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FOOD packaging is mainly made from plastics. New techniques, such as biodegradable 
films or coatings were used to meet the environmental concerns and consumer demands 

for natural products. This research aimed to investigate the effect of adding zinc oxide and 
selenium nanoparticles (ZnO-NPs and Se-NPs) to chitosan films on its characteristics. The 
chitosan films incorporated with ZnO-NPs and Se-NPs were prepared to contain ZnO-NPs 
and Se-NPs as follows: Ch/3%ZnO-NPs and Ch/1%Se-NPs. The results revealed that the 
incorporation of ZnO and Se-NPs in chitosan films had significantly decreased thickness 
(from 0.149 µm to 0. 124µm), Transparency (from 0.77% to 0.53%) solubility (from 24.38% 
to 18.64%) and water vapor permeability (from 40.37 g/m2h to 37.02 g/m2h m) whereas tensile 
strength and elongation were increased from 33.50 N to 63.71N and from 20.95% to 28.18%, 
respectively. In general, the chitosan films incorporated with ZnO-NP and Se-NPs will have an 
important role in food-active packaging.
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Introduction                                                                        

Nanomaterials consist of one atom or one 
molecule and have at least one dimension 
with nano-scale (one-billionth of a meter) 
and have a huge potential to bring benefits in 
different areas such as drug development, water 
decontamination, and food production (Faisal 
et al., 2023). Nanoparticles with dimensions in 
the range of 1–100 nm have a growing interest 
because of their unique properties, arrangement, 
and applications which are superior to their bulk 
counterparts (Jeevanandam et al., 2018). The 
importance of nanomaterials comes from that size 
can influence the physio-chemical properties of a 
substance as the optical properties which can be 
utilized in bio-imaging applications (Dreaden et 
al.,2012 ).

   Metal NPs are possessing unique optoelectrical 
properties so it used in many research applications 
(Lou-Franco et al., 2021). Plastic packaging 
materials are widely used as food packages but 
because of their non-biodegradability, researchers 
resorted to biodegradable packaging materials to 
reduce plastic waste and use renewable resources 
such as proteins, lipids, and polysaccharides 
(Rhim et al., 2013; Jeevahan et al., 2020; Mellinas 
et al. 2020). Chitosan is a biodegradable, non‐
toxic, film‐forming polysaccharide that has 
antimicrobial and antifungal efficacy, able to carry 
active materials used as film or coating material 
for food products (Souza et al., 2021 and Severo 
et al., 2021), but chitosan has poor mechanical 
and barrier properties, therefore reinforcement 
materials can be used to impart it these properties 
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(Pires et al., 2021). Biopolymer-based films are 
incorporated with functional such as antibacterial, 
antioxidant, and UV-blocking properties materials 
to improve their physicochemical properties (Roy 
and Rhim, 2021). 

The incorporation of nanoparticles (NPs) 
into edible films can modify their thermal, 
mechanical, and gas barrier properties and 
functionality (Etxabide et al., 2017). So, various 
nanomaterials such as zinc oxide nanoparticles 
(ZnONPs) and selenium nanoparticles (SeNPs) 
have been used to enhance the functionality of the 
edible films (Hoseinnejad et al., 2018). ZnO NPs 
can be used to improve the mechanical, chemical, 
antibacterial, and antioxidative characteristics of 
the edible films which elongate the shelf life of 
foods coated with these films. ZnO NPs improve 
the barrier properties of the edible films which 
reduce the passage of water or oxygen since the 
NPs fill the porous spaces within the film matrix 
(Anbukkarasi et al., 2015). ZnO-NPs are nontoxic 
to human cells but harmful to microorganisms 
since the U.S. Food and Drug Administration 
(FDA) has listed ZnO-NPs as a safe material 
(Kim et al. 2022). Also, SeNPs have unique 
antimicrobial, antioxidative, and UV-barrier 
properties, therefore SeNPs are incorporated 
into food packaging material (Menon et al., 
2019).  SeNPs have minimal toxicity and higher 
biocompatibility when compared to organic/
inorganic Se compounds. The Se toxicity could 
appear with consumption of ≥ 3200 μg/day. 
SeNPs had antimicrobial, antioxidant, antifungal, 
anticancer and immune-stimulation properties 
(Youssef et al., 2022). The research aimed to 
incorporate ZnO and Se nanoparticles into 
chitosan films to investigate their nanostructure 
and functional properties. 

Materials and Methods                                                     

Materials
Chemicals and reagents used

Zinc-acetate, Methanol, Sodium hydroxide, 
Sodium selenite, Ascorbic acid, Chitosan, 
Glycerin, and Glacial acetic acid were obtained 
from EL-Gommhouria Chemical Company, 
Cairo, Egypt. 

