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Nowadays, consumers are setting higher standards for 
food safety and environmental sustainability. As a re-
sult, there is an emerging trend in research focusing 
on food preservation using natural ingredients such 

as chitosan (CS) and essential oils (EOs) (Rout et al., 
2022).

CS, a natural polysaccharide, is derived from the dea-
cetylation of chitin, a process that substitutes the acetyl 
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ABSTRACT

Background. Chitosan (CS) films have gained significant attention and have been extensively utilized in 
diverse applications, notably in food preservation, owing to their safety and eco-friendliness. 
Material and methods. In this study, we evaluated CS films combined with Chúc peel essential oil (EO) at 
concentrations of 0%, 1%, 1.5%, and 2% (v/v). A range of evaluation methods, including Fourier transform 
infrared (FTIR) spectroscopy, X-Ray diffraction (XRD), and scanning electron microscopy (SEM), as well as 
assessments of antioxidant activity and physical properties (thickness, opacity, color, permeability, swelling, 
and solubility), were employed based on their respective application purposes. 
Results. The results demonstrated that with increasing EO concentration, the film’s thickness, opacity, ten-
sile measurement, and antioxidant activity exhibited a concomitant increase. However, the film’s surface 
presented an increasing degree of unevenness and roughness; in addition, the results also showed that per-
meability increases steadily with an increase in EO concentration. Such an increase in permeability may not 
be advantageous for food preservation applications. Interestingly, color variations across the samples were 
minimal, with all displaying a slight yellow hue, consistent with the film’s swelling degree (SD). Spectro-
scopic analysis further corroborated that no new or different bonds were formed among the various samples. 
Furthermore, the film’s crystallization capability exhibited variations contingent on the EO concentrations.
Conclusion. Adding Chúc EO to the CS strongly affects the properties of the film. Depending on usage needs, 
we can adjust different concentrations of EOs to create films with desired properties.
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group with an amino group (Wrońska et al., 2021). This 
biopolymer possesses qualities such as biodegradability, 
biocompatibility, and antimicrobial activity. Intriguing-
ly, these attributes are influenced by the degree of dea-
cetylation and the molecular weight of CS (Honarkar 
and Barikani, 2009; Younes and Rinaudo, 2015). Thus, 
CS has many applications in various domains, including 
in food preservation (Pham et al., 2023), in the removal 
of oil, fat, and heavy metals in water treatment, and in 
medicinal contexts as a moisturizer and wound healer 
(Younes and Rinaudo, 2015; Santos et al., 2020).

Kaffir lime, also known as Chúc, whose scientific 
name is Citrus hystrix DC., is a member of the Ruta-
ceae family. This plant thrives in the tropical climates 
of Southeast Asia (Agouillal et al., 2017). Chúc fruit 
has been used in the beverage industry in Vietnam, 
while its peel has been discarded. In addition to its cu-
linary significance, Chúc peel is a valuable source of 
EO, which is an abundant byproduct and enhances its 
economic worth. Chúc EO from leaves and peel has 
a wide range of potential applications: in cosmetics, it 
serves as a fragrance and aids in reducing dark spots 
and acne (Lertsatitthanakorn et al., 2006; Lim, 2012). 
Moreover, Chúc EO has been employed as a remedy 
for digestive ailments, colds, and pain. Its role in food 
preservation is noteworthy, especially given its dem-
onstrated biological activity, which ranges from in-
secticidal (mosquito, cockroach, etc.) to antimicrobial 
(Pseudomonas aeruginosa, Staphylococcus aureus, 
Salmonella typhimurium, and Bacillus cereus) and 
antioxidant properties (IC50-DPPH > 250 µg/mL) (Wun-
gsintaweekul et al., 2010; Lim, 2012; Long et al., 
2023). Key components of this oil include β-pinene, 
sabinene, limonene, and citronellal. Furthermore, it 
has been shown to be safe for human use (Agouillal et 
al., 2017; Lubinska-Szczygeł et al., 2023). Given the 
outstanding advantages of Chúc oil, its application in 
food technology has great potential.

