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Abstract

As an alternative to advocating biodegradable packaging to reduce plastic wastes, starch-
based materials are proposed to be used as an element to be integrated into the packaging
due to their abundance in nature. Starch-based materials can be converted into any desired
shape and size, therefore, making it the perfect basis for eco-friendly packaging. The
availability of starch readily in nature from numerous resources including cassava, maize,
and potato enables it to be a low-cost raw material. However, starch-based packaging is
often deemed weak and brittle thus, it requires reinforcement. It can be from various
biological origins including cellulose, fibres, and nano clay producing starch biocomposite
materials. Starch biocomposites are frequently studied to be employed in packaging due to
their biodegradability which when used in the packaging can be directly degraded into the
environment. The form of films for these biocomposites is often analyzed and these
biocomposites films possess improved mechanical and optical properties such as higher
tensile strength and lower density which resemble the conventional petroleum-based
plastics. Studies have included the outcomes of fabrication and characterization analyses
of biocomposite film based on the morphological, optical, thermal, barrier, and
mechanical properties. Therefore, this paper aimed to review the characterization of the
starch-based biocomposite films that can be applied in packaging based on the analyses

done by previous researchers.

1. Introduction

In 2019, the worldwide production of petroleum-
based plastics reached 370 million tons, with packaging
accounting for 39.6% of that total (Plastics Europe,
2020). Since the usage period of 60 per cent of plastic
products and components is between 1 and 50 years
before they finally occupy the landfill, the quantity of
produced and used plastics is gradually outmatched by
the number of gathered plastics every year (Europe,
2020). Hence, environmentally friendly products have
been promoted as a solution to the mountains of plastic
wastes accumulating in our landfills and the main
characteristic of the products is biodegradable.

Biodegradability is the ability of the product to be
degraded with organic wastes into the soil without
increasing the pollutant and occurs in the presence of
microorganisms (Vinod et al., 2020). Therefore, when
biodegradable products are used and disposed of, they
would not occupy the landfills for a long time owning it
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to their biodegradability which is opposite to petroleum-
based plastics as they would require many years to be
degraded (Roy et al., 2015). Thus, notable attention must
be given to packaging when purchasing an
environmentally friendly product. Hence, the concept of
biological-based materials for packaging has been
established as an alternative to petroleum-based plastics
which are not degradable.

The abundance of starch in nature enables it to
become the main resources to be utilized in designing
environmentally friendly packaging. They are relatively
cheap, easily worked, and accessible qualifying them to
be a versatile raw material for production (Carvalho,
2008). There are various sources of starch such as
cassava, maize, and potato. They are carbohydrates with
various ratios of amylose and amylopectin in which the
linear structure of amylose enables it to mimic the
structure of the conventional synthetic polymers while
the amylopectin acts as the core crystalline element (Zou
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et al., 2012). The disruption and plasticization of
amylose and amylopectin in starch known as
gelatinization is done to acquire thermoplastic starch in
the presence of water and glycerol as plasticizers (Cyras
et al., 2008). Thermoplastic materials made of starch
have been proposed as an alternative to non-
biodegradable petroleum-based plastics (Li et al., 2015).
However, the hydrophilicity properties, melt instabilities,
and crystallization behaviour of most starch-based
products have become the reasons for them to be deemed
weak and brittle thus requiring reinforcement (Fatin et
al., 2018). Hence, the development of starch as
biocomposite films is a good approach to be used for
packaging.

Biocomposites are materials that are compounded
with one or more phase(s) which are derived from green
materials (Noor Zulaika et al., 2020). The biocomposites
are often reinforced with other biological materials such
as fibres and its matrices are usually polymers from
abundant resources such as starch (Fowler et al., 2007).
They are mostly employed in various fields including
wood-plastic composite (WPC) for constructions, kenaf-
PLA biocomposite mats for automotive interiors, and
sports equipment including canoes and snowboards from
flax biocomposite owing to their improved tensile
strength, lightweight and environmentally friendly
materials (Quarshie and Carruthers, 2014). Hence, there
is various research that studies the potential of
biocomposite films to be used in packaging.

In designing packaging, there must be specifications
and standards that can enable the materials to be
incorporated into the design. Thus, characterization
analyses for biocomposite films were to be done to
quantify the results and therefore, enable the materials to
be used as packaging. The films must possess an
acceptable mechanical property, and applicable
permeability to water, vapour, and gases in which they
are conditional to the product characteristics and
proposed end-use application (Alves et al., 2006).
Therefore, this paper aimed to review the
characterization of the starch-based biocomposite films
that can be applied in packaging based on the analyses
done by previous researchers.

2. Fabrication of film

Fabrication of biocomposite films as stated in Table
1 can occur through various processing which differ
according to the type of reinforcement, plasticizers,
polymers, and the means of applications (Vinod et al.,
2020). In compression moulding, gelatinization of starch
occurs first, then followed by an expansion of the starch
mixture in a mould by compression at a designated
temperature and pressure for a period of time, and

eISSN: 2550-2166

finally, it is dried to produce soft and stretchable films
with an improved optical property (Mangaraj et al.,
2019). Comparably, for the solution and solvent casting
methods, the starch and plasticizer are mixed to form
gelatinization, which is then heated and cooled before
being poured onto an acrylic plate and allowed to dry
until a constant weight is attained. The only difference
between solution and solvent casting methods is that, in
the solvent casting method, chloroform is used as a
solvent to dissolve the starch which is the PLA before
gelatinization (Anuar et al., 2017). Conversely, for the
film casting method, a film casting machine is utilized
where the solution is poured into the machine plate with
assigned speed, temperature, and blade distances to
produce films with the desired thickness (Mustapha et
al., 2019). Similarly, for the extrusion method, a starch
biocomposite mixture is extruded with a slit die in a
machine to develop the films for the extrusion method
(Yuetal.,2013).

Among all the processes, the extrusion method can
bring multi-level changes to the structure of the starch as
well as it can degrade the amylopectin molecules which
can further disrupt the crystalline and granular structure
of starch (Li et al., 2015). However, the mechanical
properties and the surfaces of the biomaterials produced
by the extrusion process are also affected by the speed of
extrusion as too much speed can ruin the structure
(Suryanto et al., 2020).

For nonsolvent induced phase separation (NIPS), the
fabrication process includes the biocomposite mixture of
starch and its reinforcement to be cast on an
impermeable support sheet as a thin film before drying
(Asgarpour Khansary et al., 2018). Similarly, for
hydraulic pressing, the starch biocomposite mixture is
mixed in an external mixer prior to casting by using a
hydraulic presser at a designated temperature and
pressure (Irwanto et al., 2020). On the other hand, in
milling processing, the starch mixture is cast in a two-
roll milling machine with a lift-to-drag ratio of 1:40 in a
high-temperature condition (Roy et al., 2015).

