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Abstract: Despite the proven application of cassava starch as biocomposites, the starch still has several
drawbacks in physical and mechanical properties that need to improve to ensure its commercialization
in the future. Thus, in this study, the modification of cassava starch-based (CP) properties was made by
adding graphene oxide (GO) filler into cassava starch solution via starch intercalation method. Several
physicochemical analyses were performed using Fourier-Transform Infrared (FTIR) Spectrometer and
Scanning Electron Microscopy (SEM). The effects of GO content in different concentrations to the
mechanical, water uptake, biodegradation, and fungi observation under the microscope were also
determined. FTIR spectra of GO-reinforced cassava exhibited all significant peaks from CP and GO
present. SEM images show an irregular texture and layered structure of GO. The biocomposites
produced from 10% GO (C10) has superior properties with a tensile strength of 1.60 MPa, Young
Modulus of 189 MPa, and elongation at a break of 2.88 mm. The decrease of residual weight and water
uptake percentages at higher concentrations of GO elucidate the biocomposites' enhanced properties.
The improved resistance against fungus also resulted from the incorporation of GO into the cassava
starch matrix.

Keywords: cassava starch; graphene oxide; biocomposites; physicochemical.

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

In these recent years, biopolymer, biochemical, and biocomposites have gained interest
in a few industrial sectors, such as the food industry and electrical sectors. These biomaterials
promote several advantages, such as adding value to by-products, biodegradability, and low
energy consumption in their production. In the food industry, the proper or desirable packaging
must have proper mechanical strength, low water absorption, thermal stability, and
biodegradability to ensure the products' safety and shelf life [1,2]. The most common packaging
is made from petroleum-based materials such as polypropylene (PP), polyethylene (PE), and
polystyrene (PS) [3]. However, this type of material has caused a few environmental issues as
it is non-degradable. Hence, to solve this problem, the plastic from petroleum-based materials
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can be substituted into biopolymer (e.g., starch, agar, and gelatin) to develop their
biodegradability properties.

Biocomposites are biodegradable materials that can degrade easily by microorganisms,
such as bacteria and fungi [4]. Recent biocomposites mostly use biodegradable materials from
microalgae [5], fruit waste [6], and starch [7,8]. The biocomposites derived from cassava starch
or known as Manihot Esculenta sp. have shown the most promising material. Cassava contains
around 90% of starch composed of two kinds of polysaccharides, called amylose and
amylopectin (Figure 1) [9], and small contents of lipids, proteins, and fibers [10].
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Figure 1. The chemical structures of amylose and amylopectin molecules of starch.

Despite the proven application of cassava starch as biocomposites, the starch still has
several drawbacks in physical and mechanical properties that need improvement to ensure its
commercialization. Thus, in this study, cassava starch's biocomposites properties were
modified by mixing graphene oxide (GO) in different concentrations. Considering the
characteristics of graphene oxide with high compatibility with various polymers and barrier
properties [11,12], this approach was found to enhance the starch structure, leading to the
upgrade of the biocomposites properties of pure cassava powder (CP). Based on the literature
study, GO as an excellent nanofiller on improving mechanical properties of the resin matrix,
for instance, the dispersion of GO in the bismaleimide (BMI) resin which the author reported
the flexural strength and flexural modulus of GO/BMI nanocomposites are enhanced by 39.6%
and 45.5% than BMI resin without GO [13].

2. Materials and Methods

2.1. Materials.

The commercial cassava powder was purchased from the local market. All chemicals
and reagents were used without further purification. Glycerol from R&M Chemicals was used
as received. The oxidation of graphite was started by mixing sulphuric acid, phosphoric acid,
and potassium permanganate (Merck, USA). Then, hydrogen peroxide (Merck, USA) was
added to stop the oxidation process. Later, the graphite oxide was washed with hydrochloric
acid (Merck, USA) aqueous solution and deionized water until pH of 4-5 is achieved and the
GO solution is formed.

2.2. Synthesis of cassava starch/graphene oxide biocomposites.

The synthesis of biocomposites was carried out using a solution intercalation method.
5 g of commercial cassava starch was dissolved into 40 mL of distilled water and mixed with
1.5 g of glycerol before stir on the hot plate until a sticky paste was formed. As-formed paste
solution was let to dry on the petri dish at room temperature to ensure solidification. A similar
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method was used to prepare biocomposites from cassava starch/graphene oxide by adding
graphene oxide solutions in different concentrations (1%, 3%, 6%, and 10%) into the prepared
cassava starch solution. A series of prepared solutions were then denoted as CP, C1, C3, C6,
and C10 for pure cassava, cassava starch/graphene oxide (1%), cassava starch/graphene oxide
(3%), cassava starch/graphene oxide (6%) and cassava starch/graphene oxide (10%),
respectively.

