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Abstract The effect of addition of different concentrations of refined coconut oil
(CO) and vegetable oil (palm olein o0il) (VO) on the mechanical and thermal proper-
ties, as well as water absorption, biodegradability and morphology of cassava starch-
based TPS films were investigated. Cassava starch-based TPS films were prepared
by the solvent casting method using glycerol as the plasticizer incorporation with
varying concentrations of CO and VO at 5,10,20, and 40 wt % based on cassava starch.
The X-ray diffractometry (XRD), fourier transform infrared (FTIR) spectroscopy,
thermogravimetric analysis (TGA), and scanning electron microscopy (SEM) anal-
ysis were carried out to observe the interactions between the starch matrix and oil,
thermal stability, decomposition temperature and morphology of films. An increase
in tensile strength was observed with the increment of both CO and VO concentra-
tion while the maximum tensile strength was observed at the oil concentration of
10 wt % for both CO and VO. However, films containing VO have higher tensile
strength (4.18 MPa) than the films containing CO (3.56 MPa). Tensile strain at break
decreased when increasing the oil concentration up to 10 wt % for both CO and
VO. Water absorption of the films increased when increasing the oil concentration.
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However, the value was less than the reference sample until the oil concentration was
20 wt % for both CO and VO. Moreover, all the samples are biodegradable. Cassava
starch, refined coconut oil, and vegetable oil are natural resources that can be used
to produce alternative materials that cause minor environmental impact.

Keywords Cassava starch - Coconut oil - Vegetable oil + Thermoplastic film

1 Introduction

Starch is a polymeric carbohydrate containing anhydroglucose units connected by
glucosidic bonds. Cereal grains such as corn, wheat and rice and tubers such as
potato and cassava, are the main starch sources that can be used for bio-plastics [1,
2]. Production of starch-based bio-plastics which are cheap, and fully biodegradable,
could become a possible substitute to non-biodegradable synthetic plastics while
creating new markets and reducing environment pollution [3, 4]. The demand for
environmentally friendly biodegradable plastics is increasing day by day [5].

Cassava (Manihot esculenta) starch is more suitable to produce thermoplastic
starch due to its clarity, low gelatinization temperature and good gel stability. Cassava
starch has a carbohydrate content up to 99%, and 17% amylose and 83% amylopectin
content [6, 7]. Cassava starch can be transformed into an amorphous thermoplastic by
processing with plasticizers such as glycerol under special heat and shear conditions
[8]. However, thermoplastic starch has major drawbacks such as poor mechanical
properties and water resistance. The hydrophilic nature of starch and plasticizers
commonly results in poor mechanical properties of thermoplastic starch [9]

The addition of hydrophobic substances, such as oils and fatty acids, may reduce
the hygroscopicity of the thermoplastic starch by increasing the hydrophobic portions
in the thermoplastic starch [10]. Current researchers focus on adding plant oil which
exhibits admirable hydrophobic properties into thermoplastic starch to improve water
resistance properties [11]. Some researchers have focused on using vegetable oil as
plasticizers for biodegradable thermoplastics including palm oil [12-14], soybean
oil [12, 14-16], rubber seed oil [17], corn oil [18], olive oil [18], coconut oil [19],
canola oil [20], and sunflower oil [21].

Coconut oil which is obtained from the coconut tree and vegetable oil which is
produced using palm kernel nuts are some abundant plant oils in the market [22].
The fatty acid content of coconut oil and palm olein oil is listed in Table 1 [22-24].

The effect of virgin coconut oil and palm oil on the properties of starch-based ther-
moplastic was previously studied. To the best of our knowledge, there is no study
about the effect of refined coconut oil and palm olein oil (vegetable oil) on the char-
acteristics of cassava starch-based thermoplastic. This research explored the effect
of refined coconut oil and palm olein oil (vegetable oil) as hydrophobic compo-
nents on the properties of cassava starch-based thermoplastics. X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR), thermogravimetric anal-
ysis (TGA), scanning electron microscopy (SEM), mechanical, water absorption
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Table 1 The fatty acid

content of coconut oil and Fatty acid Coconut oil Palm olein oil
palm olein oil Caproic acid (C6:0) 0-5 -

Caprylic acid (C8:0) 8 -

Capric acid (C10:0) 6 -

Lauric acid (C12:0) 47 0-3

Myristic acid (C14:0) 18 1

Palmitic acid (C16:0) 5-8 39

Stearic acid (C18:0) 2-5 4

Oleic acid (18:1) 7 43

Linoleic acid (C18:2) 1-5 11

and biodegradability properties of the cassava starch-based thermoplastic thin films
were characterized.

