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Abstract: Chitosan is notable for its biodegradability, film forming and non-
toxicity properties that extracted from shrimp’s exoskeletons and other
crustaceans. Chitosan film have high water vapor transmission rate (WVTR) and
low tensile strength. This research was conducted to prepare edible film with
incorporation of plant oils that are olive oil (OO) and lemon essential oil (LO) and
analyse the mechanical and physical properties of the films. Variation in chitosan
films were produced using casting method on petri dish and dried in drying oven.
Film samples were analysed for color, opacity, film solubility, water vapor
permeability (WVTR), water vapor permeability (WVP), tensile stress, elongation
and Fourier transform infrared spectroscopy (FTIR) analysis. Chitosan film
incorporated with olive oil (COO) has greenish color while chitosan film
incorporated with lemon essential oil (CLO) was more yellow color than pure
chitosan film (CS). Results showed that, film opacity of COO and CLO increase
by 53.22% and 162.90% respectively. Film solubility decreases with concentration
of OO and LO (8.03% and 18.05%). The WVTR of COO and CLO decreases by
20.99% and 35.85% respectively while WVP decreases by 20.85% and 13.77%.
Tensile stress of CLO increases as concentration increases by 109.83%. Elongation
of COO decreases (45.59%) while elongation of CLO increases (7.01%) when
increased in concentration of oils. FTIR analysis was done to determine bonds and
functional groups presence in CS, COO and CLO. Through the analyses,
incorporation of plant oils has enhanced the WVTR and tensile stress of chitosan
film.
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1. Introduction

Chitosan, the world's second most abundant biopolymer after cellulose, is notable for its
biodegradability, film-forming properties and non-toxicity [1]. In order to reduce waste, several studies
and new inventions in food science and technology have been conducted in order to maximize use all
parts of raw material from animals and plants while implementing all of the beneficial properties. Edible
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film made of chitosan can efficiently use waste resources such as seafood shells. Chitosan is a protein-
rich compound extracted and processed from the exoskeletons of shrimp and other crustaceans.
Chitosan has antibacterial and good barrier properties that can help to prolong the shelf life of final food
products.

Edible film from chitosan is widely used in the preservation of fresh foods such as meat and meat
products, fruits and processed foods [2]. A solid sheet casted to produce edible film that will be wrapped
around to cover food product. The edible film and coating’s thickness is typically not more than 0.3
mm [3]. If not consumed, edible coatings and films are preferred as food packaging due to their
biodegradable and environmentally friendly properties. The edible film is made of food-safe materials
and can come into direct contact with the food surface. It can also be combined and interact with other
activated compounds, antioxidant and antimicrobial agents to improve the film's functional properties
for enhanced food preservation [4].

Plant oils are triglycerides produced from plant sources by extracting oil-producing plant parts.
Plant oils are classified as vegetable oils, cooking oils, and essential oils. Natural antimicrobial and
antioxidant agents include essential oils (EO) [1]. Among the phenolic chemicals commonly found in
essential oils that have the good antibacterial effects to fight with foodborne pathogens are carvacrol,
eugenol (2-methoxy-4-(2-propenyl) phenol), and thymol [5].

There has been some study on chitosan combined with plant oils in recent years. The mechanical
and physical properties of edible films have been improved by the use of essential oils such as rosemary
essential oil (REO) [6], citrus lemon oil [7], lemon essential oil [8], [1], and false flax seed oil [9].
Current research is being conducted to assess the efficacy of incorporating plant oils and their influence
on physical and mechanical properties. According to previous study, water vapor transmission rate
(WVTR) of chitosan edible film is very high. Chitosan is a biopolymer with a three-dimensional
structure that allows it to absorb and maintain storing large amounts of water without completely
dissolved [10], [11]. The high WVTR is unsuitable for food packaging because it allows more water
content movement between the surrounding environment and the food products. As a result, the purpose
of this study is to analyze the effect of lemon essential oil and olive oil on the mechanical and physical
properties of chitosan film. In previous study also found when tensile stress is applied to the chitosan
film, it fractures or breaks due to its low tensile strength. Chitosan incorporated with lipid should
increases tensile stress, as measured by mechanical property analysis.

