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Abstract
In this study, chitosan film incorporating tulsi essential oil (TEO) with good antioxidant properties was solvent casted as 
an antioxidant packaging film. The antioxidant films were studied for the morphological, chemical, thermal, water barrier, 
mechanical, and antioxidant behaviors. The presence of TEO was confirmed by infrared spectroscopy and electron micros-
copy. Thermal degradation study was also conducted to know the thermal stability of these films. TEO-containing films 
showed a decrement in moisture content, water absorption, water solubility, and water vapor transfer rate (WVTR). An 
increase in tensile and elongation was noted as TEO content increased, with the highest mechanical properties in T2 film 
(chitosan-to-oil ratio of 4:1), depicting better networking of chitosan chains and TEO components and the effect of plasti-
cization of TEO on the chitosan. The films containing TEO showed better antioxidant activity than neat chitosan film, as 
confirmed by DPPH (2,2,-diphenyl-1-picrylhydrazyl) and H2O2-scavenging assays. Finally, fried potato fingers were packed 
in the active chitosan packaging and compared with the neat chitosan. The T2 film showed better antioxidant activity against 
the oxidation of oil in fried potato fingers which was confirmed by the FTIR of the packed product.
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Introduction

Packaging is important in protecting food from various 
chemical, biological, and physical hazards during different 
stages of the food supply chain. For the influencing fac-
tors such as temperature, humidity, light, dust, shocks, and 
odors which the food faces, food packaging becomes essen-
tial (Kalpana et al., 2019). The use of synthetic packaging 
materials has raised concerns related to the environment as 
they are developed from non-sustainable sources and thus 
are non-recyclable, non-biodegradable, or non-compostable 
(Ludwicka et al., 2020), thereby pushing the food packaging 
industry to pay attention to edible films and biopolymers 
in the last decade or so. Replacing conventional packaging 
with sustainable alternatives that can safely and efficiently 

degrade is an important alternative for decreasing plastic 
waste disposal in rivers, landfills, and marine environments 
(Gan & Chow, 2018).

Global packaged food market is growing at CAGR of 
5.4% worldwide (Kumar et al., 2022). The role of food 
packaging is essential in reducing the deterioration of food 
quality due to different biological and chemical factors. The 
shelf life of packaged food can be extended by antimicrobial 
(Sharma et al., 2022b) or by antioxidant agents (Wang et al., 
2015). After microbial growth, oxidation plays a significant 
role in the deterioration of food quality, resulting in modi-
fication of texture, nutritional value loss, off-flavor, and an 
increase in toxicity, particularly for meat products that are 
susceptible to lipid oxidation (Sun et al., 2013). Therefore, 
active antioxidant packaging (Souza et al., 2017) uses natural 
antioxidant sources such as rosemary and curry leaf extract 
(Demarco et al., 2022), seaweed extracts (Babakhani et al., 
2016), and Baccharis dracunculifolia leaf powder (Zanela 
et al., 2021) which are now being used for preventing the 
oxidation of foods (Singh et al., 2021).

The factors such as abundance, film-forming ability, bio-
degradability, biocompatibility, and antibacterial properties 
make chitosan an attractive option for developing active 
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food packaging material. Chitosan also finds its application 
in the biomedical and pharmaceutical fields (Lord et al., 
2011). Researchers have focused on using plant extracts 
and essential oils instead of synthetic compounds as active 
natural sources that give functional properties such as anti-
oxidant properties in biopolymer films like chitosan. In 
recent years, chitosan film containing essential oil of rose-
mary (Abdollahi et al., 2012), anise (Mahdavi et al., 2018), 
apricot kernel essential oil (AKE) (Priyadarshi et al., 2018), 
Zataria multiflora Boiss essential oil (Moradi et al., 2012), 
ginger essential oil (Cai & Wang, 2021), ginger and cinna-
mon (Wang et al., 2017), grapefruit seed extract and lemon 
essential oil (Bof et al., 2016), and many others has been 
prepared, resulting in modifications of chitosan film techno-
functional property. Essential oils (EO) incorporated in films 
show additional functional properties such as antioxidant or 
antimicrobial activity (Bakkali et al., 2008; Rodrigues, 2007; 
Sharma et al., 2022a). Active chitosan film based on rose-
mary essential oil (REO) (Abdollahi et al., 2012), olive oil 
(Pereda et al., 2012), and anise (Mahdavi et al., 2018) showed 
increased tensile strength and percentage elongation, and this 
may be attributed due to the increased intermolecular interac-
tion between the chitosan network and oil compounds, add-
ing to this their addition induced plasticization effect in the 
film, thus improving percentage elongation. Also, the incor-
poration of AKE (Priyadarshi et al., 2018) in the chitosan 
matrix observed an increase in tensile strength, but percent-
age elongation showed initial increment and then decreased 
with increased extract concentration; this behavior was due 
to the plasticization effect of extract when present in lower 
concentration; however, at higher extract concentration, the 
formation of the complex network between chitosan and the 
extracted compounds resulted in constrained motion of poly-
meric chains. Different lipids have been incorporated into 
these hydrophilic films to lower the transfer rate of water 
vapor in these chitosan films. In a study, researchers showed 
a decrease in water vapor permeability (Priyadarshi et al., 
2018) due to the covalent interaction between the chitosan 
network and compounds present in essential oil.