EOs are frequently combined with CS to enhance 
the efficacy of food preservation. This approach is 
evident in studies such as one that combined CS with 
orange peel EO (Alparslan and Baygar, 2017) and an-
other that combined it with propolis extract (Çoban, 
2021). These combinations produce a material layer 
that boasts increased antibacterial and antioxidant ac-
tivity and is both easily degradable and environmen-
tally friendly. However, the combination of CS with 

Chúc peel EO has not yet been studied. This combi-
nation will undoubtedly change the film’s physical, 
chemical, and biological properties, but the obtained 
film’s quality needs to be carefully evaluated. Explor-
ing this combination could reveal numerous benefits, 
potentially unearthing novel properties of the film and 
its application prospects. This is primarily due to the 
robust biological activity of Chúc peel EO and CS’s 
inherent ability to establish chemical bonds.

MATERIALS AND METHODS

Materials
Chitosan (CS) was provided by Nha Trang University. 
Its characteristics include 90% deacetylation, a white 
color, and a scale-like appearance. Essential oil (EO) 
was extracted from the fruit peel of Chúc, which origi-
nated in Tinh Bien District, An Giang Province, Vi-
etnam (10°37’55.6” N, 104°59’34.8” E), using steam 
distillation. The fruits were washed and dried naturally 
at room temperature, then peeled and cut into small 
pieces. On average, the per-batch yield was 50–60 
kg peel/batch. The distillation time was 3 h at 100℃. 
The yield of the distillation process was about 2.8% 
(the acid, ester, and saponification values of EO were 
0.561 ±0, 10.66 ±1.405, and 11.22 ±1.405 mg KOH/g 
EO, respectively, while its refractive index was 1.4699 
±0.0002). The extracted oil was stored in a dark glass 
bottle at room temperature (28 ±2oC). 

Chemicals
Acetic acid with a 1% concentration and 99.6% pu-
rity was sourced from Xilong (China), as was glyc-
erol. The Mueller Hinton Agar (MHA) medium was 
obtained from HiMedia (India), and the 2,2-diphenyl-
1-picrylhydrazyl (DPPH) was obtained from Sigma 
(USA). The other chemicals and solvents used met the 
requisite standards for analysis and research.

Preparation of CS films with Chúc peel EO
The film preparation followed the method described 
by Sun et al. (2017), albeit with slight adjustments. 
Initially, 2 g of CS was dissolved in 100 mL of 1% 
acetic acid and stirred at 50°C for 30 min. Subsequent-
ly, 0.5% (0.5 mL) of glycerol was introduced, and the 
mixture was stirred for an additional 10 min. EO was 
added at four different ratios (0%, 1%, 1.5%, and 2%, 
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v/v). After this, 1% (w/v) of Tween 80 (relative to the 
CS solution) was added and stirred for a further 15 min. 
The prepared mixture was then poured onto a 14.5 cm 
× 10.5 cm plastic plate and allowed to dry at tempera-
tures between 50°C and 55°C for 30 h. After drying, 
the films were carefully removed, and their character-
istics were evaluated. For reference, the samples were 
labeled as CS (control), CS-EO 1, CS-EO 1.5, and CS-
EO 2. The obtained films were stored in a sealed plastic 
container at room temperature (28 ±2oC). The studies 
were carried out in parallel and repeated three times.

Determination of physical properties of film

Determination of film thickness
The dried film’s thickness was assessed using an elec-
tronic caliper (Mitutoyo, model 500-182-30, USA), 
with measurements taken at five distinct, random 
points on the film (Sun et al., 2017).

Determination of film opacity
The absorbance values were measured at a wavelength 
of 600 nm using a Genesys 20 spectrophotometer 
(USA). Based on these values, the opacity was deter-
mined using the equation (Sun et al., 2017):

A600O =    L

where 
O is the opacity
A600 is the absorbance value at a wavelength of 

600 nm
L is the thickness (mm).

Determination of film color
The film’s color was measured using the CIELAB 
color space with a Minolta CR-410 instrument (Ja-
pan). For consistent measurements, it is imperative 
that samples are exposed to identical lighting condi-
tions for the same time duration (Sun et al., 2017). In 
the CIELAB color system, the values are defined as:

L*	–	lightness or darkness (0 represents black, 
while 100 indicates white)

a*	–	 redness when the value is positive and green-
ness when negative

b*	–	 yellowness when the value is positive and 
blueness when negative.