The goals of this research are to make edible film by combining lemon essential oil (LO) and olive
oil (O0) in chitosan solution. This study also looked at the mechanical and physical properties of
chitosan films that had been infused with olive oil and lemon essential oil.

2. Materials and Methods
2.1 Materials Specifications

Materials used in this study were chitosan powder (85% degree of deacetylation) was purchased
from Medigene Sdn, Bhd. (Selangor, Malaysia), glacial acetic acid (CHsCOOH), deionized water, pure
olive oil (OO) was obtained from Lam Soon Edible Oils Sdn. Bhd. (Andalucia, Spain), distilled water,
glycerol, Tween 80, dried anhydrous calcium chloride (CaCl,), lemon essential oil (LO) was purchased
from Hana Nature (Selangor, Malaysia) and sodium chloride (NaCl).

2.2 Sample preparation

Chitosan films are prepared with some addition and modification from Nazurah et. al. [12]. 2 %
wi/v of chitosan film was prepared by dissolving chitosan powder in aqueous solution of glacial acetic
acid with concentration 1 % v/v being stirred using magnetic stirrer on the hot plate for 20 minutes with
1250 rpm. Glycerol is added to the solution as plasticizer at 25 % w/w of chitosan. After the temperature
reached 60 °C (+ 5 °C) , the stirring is continued for another 20 minutes. The solution removed from
hot plate and let cold until temperature drop to 40 °C The color of solution formed after chitosan have
completely dissolved was yellowish clear solution. This experiment has three types of chitosan film,
pure chitosan film as control sample (CS), chitosan incorporated with lemon essential oil (CLO) film
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and chitosan incorporated with olive oil (COO) film. COO and CLO were prepared in three sets which
are by adding 0.5 %, 1.0 %, and 1.5 % v/v olive oil and lemon essential oil to solutions. The
concentration of plant oils incorporated into the chitosan solution were varied in this study. The COO
and CLO films were then treated with 0.2 % w/v Tween 80 as an emulsifier to prevent or reduce
separation of chitosan and plant oils. For all samples, the polymer solution is homogenized using a
homogenizer at a fixed 10 000 rpm for 10 minutes [13].

CLO and COO solution was degassed in ultrasonic bath (EImasonic S30H, United State) for 15
minutes at 35 °C to remove air bubbles present due to vigorous homogenizing speed. The solutions were
cold before poured into the middle of 9 cm diameter Petri dishes with volume 20 ml. The film-forming
solutions were dried in drying oven (Memmert UF160, Germany) at 50°C (+ 5 °C) for 18 hours. After
drying, the dried films were peeled and stored in a desiccator at 25 °C for another 48 hours [7]. By
standardizing the volume of chitosan blend solution poured (20 ml) on Petri dishes and the size of Petri
dishes used in diameter and height dimensions, the thickness of edible films remained uniform (9 cm
diameter). The thickness of film samples is measured with a micrometer with a precision of 0.01 mm
at five different random positions on each type of sample. The average thickness of the film will be
used to calculate opacity, tensile stress, elongation, and water vapor permeability (WVP) [13].

2.3 Physical properties of chitosan edible film
231 Film color

A colorimeter (Miniscan EZ 4000 Hunter Lab, Virginia, United State) is used to determine the film
color of each sample in aspects L* for brightness, a* for greenness (negative value) or redness (positive
value), and b* for blueness (negative value) or yellowness (positive value). Color was measured with
three readings on the film to obtain average color values and recorded [14].