The covalent bonding reduces the availability of free 
hydrogen for forming hydrogen bonds with water, which 
leads to the decreased interaction between chitosan’s film 
and water molecules. It was worth noting that essential 
oil also affected the mechanical property such as tensile 
strengths and percentage of elongation at break, positively 
or negatively. The above-mentioned chitosan-based films 
showed good functional properties such as antioxidant, anti-
bacterial, or both activities.

This work aims at developing antioxidant packaging films 
for food packaging applications. Farming in the Indian sub-
continent is one of the primary sources of occupation. If 
any crop can be an ingredient in the antioxidant flexible 
packaging market (increasing at a CAGR of 5%) (Jordan, 

2022), it would be a win–win situation for both the packag-
ing companies and farmers as both of them will get the ben-
efit; the farmer will get sustainable packaging solutions and 
later will be having the scope of earning money. This work 
has focused on one type of crop, i.e., tulsi, in the form of 
its essential oil, which showed good antioxidant (Bai et al., 
2022) and antimicrobial properties (Tsiraki & Savvaidis, 
2013). Tulsi essential oil (TEO) contains eugenol, which 
has good antioxidant properties and has been previously 
used as a coating on yam to decrease lipid oxidation (Bai 
et al., 2022). Recently, the use of essential oils in packaging 
has increased due to many health concerns with the existing 
synthetic antioxidants; therefore, the incorporation of TEO 
in the polymer matrix is being studied. TEO obtained from 
the Ocimum genus is an excellent source of naturally avail-
able antioxidants. Some literature is available on basilicum 
(sweet basil) (da Silva et al., 2022), but there isn’t any litera-
ture discussing the effect of Tenuiflorum (holy basil, TEO) 
on techno-functional characteristics of chitosan film and its 
antioxidant effect on fried potato fingers. The essential oil 
used in this literary work is extracted by steam distillation 
of the flowering top of holy basil. The incorporation of TEO 
in chitosan with varying concentrations is studied for vari-
ous water barriers, mechanical properties, and antioxidant 
properties. Lastly, the active film was compared with neat 
film by packaging the fried potato fingers and thus analyzing 
the antioxidant activity through FTIR.

Material and Method

Material

Shrimp shell chitosan (75% degree of deacetylation), glacial 
acetic acid (min 99.6% assay), Tween 20 (pure), methanol (min 
99% assay), and H2O2 (min 30% assay) were obtained from 
Hi-Media Laboratories Pvt. Ltd, Mumbai. 2,2,-Diphenyl-1- 
picrylhydrazyl (DPPH) (min.95% assay) was acquired through 
Sisco Research Pvt. Ltd, Maharastra. TEO (100% pure) was 
acquired from RV Essential, Delhi.

Preparation of Films

The preparation of films was done via the solvent casting 
method as described elsewhere (Priyadarshi et al., 2018). 
Briefly (Fig. 1), chitosan (1% w/v) was dissolved in 1% v/v 
acetic acid solution by stirring on a magnetic stirrer at 60 ℃ 
for 5 h. After the dissolution, the chitosan solution was fil-
tered to remove any impurities. Tween 20 ( 0.2% v/v) and a 
varying amount of TEO were mixed with the filtered chitosan 
solution and stirred at 500 RPM for the next 10 min at 25 ℃. 
This solution was homogenized at 10,000 RPM with the help 
of IKA T25 Ultra Turrax for 5 min at ℃. The obtained final 
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solution was poured on plastic petri plates and cast in a hot air 
oven at 40 ℃ for 24 h. Subsequently, before any testing, the 
films were placed in the desiccator at 25 °C and 50% RH. In 
this manner, five different films (T0, T1, T2, T3, and T4) were 
fabricated with varying concentrations of TEO in chitosan, as 
shown in Table 1.

Color of Film Surface

Color is crucial in packaging and product design. The color of 
processed films was evaluated using a chroma meter CR-400 
Minolta (Konica Minolta Co., Japan). For color analysis, “L,” 
“a,” and “b” values were recorded to represent developed 
film color. A white plate (Lstandard = 96.67, astandard = 0.07, 
bstandard = 0.34) was used as a reference where “L” denotes 
lightness, “a” denotes redness or greenness, and “b” denotes 
yellowness or blueness. The averages were calculated for three 
replications of each mixture for mean values. ∆E denotes a 
change in color difference and is calculated using Eq. (1):

where ∆L = (Lstandard – Ltest sample), ∆a = (astandard – atest sample), 
∆b = (bstandard – btest sample).

(1)ΔE =

√

(ΔL2 + Δa2 + Δb2)

Transparency

Film transparency was measured by Shimadzu 1800 
UV–visible spectrophotometer and adopted from previous 
literature (Kalaycıoğlu et al., 2017). Strips of the films were 
kept in a spectrophotometer cell, and their transmittance was 
recorded from 800 to 200 nm, and transmittance values were 
observed at 600 nm. The blank sample here was air. Calcula-
tion of transparency was done using:

where t is film thickness (mm) and T600 is transmittance at 
600 nm.