2 Materials and Methodology

2.1 Materials

The native cassava starch was purchased from Vilaconic joint stock company,
Vietnam. Glycerol was purchased from Research Lab fine chem industry (India).
Physically refined coconut oil was purchased from Marina Foods Pvt Ltd and refined
palm olein vegetable cooking oil was purchased from NGO Chew Hong Edible Oil
Pte Ltd. Freshly prepared distilled water was used.

2.2 Preparation of Thermoplastic Thin Film

Starch-based thin films were prepared by the solvent-casting method after the
preparation of film-forming dispersions according to the method adopted by Belibi
et al. [25]. Initially, native cassava starch (5 g) was dispersed in an aqueous solution,
separately, with the corresponding amount of glycerol and oil at room temperature
under continuous stirring for 10 min on a magnetic stirrer. Thereafter, the mixtures
were stirred at 80 °C for 45 min to induce starch gelatinization. Afterwards, the films
were obtained by casting the hot suspensions into petri dishes. Then, the samples
were dried in an oven at 65 °C for 5 h. After that, the dishes were kept in a desic-
cator and finally, the dry films were carefully removed from the dishes. The sample
without oils was prepared as the control sample. Different formulations of cassava
starch, glycerol, water and oils are described in Table 2.
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Table 2 The components of cassava starch-based thermoplastic films

Sample code | Cassava starch | Glycerol (wt | Distilled water | Coconut 0il | Vegetable oil
(@ %) (mL) (wt %) (wt %)

TPS 5 25 100 - -
TPS_CO_5 |5 25 100 5 -
TPS_CO_10 |5 25 100 10 -
TPS_CO_20 |5 25 100 20 -
TPS_CO_40 |5 25 100 40 -
TPS_VO_5 |5 25 100 - 5
TPS_VO_10 |5 25 100 - 10
TPS_VO_20 |5 25 100 - 20
TPS_VO_40 |5 25 100 - 40

2.3 Thickness of the Films

The thickness of thermoplastic thin films was determined using a manual Thickness
Gauge by performing at least ten random measurements for each film to the nearest
0.01 mm. The average value for each film was used to calculate the tensile properties.

2.4 Morphology

The surface morphology of thin films was observed using scanning electron
microscope (SEM, 259 ZEISS EVO LS15) with accelerating voltage of 10 kV.

2.5 X-ray Diffraction (XRD)

The X-ray diffraction (XRD) patterns of thin films were obtained using a diffrac-
tometer (Rigaku Ultima IV). The XRD spectra were recorded over a range (2e) of
5-45° with a continuous scan rate at 2.0° interval.

2.6 Fourier Transforms Infrared Spectroscopy (FTIR)

Characteristic peaks for thin films were obtained using FTIR spectrometer
(PerkinElmer, USA) equipped with a universal Attenuated Total Reflectance (UATR)
reflectance cell. Spectra were collected in the wavenumber range of 500-4000 cm™!.
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2.7 Thermogravimetric Analysis (TGA)

Thermogravimetric analyzes were performed in a thermal analyzer (PerkinElmer,
model 4000) in ceramic pans. Samples (10 g) were heated up from 40 to 700 °C at
a rate of 20 °C/min. Nitrogen was used as purge gas (20 mL/min) to avoid thermo-
oxidative reactions.

2.8 Tensile Properties

Tensile strength and elongation at break were obtained according to ASTM D882.
The tensile strength test was performed using the Universal Testing machine (Instron
3365, Buckinghamshire). The crosshead speed was fixed at 10 mm/min. The samples
were prepared according to the dimensions provided by the standard. For each test,
five samples were analyzed. The tensile properties were calculated as the average
value from the obtained results.