Determination of water vapor permeability
The film was cut into a square measuring 6 cm × 6 cm 
and used to seal the mouth of a 15-mL glass beaker con-
taining distilled water. The beaker was then weighed, 
its weight was recorded, and it was subsequently 
placed in a desiccator containing pre-dehydrated silica 
gel. The desiccator was kept at room temperature (28 
±2oC). After 24 h, the glass beaker was removed from 
the desiccator and weighed once more. The water va-
por permeability of the film was calculated using the 
following formula (Elshamy et al., 2021):

∆wWVTR = ∆t × S
where

VWTR represents the water vapor transmission rate
∆w is the weight loss of the sample
∆t stands for the storage time (24 h in this case)
S denotes the film’s contact area.

Determination of swelling degree (SD)
The process to test film swelling involved submerging 
a pre-weighed, dry film piece measuring 4 cm × 4 cm 
in both pure water and a phosphate buffer. This immer-
sion was maintained at room temperature (28 ±2°C) 
for intervals of 1, 2, and 3 h.

The swelling degree (SD) was then determined us-
ing the equation (Santos et al., 2019):

Ws – W0SD = W0 × 100%
where W0 and Ws represent the weights of the dry film 
and the film after swelling, respectively. Note: 100% 
multiplied by the whole expression.

Determination of water solubility
Square samples of the film, each measuring 5 cm × 
5 cm, were cut and weighed. These samples were then 
immersed in 50 mL of water kept at 25°C for 24 h. 
After this period, the samples were dried until they 
reached a constant weight at a temperature of 105°C. 
The weight of the samples after drying was then noted. 
The water solubility of the film was determined using 
the following equation (Elshamy et al., 2021):

Wt0 – Wt24WS% = Wt0 × 100%

where
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WS represents the water solubility of the film (%)
Wt0 is the initial weight of the film (g)
Wt24 is the weight of the film after drying (g)
Note: 100% multiplied by the whole expression.

Determination of tensile measurement
A tensile testing machine, INSTRON model 5543 
(USA), was used to measure the tensile strength of the 
film, which measured 10 cm × 1 cm. The testing was 
conducted at a speed of 0.1 mm/s until the film broke, 
all under room-temperature conditions (28 ±2oC). The 
results were derived from the stress-strain and force-
distance curves (Elshamy et al., 2021).

Determination of antioxidant activity
The antioxidant activity was determined using the 
DPPH radical scavenging assay. The method used was 
based on that described by López-Mata et al. (2015), 
with minor modifications. A 1 g portion of the film was 
weighed and soaked in ethanol (96%) for 2 h. From this 
solution, 1 mL was extracted and mixed with 2 mL of 0.1 
mM DPPH. The resulting mixture was shaken and then 
incubated in a dark room at room temperature for 30 min. 
The absorbance was subsequently measured at a wave-
length of 517 nm using a UV-Vis spectrophotometer. 
The antioxidant activity, as determined by the DPPH 
assay, was calculated using the following equation:

(A0 – A1)%DPPH = A0 × 100%

where 
A0 represents the absorbance of the blank solution 

(DPPH solution)
A1 indicates the absorbance of the sample solution 

(DPPH solution and extract)
Note: 100% multiplied by the whole expression.

Fourier transform infrared (FTIR) analysis
Fourier transform infrared (FTIR) analysis was con-
ducted using a Bruker Tensor 27 FTIR spectrometer 
(Bruker Optik GmbH, Ettlingen, Germany). Spectra 
were recorded in the range of 4,000 to 400 cm−1 with 
a KBr beam splitter at a resolution of 1 cm−1.

X-Ray diffraction (XRD) analysis
The X-ray diffraction analysis (XRD) was per-
formed on a Bruker AXS D8 ADVANCE ECO X-ray 

diffractometer (Karlsruhe, Germany). The instrument 
was supplied with a power of 220 V at 50 Hz and 1 kVA. 
During the XRD analysis, the operational voltage and 
current were set to 40 kV and 25 mA, respectively. 
The analysis involved an angle variation within the 2θ 
range, and the scanning speed was set at 0.2 rad/s.

Analysis of film structure and morphology with 
scanning electronic microscopy (SEM) 
Scanning electron microscopy (SEM) analysis was 
performed on a JSM-IT200 scanning electron micro-
scope (JEOL, Japan). The accelerating voltage was 
set to 5 kV, with magnification ranging between 40 
and 10,000 times. After natural drying, samples were 
coated with platinum using an auto-fine coater (JEC-
3000FC, JEOL, Japan).