Field Emission Scanning Electron Microscopy 
(FE‑SEM)

The morphological study of the surface and cross-section 
of the films was performed using FE-SEM and a TESCAN 
LMH Mira3 (USA) Scanning Electron Microscope at a 5 kV 
accelerating voltage. Cryo-fracturing in liquid nitrogen was 
used to acquire the cross-sections. All film samples were 
coated with a thin gold layer using a sputtering process via 
glow discharge plasma to increase picture quality, image 
resolution, and conductivity.

Fourier‑Transform Infrared Spectroscopy

The film’s functional groups and the potential interactions of 
additives with the films were investigated using FTIR spec-
tra acquired on Perkin Elmer Spectrum 2 spectrophotometer 

(2)Transparency = log (
T600

t
)

Fig. 1   Preparation of active 
films via solvent casting method

Table 1   Composition of the prepared films

Film name Chitosan:TEO (g/ml)

T0 Pure chitosan
T1 8:1
T2 4:1
T3 2:1
T4 1:1
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at ATR mode and in the range between 500 to 4000 cm−1 
wavelengths with a 4 cm−1 resolution and analyzed after 
baseline correction.

Thermogravimetric Analysis (TGA)

A thermogravimetric analyzer was used to examine the heat-
sensitive behavior of films (TA Instruments, USA). Film 
samples (3–5 mg) were heated at a 10 °C/min speed from 
30 to 600 °C in a nitrogen gas atmosphere, with a 40 mL/
min gas flow rate.

Moisture Content

The amount of moisture that the dry films can take up from 
their surrounding environment until the equilibrium between 
the film’s moisture content and that of the air surrounding 
the films defines the film’s moisture content. The films were 
cut into 4 cm2 area square pieces for moisture content deter-
mination and then weighed. The initially moisturized film 
weight was taken and named W1. The films were maintained 
in a vacuum oven at 105 °C until they reached a consistent 
weight, W2. The calculation for moisture content is done 
using Eq. (2):

Water Absorption

Water absorption of the films is represented in percentage, 
which is defined as the amount of water absorbed by the 
films until equilibrium is attained when it is immersed in 
water. The determination of water absorption is done by dry-
ing the film completed by the procedure mentioned above 
and naming it as Wd. Then this dry film is immersed in 30 ml 
of water in a beaker. The film’s weight gain was noticed until 
a constant weight was attained, and the water-saturated film 
Ws denoting the final weight was noted. The calculation for 
absorption of water was done using Eq. (3):

Film Solubility in Water

The determination of the solubility of films in water is 
expressed in percentage. It is defined as the percentage 
amount of dry matter of films that is water-soluble. Four 
cm2 area of films was kept in a vacuum oven as described 
in the moisture content section, and the weight of the films 
thereby obtained is termed as initial dry film weight Wi; 

(3)Moisture Content (%) =
(

W1 −W2

W1

)

∗ 100

(4)Water absorption (%) =

(

Ws −Wd

Wd

)

∗ 100

these films are then immersed in a beaker containing water 
with continuous agitation using a magnetic stirrer for 12 h at 
25 ℃. The wet films were then drawn out of the beaker and 
dried in a vacuum oven with the same procedure mentioned 
in the moisture content section. The weight of the films is 
then taken and termed as the final dry film weight Wf. The 
calculations for percentage solubility in water were done 
by Eq. (4):

Percentage Elongation and Tensile Strength

The mechanical characteristics, such as the film’s percentage 
elongation at break and tensile strength, were analyzed using 
the universal testing machine (UTM) INSTRON 3365, Inte-
grated System Solutions, India. Each film strip was trimmed 
to a gauge length of 50 mm and a width of 10 mm. The 
crosshead speed is set at 10 mm/min. Mechanical charac-
teristics such as percent elongation and tensile strength for 
each kind of film were determined.

Water Vapor Transmission Rate (WVTR)

The WVTR of the fabricated film wvtr was evaluated using 
gravimetric analysis following the ASTM E96 (ASTM, 
2017). The permeability cups were filled with 8 g of silica 
gel, and the film sample was attached to the top of the per-
meability cup. The cups were placed in a laboratory des-
iccator chamber with a saturated salt solution to maintain 
75% RH and 25 ℃. Periodically, the weight of the cups was 
noted, thereby calculating the gain in weight of each cup. 
Water vapor transfer rate (g/m2 day) was calculated using 
the linear slopes between the weight gain and time.