2.9 Water Absorption

The water absorption test was carried according to the ASTM D570 standard.
Prepared films were cut into 76.2 mm x 25.4 mm pieces, dried for 24 h in an oven at
50 °C, cooled in a desiccator, and weighed. The water absorption data of films was
obtained by soaking them in water for 2 h. After that, films were dried with a cloth
and immediately weighed. And after, those samples were soaked in water for another
24 h and weighed. The water absorption capacity of composites was calculated as
follows.

wet weight — conditioned weight

Water absorption, % = x 100 (D)

conditioned weight

2.9.1 Biodegradability

The biodegradability test was carried out according to the aerobic compost environ-
ment test [26]. Initially, the starch-based thin films were cut into pieces of 2.0 x
2.0 cm and weighed before being tested. Then, the samples were buried inside the
soil at a depth of 3 cm at 25 °C and water was sprayed to maintain the moisture of
the compost. The weights of the samples were measured after 15 days.
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(a) (b)

Fig. 1 Photographs of (a) cassava starch-based thermoplastic film without oil and (b) cassava
starch-based thermoplastic film with oil

3 Results and Discussion

3.1 Physical Properties

According to visual examination, the obtained cassava starch-based thermoplastic
films were transparent, odorless, and easy to handle. Film thickness varied from
0.32 to 0.37 mm. The prepared cassava starch-based thermoplastic films are shown
in Fig. 1.

Thermoplastic starch films were visually transparent and when the oil content for
both CO and VO was incresed, the transparency of the films reduced.

3.2 SEM Observation

Figure 2 shows the SEM micrographs at 1000 x magnification of surface of
thermoplastic starch films with oil.

As shown in Fig. 2, the microstructures of cassava starch-based thermoplastic
films with different concentrations of CO and VO were evaluated by SEM. It was

Fig. 2 SEM images of composites (x 1000 magnification): (a) TPS, (b) TPS with coconut oil, and
(c) TPS with vegetable oil
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observed that the surface of the control film (TPS without oil) was homogeneous and
continuous without any granules or pores (Fig. 1a). The films containing CO and VO
(Fig. 1b, c¢) showed a discontinuous and porous structure and some oil droplets could
be seen. It can be suggested that CO and VO were not dispersed homogeneously
within the thermoplastic films [11].

3.3 X-ray Diffraction (XRD)

Preparation of thermoplastic film by casting method generally leads to solubilization
of amylose followed by the destruction of starch crystalline structure [27]. Diffraction
patterns of the control cassava starch-based thermoplastic film and cassava starch-
based thermoplastic films with CO and VO oil in different contents are given in
Fig. 3.

Diffraction pattern of the control film (TPS) showed a broad diffraction peak in
15-20° 26 region. It indicates the destruction of A-type crystal structure. According
to the literature, characteristic peaks (26) for the structure of cassava starch are at
15°, 17°, 18°, 20°, 23°, and 26° [28]. When adding the CO and VO, the shape of
the peak has changed: diffraction peaks became wider. The oil-added thermoplastic
films showed broad diffraction peak in 15-25° 26 region.

3.4 Fourier Transforms Infrared Spectroscopy (FTIR)

The FTIR spectra of control cassava starch-based thermoplastic film and cassava
starch-based thermoplastic films with CO and VO oil in different contents are
depicted in Fig. 4.

All FTIR showed a peak which was evident at wave number 32003300 cm™!
(Fig. 4), indicates a hydrogen-bonded O-H stretching. All thermoplastic films had
peaks in the range 2850-2950 cm™! corresponding to a C-H functional group [29—
31]. The peaks at 2920 cm~! and 2850 cm~! indicate the presence of long-chain
alkyl groups. The peaks around 2850 cm~! intensified with CO and VO contents’
increasing, which confirmed the presence of oils [32]: [11]. The characteristic peak at
1750 cm™! corresponds to stretching of C = O group of ester bonds. When increasing
the oil contents, it displayed more intense bands at wavenumbers of 1750 cm~! [11].
Another peak in the range 1620—-1650 cm ™' corresponds to water absorption. A peak
at 1320-1380 cm ™! in corresponding to bending vibration of a C-H group and C-O of
an aromatic ring was also evident. Peaks corresponding to bending vibration of C-O,
and O-H in the range of 1010-1070 cm~! was also present in all samples. [29-31].
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Fig. 3 XRD diffractograms for TPS films: TPS, TPS_CO_5, TPS_CO_10, TPS_CO_20, TPS_
CO_40, TPS_VO_5, TPS_VO_10, TPS_VO_20, and TPS_VO_40

3.5 Thermogravimetric Analysis (TGA)

Thermogravimetric (TG) and its derivative thermogravimetric (DTG) curves were
used to evaluate the thermal stability of the cassava starch-based thermoplastic films
with oils (shown in Fig. 5).