Glycerol as a biodegradable plasticizer is typically
utilized in most fabrications as it can lower the
intermolecular strength of the molecules, increase the
polymer chains' mobility, lower the temperature of glass
transitions, and amplify the permeability (Nur Humairah
and Zuraida, 2012). The incorporation of plasticizers
helps in improving the mechanical, chemical, and
thermal properties as plastination of starch are enabled
by the hydrogen bonding between the starch and
plasticizers (Carvalho, 2008; Vinod et al., 2020).
Mochamad et al. (2020) deduct that the ultrasonication
process helps the breakage of hydrogen in the cellulose
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Table 1. Fabrication process

Plasticizers or

Reinforcement/ Fillers crosslinking agents

Type of starch

Methods References

Polylactic acid Banana stem

(PLA) microcrystalline Suchaiya and Aht-Ong (2011)
cellulose (BSMCC)
Maize Water Compression molding Liet al. (2015)
g(l)lgmoplastlc Bacterial cellulose Glycerol Santos and Spinacé (2021)
Rye flour Cellulose Citric acids Beigmohammadi ez al. (2020)
Potato Polyvinyl alcohol (PVA) Yerba mate Electrospinning Lopez-cordoba et al. (2019)
Cassava Acerola residues Extrusion and injection Reinaldo et al. (2021)
molding
Potato Chestnut husks Extrusion molding Torres et al. (2019)
Carboxymethylcellulose .
Cassava (CMC) Glycerol Fatin et al. (2018)
Saco Montmorillonite (MMT) Nur Humairah and Zuraida
& nano clay (2012)
Cassava/agar Zinc Oxide Fil i Mahuwala et al. (2020)
Tapioca Minor gums - Him casting Kim et al. (2015)
CMC Turmeric oil Mustapha et al. (2019)
Epoxidized waste o
Woven-bamboo fiber cooking oil Silviana ?;g 1]3)2 ulkarom
C Lime juice
assava Carrageenan and nano
& Film extrusion Suryanto et al. (2020)
clay
Linear low-density Glyeerol Hydraulic pressin, Irwanto et al. (2020)
polyethylene (LLDPE) Y P g etdt.
Potato Polypropylene (PP) Milling Roy et al. (2015)
Polycapro Lactone Nonsolvent-induced .
Arrowroot (PCL) Polyethylene glycol separation (NIPS) Damian et al. (2020)
S Sorbitol and
ugar-palm Iveerol
Sugar palm nanocrystalline cellulose Ci gy . Syafiq et al. (2021)
innamon oil as
(SPNCC) o
additives
Rice PVA Glycerol Parvin et al. (2010)
PVA Glycerol . .
Corn Lemon peel Citric acid Pinar Terzioglu and Par (2020)
MMT Romero-Bastida et al. (2015)
Cassava Rusk husk cellulose Glycerol Solution casting Kargarzadeh et al. (2017)
Potato MMT Cyras et al. (2008)
Butyl methyl
PLA Palm kernel shell acrylate (BMA) Hasnan et al. (2016)
Tapioca Cgrrageenan, nano Glycerol Rochima et al. (2018)
chitosan suspension
Rice straw Lemon juice Noor Zulaika et al. (2020)
Corn Soy protein isolate ;
Graphene oxide Glycerol Mansoori et al. (2019)
Tapioca Agar Maran et al. (2014)
Sago Pectin from orange peel Fath ef al. (2019)
Tapioca Sugarcane bagasse Glycerol Solution casting technique Mochamad et al. (2020)
Cassava MMT nano clay with lgter:tsr(r)lgilct wave Suryanto ef al. (2019)
PLA Durian skin fiber (DSF) Chloroform Solvent casting Anuar et al. (2017)

chains in the liquid medium as it emits ultrasonic waves
and produces cavitation that will bump with each other
to interrupt the bond therefore can be dispersed well in
the tapioca matrix. The same treatment is also done by
Suryanto et al. (2019) in which nano clays are uniformly
dispersed in the cassava matrix as the agglomeration of
nano clays is prevented when ultrasonic waves are
emitted. Meanwhile, some researchers used citric acids,
yerba mate, epoxidized waste cooking oil, and lemon
juices as crosslinkers as they can combine the
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amylopectin and amylose in the starch thru hydrogen
bonding as they possess a high number of hydroxyl
groups (Yu et al, 2013; Kargarzadeh et al., 2017;
Mustapha et al., 2019; Beigmohammadi et al., 2020;
Noor Zulaika et al., 2020). As bonding between the
molecules occurs, tensile strength can be improved.

3. Film characterization

The characterization analyses are classified based on
properties that are evaluated to be used in packaging.
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The properties of the films include morphological,
optical, thermal, barrier, mechanical, chemical
composition, biodegradability, physicochemical
properties, and antimicrobial properties.

3.1 Morphological and chemical properties

For the characterisation analyses, morphological
properties of the films are vital in determining the type of
biocomposite that can be utilized for packaging
depending on its surface characteristics. The surface
characteristics will define the packaging quality.
Reinforced  starch  biocomposites  have  better
morphological properties as the fillers help in the
plasticization of the starch thus producing a good surface
property (Reinaldo et al, 2021). Morphological
properties can be characterized by the dispersion and
homogeneity of the reinforcement within the starch
matrix with the use of scanning electron microscopy
(SEM) analysis, in which the particles of the filler can be
magnified to a visible scale (Silviana and Dzulkarom,
2019; Reinaldo et al., 2021). In the morphological
analysis, focused electrons are beamed over the sample
surface, and the electrons will interact with the elements
present in the sample, thus producing various signals.
The signals are then scanned by the SEM, which will
produce an image based on the signals that represent the
data on the surface topography and composition. The
magnification of the image can reach up to 1,000,000% in
the voltage of 10.00 kV (Suryanto et al., 2020).

Based on Table 2, for SEM analysis, good adhesion
and dispersion of the fillers in the starch matrix will
produce a homogenous and uniform film that can
improve the mechanical properties of the film. Good
dispersion is achieved when the starch matrix can be
seen to be completely covering the filler in SEM (Johar
and Ahmad, 2012). Instead, the existence of pores means
improved water absorption due to the hydrogen bonding
of the matrix due to the nature of hydrophilic starch
(Damian et al., 2020). Thus, as starch content increases,
the hydrophilicity will increase too, producing a more
porous surface of the film. On the other hand, the rough
surface of the starch and CNC biocomposite is similar to
the surface of the native starch matrix this is because
CNC as reinforcement will not alter the physical
appearance of the film making it similar to the native
starch films therefore, CNC has no contributing effect on
the morphological properties of the biocomposite film
(Johar and Ahmad, 2012). Meanwhile, the rough surface
of the cassava and rice husks bran biocomposite film is
due to the weak interfacial adhesion between filler and
matrix this is due to the big size of the filler particles that
can cause roughness of the dispersion (Kargarzadeh et
al., 2017). Homogeneity between the starch particles and
filler is wanted as it will produce a smooth film which
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will be desired for good packaging.

On the other hand, the crystallinity structure of the
starch granules as morphological properties can be
observed with x-ray diffractometry (X-RD) analysis in
which the crystallinity index can be obtained
(McGlashan and Halley, 2003; Anuar et al., 2017). As
starch can be crystallized, the crystallinity will determine
the surface properties of the film. Thus, X-RD provides
information of the crystalline structure by scattering the
X-rays beams on the surface sample, the rays are then
diffracted producing a diffraction angle (Kumar et al.,
2013). The diffraction angles will describe the certain
spacing between atoms or crystals in the sample, hence,
the greater the angle, the higher the crystallinity of the
sample. The reinforcement of MMT in the potato-starch
matrix is found to increase the crystallinity content due
to the extremely constructed MMT that could hold its
structure despite being immersed in gelatinized starch
dispersions (Romero-Bastida et al., 2015). A similar
finding is found by (Mukurubira et al., 2017) who also
reported in which the reinforcement of amadumbe starch
into the potato-starch biocomposite has increased the
crystallinity as starch is naturally rich in the crystalline
structure, therefore, increasing the crystallinity of the
film thus providing better tensile strength and stiffness.