Data analysis
Three independent measurements were conducted, and 
the outcomes were presented as the mean ± standard 
deviation. STATGRAPHICS Centurion XV software 
was utilized for the statistical assessment of results, 
applying one-way analysis of variance (ANOVA) and 
Fisher’s least significant difference (LSD) method. 
A significance level of 5% was adopted.

RESULTS AND DISCUSSION

Physical properties of film
Film thickness
It can be seen from the results in Table 1 that the thick-
ness of the film increases as the concentration of EO 
increases. Specifically, the thickest film was observed 
for CS-EO 2, measuring 0.11 mm, while the thinnest 
was the control sample at 0.063 mm. This result is 

Table 1. Film thickness

Type of film Film thickness, mm

CS 0.063a ±0.006

CS-EO 1 0.086b ±0.006

CS-EO 1.5 0.10bc ±0.01

CS-EO 2 0.11c ±0.01

Different letters (a, b, and c) in the same column indicate statis-
tically significant differences at the 95% confidence level.
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consistent with the studies of Filho et al. (2020) and 
Li et al. (2021), which showed that as it is added in 
increasing amounts, EO disperses as oil droplets in 
the film matrix and disrupts intermolecular interac-
tions between CS, breaking its dense network struc-
ture and increasing free volumes and the mobility of 
macromolecules of the films. Generally, the chemical 
composition of EOs is partly responsible for the thick-
ness of films.

The changes of thickness may affect different film 
properties, from water vapor permeability, density, and 
mechanical strength to preservation of the intrinsic 
qualities of encapsulated substances. Thus, compre-
hensive evaluations across various factors are essential 
to discerning the ideal film formulation.

Film opacity
Opacity is a crucial metric for assessing the quality 
of film products. The materials utilized in film prepa-
ration can greatly influence the resultant film quality. 
Sun et al. (2017) demonstrated this by using CS films 
combined with polyphenols from thinned young ap-
ples (0–1%, w/v), achieving opacities ranging from 
0.71 to 4.25 A/mm. In our study, the opacity ranged 
from 2.294 to 3.057 A/mm. Notably, when EO was 
incorporated, there was a marked increase in opacity 
compared to the control sample, as shown in Table 2.

The onset of opacity can be attributed to the migra-
tion of EO droplets, which tend to cluster on the film’s 
surface during the drying phase, resulting in surface 
irregularities. A higher concentration of EO leads to 
a more pronounced presence of these droplets on the 
film surface, explaining the observed alterations in 
opacity (Sánchez-González et al., 2010).

Moreover, the studies by Sun et al. (2017) and 
Elshamy et al. (2021) reported that the opacity val-
ues of all their films did not exceed 5. This suggests 
that the EO concentration used in our study aligns well 
with the results of these studies. Generally, a film with 
a lower opacity will be more transparent, making it 
more suitable for food preservation. This transparency 
allows customers to easily view the contents of a prod-
uct wrapped in an edible film.

Film color
Color variations between samples were observed 
across all three values of L*, a*, and b* (p < 0.05). 
However, the changes seemed erratic, and the differ-
ences were almost imperceptible to the naked eye.

Table 3 shows that the combination of EO and CS 
does not significantly affect the values of a* and L*. 
Conversely, the film exhibits a slight yellowish tint 
(b* > 0). According to López-Mata et al. (2013), the 
yellow hue can be attributed to the inherent properties 
of CS, as this color is related to the presence of the 
β-(1→4)-2-amino-2-deoxy-D-glucopyranose chain.

Water vapor permeability
According to Table 4, there was a progressive increase 
in the water vapor permeability of the films from CS 
to CS-EO 2. The highest permeability was observed in 
CS-EO 2 at 795.07 g/m2/day, while the lowest was in 
CS at 631.95 g/m2/day. This heightened permeability 
with the inclusion of Chúc EO in CS films makes them 
less suitable for food preservation applications. Such 
findings align with the report of Bonilla et al. (2012), 
which showed that as the concentration of basil and 
thyme EOs increases, the water vapor permeability of 

Table 2. Film opacity

Type of film Film opacity, A600/mm

CS 2.294a ±0.149

CS-EO 1 2.865b ±0.063

CS-EO 1.5 2.943b ±0.089

CS-EO 2 3.057b ±0.170

Different letters (a and b) in the same column indicate statisti-
cally significant differences at the 95% confidence level.