When the temperature was below 100 °C, a lower thermal weightlessness was
observed. It could be due to the evaporation of water or the small molecular impurities.
Films containing oil started to show different degrees of weightlessness at 180 °C.
This will happen due to the thermal degradation of fatty acids in films with CO and
VO. After 300 °C, thermoplastic films showed insistent weightlessness. This could
be attributed to the thermal degradation of the starch components in the films [33-35]
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Fig. 4 FTIR spectra of TPS films: TPS, TPS_CO_5, TPS_CO_10, TPS_CO_20, TPS_CO_40,
TPS_VO_5, TPS_VO_10, TPS_VO_20, and TPS_VO_40

3.6 Tensile Properties

Tensile strength and elongation at break of the thermoplastic thin films with CO ad
VO are shown in Figs. 6 and 7, respectively.

As the CO content and VO content increased, the tensile strength of the thermo-
plastic film showed an increasing trend, followed by a decrease. When the concen-
tration of oil was 10 wt %, the tensile strength of the film with CO reached its highest
value (3.56 MPa), and the tensile strength of the film with VO reached its highest
value (4.18 MPa). Moreover, the tensile strength of film containing VO is higher than
the tensile strength of film containing CO for the same oil concentration. However,
the addition of CO and VO in high concentration (over 20 wt%), reduced the tensile
strength of the thermoplastic films by weakening the interactions between the starch
molecules. This could happen due to increased discontinuity of lipid molecules in
the starch matrix [34]

The elongation at break decreased with the increase in coconut oil and vegetable
oil. TPS without oil shows lower elongation at break value compared with TPS with
5, 10, and 20% CO and 5 and 10% VO.
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Fig. 5 Curves of TGA, and its derivative DTG of the TPS films: (a) TPS, (b) TPS_CO_5, (¢) TPS_
CO_10, (d) TPS_CO_20, (e) TPS_CO_40, (f) TPS_VO_5, (g) TPS_VO_10, (h) TPS_VO_20, and
(I) TPS_VO_40

3.7 Water Absorption

Figure 8 shows the water absorption properties of cassava starch-based thermoplastic
with CO and VO in different oil concentrations.

After introducing CO and VO into the composites, only a slight decrease in water
absorption of the films were observed until the oil content reached 20% w/w concen-
tration. This can be attributed to the hydrophilic character of starch and glycerol
[36]. The improved water resistance properties for TPS with oil content up to 20%
w/w was due to the hydrophobic characteristic of coconut oil and vegetable oil. Fatty
acids improve the hydrophobic properties of the TPS films, thus increase the water
resistance properties [11, 34, 37]. This behaviour is consistent with the results of
previous studies [38]. However, a significant enhancement in water resistance prop-
erties were expected due to hydrophobic nature of coconut oil and vegetable oil. The
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Fig. 6 Tensile strength of cassava starch-based thermoplastic thin films with different concentra-
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Fig. 7 Elongation at break of cassava starch-based thermoplastic thin films with different
concentrations of CO and VO

addition of VO reduced the water solubility better than CO at the same oil concen-
tration for 5% w/w and 10% w/w. The oil with 40% w/w concentration TPS film
showed slightly high-water absorption when compared to the reference TPS film.
This can happen due to the differences in density between oils and cassava starch

leading to the movement of lipid aggregates to the material surfaces by damaging
cohesive structural integrity [11].
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Fig. 8 The water absorption of cassava starch-based thermoplastic thin films with different
concentrations of CO and VO

3.8 Biodegradability

In biodegradation test, all the thermoplastic thin films showed a significant degra-

dation within 15 days. The percentage weight loss of all the thin films was
50-70%.

4 Conclusion

In this work, different percentages of refined coconut oil and vegetable oil (palm
olein oil) were added into the cassava starch-based thermoplastic plasticized using
glycerol. The prepared films were thermally and mechanically characterized. It was
observed that the addition of coconut oil and vegetable oil contributes significantly to
characteristics’ improvement for all tested standards. Vegetable oil was more effec-
tive than coconut oil for lower oil concentration. Overall, this study recommended that
CO and VO have potential to be formulated in the cassava starch-based thermoplastic
for packaging since the CO and VO are non-toxic plant-based material.
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