2.3.2 Film opacity

The opacity of edible films was determined using a UV-VIS spectrophotometer (PG Instruments
Model T60, UV-VIS Spectrophotometer, United Kingdom) by placing rectangular strips inside the
spectrophotometer's cuvette. In the batch of samples, an empty clear cuvette was used as a reference.
UV-Visible spectrophotometer absorption spectrum of samples at 600 nm. The readings were taken in
triplicate to obtain the average value of the opacity of the films. The opacity can be calculated by using
Eq. 1 [15].

absorbance 600 nm

Opacity (nm™1) = Eqg.1

sample thickness (mm)

2.3.3 Film solubility

The water solubility of the control sample, CLO, and COO was determined using the gravimetric
method at 25 + 1 °C. The film samples were cut into a rectangular shape measuring 2x2 cm. To obtain
the initial dry mass, the samples were dried in a drying oven at 70 °C for 24 hours (M1). After drying
for 24 hours, the samples were placed in 30 mL of distilled water and stored at room temperature (25
+ 2 °C) for 24 hours. After 24 hours in distilled water, samples were removed and dried at 70 °C for
another 24 hours. The dried samples were weighed (M2), and the percentage of water solubility was
calculated using Eq. 2. The test is repeated three times to obtain the average value as the results [16].

initial weight (M1)—final weight(M?2)

Qe or
Water solubility % initial welght (1)

x 100 Eq.2

234 Water vapor permeability (WVP) and water vapor transmission rate (WVTR)

The WVTR and WVP analyses were performed in accordance with the universal standard method
ASTM E96. The gravimetric cup method was used to determine the WVTR of the films. The film
samples were sealed on top of a crucible containing 1 g of dried anhydrous calcium chloride with an
internal diameter of 0.02 m and an exposed area of 3.14 x 10 m2 At 25 °C, the weight of the film
sealed on the jar was recorded and placed in a desiccator containing saturated sodium chloride, NaCl
aqueous solution. Because of the presence of anhydrous calcium chloride, the relative humidity inside

444



Nistion et al., Enhanced Knowledge in Sciences and Technology Vol. 3 No. 2 (2023) p. 442-451

the jar is nearly 0 %, while the external relative humidity is 75 % due to the NaCl solution. Moisture
enters the jar only through the film in this sealing condition. For 5 days, the difference in jar weight is
measured and recorded every 24 hours. Eqg. 3 and 4 can be used to calculate the WVTR and WVP of
film samples [17].

WVTR = — Eq. 3
AXt
WVTR X d

WVP =~ Eq. 4

Where w is the mass gained (g), t is the duration (s), A is the film area exposed for water vapour
transmission (m?), d is the thickness of the film (m), p is the saturation vapour pressure of water (3171.8
Pa at 25 °C), Ry is the relative humidity outside the jar (75 %), and R: is the relative humidity inside
the jar (0 %).

2.4 Mechanical properties of chitosan edible film
24.1 Tensile stress

A texture analyzer is used to determine the tensile stress of chitosan films (Stable MicroSystem,
model TA.XT.Plus, United Kingdom). The measurement of film strip that were analyzed were 20 x 70
mm. The initial grip separation and crosshead speed settings are set to 50 mm and 0.8 mm s¥,
respectively [8]. Tensile stress values were calculated using Eq. 5.

Force (N)
Cross sectional area (m?2)

Tensile stress = Eq 5

24.2 Elongation

Elongation at break was calculated by dividing elongation at the point of rupture by the length of
the original sample, multiplying by 100, and expressing the result as a percentage of the original length
[18]. Elongation of film similar to elongation at break except force applied extend the film without
breaking. Elongation can be calculated using the same formulation. Elongation percentage was
calculated using Eq. 6.

length final—length initial

Elongation (%) = x 100% Eq 6

length initial
2.5  Fourier transform infrared spectroscopy (FTIR) analysis

The presence of chitosan-olive oil complex and chitosan-lemon essential oil complex in the sample
was determined using FTIR analysis. This analysis was performed with a fourier-transform infrared
spectroscopy machine (Agilent Technologies, Cary 630 FTIR Spectrometer, United State). The film
samples were cut into square (1 cm x1 cm) shapes and observed at wavelengths ranging from 4000 to
800 cm* [1]. FTIR Spectrum Software was used to scan the samples and evaluate the results.

2.6 Statistical analysis

SPSS software's one-way analysis of variance (ANOVA) is used to evaluate the results in mean
standard deviation of data with some modification. There are three sample variables in this study:
chitosan control sample, CLO film, and COO film, with three replications [1, 7].