Conversely, in terms of the chemical composition of
the film, the use of Fourier Transform Infrared
Spectrometry (FTIR) analysis can help to detect the
material composition and structure by characterizing the
functional groups and chemical bonding present. FTIR
utilizes infrared radiation, in which the rays will be
radiated on the sample, and the interaction between the
matter and radiation will produce spectrum data of
absorption that will be analyzed to differentiate and
identify each compound that is present in the sample.
FTIR is considered a fingerprint technique this is
because each compound will have specific spectrum
data, therefore the spectrum data from the sample can be
compared with the data from previous experiments for
identification purposes (Holler and Crouch, 2013). FTIR
is commonly employed to show the interaction of
chemical bonding between the starch and fillers upon
fabrication process. The band wavenumbers above 1500
cm™ represent the functional groups that are present in
the matrix of the biocomposites films as wavenumber
1609 cm™ represents the presence of yerba mate phenolic
compound in potato starch, PVA and yerba mate
biocomposite film (Lopez-cordoba et al., 2019).
Additionally, wavenumber 1653 cm™ also represents the
keratin compound in cornstarch, chemically modified
starch, and keratin biocomposite film (Bodirlau et al.,
2013). Meanwhile, wavenumbers above 3000 cm’
represent the hydroxyl group interaction in which the
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Table 2. Morphological properties and chemical composition.
Type of Reinforcement/ Morphological properties Chemical compositions
1 Description of FTIR/ References
starch filler Surface texture Wavelength (cm™) .
Assignment
Arrowroot Polycaprolactone Homogenous and porous 3438-3439.5 The appearance of OH Damian et
(PCL) surface. ) group peak. al. (2020)
Cassava  Nano clay Nano clay uniformly Formation of C=C bond. Suryanto et
. 1400-1600
dispersed. al. (2019)
MMT + . The vibration of the Cristina et
cinnamaldehyde Smooth with no bubbles. 1600-1700 aromatic rings. al. (2013)
Corn Soy and New intramolecular
Graphene oxide The film is smooth and hydro'gen bonds between Mansoori ef
homoeenously dispersed 3282 functional group of the 1. (2019)
OmOgenously dispersec. starch matrix and oxygenic at
groups of nanoplatelets.
Organoclay + Presence of micropores 3354 O-H stretching vibrations. Salimi et
lactic acid and nano cracks. al. (2017)
Chemically CMS was well-dispersed Absorption of hydroxyl
modified starch ~ between the matrix 1653 groups. Bodirlau et
+ keratin without obvious al. (2013)
aggregation.
Potato Chestnut husks Uniform dispersion of O-H stretching bands. Torres et
3200-3600
filler. al. (2019)
PVA and Yerba Stretching of aromatic ,
by . Lopez-
mate Rough with visible small rings due to the presence X
1609 . cordoba et
cracks. of yerba mate phenolic
al. (2019)
compound.
MMT MMT is poorly dispersed Hydroxyl groups that
.. . Cyras et al.
and form aggregates of 3530 participated in hydrogen (2008)
MMT on the film. bonding formation.
Rye flour  Microcrystalline Uniform distribution of the NA Belgm(')ha
cellulose filler 3289 mmadi et
) al. (2020)
Sago Rattan NCC The film looks quite well Presence of O-H group. Fath et al.
. 3287
and evenly mixed. (2019)
Nano clay Less clay content in the Bonding of O-H groups
Nur
film produces a between starch and nano Humairah
homogenous phase and 3273.31-1642.66 clay (due to the bound N .
. . and Zuraida
well-dispersed clay platelet water present in the
. . (2012)
in the starch matrix. starch).
Sugar SPNCC + Presence of EO that Svafiq ef
palm cinnamon Smooth and uniform. 3266 contains hydrocarbons in yatdq
Lo . al. (2021)
starch essential oil the matrix.
Sugar palm Rough and non-noticeable 3267 Correspond to O-H group.  Sanyang et
cellulose clusters of SPC. al. (2016)
Rice straw Stretching of O-H in Noor
cellulose Smooth surface. 3287.45 -3289.06  cellulose. Zulaika et
al. (2020)
Thermopl Bacterial To show that there is an
. . . . . Santos and
astic corn  cellulose Homogenous with the interfacial adhesion .,
3300-3600 . Spinacé
(TPC) presence of flakes. between starch matrix and 2021)

filler.

starches and the fillers are bonded through the hydroxyl
group therefore is described by the stretching vibrations
of the O-H (Nur Humairah and Zuraida, 2012). The
wavenumbers act as fingerprints in which the presence of
compounds can be proven as stated in Table 2. The
analysis is simple, fast, and efficient which can be used
to observe the morphological properties of the starch
biocomposite films.
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3.2 Optical properties
3.2.1 Colour and transparency

Films made from pure starch are usually colourless
and therefore transparent. However, upon reinforcement,
the colour and transparency might change depending on
the type of fillers (Cokaygil et al., 2014; Suryanto et al.,
2020). In native tapioca starch film, the transparency of
the film is found to be 18.80 which is the most

© 2022 The Authors. Published by Rynnye Lyan Resources



6 Roslan and Tukiran / Food Research 6 (4) (2022) 1 - 14

transparent film (Othman et al., 2020). The colour of the
films is usually measured with a chromameter and is
compared with the Hunter lab colour scale to validate the
colour (Rochima et al., 2018). Meanwhile, transparency
is measured with the UV-Visible spectrometer in which
the transparency will be depending on the thickness of
the packaging (Podshivalov et al., 2017). In packaging,
partial transparency is an advantageous characteristic
that enables consumers to verify the quality and
condition of the product, however high opacity is also
desirable as it can protect the product from UV rays
(Santos and Spinacé, 2021). When the tapioca-starch
film is reinforced with Gellan gum, the transparency
declined to 1.67 which still can be considered transparent
(Kim et al., 2015). High transparency can be achieved
when there’s no aggregation of fillers in the starch
matrix (Podshivalov et al., 2017).

3.2.2 Thickness

Other than the thickness that has been standardized
for certain experiments, the thickness of the
biocomposite films is varied as it depends on the
intrinsic association between the starch matrix and the
fillers (Kim et al., 2015). The clusters of fillers that can
form in the starch matrix can affect the thickness
variations (Syafiq et al., 2021). In starch and MMT
biocomposite, the  thickness increases  upon
reinforcement due to the large size of the nano clay
particles (Nur Humairah and Zuraida, 2012). With
reinforcement, the thickness of the films will increase.
Moreover, the fabrication method can also influence the
thickness of the films in which the film blowing method
can produce the thinnest film ranging from 0.007 mm to
0.125 mm (Mangaraj et al., 2019). The thickness range
for the film casting method is usually between 0.02 —
0.10 mm (Yu et al., 2013). Moreover, the corn starch
with organoclay and lactic acid biocomposite film has
the highest tensile strength of 82.4 MPa with a thickness
of 0.152 mm (Salimi et al., 2017). Thus, thickness also
influences tensile strength.

3.2.3 Density

Density is an important property since a high density
contributes to high transport costs and affects mechanical
characteristics (Syafiq et al., 2021). The film that
possesses the lowest density is sago-starch, pectin, and
nanocrystalline cellulose biocomposite at 0.068 g/cm’
while the highest density is the sago-starch and nano clay
biocomposite at 1.49 g/cm’. The high density is due to
the high percentage of nano clay at 15% for weight
fraction as clay is relatively denser than cellulose
meanwhile the nanocrystalline cellulose is effectively
dispersed without any agglomeration that makes it less
dense (Agustin et al., 2013; Irwanto et al., 2020). In
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starch and MMT biocomposite film, as the filler
increases, the spacing within the matrix becomes nearer
therefore the empty spaces are lessened, making the film
denser (Nur Humairah and Zuraida, 2012).