Table 3. Film color

Type of film L* a* b*

CS 93.06a ±0.48 –0.96a ±0.04 7.12a ±0.25

CS-EO 1 93.30a ±0.22 –1.15c ±0.03 8.58c ±0.26

CS-EO 1.5 93.35ab ±0.21 –1.06b ±0.03 7.98b ±0.21

CS-EO 2 93.86b ±0.11 –1.06b ±0.04 7.77b ±0.20

Different letters (a, b, and c) in the same column indicate statis-
tically significant differences at the 95% confidence level.
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the film also increases. This phenomenon can be attrib-
uted to the excessive amount of oil in the film weak-
ening the intermolecular forces among the polymer 
chains; the reduction in forces facilitates segmental 
motion, generating more free space and subsequently 
enabling water to escape more readily. In contrast, 
López-Mata et al. (2013) reported that integrating car-
vacrol EO with CS prepared from shrimp chitin (dea-
cetylation degree of 34%) significantly lowered water 
vapor permeability compared to the control sample (p 
< 0.05). Interestingly, no difference was found when 
the carvacrol concentration was increased. The au-
thors revealed that this issue could be related to the 
presence of microspheres on the surface of the film 
producing a more compact network, decreasing the 
WVTR. In addition, Sánchez-González et al. (2010) 
also found that the water vapor permeability of CS 
film (deacetylation degree of 82.7%) substantially de-
clined with increasing concentrations of tea tree EO. 

These observations underscore the influence of both 
the nature of CS and the chemical composition of the 
EO on variations in water vapor permeability.

Furthermore, water vapor permeability depends 
on the chemical structure of the CS film and the pre-
vailing ambient temperature. Ideally, this permeabil-
ity should be minimal, serving as an indicator of the 
film’s capacity to counter moisture transfer or its ef-
ficacy in reducing moisture transfer between food and 
the environment (Elshamy et al., 2021).

Swelling degree analysis
The SD of the films is presented in Table 5. The sam-
ples were immersed in both distilled water and phos-
phate buffer for varying durations of 1, 2, and 3 h.

The results indicate that films immersed in distilled 
water exhibit an SD approximately double that of 
those immersed in phosphate buffer. However, within 
the same immersion time and solvent, there was no 
significant difference in SD between the CS samples, 
regardless of the concentration of added EO. This 
observation aligns with the findings of Ferreira et al. 
(2022), who reported that adding andiroba oil to CS 
did not significantly alter the SD, even with increas-
ing EO concentrations. Contrarily, Santos et al. (2019) 
discovered that CS films, when combined with clove 
and tea tree EOs, showed a substantially higher SD in 
phosphate buffer compared to water. These differences 
suggest that the SD might be influenced by the binding 
agents involved, particularly the nature of CS and the 
type of EO.

Table 4. WVTR of film

Type of film WVTR (g/m²/d) 

CS 631.95a ±17.62

CS-EO 1 642.76a ±18.08

CS-EO 1.5 676.32ab ±7.677

CS-EO 2 795.07b ±128.9

Different letters (a and b) in the same column indicate statisti-
cally significant differences at the 95% confidence level.

Table 5. Swelling degree of film

SD, % CS CS-EO 1 CS-EO 1.5 CS-EO 2

After 1h Water 298.75b ±6.85 253.95ab ±56.3 240.10a ±19.21 239.36a ±13.7

pH Buffer 157.42b ±16.17 126.48ab ±17.22 93.57a ±21.46 134.76b ±20.99

After 2h Water 256.34a ±24.92 226.78a ±33.9 249.91a ±43.23 266.47a ±34.9

pH Buffer 138.16b ±20.99 107.28ab ±19.15 89.51a ±7.14 119.19ab ±33.64

After 3h Water 298.50a ±12.22 260.39a ±25.13 275.04a ±39.27 294.95a ±10.9

pH Buffer 149.42bc ±5.61 132.76ab ±15.09 104.60a ±7.91 166.21c ±24.74

Different letters (a, b, and c) in the same row indicate statistically significant differences at the 95% con-
fidence level.
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Water solubility
Water solubility plays a pivotal role in determining 
a film’s resistance to water (Sun et al., 2017). As dis-
played in Table 6, the water solubility percentage of 
CS films integrated with Chúc EO exhibited a decline 
(from 35.02 to 30.61%). However, the difference was 
not statistically significant (p > 0.05). This result is 
consistent with the report by López-Mata et al. (2015) 
that the incorporation of cinnamon oil into CS films 
led to a decrease in water solubility, which was attrib-
uted to the diminished hydrophobicity as a result of 
the loss of free amino and hydroxyl groups. Control-
ling the water solubility value during the film prepara-
tion process can be an intricate process, given that CS 
properties might differ based on their source, degree of 
acetylation, and molecular weight (López-Mata et al., 
2015). In addition, the water solubility of the film can 
be affected by the presence of a plasticizer used in the 
film-making process (Park et al., 2002). In this case, 
the obtained results show that the characteristics of CS 
play a decisive role in water solubility compared to the 
additional oil volume.