Antioxidant Activity

2,2‑Diphenyl‑1‑Picrylhydrazyl Radical Scavenging Assay

UV–visible spectrophotometer evaluated the scavenging rate 
of DPPH radicals of chitosan control and chitosan-blended 
films by following a previously reported method (Kaya et al., 
2018) with slight changes. Firstly, each sample of films 
weighing 30 mg was dissolved in DPPH solution (0.1 mM) 
with a volume of 3 ml. The incubation of the mixtures was 
done in a dark condition for 30 min, and after that, absorb-
ance at 517 nm was noted. Three readings were taken fol-
lowing the above procedure for computing the antioxidant 
activities of each sample using Eq. (5):

(5)Solubility (%) =

(

Wi −Wf

i

)

∗ 100
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where:

H2O2 Scavenging Assay

The hydrogen peroxide (H2O2) radical scavenging experi-
ment was performed to test the films’ antioxidant proper-
ties, which was adapted from the past literature (Priyadarshi 
et al., 2018) with slight modification. Each film’s extract was 
created by combining a 300 mg film piece with 9 ml metha-
nol to make the extract. The mixture was then ultrasonicated 
for 2 h, followed by 6000 rpm centrifugation for 10 min, and 
the supernatant was collected. A 40 mM solution of hydro-
gen peroxide was separately prepared with a buffer solution 
of phosphate (pH 7.4). The extract (500 l) was mixed with 
an H2O2 solution (4 ml) and incubated at 37 °C for 30 min. 
After that, Shimadzu 1800 UV–visible spectrophotometer 
was used to measure absorbance at 230 nm. The blank solu-
tion for this test was phosphate buffer not having H2O2. The 
antioxidant activity was determined using Eq. (5) described 
in the above section, where DPPH is replaced with H2O2.

Oxidative Stability Test of Fried Potato Finger 
in Chitosan–TEO Package

The application of this antioxidant packaging film with fried 
potato fingers was tested with the help of FTIR. The fried potato 
fingers were packed in neat chitosan and TEO-containing chi-
tosan. The films were packed in LDPE pouches to resemble 
pouch-in-pouch type packaging. These packages were kept in 
a hot air oven for 7 days at 60 °C, as the rancidity developed at 
60 °C in lipids and oils. The FTIR of fried potato fingers was 
done after 7 days, and the obtained spectrums were analyzed 
to check the oxidation of products.

Statistics Analysis

All described experiments were statistically analyzed using 
IBM SPSS Statistics (version 28.0.0.0, USA), and the 

(6)

Radical Scavenging Activity (RSA%) =

(

Acontrol − Asample

Acontrol

)

∗ 100

Acontrol = DPPH solution absorbance at 517 nm.

Acontrol = (f ilm + DPPH) solution absorbance at 517 nm.

analysis of variance (ANOVA) was performed using a post 
hoc Tukey test with a 95% confidence interval (significance 
level, p < 0.05). For the stated characterization, the measure-
ments were done in triplicate and recorded as mean standard 
deviation.

Results and Discussion

Color of Film Surface

From the consumer’s point of view, the color of packag-
ing plays an essential role in the acceptance of the prod-
uct packed in it. The color qualities were displayed as 
“L,” “a,” “b,” and ∆E values, where the higher “L” value 
denotes brightness. The lower “L” value suggests dark-
ness; “ + a” is for redness, while “–a” is for greenness; 
“ + b” is for yellowness, while “–b” is for blueness; and 
∆E represents color change. Table 2 shows the “L,” “a,” 
“b,” and ∆E values for chitosan and chitosan–TEO (at vari-
ous TEO concentrations)-based films. The lightness of the 
film increased for the T1 film, whereas the films’ color 
was darker with the increase in oil concentration (T2, T3, 
T4). This is probably due to the rise of the phenolic com-
pounds, due to an increase in the concentration of TEO, 
thus resulting in increased scattering and light reflections 
going through the films (Ramakanth et al., 2022; Tanwar 
et al., 2021). The “a” values didn’t changed significantly, 
and the T2 film showed the highest greenness, whereas the 
T4 film was reddish. The yellowness “b” value of modified 
chitosan films didn’t changed significantly at lower levels of 
oil (T1 and T2). However, the yellowness of films increased 
at higher TEO content (T3 and T4). The ∆E value, which 
signifies color change, did not change significantly with 
increased essential oil concentration in films.

Transparency

The oxidation of food products can be affected by the pres-
ence of light; therefore, a package’s light barrier can reduce 
the food products’ photooxidation (Dadex, 2016). Therefore, 
the transparency of the films was tested to study the light 
barrier properties. The transparency of neat chitosan film T0 
was 3.36 and was reduced by 4.16% to 3.22 for T4. However, 

Table 2   Color and transparency 
of different chitosan-based films 
(T0, T1, T2, T3, T4)

Film L a b ∆E Transparency

T0 71.62 ± 0.98b  − 1.89 ± 0.34a 15.72 ± 2.1a 29.83 ± 1.93ab 3.36 ± 0.11a

T1 72.58 ± 0.88ab  − 2.16 ± 0.35a 12.87 ± 2.29a 27.59 ± 1.81a 3.35 ± 0.15a

T2 72.1 ± 0.31ab  − 2.19 ± 0.18a 15.06 ± 0.63a 29.08 ± 0.35a 3.29 ± 0.14a

T3 71.2 ± 1.09ab  − 1.91 ± 0.38a 16.52 ± 2.34ab 30.62 ± 2.18ab 3.24 ± 0.08a

T4 70.04 ± 0.36a  − 1.55 ± 0.01a 20.63 ± 1.02b 33.93 ± 0.91b 3.22 ± 0.05a
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the change in transparency was not significant, which might 
be due to similar optical properties of TEO and chitosan or 
by better dispersion of TEO in the chitosan matrix.