3. Results and Discussion
3.1 Filmcolor

Color is important in food packaging as influence consumers acceptance of the films. As shown in
Table 1, pure chitosan film (CS) has high brightness, L* value 75.21, some hint of green color and
yellow color. The mixture of chitosan with acetic acid and glycerol produced clear yellow solution.
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Based on L* values, the brightness of COO and CLO film decreases as the oils’ concentration increases.
COO films have high in green color compared to other samples and the negative a* value indicating
green color gradually increased with concentration. Green color of COO films came from color of OO
used that contained chlorophyll and polyphenol content. CLO films have decreased in a* value but
increased b* value when more LO incorporated. CLO have high in yellow color intensity compared to
CS and COO films. Yellow color of CLO film obtained from color of LO used in this study. One way
ANOVA using SPSS software with level of significance 95 % shows there was significant difference
between all samples with p<0.05.

Table 1: Color measurement of pure chitosan film (CS), chitosan film incorporated with olive oil
(COO0) and lemon essential oil (CLO)

Samples Color measurement
L* a* b*

CS 75.21+0.42 -1.89+0.28 11.524+0.46
0.5CO0O 34.58+1.91 -2.69+0.06 4.4440.50
1.0 COO 33.54+0.36 -2.76%0.12 3.57+£0.21
1.5C0O0 27.73£1.35 -2.98+0.13 3.10+0.09
0.5CLO 82.94+1.38 -2.26+0.18 17.344+0.49
1.0CLO 82.22+1.11 -1.85+0.17 18.21+0.57
15CLO 75.381£1.21 -1.40£0.31 19.22+1.39

*Data are expressed as the Mean +Standard Deviation (SD)
3.2 Film opacity

Opacity attribute affect the rate of photooxidation process to occur in food products. Higher opacity
can help to limit amount of light passes through film that act as packaging barrier. Based on Table 2,
CS have the lowest opacity value compared to COO and CLO films. The opacity of COO and CLO film
increases when concentration of oils increases. 1.5 COO film have the highest opacity value can be
efficiently used to block light from food products. The transparency of film impacted by oil droplets
spread in chitosan matrix causes light blocked from passing through the formed film [13]. The opacity
level also affected by types of lipids added and initial composition of film forming dispersion gave
impact on structure that emerges during drying process. There was significant difference between
sample (p<0.05) based on one way ANOVA.

Table 2: Physical properties of pure chitosan film (CS), chitosan film incorporated with olive oil
(COO0) and lemon essential oil (CLO)

Samples Thickness Opacity Solubility (%) WVTR (g/m?s)  WVP (x1072
(mm) (nm?) g/m's Pa)
CS 0.084+0.01 0.80410.01 32.50+2.11 0.0129+0.00025 4.3494+0.08461
0.5 C0O0 0.11+0.01 3.57040.01 19.31+1.74 0.0081+0.00010 3.7351+0.04798
1.0COO 0.1040.02 4.70040.01 18.62+0.43 0.0076+0.00009 3.1753%0.03712
1.5CO00 0.114+0.03 5.47040.01 17.76%+0.29 0.0064+0.00017 2.956210.07896
0.5CLO 0.0940.02 1.9224+0.07 25.98+1.56 0.010640.00015 3.9977+0.05778
1.0 CLO 0.1040.02 1.920+0.00 24.984+1.15 0.0085+0.00022 3.5661+0.09165
1.5CLO 0.1240.05 5.05340.09 21.2941.41 0.0068+0.00019 3.4471+0.09603

*Data are expressed as the Mean +Standard Deviation (SD)

3.3 Film solubility

Plant oils have hydrophobic property that will repel water molecules from forming bonds with its
compound. Incorporation of plant oils can reduce film solubility in water. In this study, CS film have
the highest solubility which was 32.50 % indicating it highly soluble in water. When concentration of
COO and CLO increased, the solubility of films were decreased as shown in Table 2. Interaction
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between LO and chitosan created cross-linking effects that cause more rigid structure formed [8].
Solubility of COO film improved by compact and continues structure of COO film that can be observed
from SEM analysis. Interaction between carboxylate groups of OO and amino groups of chitosan were
too strong for water molecule to form bonds with amino groups of chitosan chains [16]. There was
significant difference between each sample (p<0.05) when analyzed using ANOVA in SPSS software.