Tensile measurement
As depicted in Table 7, there is a noticeable difference 
in the tensile measurements of the films (p < 0.05) as 
the concentration of EO changes. The tensile measure-
ment increases with increasing EO concentration, rang-
ing from 1.08 N to 3.06 N. This can be explained by the 
fact that beyond the inherent biological activity of EO, 
the tensile measurement might be influenced by the sol-
vent used to dissolve the CS during film preparation, 
giving it a viscous character. In addition, many other 
factors can influence the mechanical properties of the 

film, such as the degree of deacetylation of chitosan and 
the pH of the solution. Additionally, the EO might act 
as an effective plasticizer, enhancing the flexibility of 
the film and reducing its stiffness (Santos et al., 2019).

In our study, we found that the addition of Chúc EO 
to the CS films positively impacted their tensile meas-
urement. Our results are similar to those of Santos et 
al. (2019), who reported that adding clove or tea tree 
EOs to CS films lessened their stiffness and increased 
their tensile measurement, which makes them well-
suited for bandage applications. Conversely, research 
conducted by Ojagh et al. (2010) found that introduc-
ing a cinnamon EO concentration to the films did not 
lead to a noticeable enhancement in tensile measure-
ments. Ultimately, the results of our study underscore 
the importance of customizing the concentration of 
Chúc EO to produce films with desired tensile proper-
ties tailored to users’ specific needs.

Antioxidant activity of film
The antioxidant activity of the film is an essential 
property for evaluating its quality. As illustrated in Ta-
ble 8, the antioxidant activity of the film increases with 

Table 6. Water solubility of film

Type of film Water solubility, %

CS 35.02a ±0.27

CS-EO 1 33.74a ±0.88

CS-EO 1.5 31.78a ±2.49

CS-EO 2 30.61a ±5.82

The same letter (a) in the same column indicates no statistically 
significant differences at the 95% confidence level.

Table 7. Tensile of film

Type of film Tensile of film, N

CS 1.08a ±0.02

CS-EO 1 1.49b ±0.33

CS-EO 1.5 1.75b ±0.07

CS-EO 2 3.06c ±0.11

Different letters (a, b, and c) in the same column indicate statis-
tically significant differences at the 95% confidence level.

Table 8. Antioxidant activity of film

Type of film Antioxidant activity, %

CS 44.73a ±2.72

CS-EO 1 51.18b ±0.75

CS-EO 1.5 59.69c ±0.20

CS-EO 2 61.77c ±0.68

Different letters (a, b, and c) in the same column indicate statis-
tically significant differences at the 95% confidence level.
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increasing EO concentration, ranging from 44.73% to 
61.77%. In particular, the antioxidant activity of CS-
EO 2 was the highest at 61.77%, which is 1.5 times 
greater than the control sample at 44.73%. This find-
ing aligns with the study of López-Mata et al. (2015), 
which demonstrated a significant increase in the film’s 
antioxidant activity as the EO concentration increased 
from 0.25% to 1.0%. In addition, another study by 
López-Mata et al. (2013) reported that the antioxidant 
effect of CS was significantly enhanced with the addi-
tion of carvacrol. 

Clearly, there is a strong correlation between the 
combination of CS and varying EO concentrations 
and the ability to scavenge DPPH radicals. Films with 
elevated antioxidant activity offer advantages in food 
processing and preservation.

Structure and morphology of film surfaces
Figure 1 presents the SEM images depicting the surface 
morphology of CS and CS-EO films at a magnification 
of ×10,000. The CS film has a smooth, homogeneous 
surface with a dense structure. The surfaces of CS-EO 
1 and CS-EO 1.5, while still relatively smooth, exhibit 
some agglomerates, signifying potential mechanical 
vulnerabilities attributed to the immiscibility of the 
mixture’s components (Santos et al., 2019). Further-
more, the voids observable on the film’s surface might 
originate from the aggregation of EO droplets during 
the drying process (López-Mata et al., 2015).