3.3 Mechanical properties
3.3.1 Tensile strength

Tensile strength describes the maximum forces that a
material can bear upon breaking. The tensile strength can
be measured with a texture analyzer where the film will
be stretched (Silviana and Dzulkarom, 2019). Tensile
strength reflects the ability of composite material to bear
stress or load without damage or injury expressed with
maximal tension before breakage and is the absolute
tensile strength (Suryanto et al., 2019). Factors that can
affect tensile strength also include the matrix material
compatibility with the fillers, the homogeneity dispersion
of the fillers in the matrix, the relative ratio of matrix and
filler, and the materials that made up the matrix in the
biocomposite (Suryanto et al., 2020). The fabrication
environment, the type of fillers, and their orientation also
ruled the tensile strength (Vinod et al., 2020). Tensile
strength analysis aims to determine whether the film is
strong enough to be utilized for packaging in terms of its
material strength to bear weight and force. Based on
Table 3, the biocomposite of corn starch and organoclay
with lactic acid possessed the highest tensile strength,
this is because there is a compatibility between the starch
matrix and the filler as their hydrophilic groups
interacted in a high value of interfacial adhesion,
therefore, improving the mechanical properties (Salimi et
al., 2017). The strong interfacial adhesion between starch
and cellulose matrix in the tapioca and rice straw
cellulose biocomposite also enables an efficient stress
transfer of the film thus obtaining high tensile strength
(Noor Zulaika et al., 2020). On the contrary, the cassava
and acerola residues biocomposite possesses the lowest
tensile strength which can be due to the high content of
sugar of the acerola residues which gives plasticizing
effect, therefore, reducing its glass transition temperature
which decreases the modulus of elasticity and tensile
strength (Reinaldo et al., 2021).

3.3.2 Young’s modulus

In addition to tensile strength for mechanical
properties, Youngs’ modulus is a reliable indicator of the
film’s stiffness and durability (Othman et al., 2020).
Young’s modulus defines the ability of the film to return
to its original form after the load is removed, in which
low modulus indicates high elasticity and vice versa
(Helmenstine, 2019). Based on Table 3, thermoplastic
corn starch with organoclay biocomposite possesses the
highest young’s modulus value as well as its tensile
strength as films that possess high modulus signify that
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Table 3. Optical, barrier and mechanical properties

Optical Barrier property Mechanical properties
. Property
Type of Reinforcement/ - S
Tensile Young’s . References
starch filler . WVP Elongation
Thickness (x10"° g/ms Pa) strength modulus at break (%)
g/ms (MPa) (MPa) cax /o
Amadumbe SNC 0.204 NA 8.110 NA NA M“ku(gl(')‘"’ll% et al.
Arrowroot PCL 0.030 NA 3.407 1.894 180.929 Damian et al.
(2020)
Acerola residue NA NA 0.500 0.800 458.000 Rel‘}‘;lgzolit al.
Carrageenan Suryanto et al.
and nano clay NA NA 2.480 21.220 17.910 (2020)
Mustapha et al.
CMC NA NA 15.000 NA NA (2019)
Silviana and
Cassava  Bamboo fiber NA NA 38.490 NA NA Dzulkarom
(2019)
Nano clay 0.153 NA 28010 100.400 27.900 Suryé%tlog‘;t al.
CMC 0.017 NA 15.340 NA NA Fatin e7 al. (2018)
Rice husks Kargarzadeh et
CNC 0.300 NA 3.800 45.000 85.000 al, (2017)
Rice husks 0.300 NA 6.300 261.700 NA Johar and Ahmad
(2012)
Pinar Terzioglu
PVC 0.290 NA 25.110 52.700 275.190 and Par (2020)
Soy and Mansoori et al.
Graphene oxide 0.170 12.380 5.900 449.300 11.830 (2019)
MMT NA 0.900 18.000  1650.000 2.000 Romero-Bastida
Corn et al. (2015)
Organoclay + Salimi et al.
lotic acid 0.152 3.200 82.400 531.000 5.200 2017)
Garlic stalk Agustin ef al.
cellulose 0.200 NA 15.600 439.600 NA 2013)
Chemically .
modified starch  0.200 NA 25300  1645.000 4.500 Bodirlau et l.
) (2013)
+ keratin
Pea Rice bran 0.079 6.350 16.000 663.000 3.100 Cano et al. (2014)
Chestnut husks NA NA 4.850 0.250 14.430 TOZ%SI; al.
PVAand Yerba 5, 4.040 2.400 37.600 38000  Opez-cordobaer
P mate al. (2019)
otato Verma et al
Jute fiber 2.500 NA 10.46 NA NA 2018)
Cyras et al.
MMT 0.250 NA 5.200 195.6 46.80 (2008)
Microcrystallin Beigmohammadi
Rye flour o cellnlose 1.000 8.700 1.340 64.02 6.610 ol al. (2020)
Nur Humairah
Sago Nano clay 0.458 NA NA NA NA and Zuraida
(2012)
Syafiq et al.
Sugar palm SPNCC 0.253 NA 5.300 130.520 13.990 2021)
starch Sugar palm Sanyang et al.
cellulose NA 1.854 7.790 20.110 32.800 2016)
Tapioca ~ amanapseudo . 1.060 24200 659.690 111.710 Othman et al.
stem (2020)
Thermopla .
stic corn Bacterial 0.270 NA 11230 0.430E+11 7.380 Santos and
(TPC) cellulose Spinacé (2021)
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they have high tensile strength or a low elasticity
characteristic (Suryanto et al., 2020). For corn-starch and
MMT film, the high modulus can be explained by the
fair dispersion of the filler in the matrix, therefore,
achieving an effective interfacial adhesion (Saberi ef al.,
2017; Santos and Spinacé, 2021). Furthermore, if the
fillers develop big clusters in the starch matrix and
interfere with the starch crystallization, the modulus will
decrease (Wypych, 2016). Thus, the compatibility of the
starch and fillers as biocomposites can also be
determined with young’s modulus. Additionally, the film
crystallinity is also represented by the modulus, as high
crystalline structures also have high modulus values
(Kargarzadeh et al., 2017). Hence, the elasticity of the
film depends on the type of fillers, sizes, and dispersion
in the starch matrix.

3.3.3 Elongation at break

The elongation at break is the full change in film
length while the tensile strength is achieved before the
film breaks relative to the original length (Suryanto et
al., 2020). The eclongation at break is measured by
rationing the final length and initial length of the film
after fracturing in percentage. The elongation at break is
mostly inversely proportional to the tensile strength
which might be due to the decline in the ability to adjust
the structure of the bonding between the matrix and the
filler. The tension is usually a measure of the inner bond
between the filler and the matrix. If the relationship
between the two is weak, the interaction would be weak
(Kargarzadeh et al., 2017). As the elongation of break
decreases, the biocomposite becomes stiffer and harder
to break this is due to the decline of molecular mobility
of the starch due to the presence of fillers (Sanyang et
al., 2016). Moreover, the decrement in elongation at
break upon reinforcement is common in the majority of
the biocomposites as the tensile strength increases as the
ability of the film to withstand pressure without any
formation of ruptures (Wypych, 2016).