2.3. Characterization.

The physicochemical analysis was performed using Fourier Transform Infrared (FTIR)
Spectrometer (Thermos Scientific Nicolet i210) and Scanning Electron Microscopy (SEM)
(Jeol JSMIT100) with several mechanical tests such as tensile test, moisture absorption,
biodegradability, and fungi observation under an optical microscope. FTIR analysis was run in
the range of 4000 cm™ until 400 cm™ to characterize the functional groups that present in the
sample. SEM analysis was carried out at 150 x and 300 x magnification to observe the changes
of surface morphology. The samples' mechanical properties were measured by a Universal
Testing Machine using a tensile tester with a load capacity of 2000 N. The prepared
biocomposites were cut into 5 x 3 cm? and clamped at both ends before pulled with a constant
speed of 3000 mm min?. The biodegradable behavior of prepared biocomposites was
determined using the soil burial decomposition test [14]. All prepared biocomposites were cut
into 5 x 3 cm?before buried in the ground at 15 cm depth; the burial duration varied from week
1 until week 3. Before burial, the initial weight was determined, and the final weight (weight
after decomposition) of the biocomposites was measured. The decomposition of each sample
was calculated based on Equation 1 [15].

Residual Weight (%) = (Final weight — Initial weight)/Initial weight x 100% (1)

For water absorption, the measurement was carried out at relative humidity of 80% at
room temperature to identify prepared biocomposites' ability to absorb the water [13]. The
prepared biocomposites were cut into 5 x 3 cm? and weighed for initial weight before soaking
into distilled water for 45 min at ambient temperature. After that, the samples were removed,
wiped off, and immediately weighed again as final weigh. The water absorption capacity of
prepared biocomposites can be calculated based on Equation 2.

Water absorption (%) = (Initial weight — Final weight) / Initial weight x 100% (2)

Meanwhile, the fungus observation under RaxVision Y100 optical microscope was
performed to investigate prepared biocomposites' resistivity against fungus. The test was
conducted by spraying water onto biocomposites and kept them for 4 weeks at room
temperature. The observation by naked eyes and under the optical microscope was done during
the period.

3. Results and Discussion

3.1. Fourier-transform infrared analysis (FT-IR) analysis.

The prepared cassava starch-based biocomposites should consist of the starch as the
matrix and the constituent fillers, prepared by mixing the starch with glycerol plasticizer and
graphene oxide filler. At first, the glycerol molecule enlarges the formed cavity. The matrix of
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starch becomes more elastic, which affects the elongation value [16]. Graphene oxide (GO)
can be diffused in aqueous media, which introduces some oxygen-containing surface functional
group [17] to promote the interactions between host matrix and GO through the formation of
covalent and non-covalent bonds [18,19]. The addition of graphene oxide fills the cavities to
form more dense and influence cassava starch-based biocomposites’ mechanical properties.
Hence, it is expected that the hydroxyl groups from the cassava starch, glycerol, and graphene
oxide would interact with each other to form the oxygen bridge and water by-products [20,21],
as illustrated in Figure 2.
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Figure 2. The chemical interaction between cassava starch and glycerol (a), and graphene oxide (b).

In this work, FT-IR analysis is carried out to identify the functional groups present in
cassava starch-based (CP) with and without GO. Based on the FTIR spectrum pattern of CP, it
can be seen that it has low absorption intensity, especially for O-H (3277 cm™) and C-H (3277
cm?, 1600 cm™), with peaks at 1076.45 cm™ and 1149.23 cm™ attributed to C-O stretching.
Based on the GO spectrum, the observed peaks represent hydrogen bond (—OH) stretching at
3316.75 cm™? and 1636.12 cm™ that correspond to C=0 bonds present at the edges of the
graphene oxide layer [22]. When CP is added with GO (which represents C1, C3 and C6), all
significant peaks from CP and GO were present, indicating the mixture of CP and GO was
successfully prepared. From the C1, C3, and C6 spectrum, (—-OH) stretching at around 3300
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cm?tand 1650 cm™ is found strengthened, indicating an interaction between the CP and GO
that creates intermolecular and intramolecular hydrogen bonds. Furthermore, stronger peak
absorption in the wavelength range from 2800 until 3000 cm™, which represents an increase of
the C-H bond by the addition of GO. The FTIR spectra of biocomposites, graphene oxide, and
their composites are presented (Figure 3).
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Figure 3. The FTIR spectra of biocomposites, graphene oxide, and their composites.

3.2. Scanning electron microscopy (SEM) analysis.

SEM surface morphology of cassava (CP) and that prepared cassava-starch
biocomposites (C1, C6, and C10) were viewed to elucidate their morphology, as shown in
Figure 4. CP (Figure 4A) exhibits fewer walls built, indicating a fragile starch structure [23,24].
However, with the addition of GO at different concentrations (Figure 4B-D), the surface
morphology exhibits irregular texture and a more layered structure that represents the structure
of morphology of GO [25,26-29]. Besides, GO appeared to form covered on the surface of
cassava starch [24,30].
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The obtained SEM images show cassava-starch-based biocomposites formed from the
mixture between GO, cassava starch-based, and glycerol.