Methods
Preparation of nanoparticles 

Zinc oxide nanoparticles (ZnO-NPs) were 
prepared by the method of Youssef et al. (2016), 
using stock solutions of Zn (CH

3
COO)

2
·2H

2
O 

(0.2 M), methanol, and NaOH (0.3 M). Selenium 
nanoparticles (Se-Nps) were prepared according 
to the method of Li et al. (2010), using stock 
solutions of Na

2
Seo

3
 and ascorbic acid.

Preparation of chitosan (Ch) nanocomposites 
films:

Chitosan nanocomposite films were prepared 
as described by Souza et al. (2020) using the 
formulas in Table 1.

Characterization of nanoparticles and 
nanocomposites films
   Particle size, polydispersity index (PDI), and 
zeta potential.

The particle size and size distributions of 
ZnO-NPs, Se-NPs, and bio nanocomposites film 
solutions were determined in terms of average 
volume diameters, Size range (0.6:6000nm), Zeta 
potential range (-200:200mV) and polydispersity 
index (PDI) by photon correlation spectroscopy 
using particle size analyzer Dynamic light 
scattering (DLS) (Zeta seizer Nano, Malvern 
analytical Ltd, United Kingdom) at fixed angel of 
173 at 25 as described by Anean et al. (2023).

 TABLE 1. chitosan nanocomposites films formulas.

*Films
Film ingredients

Chitosan
Glacial acetic 

acid
Glycerol ZnO-Nps Se-Nps

Ch-Control 2% 2 mL 30% - -

ChZn 2% 2 mL 30% 3% -

ChSe 2% 2 mL 30% - 1%

*Ch-Control, Chitosan; ChZn, Chitosan / 3% ZnO-NPs; ChSe, chitosan/1% SeNPs; ChZn/Se, chitosan / 3% ZnO-NPs / 
1% Se-NPs.
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Scanning electron microscopy (SEM) 
The morphological properties of chitosan films 

were assessed by scanning electron microscopy 
(SEM), (JSM 6360LV, JEOL/ Noran) according 
to the method of Youssef et al. (2016.)

Mechanical and physical properties of 
nanocomposite films

Films thickness
The film thickness was measured with a digital 

micrometer (Mitutoyo type Digital Indicators, 
the company’s models: pk-1012 E, Japan) as 
described by Tien et al. (2004).

Tensile strength and elongation
Tensile strength and elongation were 

measeared using a texture analyzer (type CT3) by 
the method of  Hernandez-Muñoz et al. (2004). 

Films transparency
UV-Visible spectrophotometer (Model 

UV5704SS) was used to dertermine the 
transperancy of films as described by  sun et 
al.(2020), the transperancy calculated using the 
following equation:

Transparency=  

Where :

A600 was absorbance at 600 nm 

T  was film thickness in mm

The percentage of water solubility (weight 
loss) of films was determined according to the 
method of Munoz et al. (2004), and calculated by 
the following  equation:

% water solubility =                                           

x 100

Measuring water vapor transmission rate (WVTR)
The water vapor transmission rate (g/hr.m2) 

was determined by the method of the ASTM 
E96-95 (ASTM, 1995), and the water vapor 
transmission rate (WVTR) was calculated using 
the following equation: 

WVTR = ∆m /∆t. A

∆m/∆t = is the moisture gain weight per time (g/
hr)
A  =   is the surface area of the film( m2)

Results and Discussion                                                                

Characterization of ZnO-NPs and Se-NPs: 
Particle size, polydispersity index (PDI), and zeta 

The particle size (diameter) of nanoparticles 
is an important characteristic for the application 
of nanoparticles in food technology. Table 2 
demonstrates the particle size distribution of ZnO-
NPs and Se-NPs. The results indicated that the size 
of ZnO-NPs was 256.7 nm while Se-NPs recorded 
a smaller particle size (72.96 nm) as compared to 
ZnoNPS. On the other hand, the Polydispersity 
index is a dimensionless measure of the 
heterogeneity of particle size and is used to show 
the distribution pattern of particles as the (PDI) 
indicates the level of dispersion homogeneity, 
which ranges from 0 to 1. If PDI is close to 0 it 
suggests that the size distribution of nanoparticles 
is more homogeneous (Yadav and Sawant, 2010).  
In this context, Se-NPs exhibited the lowest PDI 
value (0.186) (more homogeneous) as compared 
to Zno-NPs (0.478). Regarding, the zeta potential 
of nanoparticles is useful in the determination 
of nanoparticles’ stability during storage time 
(Abbas et al., 2008). The nanoparticles are more 
stable when the zeta potential is higher, whether 
it is positive or negative (wiacek and chibowski, 
2000). The results showed that the zeta potential 
values of ZnO-NPs and Se-NPs were -18 and -23 
mv, respectively. The higher zeta potential was 
recorded for SeNPs (-23mv), in which a small 
particle size (72.96nm) was also achieved because 
had a higher negative value charge that indicates 
higher stability of the Se-NPs as compared to 
ZnO NPs. These results agreed with that obtained 
by Farag et al. (2023) who demonstrated that 
the particle size of ZnO-NPs and Se-NPs, were 
219 and 190 nm, respectively. Also, Hassanein 
et al. (2021) reported that the average size of 
prepared ZnO-NPs with the chemical method 
without using a stabilizer was (282.6 nm) and 
the zeta potential for it was -21.6 mv. Similarly, 
Mohanraj and Chen (2006) showed that the size 
of the nanoparticles ranged between 10 and 1000 
nm which is accompanied by the obtained result.

