg/ 
5 mL. It was the strongest of the solutions tested 
against the fungus. In comparison, solutions 
containing SA, CS/SeNPs, SA/AgNPs, and SA/SeNPs 
were slightly weaker, with MIC effects of around 1160, 
1040, 1080, and 1025 µg/ 5 mL, respectively. 
 

 
Figure 7. Linear regression model fit of antifungal activity of CS, SA, 
CS/SeNPs, CS/AgNPs, SA/SeNPs and SA/AgNPs to determine the 
MIC value. AgNPs: silver nanoparticles, SeNPs: selenium 
nanoparticles, CS: chitosan, SA: sodium alginate. 
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Packaging efficiency of nanocomposites films 

To keep food fresh for a longer time and reduce 
spoilage, films are essential in food packaging. Many 
things can affect food quality: the coating, the storage 
conditions, rotting, fruit water content, weight loss, 
evaporation, and the degradation of organic acids and 
carbohydrates by oxidation (Shiekh et al., 2021). 
Because of their high inhibitory effect against 
microorganisms CS and SA films of AgNPs or SeNPs are 
good materials for food packaging; they successfully 
prevent water evaporation and respiration in fruits. 
The significance of films in avoiding food spoilage and 
maintaining food quality is emphasized in this study. 
Testing at regular intervals the effect of the active 
films on lemons was evaluated over a 20-day storage 
period at temperatures between 5 and 8 °C. In this 
case, the control was the market film. In Figure 8, it is 
observed that the lemon's visual impact declined with 
time in storage. Shehata et al. (2021) found that 
wilting, shrinking, color change, and deterioration 
during storage can cause a decrease in appearance. 
Films containing CS/SeNPs, CS/AgNPs, SA/SeNPs, and 
SA/AgNPs improved the appearance and shelf life of 
lemons for up to 12 days (Figure 8).  

In addition to not showing any indications of rotting 
or liquid leaking from them, these lemons had a 
smooth surface. After six days, the market film 
developed white spots, which indicated a fungal 
infection. After 20 days, the combination of CS and 
SeNPs resulted in the lowest weight loss (2.13%) in 
lemons, compared to the weight loss of 2.69% for 
CS/AgNPs, 2.89% for SA/AgNPs, and 2.70% for 
SA/SeNPs. Owing to their ability to facilitate the 
antimicrobial agents' direct interaction with the food, 
composite films are excellent nanoparticle carriers. 
When food comes into touch with silver nanoparticles 
(AgNPs), the nanocomposite films slowly release the 
AgNPs, preventing microbes from penetrating the 
packaging (Ediyilyam et al., 2021). The edible 
CS/SeNPs coating successfully inhibited mold growth 
while maintaining lemons' initial appearance. The 
covered lemons kept their freshness even after a 12-
day storage period. Brown spots appeared on the SA-
coated sample 10 days after coating, despite SA's 
antimicrobial characteristics. It is possible that SA's 
free hydrophilic functional groups made it easier for 
airborne water molecules to bind, which in turn made 
fruit surfaces more moist and created an ideal 
environment for fungal growth (Nair et al., 2020). 

 
Figure 8.  The appearance of lemons packed in different packaging materials (CS/SeNPs, CS/AgNPs, SA/SeNPs and SA/AgNPs) up to 20 days of 
storage at 5-8 °C. AgNPs: silver nanoparticles, SeNPs: selenium nanoparticles, CS: chitosan, SA: sodium alginate. 
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CONCLUSION 

In this study, a biodegradable active food packaging 
material was created by combining film-forming 
substrates (CS or SA) with biosynthesized SeNPs or 
AgNPs by the reducing agents in the cell-free filtrate 
of Aspergillus ochraceus NSRN22. Compared to the 
other samples, CS/SeNPs exhibited the highest 
thermal stability, as evidenced by their lowest mass 
loss rate. In addition, the mechanical properties of the 
CS/SeNPs films were better, but the antifungal 
activity of the CS/AgNPs films was the best against 
Penicillium citrinum. lemons covered with CS/SeNPs 
for 12 days in the fridge showed no change in color, 
texture, or physicochemical properties, and the mold 
growth was significantly decreased. The films made of 
CS/SeNPs showed the lowest rate of weight loss. The 
fresh lemons' preservation effect and shelf life were 
both enhanced by the CS/SeNPs packaging film. In 
addition, the CS/SeNPs coating that exists could be a 
great way to supplement with Se micronutrients. The 
cell viability of films at a concentration of 0.5 mg/mL 
was 76.7% in CS/SeNPs. This means that the films, 
when prepared at the concentration of 0.5 mg/mL 
used in this study, are highly safe for human 
consumption and use in food. All things considered, 
the CS/SeNPs films that were made have great 
potential as components of antimicrobial active 
packaging, which could keep food safe and extend the 
shelf life of fruits. 
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