Field Emission Scanning Electron Microscopy

Figure 2 shows the FE-SEM images of chitosan with and 
without TEO; neat chitosan film (T0) (Fig. 2a, d) exhib-
ited plane and a smooth surface without many fissures 
and discontinuities. As the TEO concentration in the films 
increased, an observable change in the microstructure of chi-
tosan film was noticed. Oil droplets seem to increase with 
the increased oil concentration, as seen in the cross-section 
images. The number and size of droplets also increased with 
increased concentration.

As observed in the transverse image, an increase in 
roughness shows the oil phase present in the T4 film in an 
almost continuous manner, thus leading to the formation of 
a structure like a bi-layer. We can see that oil has covered 
most of the chitosan in T4 film at higher magnification. T0 
and T1 seem similar on the surface, with a slight increase 
in particles. In T4, the oil particles increased, and almost a 
non-uniform morphology of the surface was noted. The uni-
formness in the film’s topography is lost as the concentration 
of TEO increases, which was in line with the past literature 
when orange peel extract was incorporated (Alparslan & 
Baygar, 2017). The observation of bigger oil droplets was 
made probably due to the rise in the number of collisions for 

oil droplets attributing to agglomeration similar to previous 
studies (Priyadarshi et al., 2018).

Fourier‑Transform Infrared Spectroscopy

Figure 3 shows FTIR spectra of the chitosan films with 
and without TEO. Characteristic bands of Chitosan can be 
noted for T0 film; a broad band from 4000 to 3000 cm−1 
represents O–H bond stretching (Queiroz et al., 2015); the 
peaks at 2928 cm−1 and 2874 cm−1 are due to symmetric 
and asymmetric vibrations of CH2 respectively, while the 
peak at 1538 cm−1 is due to N–H bending of amide II; 
the bands at 1064 cm−1 and 1019 cm−1 corresponds to 
C-O stretching. The presence of residual N-acetyl groups 
was assured due to the bands at around 1631 cm−1 (C = O 
stretching of amide I). In contrast, the absorption band 
at 1152 cm−1 can be attributed to asymmetric stretching 
C–O–C bridge. For TEO, the peaks can denote the presence  
of eugenol, methyl chavicol, and linalool, as stated in the  
past literature (Sharma et al., 2022a). A peak at 2848 cm−1, 
specific to methylene groups (Hemalatha et al., 2017), was 
observed. The spectrum at 3070 cm−1 was assigned to the 
asymmetric C–H stretching vibrations in double-bond 
C = C. The bands observed at 2927 cm−1 and 2859 cm−1 
indicated the asymmetric and symmetric C–H stretch-
ing vibrations in –CH2–. Very small peaks at 1640 cm−1, 
1599 cm−1, 1580 cm−1, and 1511 cm − 1 are assigned to 
the alkene/aromatic double-bond (− C = C −) stretching 

Fig. 2   SEM images of surface of polymer film a T0, b T1, and c T4 and cross-sectional images of d T0, e T1, f T2, g T3, and h T4
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vibrations, and the scissor C–H bending vibrations in 
double-bond CH2 appeared at 1462 cm − 1; similar obser-
vations were reported in the past literature (Sutaphanit 
& Chitprasert, 2014). A peak at 1726 cm−1 representing 
C = O bond, denoting ketone group present in methyl 
chavicol, 1269 cm−1 intense C-O stretching for aryl- alkyl 
ether, was observed denoting eugenol presence, 3466 cm−1 
for O–H bond denoting hydroxyl compound present in 

eugenol and linalool, and 2957 cm−1 for C-H stretching 
of linalool as was seen by (Xiao et al., 2017).

Mixing of chitosan and TEO is depicted with peaks 
at 3269 cm−1 as O–H band intensity increased, denoting 
mixing of both the compounds (OH in chitosan and euge-
nol + linalool). Some essential oil might have evaporated 
during mixing or film casting due to its volatile nature; 
hence ketonic group present due to methyl chavicol at 
(1726 cm−1) had its intensity decreased. Also, the same phe-
nomenon was observed at 2957 cm−1, denoting some loss of 
linalool. Moreover, the 1269 cm−1 peak was also reduced, 
denoting some loss of eugenol.

Thermogravimetric Analysis

The thermal stability of the film can be used to assess pro-
cessability at high temperatures and give an idea about the 
heat resistivity of the film. TGA provides quantifiable data 
that may be interpreted to determine the thermal stability of 
the film. Figure 4 shows the heat degradation behavior of 
the produced active films. Weight loss at lower temperatures 
up to 120 °C is due to the evaporation of the solvent traces 
such as acetic acid and water (Altiok et al., 2010). Further 
weight loss from 200 to 400 °C indicates the degradation of 
chitosan due to the decomposition of the amines group in 
chitosan. Above 400 °C, weight loss may be due to the deg-
radation of the glucopyranose of chitosan (Susilowati et al., 
2016). All the TEO films had similar degradation patterns 

Fig. 3   FTIR spectra of all different above-mentioned chitosan films

Fig. 4   Thermal degradation 
curves of all different above-
mentioned chitosan films
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as chitosan, except T4, which shows a high weight loss near 
175 to 200 °C. This might be due to the vaporization of 
TEO, as the flashpoint of TEO is also near 175 °C.