3.4 Water vapor transmission rate (WVTR) and water vapor permeability (WVP)

Table 2 shows incorporation of OO and LO into chitosan film which have effectively reduced the
WVTR and WVP by limiting water molecules penetrate into films. At 1.5% concentration of OO and
LO incorporated, 1.5 COO has lower WVTR which is 0.0064 g/m? s compared to 1.5 CLO (0.068 g/m?
s). This showed OO was better in lowering the WVTR and WVP. LO can lower the WVTR and WVP
because the oil droplets dispersion in chitosan film matrix may create a tortuosity channel that slow the
movement of water vapor molecules through the film [19]. Tortuosity is characterization of porous
material indicating ratio of actual flow pathlength travel to the straight distance between both end of
length. There was significant difference in each variation of chitosan film (p<0.05) when analyzed using
ANOVA.

35 Tensile stress of films

Tensile stress was the force per unit area that related to stretching and elongation of material
without breaking film samples. Tensile strength is the maximum amount of tensile stress can be applied
on material before it breaking. Thus, increasing in tensile stress shows increase in tensile strength value.
CS have the highest tensile stress which is 32222.23 Nm while 0.5 CLO have the lowest tensile stress
7642.90 Nm2 as shown in Table 3. High tensile stress refers to more force required for film’s elongation.
0.5 CLO have potential of low durability because it can break easily compared to other films when little
forced was applied. Increasing in OO concentration produced stronger COO film with strong
intramolecular force as more force required to stretch COO film. OO has high in monounsaturated fatty
acids (oleic acid) that can increase flexibility and extensibility. LO increase the tensile stress of chitosan
film by creating cross-linker interaction with other components to reduce polymer molecular mobility
by fixing the polymer’s structure [20].

Table 3: Mechanical properties of pure chitosan film (CS), chitosan film incorporated with olive oil
(COO0) and lemon essential oil (CLO)

Samples Tensile stress (Nm?) Elongation (%)
CS 32222.231+5341.494 35.25+0.25
0.5CO0O 13788.27+2211.916 35.3640.22
1.0COO 21069.83+3518.235 35.3640.08
1.5C0O0 20137.87+3382.539 19.24+8.28
0.5CLO 7642.90+199.799 38.22+4.84
1.0CLO 14156.93+2741.178 41.2240.43
15CLO 16037.40+£2834.944 40.90+0.12

*Data are expressed as the Mean +Standard Deviation (SD)
3.6 Elongation

Elongation of films measured with length of film before and after force applied at the both end of
film strips to pull it apart. The percentage of elongation were calculated to determine the flexibility of
films. According to Table 3, CLO film have high elongation percentage indicate it have high flexibility
compared to CS and COO film. The elongation percentage of CLO increase with increasing in LO
concentration. Sample 1.5 COO film have low flexibility compared to other COO film because two of
the tested samples broken when reached maximum force applied. Further increase in OO concentration
create too strong intermolecular and intramolecular force causes 1.5 COO film to break. This result
similar with quinoa protein-chitosan film incorporated with sunflower oil increased the extensibility at
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first, but decreased extensibility when higher concentration of sunflower oil was added [21]. Thus,
elongation of chitosan film depends on type of oils used. According to ANOVA analysis with 95%
level of significance, there were significant difference (p<0.05) between CS, COO and CLO film.