3.4 Thermal barrier properties
3.4.1 Thermogravimetric analysis

The thermogravimetric analysis (TGA) is the
analysis that measures the mass sample changes when
the temperature is shifted. The effect of the
reinforcement of the starch matrix on the thermal barrier
stability can be determined by TGA as the heat
resistance can be analyzed by determining the
degradation temperature of the matter (Cyras et al.,
2008; Scheibe et al., 2014). The corn starch and
chemically modified starch with keratin biocomposite
are 85% degraded at 600°C (Bodirlau et al., 2013).
However, for cassava/agar and Ag Oxide biocomposite,
it is 74.74% degraded at 400°C (Mahuwala et al., 2020).
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This can be due to the fair dispersion of the filler in the
starch matrix thus increasing thermal stability (Johar and
Ahmad, 2012). Cyras et al. (2008) also concluded that
the reinforcement of MMT improves the overall thermal
stability of the biocomposite of potato starch as MMT
functions as a heat barrier. The degradation temperature
represents the thermal stability of the chemical and
physical bonding between the fillers and starch matrix
(Mahuwala et al., 2020). Therefore, upon reinforcement,
the thermal stability of starch biocomposite increased. It
is advantageous for biocomposite films to possess high
thermal stability to protect the product inside (Marie
Arockianathan et al., 2012).

3.4.2 Differential scanning calorimetry analysis

On the other hand, differential scanning calorimetry
analysis can be used to determine the glass transition and
melting temperature of the film. DSC is a
thermoanalytical analysis in which the thermal changes
are measured producing crystallization and melting
curves. The temperature at which the amorphous starch
structure turns to a thermoplastic is called glass transition
temperature in which the carbon chains begin to shift.
Each compound when heated will take different times for
the shifting of the carbon chain to occur depending on
the stability of the chemical bonds, therefore the lower
the glass transition temperature, the more it resembles
conventional plastics (Gopal, 2014). The Tg for cassava-
starch biocomposite is found to be shifted to a low
temperature at 57°C as the chestnut husks are reinforced
into the matrix (Kargarzadeh et al., 2017). Similarly,
when potato starch is reinforced with chestnut husk, the
Tg decreased as the filler content increases
demonstrating that the segmental mobility of starch
molecules has improved (Torres ef al., 2019). Hence, the
low Tg is caused by the increase in mobility of the starch
polymers, therefore, reducing the intermolecular forces
thus permeability and processability of the films are
improved (Mochamad et al., 2020). Tg is influenced by
the individual molecular weight of the elements, the
intermolecular forces between the starch and fillers, and
the plasticizers used in the fabrication (Mangaraj et al.,
2019).

Conversely, melting temperature (Tm) 1is the
temperature where the crystalline structure of the starch
becomes a disordered liquid structure in which thermal
energy is needed to free the polymer molecules of starch
from the crystalline structure. The Tm is also analyzed
with DSC in which the melting curve is produced upon
melting of the samples (Das et al., 2011). If the Tm
increased, more thermal energy is needed wherein the
biocomposite of corn-starch and MMT, upon
reinforcement, the melting temperature increased to
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180.59°C from 164.39°C as MMT facilitates the
structure of a bigger crystal domain and reduces the
movement of the polymer chains (Romero-Bastida et al.,
2015). Similarly, the Tm in amadumbe starch reinforced
with starch nanocrystals films also increases due to the
higher crystallinity of the biocomposite (Mukurubira et
al., 2017). A high melting point indicates that the film
can withstand high temperatures.

3.5 Barrier properties
3.5.1 Wettability

Wettability determines the hydrophobicity of the
film in which the contact angle formed when water is
dropped on the surface is calculated (Scheibe et al.,
2014). Cassava starch film without reinforcement had a
lower than 90° contact angle in 120 s as starch in nature
is hydrophilic (Mustapha et al., 2019). However, the
wettability of cassava and CMC biocomposite is found to
be improved with a contact angle higher than 90° in 120
s (Mustapha et al., 2019). Similarly, PLA and palm
kernel shell biocomposite also possess high contact
angles as the interfacial interaction of the matrix is
improved therefore increasing the hydrophobicity of the
film (Hasnan et al., 2016). A contact angle higher than
90° describes that the surface is not easily wettable, thus
having a good water-resistant property (Narkchamnan
and Sakdaronnarong, 2013). Furthermore, the wettability
of the film can be improved when the starch matrix
forms a good interfacial adhesion with the filler thus
increasing the hydrophobicity.

3.5.2 Moisture content

Moisture content indicates the percentage of water
content in the films based on their weight. Thus, low MC
is important for the barrier properties so that there will be
no moisture exchange between the packaging and the
product (Mukurubira et al., 2017). This is because the
presence of water can interrupt the mechanical properties
of the film as it is closely related to the relative humidity
in which the exchange of moisture between the film and
the product can occur (Xie et al., 2015). Mahuwala et al.
(2020) found that when cassava is reinforced with agar
and Ag Oxide, the MC of the film was found to be lower
at 11.64% from 34.44% due to the metal nanoparticles
that are hydrophobic as fillers. Similarly, Lopez-cordoba
et al. (2019) also found that PVA and yerba mate as
fillers in the potato-starch matrix lowering the MC by
12% from 15.2%. As starch in nature is sensitive to
water, it possesses high moisture content if solely used as
films, therefore, with reinforcement, the moisture content
can be decreased as the ability of the films to absorb
water also decreases (Mangaraj et al., 2019).
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3.5.3 Water vapour transmission rate

Water vapour transmission rate (WVTR) is analyzed
so that the in and out water vapour transfer of the
product can be delayed as it represents the amount of
water that infuses within materials of specific thickness
for each unit duration and region at a given permeant
gradient level (Cokaygil et al., 2014). Two factors need
to be considered in determining WVTR which are
relative humidity and temperature in which when these
two factors are high, the WVTR will also increase
(Basha et al., 2011; Othman ef al., 2020). The WVTR
for corn-starch, soy, and graphene oxide biocomposite is
recorded at 8.84 g/m? h (Mansoori et al., 2019). The
result is almost similar to sago-starch and rattan NCC
biocomposite at 9.0 g/m” h in which the fillers act as
barriers that slow down the vapour transfusion (Al Fath
et al., 2019). WVTR must be low that there is no vapour
transmission between the packaging and the product
therefore, the quality of the product is protected. Low
WVTR indicates that the film has good humidity
protection in which it can resist moisture input or output
(Galié et al., 2017).

3.5.4 Water vapour permeability

Water vapour permeability (WVP) is derived from
WVTR, in which WVP is calculated by standardizing
WVTR with the thickness of the films and the difference
in water vapour partial pressure (Basha ef al., 2011).
WVP must always be low to avoid moisture from
surrounding to be transferred into the product
(Mukurubira et al., 2017). Romero-Bastida et al., (2015)
found that MMT as fillers lessens the permeability of the
corn-starch matrix thus low WVP is achieved. Similarly,
Othman et al., (2020) found that as tapioca is reinforced
with banana pseudostem cellulose, the WVP is lowered
as a rigid hydrogen bond network of cellulose is formed
in the biocomposite.

3.6 Biodegradability

Biodegradation is when the structure of the film is
degraded along with organic wastes in the presence of
microorganisms and released back to enrich the soil
(Faris et al., 2014). It can be expressed in terms of the
biodegradation rate at which soil burial test analysis can
be performed. In soil burial tests, sugar from starch is
utilized by the microorganisms as the source of energy
thus degradation of the starch polymers occurs. The
biodegradation rate is found to be increasing along with
the starch content in the biocomposite films of arrowroot
starch and PCL at 2.29% after 15 days, and the
biocomposite film of corn-starch, PLA, and lactic acid
also increased with the starch content (Mansoori et al.,
2019; Silviana and Dzulkarom, 2019). Therefore, the
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higher the starch content in the biocomposite film, the
higher the biodegradation rate. Furthermore, Roy et al.
(2015) also reported that the biodegradation rate of
potato-starch and polypropylene film increased to 10.6%
after 120 days. The authors also describe the stages
involved in the degradation process of the film which are
composting and curing phases. In the composting phase,
the degradation process caused an increment in
temperature which caused a strong microbial activity due
to the presence of oxygen. However, in the curing phase,
as no oxygen is longer available, the film is still
degraded at a lower rate. Therefore, the biocomposite
will still be degraded over time.