3.3. Tensile strength analysis.

Figure 5 shows the tensile strength (MPa) trend of CP, C1, C3, C6, and C10. It can be
seen that with GO addition, the tensile strength increased from 0.6 MPa to 0.9 MPa, and the
value increased gradually with a higher concentration of GO. The highest value by C10 that
consists of 10% GO, recorded with a tensile strength of 1.6 MPa, increased up to 56% from C1
(1% GO). The improvement of tensile strength can be explained due to the good interfacial
interaction of GO with cassava-based starch within the GO/CP matrix [31]. The increased
pattern was also reported previously for other starch-based and polymers, whereby the tensile
strength increased remarkably with the addition of GO nanocomposites [32-34].
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Figure 5. The tensile strength of biocomposites.

3.4. Young modulus analysis.

Young modulus is a useful parameter to indicate the stiffness characteristics of any film
[35]. As illustrated (Figure 6), the value shows increased with an increasing GO concentration,
with C10 having the highest value of 189 MPa. The value gains about three times from 59 MPa
of cassava-starch based without GO to 189 MPa of cassava-starch based biocomposites that
contain 10% GO. Overall results highlighted that with the modification of CP with GO as filler,
the mechanical properties were significantly changed [36,27,28].
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Figure 6. The Young modulus of biocomposites.

3.5. Elongation at break analysis.

Elongation at break is the maximum change of the biocomposites can stretch before it
breaks, and this is a significant parameter to analyze the mechanical properties of biocomposite
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materials [37]. Figure 7 shows the result of graphene oxide (GO) concentration against the
elongation at break of CP, C1, C3, C6, and C10. It can be observed that with increasing
concentration of GO, the value was gradually decreased from 4.2 mm of CP to 2.8 mm of C10.
It can be explained because of GO, as the filler internally reduces hydrogen bonds that cause
the polymer chain to break up [30,34].

.

7]

6 |

CP C1 c3 Cé C10
Graphene oxide concentration (%)

Elongation at break (mm)
£

Figure 7. The elongation at break of biocomposites.
3.6. Biodegradation analysis.

Biodegradation analysis was conducted to determine any materials' ability to degrade
and leave no residue that brings harmful effects to the environment [38]. The obtained result
(Figure 8) shows that CP has the highest residual weight of about 50% even after week 3. The
cassava-starch based is known for having an amylose and amylopectin structure that easily
degrades in the soil environment [39]. Besides, both starch and glycerol are natural
biodegradable polymers that able to decompose in the environment [40]. However, by mixing
cassava starch-based with GO, for the case of C1, C3, C6, and C10, the percentage of residual
weight recorded much lower compared to CP, indicating that the materials degraded faster.
This is related to the hydrophilic properties of GO that improve the hydrophilic properties of
the cassava-starch-based composite, making the material more easily degraded [41]. The
hydrophilic properties of these materials also were in accordance with FTIR spectra, stated
previously. The images of before and after buried in the soil prepared biocomposites
demonstrate that less residual of C10 was found than other samples (Table 1).
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Figure 8. The residual weight of biocomposites.
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Table 1. The observation-based on biodegradation analysis.

Duration CP C1 c3 C6 C10

Before
buried in the
soil

Week 1

Week 2

Week 3

3.7. Water Uptake Analysis.

The analysis was conducted to test the ability of materials to absorb water. Figure 9
shows the water uptake of CP, C1, C3, C6, and C10 in percentage value. It can be seen that
water uptake decrease with the increase in GO concentration. The water resistance properties
of any materials depend on the nature of that material [42]. In this case, cassava-starch-based
and the glycerol have hydrophilic properties as well as GO. Therefore, the addition of GO in
the cassava starch-based matrix certainly would enhance hydrophilicity properties. The finding
shows C10 has the lowest percentage of water uptakes, recorded only 18.4% compared to CP,
C1, C3, and C6 with percentage values of 36.5%, 25.6%, 24.8%, and 18.9%, respectively. It
could be attributed to the completeness of the reaction between the cassava starch-based
glycerol and GO that form water as a by-product [43]. Eventually, the reaction reaches a water-
saturated condition and decreases cassava-starch biocomposites' ability to receive external
water [44].

‘Water absorption (%)
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= kL S 4 & »h 3 4 &

CP 1 3 C6 C10
‘Graphene oxide concentration (%)

Figure 9. Percentage of water uptake of biocomposites.

3.8. Observation Under Optical Microscope Analysis.

The analysis was performed to investigate the resistivity of cassava starch-based
biocomposites against fungus. In the first week, CP and C1 show the existence of fungus found
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on the biocomposites surface, indicating their low resistivity and stability against fungus (Table
2). However, for C3, fungus formation was found on the surface after week 3; C6 and C10
were found stable against fungus until week 4. By increasing GO concentration, it can
withstand a fungus presence [45-47].

Table 2. Observation under the optical microscope.

c3 Cé

4. Conclusions

In summary, the biocomposites properties of graphene oxide-reinforced cassava starch
were evaluated based on FTIR spectra, SEM surface morphology, mechanical, biodegradation,
and water uptake analysis, as well as fungi observation. From FTIR and SEM, the findings
suggested the successful mixture of CP and GO via the intercalation method. While, through
mechanical, biodegradation, and water uptake analysis, the results elucidate the superior
properties of C10 biocomposites among the series. By increasing the GO concentration into
the cassava starch matrix, the biocomposites resulted can withstand the fungus.
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