Moisture Content, Water Absorption, and Water 
Solubility

Table 3 shows the water solubility, moisture content, and 
water absorption values of the neat and TEO-incorporated 
chitosan films. The film’s water absorption and moisture 
content decreased by 37% and 32%, respectively, as TEO 
content increased from T0 to T4 film. In the case of mois-
ture content and water absorption, the decrease was mono-
tonic for all the films. The moisture level of the film rose 
to lower concentrations of grapefruit seed extract due to its 
hydrophilic character (Bof et al., 2016), but our study used 
essential oil, which is non-polar, thus lowering the moisture 
content, which was comparable to the use of lemon essential 
oil in the past literature (Bof et al., 2016). Probably, this is 
because of the formation of the covalent bond between chi-
tosan polymer and functional groups present in oil as TEO is 
incorporated in chitosan films, thus reducing the availability 
of hydroxyl groups and free amine of chitosan for water and 
therefore limiting interaction in polysaccharide water (Hafsa 
et al., 2016). This reduction in affinity of water with chitosan 
films also shows a noticeable effect on the film solubility 
in water. The strong polymer networking of chitosan films 
was evident as all the films were almost intact after 24 h of 
stirring in water. Dry mass reduction in films suggests solu-
bility to some extent. Around 26.32% solubility in water for 
neat chitosan film, i.e., T0 film, reduced to around 11% for 
T4 films, thus showing a notable reduction as the TEO per-
centage in chitosan increased. However, previous research 
indicates that water solubility reduces with increasing con-
centrations of ginger essential oil (Cai & Wang, 2021) at 
lower concentrations (≤ 1.5 wt%) and increases at higher 
concentrations (≥ 2 wt%). Furthermore, previous literature 
has demonstrated that there is no influence on water solubil-
ity at lower concentrations (≤ 1wt%) of essential oil (Wang 
et al., 2017). The addition of TEO at a higher ratio ((≥ 12.5 
wt%) was studied in this paper, and it was discovered that 

the water solubility could be reduced to 10% by reducing 
the availability of hydroxyl groups and also due to the non-
polar nature of the TEO, thus reducing the literature gap of 
increased essential oil in the chitosan films.

Mechanical Properties

Mechanical property is one of the critical factors that need 
to be considered for food packaging material. The material 
used for packaging applications should be able to handle 
mechanical stresses while maintaining its integrity. The 
mechanical properties of the mentioned chitosan-based films 
are given in Table 4. Chitosan film, when incorporated with 
TEO, showed an increase in tensile strength and percent-
age elongation from 14.95 (for T0 film) to 31.27 MPa (for 
T2 film) and 8.26 (for T0 film) to 16.45% (for T2 film), 
respectively. The increase in tensile strength with the addi-
tion of TEO was somehow different when compared with 
ginger essential oil (Cai & Wang, 2021), grapefruit seed 
extract, and lemon essential oil (Bof et al., 2016), which 
decreased the tensile strength of the chitosan composite 
film due to formation of heterogeneous structure. However, 
in our study, the increase in tensile strength was visible, 
probably due to the increase in chemical bonding, similar 
to previous literature (Siripatrawan & Harte, 2010; Wang 
et al., 2015). The increased chemical bonding can be due 
to higher intermolecular interaction between the chitosan 
network and essential oil compounds. Moreover, the TEO 
addition induced a plasticization in the film, thus improving 
percentage elongation. However, these values decreased at 
higher oil concentrations, as depicted in Table 4, probably 
due to development of structural discontinuity, decrease in 
crystalline structure, and intermolecular hydrogen bonding 
in chitosan matrix, along with the reduction in molecular 
mobility with the addition of TEO (Moradi et al., 2012; Peng 
et al., 2013; Sun et al., 2017).

Water Vapor Transmission Rate (WVTR)

The WVTR values of all the chitosan-based films are listed 
in Table 5. It was noted that, as oil content is increased in 
the chitosan films, the water vapor transmission rate ranged 

Table 3   Moisture content, water absorption, and water solubility of 
different chitosan-based films (T0, T1, T2, T3, T4)

Film Moisture content 
(%)

Water absorption 
(%)

Water solubility 
(%)

T0 25.37 ± 0.85c 403.36 ± 11.27d 26.32 ± 1.43d

T1 24.28 ± 0.81c 341.51 ± 9.54c 22.43 ± 1.22c

T2 20.93 ± 0.70b 276.57 ± 7.73b 16.17 ± 0.88b

T3 19.52 ± 0.65b 272.73 ± 7.62ab 14.07 ± 0.76b

T4 17.14 ± 0.57a 252.91 ± 7.07a 10.93 ± 0.59a

Table 4   Tensile strength and percentage elongation at break for all 
chitosan-based films (T0, T1, T2, T3, T4)