The surface of CS-EO 2 appears to be rough and 
uneven, with voids of various shapes. This may be due 
to the formation of EO droplets of different diameters 
that are inhomogeneously distributed within the CS 

Fig. 1. SEM Images of the films
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film. This characteristic depends on the nature of the 
CS, such as the degree of acetylation and molecular 
weight (López-Mata et al., 2015). In general, an in-
crease in EO contributes to an increase in aggregation 
during the drying process. Similar results were also ob-
served by Sánchez-González et al. (2010) when tea tree 
EO was added to hydroxypropyl methylcellulose film. 

Fourier transform infrared spectroscopy (FTIR) 
analysis
FTIR analysis is one of the preliminary evaluations 
performed to identify the functional groups of a sam-
ple. In our study, the FTIR spectra of CS-EO films 
are shown in Figure 2. No significant changes were 
observed in the FTIR spectra of all samples, with all 
functional groups appearing uniformly.

Characteristic peaks shared by all samples were 
observed in the range of 3,426 to 2,926 cm−1, cor-
responding to the stretching vibrations of the –OH 
and –NH groups. The peak at 2,850 cm−1 correlates 
with the stretching vibrations of the C–H group. Addi-
tionally, the FTIR spectrum reveals specific absorption 
peaks at 1,738 cm−1, attributed to the C=O group, and 
a peak at 1,630 cm−1, associated with the bond of the 
amide and NH3

+ groups. The peak at 1,375 cm-1 indi-
cates the presence of the phenol group, while the peak 
at 1,306 cm−1 pertains to the S=O group. The peak at 

1,100 cm−1 is related to the C–O group. These results 
are similar to the FTIR spectra of CS films document-
ed by Nasef et al. (2011) and Chang et al. (2019).

Based on the results obtained, it is evident that 
certain compounds in the EOs interact with CS. Spe-
cifically, compared to the control sample, interactions 
between the EOs and the CS lead to alterations in the 
band intensities.

X-Ray diffraction (XRD) analysis
Figure 3 displays the XRD results for film samples 
at varying concentrations. The degree of crystalliza-
tion of CS films is characterized by peaks at angles 
2θ = 9–10° and 2θ = 19–20°. When EO is added, the 
interaction between the EO and the film modifies the 
crystallization degree, leading to alterations in the 
peaks and the emergence of new ones. For instance, 
CS samples with incorporated EOs, namely CS-EO 
1, CS-EO 1.5, and CS-EO 2, show a new peak at an-
gle 2θ = 29–30o and a decrease in intensity at angles 
2θ = 9–10o and 2θ = 19–20o. A new peak emerges at 
angle 2θ = 40–41o.

Similarly, a study by Yoncheva et al. (2021) on the 
microencapsulation of oregano EO using a mixture of 
CS and alginate showed that a diffraction peak with 
pronounced intensity at angle 2θ = 20° and a wider 
peak at angle 2θ = 42° emerged compared to the con-
trol sample. This indicates that when EO is added to 
CS samples, it alters the properties of the film, leading 
to the formation of new diffraction angles and affect-
ing its crystallization capacity. The specific direction 

Fig. 2.  FTIR analysis of the films

Fig. 3. XRD analysis of the films
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of these diffraction peak changes is influenced by the 
chemical composition of the EO.

CONCLUSION

In conclusion, this study shows that the combina-
tion of CS with Chúc peel EO significantly alters the 
properties of the film. These modifications manifest 
as a slightly yellow hue and diminished transparency, 
although there is a decrease in the SD. Additionally, 
the water solubility of the film is reduced, and the 2% 
EO-supplemented sample displays antioxidant activ-
ity that is 1.5 times greater than the control sample. 
A notable drawback, however, is the increased water 
vapor permeability, which might be detrimental to 
food preservation. On the other hand, the addition of 
Chúc peel EO enhances the mechanical properties of 
the film, specifically its tensile measurement, making 
the film more adaptable and suitable for food packag-
ing. Moreover, using CS combined with Chúc peel EO 
offers the flexibility to modify the concentration of the 
EO based on specific application requirements to yield 
an optimal film. Therefore, CS and Chúc peel EO are 
suitable for application in edible packaging technol-
ogy to preserve some solid foods with low water activ-
ity and moisture, such as cake and candy.
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