3.7 Antimicrobial activity

Additives are added to enhance the antimicrobial
activity of the packaging that can help to preserve the
quality of the product, especially food. Additives as
antimicrobial agents can defer and hinder microbial
growth that can cause spoilage (Majhi er al., 2020).
Additives can be incorporated into the packaging as
bioactive compounds in which cinnamon EO when used
as an additive is found to be inhibiting the growth of
Bacillus subtilis and Escherichia coli effectively (Anuar
et al., 2017). Similarly, in the biocomposite of sugar
palm starch and sugar palm nanocellulose, the
incorporation of cinnamon EO has an inhibitory effect
against Bacillus subtilis and Escherichia coli, and
Staphylococcus aureus where the antimicrobial element
in cinnamon EO is capable of disrupting the cell
membrane of the bacteria (Syafiq et al., 2021).
Furthermore, nano chitosan suspension when used as
filler in tapioca and carrageenan biocomposite film also
exhibited antimicrobial activity against Escherichia coli
and Staphylococcus aureus (Rochima et al., 2018).
Additionally, AgNOs is also utilized as an antimicrobial
element in the starch /agar biocomposite which possesses
the highest antimicrobial activity toward Pseudomonas
aeruginosa which is a Gram-negative Dbacteria
(Mahuwala et al., 2020). Furthermore, benzoate as an
antimicrobial agent in arrowroot starch film exhibited the
biggest inhibition zone against Staphylococcus aureus
and Salmonella (Ratnawati and Afifah, 2019).

4. Application in packaging

For the analyses outcomes to be applied in
packaging, the characteristics of the films depend on the
purpose of packaging which is the product. In general,
the fillers must be homogeneously dispersed in the starch
matrix for better mechanical properties which is also
supported by FTIR analysis that shows hydroxyl bonding
to prove the chemical bonding between the starch and
fillers. A chemically bonded biocomposite will possess a
high interfacial adhesion, therefore, will have improved
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mechanical and morphological properties compared to
native starch films. Films that possess high crystallinity
also acquire better mechanical properties (Li et al.,
2015). The colour and transparency of the films will be
depending on the purpose of the product. If transparent,
the product is visible. If opaque, the product is protected
from UV-rays. The same goes for thickness in which
thick film can protect the product while thin film makes
the product visible. Most importantly, tensile strength,
young’s modulus, Eb, thermal degradation temperature,
and melting temperature must be high to produce the
best biocomposite film in terms of mechanical, and
thermal properties (Mangaraj et al., 2019). However,
moisture content, density, WVP, WVTR, and glass
transition temperature must be low so that the film is
light, dry, and easy to process for packaging (Rastogi
and Samyn, 2015; Mustapha et al., 2019). These barrier
properties are important to be considered, as they can
affect the quality of the packaging. The biodegradability
rate of the film must also be high so that when disposed
of on landfills, it can be absorbed back into the soil (Li et
al., 2015). Biodegradability is the main factor for the
packaging to be considered as green packaging. Lastly,
additives used as antimicrobial agents can fully function
as active packaging (Balan et al., 2015). Active
packaging can protect the product against bacteria that
can cause spoilage which can jeopardize the quality of
the products, especially food.

Starch-based biocomposite films have been in
several types of packaging including food paper coating
packaging (Fatin er al, 2018), antibacterial food
packaging (Anuar et al., 2017), antioxidant packaging
(Reinaldo ef al., 2021), fruit coating (Saberi et al., 2017),
and shopping and garbage bags (Parvin et al., 2010). The
reinforced films have exhibited better morphological
properties (Nur Humairah and Zuraida, 2012; Fatin et
al., 2018), improved mechanical properties (Romero-
Bastida et al., 2015; Salimi et al., 2017; Pinar Terzioglu
and Par, 2020; Santos and Spinacé, 2021; Syafiq et al.,
2021), enhanced barrier properties (Mukurubira et al.,
2017; Salimi et al., 2017) and upgraded biodegradability
(Roy et al., 2015).

5. Conclusion

In conclusion, the abundance of starch in nature has
enabled them to be utilized in packaging as films. The
weakness and brittleness of starch-based films can be
overcome with reinforcement. When starch is reinforced
with fillers, they become biocomposite films. There are
several fabrication processes such as moulding,
extrusion, and casting in which glycerol is often
employed as the plasticizer. Characterization analyses
based on the films’ properties such as morphological,
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optical, mechanical, barrier, thermal barrier, and
biodegradability have been reviewed in which
reinforcements are found to be improving these

properties. For morphological properties, they can be
characterized by FTIR, SEM, and X-RD analyses to
show the functional groups that are present in films, the
image of the surface film at high magnification, and the
crystallinity of the starch in the film.

Meanwhile, for mechanical properties, they can be
characterized by tensile strength, young’s modulus, and
elongation at break, in which most, upon reinforcement,
tensile strength, and young’s modulus will increase as
they represent the film durability while elongation at
break will decrease as the films will become inelastic.
Moreover, thermogravimetric and DSC analyses are
employed to analyze the thermal stability, crystallization
and melting point of the films. Similarly, the barrier
properties of films are described by moisture content,
WVTR, and WVP which must be always low so that the
films for packaging are not easily wettable.

Most  importantly, biocomposite  films are
biodegradable in which they can be decomposed into the
environment upon reaching the landfill and thus will not
contribute to pollution. Therefore, with different
reinforcements, various outcomes of those properties can
be used for distinctive purposes of packaging which
include paper coating, active packaging, and edible food
coating. Reinforcement of starch with various fillers as
biocomposite films for packaging can be a stepping stone
in reducing the number of plastics and therefore can
contribute to a greener environment.

Conflict of interest

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work reported
in this paper.

Acknowledgements

The authors would like to acknowledge the support
of the Faculty of Science and Technology of Universiti
Sains Islam Malaysia (USIM) and the International
Institute for Halal Research and Training (INHART) of
International Islamic University Malaysia (IITUM) for
facilities and instruction in completing this project. We
also would like to thank the IIUM for the financial
support via the Research Management Centre Grant
2020 (RMCG20-017-0017).