Film Tensile strength (MPa) Elongation at break (%)

T0 14.95 ± 0.75a 8.26 ± 0.58b

T1 22.96 ± 1.15c 15.81 ± 1.11d

T2 31.27 ± 1.57d 16.45 ± 1.15d

T3 19.43 ± 0.98b 12.01 ± 0.84c

T4 21.81 ± 1.09bc 4.01 ± 0.28a
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from 45.68 to 43.96 g/m2/day without any significant differ-
ence, as depicted in Table 5. The plasticization effect of TEO 
was expected to play a decremental role in water barrier as 
seen in the past literatures (Rodríguez-Núñez et al., 2014; 
Sharma et al., 2022b), rather the barrier didn’t changed 
which could be explained due to the hydrophobic nature of 
TEO. It is known that due to the addition of oils in films hav-
ing a “hydrophilic” polymer matrix nature, the “hydropho-
bic” constituents in the film get increased, thus enhancing 
the films barrier property (Atarés & Chiralt, 2016).

The incorporation of Citrus limonia (Filho et al., 2020), 
apricot kernel (Priyadarshi et al., 2018), and anise (Mahdavi 
et al., 2018) essential oils in chitosan has shown similar trends 
probably due to the essential oil’s hydrophobicity, which 
resulted in lowering the water affinity. However, since these 
essential oils have different chemical constituents, there is 
variation in hydrophobicity for different essential oils; thus, 
the efficiency in lowering the transfer rate of water vapors is 
affected (Atarés & Chiralt, 2016).

Antioxidant Activity

The primary reason for the spoilage of foods and loss in 
their nutritional value is oxidation, as oxygen in the atmos-
phere reacts with the nutritional parts of food, thus caus-
ing its structural degradation. Recently, the focus has been 
on using antioxidant sources in the food package instead of 
using them directly in the food itself. TEO, a good source of 
antioxidants, shows good antioxidant properties when incor-
porated in packaging films based on chitosan, which was 
assured by tests like DPPH-scavenging and H2O2 (hydrogen 
peroxide) assays. The activities of both the assays for all 
mentioned chitosan-based films were noted and are shown 
in Fig. 5. It is noted that with an increase in essential oil 
concentration, the film antioxidant activity increased against 
both assays, which was in a similar trend with ginger essen-
tial oil when incorporated in the chitosan composite films 
(Cai & Wang, 2021). In both the assays, T0 film showed 
some antioxidant activity mainly because of the reaction 
between the free unbound –NH2 groups and the free radicals 
present in chitosan, thus forming stable radicals (Priyadarshi 
et al., 2018; Yen et al., 2008). However, the films except 
the T0 film show antioxidant activity primarily because 
of methyl chavicol, linalool, and eugenol, the major con-
stituents in TEO (see table). The T0 films showed 20.4% 
DPPH-scavenging activity, which increased from 43.9 to 
88.2% with the increase in TEO content. Similar results were 
obtained in previous studies (Hromiš et al., 2015; Moradi 

Table 5   Water vapor 
transmission rate (WVTR) of 
different chitosan-based films

Film WVTR (g/m2.day)

T0 45.68 ± 0.76a

T1 44.80 ± 0.75a

T2 44.76 ± 0.75a

T3 44.48 ± 0.74a

T4 43.96 ± 0.73a

Fig. 5   Comparative data of radi-
cal scavenging activity (%RSA) 
of different chitosan-based films 
(T0, T1, T2, T3, T4) measured 
by DPPH and H2O2-scavenging 
assays
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et al., 2012; Priyadarshi et al., 2018; Souza et al., 2019), 
where chitosan films were incorporated with the essential 
oils of Zataria multiflora Boiss, apricot kernel, and cara-
way, respectively. H2O2-scavenging activity of the T0 film 
was 7.9%, elevating from 13.7 to 47.6% as the TEO ratio 
increased from 0.125 to 1 with respect to CS (chitosan) as 
depicted in Fig. 5; a similar pattern can be found in the past 
literature (Priyadarshi et al., 2018).

Oxidation Study of Fried Potato Finger

The product (fried potato finger) was packed in T0 and 
T2 films, and their oxidation was comparatively analyzed 
by FTIR spectroscopy. However, the antioxidant study in 
the past literature are done by DPPH (Cai & Wang, 2021; 
Wang et al., 2017), Trolox (Bof et al., 2016; Li et al., 2022), 
ABTS, and FRAP methods (de Souza et al., 2020) which do 
not involve food products. The oxidative stability of food 
products is also done by thiobarbituric acid (TBA) analysis 
(Y. Wang et al., 2017), which is an extensive and complex 