Characterization of nanocomposite films
Surface morphology of nanocomposite films
The recognizing microstructure and 

morphology of the edible films helps in choosing 
the proper film formula for food application. 
Fig.1 presents the SEM micrographs of the 
surface of different films. The results showed 
that the control film (Ch without nanoparticles) 
had a smooth surface enough to be homogenous 
and to form a continuous matrix with some pores 
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on the surface. On the other hand, the films 
prepared with the incorporation of nanoparticles 
became rougher (the size of the nanoparticle 
is increased) because of the recrystallization 
of chitosan molecules during the film drying 
(Ndwandwe et al., 2022).  The SEM images of 
the film which was prepared with the addition of 
3% ZnO-NPS showed that the film is uniform 
with a homogeneous surface because of the 
absence of noticeable ZnO-NPs aggregates.Also, 
the SEM micrographs of the film that contained 
1% SeNPs exhibited an equal distribution of 
particles through the surface, because SeNPs 
filled interspaces that existed in the control film. 
These results agreed with Mirjalili & Ardekani 
(2017) who reported that nanoparticles improved 
the mechanical and physical properties of starch 
edible film supplemented with nanoparticles 
of zinc. Also, Ndwandwe et al. (2022) reported 
that the scanning electron microscopy of potato 
starch film with Se-NPs showed a slight increase 
in surface roughness and high affinity between 
the Se-NPs and the starch film matrix which 
enhanced the mechanical and physical properties.

Mechanical and physical properties of 
nanocomposite films

The effect of ZnO and Se nanoparticles 
addition on the thickness of films

The thickness of the film mainly depends on 
the preparation methods and drying conditions 
and is influenced by the component’s interaction 
(Kanamani et al., 2013). Figure 2 shows the effect 
of nanoparticles (Zn and Se) on the thickness 
values of films. It could be seen that the thickness 
values of chitosan films; Ch, Ch/Zn, and Ch/Se 
were 0.149, 0.124, and 0.147µm, respectively. 
The results cleared that the highest thickness was 
observed for the control film (Ch) followed by 
Ch/Se while the lowest thickness was observed 
for Ch/Zn film. These results indicated that the 
thickness of chitosan film was affected by the 
addition of Zno and Se- NPs because of the tight 
network structure between NPs and chitosan. 
These results agreed with that of Goudarzi et al. 

TABLE 2. Particle size, Poly Dispersity index (PDI) and Zeta potential of ZnO-NPs and Se-NPs.

Zeta potential (mv)particle size distribution (nm)
*Nano material

Z-PotentialPDIParticle size

-18.40.478256.7ZnONPs

-23.80.18672.96SeNPs

*ZnO-NPs: Zinc oxide nanoparticles and Se-NPs: Selenium nanoparticles

(2017) who stated that the addition of Nano TiO
2 

to starch film decreased the thickness. Also, these 
results on line with Abo-Gabal et al. (2022) who 
reported that the addition of nano TiO

2
   and Ag 

decreased the thickness of hydroxy propyl methyl 
cellulose film.

The effect of Zno and Se nanoparticles 
addition on tensile strength (N) and elongation at 
break (%) of films