References
Agustin, M., Bashir, A. and Enna, R.P.D.L. (2013).

eISSN: 2550-2166

Starch-based biocomposite films reinforced with
cellulose nanocrystals from garlic stalks. Society of
Plastics  Engineer, 34(8), 1325-1332. https:/
doi.org/10.1002/pc.22546

Al Fath, M.T., Nasution, H., Harahap, H. and Ayu, G.E.
(2019). Biocomposite of pectin and starch-filled with
nanocrystalline cellulose (NCC): the effect of filler
loading and glycerol addition. AIP Conference
Proceedings, 2175(1), 1.5134576. https://
doi.org/10.1063/1.5134576

Alves, V., Costa, N., Hilliou, L., Larotonda, F.,
Gongalves, M., Sereno, A. and Coelhoso, 1. (2006).
Design of biodegradable composite films for food
packaging. Desalination, 199(1-3), 331-333. https://
doi.org/10.1016/j.desal.2006.03.078

Anuar, H., Nur Fatin Izzati, A.B., Sharifah Nurul Inani,
S.M., Siti Nur E’zzati, M.A., Siti Munirah Salimah,
AB., Ali, F.B. and Manshor, M.R. (2017).
Impregnation of cinnamon essential oil into
plasticized polylactic acid biocomposite film for
active food packaging. Journal of Packaging
Technology and Research, 1(3), 149-156. https://
doi.org/10.1007/s41783-017-0022-1

Asgarpour Khansary, M., Aroon, M.A., Marjani, A. and
Shirazian, S. (2018). A priority supposition for
estimation of time-dependent changes in thickness
and weight of polymeric flat sheet membranes
fabricated by the nonsolvent induced phase
separation (NIPS) technique. Advances in Polymer
Technology, 37(6), 1963-1969. https://
doi.org/10.1002/adv.21854

Balan, T., Guezennec, C., Nicu, R., Ciolacu, F. and
Bobu, E. (2015). Improving barrier and strength
properties of paper by multi-layer coating with bio-
based additives. Cellulose  Chemistry
Technology, 49(7-8), 607—615.

Basha, R.K., Konno, K., Kani, H. and Kimura, T. (2011).
Water vapor transmission rate of biomass-based film
materials. Engineering in Agriculture, Environment
and Food, 4(2), 37-42. https://doi.org/10.1016/
S1881-8366(11)80018-2

Beigmohammadi, F., Barzoki, Z.M. and Shabanian, M.
(2020). Rye flour and cellulose reinforced starch
biocomposite: a green approach to improve water
vapor permeability and mechanical properties.
Starch/Staerke, 72(5-6), 1-9. https://
doi.org/10.1002/star.201900169

Bodirlau, R., Teaca, C.A. and Spiridon, L. (2013).
Influence of natural fillers on the properties of starch
-based biocomposite films. Composites Part B:
Engineering, 44(1), 575-583. https://
doi.org/10.1016/j.compositesb.2012.02.039

and

© 2022 The Authors. Published by Rynnye Lyan Resources



12 Roslan and Tukiran / Food Research 6 (4) (2022) 1 - 14

Cano, A., Jiménez, A., Chafer, M., Gonzalez, C. and
Chiralt, A. (2014). Effect of amylose: amylopectin
ratio and rice bran addition on starch films
properties. Carbohydrate Polymers, 111, 543-555.
https://doi.org/10.1016/j.carbpol.2014.04.075

Carvalho, A.J.F. (2008). Starch: major sources,
properties, and applications as thermoplastic
materials. In Belcagem, M.N. and Gandini, A.
(Eds.), Monomers, Polymers, and Composites from
Renewable Resources, p. 321-342. USA:Elsevier
Science. https://doi.org/10.1016/B978-0-08-045316-
3.00015-6

Cokaygil, Z., Banar, M. and Seyhan, A.T. (2014).
Orange peel-derived pectin jelly and cornstarch-
based biocomposite film with layered silicates.
Journal of Applied Polymer Science, 131(16), 1-12.
https://doi.org/10.1002/app.40654

Cristina, A., Dias, A.M.A., Sousa, H.C. and Tadini, C.C.
(2013). Impregnation of cinnamaldehyde into
cassava starch biocomposite films using supercritical
fluid technology for the development of food active
packaging. Carbohydrate Polymers, 102, 830-837.
https://doi.org/10.1016/j.carbpol.2013.10.082

Cyras, V.P., Manfredi, L.B., Ton-That, M.T. and
Vazquez, A. (2008). Physical and mechanical
properties of thermoplastic starch/montmorillonite
nanocomposite films. Carbohydrate Polymers, 73
(1), 55-63. https://doi.org/10.1016/
j.carbpol.2007.11.014

Damian, K.B.B.T., Bermundo, K.A.C., Macatol, Y.B.L.,
Marino, G.P.C. and Aquino, R.R. (2020).
Fabrication and characterization of biocomposite
membranes from polycaprolactone and native
arrowroot (Maranta arundinacea 1.) extracted starch.
Materials Science Forum, 998(1), 163—169. https://
doi.org/10.4028/www.scientific.net/MSF.998.163

Das, K., Ray, D., Bandyopadhyay, N.R., Sahoo, S.,
Mohanty, A.K. and Misra, M. (2011).
physicomechanical properties of the jute micro/
nanofibril  reinforced starch/polyvinyl alcohol
biocomposite  films.  Composites  Part  B:
Engineering, 42(3), 376-381. https://
doi.org/10.1016/j.compositesb.2010.12.017

Faris, N.A., Noriman, N.Z., Sam, S.T., Ruzaidi, C.M.,
Omar, M.F. and Kahar, A. (2014). Current research
in biodegradable plastics. Applied Mechanics and
Materials, 679, 273-280. https://doi.org/10.4028/
www.scientific.net/ AMM.679.273

Fatin, N., Mustapha, A., Sharif, Z.1., Jai, J. and Yusof,
N.M. (2018). Characterization of biocomposite film
coating for food paper packaging. International

Journal of Engineering and Technology, 7(4.18),
325-330.

eISSN: 2550-2166

Fowler, P.A., Hughes, J.M. and Elias, R.M. (2007).
Biocomposites: technology, environmental
credentials, and market forces. Journal of the
Science of Food and Agriculture, 86(12), 1781-1789.

Gali¢, K., Kurek, M. and S&etar, M. (2017). Barrier
properties of plastic polymers. Reference Module in
Food  Science. Elsevier = E-Book.  https://
doi.org/10.1016/b978-0-08-100596-5.22369-x

Gopal, R. (2014). What is a glass transition temperature?
- Definition from Corrosionpedia. Corrosionpedia.
Retrieved from https://www.corrosionpedia.com/
definition/593/glass-transition-temperature-tg

Hasnan, M.A.H.D., Husseinsyah, S., Ying, L.B. and Abd
Rahman, M.F. (2016). Chemical modification of
palm kernel shell-filled polylactic acid biocomposite
films. BioResources, 11(3), 6639-6648. https://
doi.org/10.15376/biores.11.3.6639-6648

Helmenstine, A.M. (2019). What is young’s modulus?
Definition and equation. Retrieved from https://
www.thoughtco.com/youngs-modulus-4176297

Holler, F.J. and Crouch, S.R. (2013). Fundamental of
analytical chemistry. USA: Cengage Learning.

Irwanto, D., Pidhatika, B., Nurhajati, D.W. and Harjanto,
S. (2020). Mechanical properties and crystallinity of
linear low-density polyethylene-based biocomposite
film. Majalah Kulit, Karet, Dan Plastik, 35(2), 93.
https://doi.org/10.20543/mkkp.v35i2.5624

Johar, N. and Ahmad, I. (2012). Morphological, thermal,
and mechanical properties of starch biocomposite
films reinforced by cellulose nanocrystals from rice
husks. BioResources, 7(4), 5469-5477. https://
doi.org/10.15376/biores.7.4.5469-5477

Kargarzadeh, H., Johar, N. and Ahmad, 1. (2017). Starch
biocomposite film reinforced by multiscale rice husk
fiber. Composites Science and Technology, 151, 147
—155. https://doi.org/10.1016/
j-compscitech.2017.08.018

Kim, S.R.B., Choi, Y.G., Kim, J.Y. and Lim, S.T.
(2015). Improvement of water solubility and
humidity stability of tapioca starch film by
incorporating various gums. LWT - Food Science
and  Technology, 64(1), 475-482. https://
doi.org/10.1016/j.1wt.2015.05.009