study. However, in this study, we have used FTIR, a facile 
approach to study the oxidative stability of food products. 
As discussed in previous sections, T2 was selected among all 
the active films due to its better mechanical properties. The 
product was packed in a pouch-in-pouch packaging system, 
as depicted in Fig. 6. Products packed in the T0 and T2 films 
are shown in Fig. 6a–d. The FTIR spectra of the products 
packed in T0 and T2 film on day 7 are analyzed for oxidative 
analysis. As shown in Fig. 7, at 3005 cm−1, the band was 
assigned to C-H groups of cis double, showing the isomeri-
zation of oil in the fried potato finger. Therefore, a decrease 
in intensity indicates more oxidation (Durazzo et al., 2018). 
This can be seen in the IR intensity of the product packed 
in T0 and T2. With the initiation of oxidation processes, 
the ratio of peak intensity at 2854 cm−1 to the intensity of 
broad peak between 3600 and 3100 cm−1 decreases. This 
lesser ratio indicates higher oxidation, as suggested in pre-
vious studies (Candoğan et al., 2021). Similar results were 
obtained in products packed in T0 and T2. A lower ratio was 
observed for a product packed in T0 (4.77) compared to T2 

Fig. 6   Fried potato fingers on 
day 0 packed in a T0 and b T2 
and on day 7 packed in c T0 
and d T2
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(8.00), which indicated lesser oxidation in T2. At 1650 cm−1 
representing the C = C bond, the peak of the product packed 
in T0 is higher than the T2, indicating the formation of cis-
allylic and carbonylic compounds, which also occurs dur-
ing the oxidation of oil during frying (Jamwal et al., 2021). 
This also indicates lower oxidation in products packed in T2 
than T0. A peak at 1533 cm−1 indicates RCOO- stretching  
bonds, which represent fatty acids/soap linkages (Lynch 
et al., 1996); the higher intensity of acid was observed in 
the product packed in T0, representing higher fatty acids 
in the product packed in T0, thus higher level of oxidation 
in T0. Moreover, the ketone group, indicated by the peak 
at 1015 cm−1, is sharply increased in products packed in 
T0. This increase in the ketone group indicates more oxida-
tion of the product. Therefore, the oxidation of the product 
packed in T2 was lower when compared to T0.

The mechanism of antioxidants in the case of fried 
potato fingers, when packed in antioxidant packaging, can 
be explained as follows: the lipids can be affected by vari-
ous factors such as light, oxygen, and intrinsic free radi-
cals (Taghvaei & Jafari, 2015). Furthermore, propagation 
occurs due to the auto-oxidation of radicalized lipid perox-
ide. Finally, the oxidized lipids may combine with free radi-
cals of lipids (Choe & Min, 2006). However, when packed 
in antioxidant chitosan film containing TEO, the presence 
of phenolic components in TEO, such as eugenol, reduces 
or inhibits free radicals via hydrogen atom transfer from 

its hydroxyl group. The phenolic compounds react with a 
peroxyl radical (ROO*) to create comparatively stable phe-
nolic oxygen radicals, resulting in the elimination of free 
radicals. The hydrogen cation is transferred from the phenol 
to the radical, generating a transition state of an O–H bond 
with one electron (Santos-Sánchez et al., 2019). As a result, 
the eugenol released from the antioxidant film was able to 
suppress the oxidation in the oxidative stability test of fried 
potato fingers.

Conclusion

TEO was successfully incorporated in chitosan film. The 
FE-SEM analysis confirmed the incorporation as the rough-
ness of the films increased with an increase in TEO concen-
tration. Further, the presence of TEO was confirmed with 
the help of FTIR, particularly with the increase of hydroxyl 
groups denoting eugenol and linalool in the chitosan. Ther-
mal analysis was performed, and it was concluded that 
there was no significant difference in degradation pattern 
for T0, T1, T2, and T3. But T4, with the highest essential 
oil, showed high weight loss due to the vaporization of TEO. 
A decrement in the percentage of moisture content, water 
absorption, and film water solubility was observed due to the 
strong networking of chitosan with the TEO. Slight improve-
ment in the water barrier property of films was noted with 

Fig. 7   FTIR spectra of the 
products packed in T0 and T2 
films on day 7
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increased essential oil concentration but was insignificant. 
In terms of mechanical property, the tensile and elonga-
tion at break increased with the increase in TEO for T1 and 
T2 films, indicating an increase in intermolecular interac-
tion between chitosan and TEO. Further, the plasticization 
effect was induced by essential oil addition, thus enhanc-
ing the molecular mobility of the polymeric chain. As the 
TEO concentration increased (T3 and T4), the mechanical 
properties deteriorate, possibly due to structural discontinui-
ties. Finally, the antioxidant activity was increased with the 
increased TEO content analyzed with the DPPH and H2O2 
method. This increase in antioxidant activity would be due 
to the active compounds present in TEO, such as eugenol, 
linalool, and methyl chavicol. DPPH- and H2O2-scavenging 
assays confirmed excellent antioxidant properties. For the 
fried potato fingers when packed in T0 and T2 films, it was 
observed that oxidation was retarded in the T2 films, which 
were analyzed with the FTIR spectrum of the fried potato 
fingers.

Further, the study of active films can be done for sensory 
evaluation and will be conducted in our future research. In 
conclusion, chitosan with TEO can potentially retard the 
oxidation of lipids present in fried products, thus increasing 
oxidative stability. Oil-containing non-fried food such as fish 
and meat products can also be investigated for industrial 
applications.
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