Figure 3 exhibits the influences of 
nanoparticles on the strength property of chitosan 
film. The tensile strength of prepared films was 
determined as resistance obtained to rupture 
when subjected to a pulling force or maximum 
load. The data indicated that the tensile strength 
of prepared films was greatly affected by the 
nanoparticles. The maximum tensile strength at 
chitosan films was recorded for Ch/zn (63.71N) 
followed by Ch/se (55.07N) compared to the 
control film, Ch (33.50N). On the other hand, the 
elongation property of flexible films measures 
the extent to which a martial will stretch before 
breaking. The results indicated that the highest 
value of elongation in chitosan composite films 
(28.18%) was observed for Ch/Zn and the lowest 
elongation value (20.95%) was noticed for 
control film (Ch). The obtained data showed that 
tensile strength and elongation reached maximum 
value when nanoparticles were added. The 
enhancement of tensile strength and elongation of 
films is due to NPs existing in between polymer 
chains and an intermolecular cross-linking is 
generated. This observation is compatible with 
SEM analysis. These results were in agreement 
with that of Ndwandwe et al. (2022) who reported 
that the tensile strength and elongation of potato 
starch film were improved with the addition Se-
NPS. Also, these results were supported by the 
findings of Anwar et al. (2022) who reported that 
adding ZnO-NPs to carboxyl methyl cellulose 
film increased the tensile strength and elongation 
compared to control film formulated without 
nanoparticles.
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Fig. 1. Scanning electron microscopy images of films. 

Fig. 2. Effect of ZnoNps and SeNps addition on Thickness of films.
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The effect of Zno and Se nanoparticles 
addition on the Transparency of films

The transparency of film influences consumer 
acceptance when applied to packaging and food 
coating. The recorded transparency values of 
chitosan films with/ without NPs are presented 
in Fig. 4. The obtained data showed that the 
transparency decreased by adding nanoparticles, 
since it decreased from 0.77% for control (Ch) to 
0.53 and 0.62 for Ch/Zn and Ch/Se, respectively. 
These results agreed with Dehankar et al. (2023) 
who reported that the transparency decreased 
by adding ZnO-NPs to chitosan/guar gum film. 
Similarly, Anwar et al. (2022) reported that the 

Fig. 3. Effect of ZnO-Nps and Se-Nps addition on Tensile strength(N) and elongation at break (%) of film samples.

transparency of carboxyl methyl cellulose film 
was decreased by adding ZnO-NPs.

\The effect of Zno and Se nanoparticles 
addition on %  Water solubility (weight loss) 

Solubility in water is an important property of 
edible films which is required to enhance product 
integrity and water resistance. However, in some 
cases, water solubility before consumption of the 
product might be useful. Figure 5 shows the water 
solubility of chitosan films prepared with/without 
NPs. The results showed that chitosan films 
loaded with NPs had lower values of solubility 
than control film. The solubility value decreased 
with the addition of NPs since it was lowered 

 
Fig. 4. Effect of ZnoNps and SeNps addition on Transparency of films
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from 24% for control (Ch) to 18.64% for ChZn 
and 21.65% for Ch/Se. The decreased solubility 
might be attributed to the reduction of free-OH 
groups of polymers because of NPs/ polymers 
macromolecule interaction (Mathew et al., 2019) 
or might be due to strong bonding between 
polymers and NPs which led to decreased film 
solubility. These results were in agreement with 
that of Dehankar et al. (2023) who reported that 
the solubility in water was decreased by adding 
ZnO-NPs to chitosan/guar gum film. Also, Anwar 
et al. (2022) reported that the solubility in water 
was decreased by adding ZnO-NPs to carboxyl 
methyl cellulose. Also, Ndwandwe et al. (2022) 
reported that the solubility in water is decreased 
by the incorporation of Se-NPs into potato starch 
film.

Fig. 5. Effect of ZnO-Nps and Se-Nps addition on % water solubility (weight loss).

The effect of Zno and Se nanoparticles addition on 
water vapor transmission rate (WVTR) of films.

The water vapor transmission rate: Food 
applications need effective barriers, such as food 
packaging, a protective coating, and so on, to 
reduce WVTR. The values of WVTR are given in 
Figure 6. The results showed that nanocomposite 
films exhibited lower WVTR values compared to 
the control. Where, the lowest values of WVTR 
were noticed for ChZn (37.02 g/m2h) followed by 
ChSe (37.18 g/m2h), while the control film (Ch) 
was recorded as the highest WVTR value (40.37 
g/m2h). These results on line with that of Rahman 
et al. (2018) who reported that the WVTR values 
of chitosan films are decreased by adding ZnO-
NPs. 

WVTR
(g/m2h)

30
40
50

Ch-control
ChZn

ChSe

WVTR (g/m2h) WVTR (g/m2h)

Fig. 6. Effect of ZnO-Nps and Se-Nps addition on water vapor transmission rate(WVTR) of films.
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Conclusion                                                                      

In general, it could be concluded that all 
properties of chitosan films were affected by 
the addition of ZnO and Se NPS. For example, 
ZnO-NPs and Se-NPs improved the mechanical 
resistance, WVTR, tensile strength, and elongation 
at the break of chitosan films but lowered their 
transparency. Finally, the Ch/Zn edible composite 
film showed better characteristics than other films 
(Ch/Zn and control). 
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