3.7 Fourier transform infrared spectroscopy (FTIR) analysis

FTIR analysis was carried out to determine the films features and functional groups presence in
the compound of film. The functional groups’ presence in compounds were determined by position of
peaks at absorption region. Absorbance of FTIR refers to amount of light absorbed when it passes
through sample.
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Figure 1: FTIR spectrum of pure chitosan film (CS)

In pure chitosan film (CS) as shown in Figure 1, there were broad peak of O-H stretching at
3210.902 cm?, H-C-H stretching at 2925.901 cm™ and 2878.642 cm™, C=0 stretching at 1635.725 cm’
1and N-H bending at 1541.782 cm™. There also C-H bending at 1405.323 cm™, C-N stretching at
1151.141 cm, and strong sharp peak at 1065.440 cm™ and 1020.889 cm™ of C-O stretching. The
presence of acetic acid can be detected with O-H stretching of carboxylic acid within range 3000-2500
cm® with strong and broad peak. Chitosan compound were detected when C=0 stretching and N-H
bending of amines presence in the compound. The C-O stretching was corresponding to presence of
alcohol (glycerol) in the film compound.
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Figure 2: FTIR spectrum of 0.5 COO film
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Figure 2 shows FTIR spectrum of chitosan film incorporated with 0.5 wt% olive oil (0.5 COO). In
COO films, the peaks detected at wavenumber range similar to CS film. All COO film has O-H
stretching at in range 3254-3273 cm™ of carboxylic acid corresponds to acetic acid. 0.5 COO film has
sharp peak of H-C-H stretching at 2922.723 cm? and 2853.807 cm™ because of long chain of
unsaturated fatty acids incorporated into chitosan film [16]. This sharp peak of H-C-H stretching
decrease when concentration of olive oil increases. There was new peak in range 1743-1744 cm™ of
C=0 shows presence of Tween 80 and fatty acids.
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Figure 3: FTIR spectfum of 0.5 CLO film

Figure 3 shows FTIR spectrum of chitosan film incorporated with 0.5 wt% lemon essential oil (0.5
CLO). In all CLO films, there was H-C-H stretching in range 2925-2875 cm* shows presence of lipid
carbohydrate in the compounds [1]. The N-H bending of all CLO films located at 1543 cm™* showing
presence of chitosan compound. The peak of C=C at range 1637-1635 cm show presence of LO and
Tween 80 in the compound.

Table 4: Summary of ANOVA for descriptive test

Degree of
Sum of Mean
Analyses freedom F-value P-value

Square (df) Square
Color L* 11597.451 6 1932.908 1303.908 0.000 Significant
Color a* 6.027 6 1.004 26.010 0.000 Significant
Color b* 962.042 6 160.340 371.203 0.000 Significant
Opacity 59.483 6 9.914 5798.831 0.000 Significant
Solubility 498.821 6 83.137 43.012 0.000 Significant
WVTR 0.000 6 0.000 512.702 0.000 Significant
WVP 4.072 6 0.679 124.907 0.000 Significant
Tensile stress 1079303975 6 179883995 17.323 0.000 Significant
Elongation 997.214 6 166.02 12.599 0.000 Significant

4, Conclusion

Chitosan film incorporated with olive oil (COO) and lemon essential oil (CLO) were successfully
produced. Seven types of samples were produced, pure chitosan sample (CS), COO and CLO film with
three different concentrations (0.5, 1.0 and 1.5%). It can be concluded that by increasing in
concentration of plant oils have increase film opacity to limit light pass-through sample, reduced film
solubility in water, reduced water vapor transmission rate (WVTR) and water vapor permeability
(WVP). Important step in preparing chitosan film involved dissolve chitosan powder, homogenizing
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with plant oils and degassed step. Homogenizing important to prevent oil separation on the film surface.
The air bubbles in chitosan mixture solution were removed after homogenizing before drying. The most
efficient concentration was recognized and can be further study. 1.5 COO and 1.5 CLO film were the
most efficient film to be used in enhancing chitosan film opacity, solubility, WVTR and WVP. As for
tensile stress and elongation properties, 1.0 COO and 1.0 CLO were more efficient than other samples
since the films can withstand high tensile stress and have high elongation percentage without break.
Therefore, the objectives of this study were achieved by chitosan films produced and analyses
conducted. For future study suggestion, scanning electron microscopy (SEM) analysis can be done to
observed microstructure of film. Antibacterial activity and oxygen permeability analysis also can be
conducted to study the effectiveness of chitosan film incorporated with plant oils in preventing
microbial growth and oxidation process. Further study on chitosan film as packaging of sugar and coffee
powder where does not require to remove the packaging also can be done.
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