Kumar, L., Kumar, P., Narayan, A. and Kar, M. (2013).
Rietveld analysis of XRD patterns of different sizes
of nanocrystalline cobalt ferrite. International Nano
Letters, 3, 8. https://doi.org/10.1186/2228-5326-3-8

Li, M., Xie, F., Hasjim, J., Witt, T., Halley, P.J. and
Gilbert, R.G. (2015). Establishing whether the
structural feature controlling the mechanical

properties of starch films is molecular or crystalline.
Carbohydrate Polymers, 117, 262-270. https://

© 2022 The Authors. Published by Rynnye Lyan Resources



Roslan and Tukiran / Food Research 6 (4) (2022) 1 - 14 13

doi.org/10.1016/j.carbpol.2014.09.036

Lopez-cordoba, A., Estevez-areco, S. and Goyanes, S.
(2019). Potato starch-based biocomposites with
enhanced thermal, mechanical, and barrier properties
comprising water-resistant electrospun poly (vinyl
alcohol) fibers and yerba mate extract. Carbohydrate
Polymers, 215, 377-387. https://doi.org/10.1016/
j.carbpol.2019.03.105

Mahuwala, A.A., Hemant, V., Meharwade, S.D., Deb,
A., Chakravorty, A., Grace, A.N. and Raghavan, V.
(2020). Synthesis and characterization of starch/agar
nanocomposite films for food packaging application.
IET Nanobiotechnology, 14(9), 809-814. https://
doi.org/10.1049/iet-nbt.2020.0100

Majhi, S., Tyagi, A. and Mishra, A. (2020). Bio-
polymeric packaging material for packaging of raw
food. In Encyclopedia of Renewable and Sustainable
Materials. Elsevier E-Book. https://doi.org/10.1016/
b978-0-12-803581-8.10841-0

Mangaraj, S., Yadav, A., Bal, L.M., Dash, S.K. and
Mahanti, N.K. (2019). Application of biodegradable
polymers in food packaging industry: a
comprehensive review. Journal of Packaging
Technology and Research, 3(1), 77-96. https://
doi.org/10.1007/s41783-018-0049-y

Mansoori, E., Behzad, T. and Shafieizadegan-Esfahani,
A.R. (2019). Preparation and characterization of corn
starch/soy protein biocomposite film reinforced with
graphene and graphene oxide nanoplatelets.
Polymers for Advanced Technologies, 30(9), 2301—
2312. https://doi.org/10.1002/pat.4657

Maran, J.P., Sivakumar, V., Thirugnanasambandham, K.
and Sridhar, R. (2014). Degradation behavior of
biocomposites based on cassava starch buried under
indoor soil conditions. Carbohydrate Polymers, 101
(1), 20-28. https://doi.org/10.1016/
j.carbpol.2013.08.080

Marie Arockianathan, P., Sekar, S., Sankar, S., Kumaran,
B. and Sastry, T.P. (2012). Evaluation of
biocomposite films containing alginate and sago
starch impregnated with silver nanoparticles.
Carbohydrate Polymers, 90(1), 717-724. https:/
doi.org/10.1016/j.carbpol.2012.06.003

McGlashan, S.A. and Halley, P.J. (2003). Preparation
and characterization of biodegradable starch-based
nanocomposite materials. Polymer International, 52
(11), 1767-1773. https://doi.org/10.1002/pi.1287

Mochamad, A., Sujito, Syafri, E., Sapuan, S.M. and
Ilyas, R.A. (2020). Improvement of biocomposite
properties based on tapioca starch and sugarcane
bagasse cellulose nanofibers. Key FEngineering
Materials, 849, 96-101. https://doi.org/10.4028/
www.scientific.net/KEM.849.96

eISSN: 2550-2166

Mukurubira, A.R., Mellem, J.M. and Amonsou, E.O.
(2017). Effects of amadumbe starch nanocrystals on
the  physicochemical properties of  starch
biocomposite films. Carbohydrate Polymers, 165,
142-148. https://doi.org/10.1016/
j.carbpol.2017.02.041

Mustapha, F.A., Jai, J., Sharif, Z.1.M. and Yusof, N.M.
(2019).  Cassava  starch/carboxymethylcellulose
biocomposite film for food paper packaging
incorporated with turmeric oil. IOP Conference
Series: Materials Science and Engineering, 507,
012008. https://doi.org/10.1088/1757-
899X/507/1/012008

Narkchamnan, S. and Sakdaronnarong, C. (2013).
Thermo-molded biocomposite from cassava starch,
natural fibers, and lignin associated by the laccase-
mediator system. Carbohydrate Polymers, 96(1),
109-117. https://doi.org/10.1016/
j.carbpol.2013.03.046

Noor Zulaika, S.M., Ong, H.L. and Zainuddin, F. (2020).
Swelling, tensile and thermal behaviors of citric acid
crosslinked tapioca starch/cellulose biocomposite
films. Materials Science Forum, 1010, 514-519.
https://doi.org/10.4028/www.scientific.net/
MSF.1010.514

Nur Humairah, A.R. and Zuraida, A. (2012). Properties
of sago starch-nano clay biocomposites film.
Advanced Materials Research, 576, 480—483. https://
doi.org/10.4028/www.scientific.net/ AMR.576.480

Othman, S.H., Najhah Tarmiti, N.A., Shapi’i, R.A.,
Mohd Zahiruddin, S.M., Amin Tawakkal, .S.M. and
Basha, R.K. (2020). Starch/banana pseudostem
biocomposite films for potential food packaging
applications. BioResources, 15(2), 3984-3998.

Parvin, F., Rahman, M.A., Islam, JM.M., Khan, M. A.

and Saadat, A.H.M. (2010). Preparation and
characterization  of  starch/PVA  blend for
biodegradable  packaging material. Advanced

Materials Research, 123-125, 351-354. https://
doi.org/10.4028/www.scientific.net/ AMR.123-
125.351

Pinar Terzioglu and Par, F.N. (2020). Polyvinyl Alcohol-
Corn Starch-Lemon Peel Biocomposite Films as

Potential Food Packaging. Celal Bayar Universitesi
Fen Bilimleri Dergisi, 16(4), 373-378.

Plastics Europe. (2020). Plastics — the Facts 2020.
Retrieved from Plastics Europe website: https:/
plasticseurope.org/knowledge-hub/plastics-the-facts-
2020/

Podshivalov, A., Zakharova, M., Glazacheva, E. and
Uspenskaya, M. (2017). Gelatin/potato starch edible
biocomposite films: correlation between morphology
and physical properties. Carbohydrate Polymers,

© 2022 The Authors. Published by Rynnye Lyan Resources



14 Roslan and Tukiran / Food Research 6 (4) (2022) 1 - 14

157, 1162-1172.
j-carbpol.2016.10.079

Quarshie, R. and Carruthers, J. (2014). Technology
overview biocomposites. Retrieved from
netcomposites website: https://netcomposites.com/
media/1211/biocomposites-guide.pdf

Rastogi, V.K. and Samyn, P. (2015). Bio-based coatings
for paper applications. Coatings, 5(4), 887-930.
https://doi.org/10.3390/coatings5040887

Ratnawati, L. and Afifah, N. (2019). Effect of
antimicrobials addition on the characteristic of
arrowroot starch-based films. AIP Conference
Proceedings, 2175, 020011. https://
doi.org/10.1063/1.5134575

Reinaldo, S., Milfont, C.H.R., Gomes, F.P.C., Mattos,
A.L.A. and Filho, M.S. (2021). Influence of grape
and acerola residues on the antioxidant,
physicochemical and mechanical properties of
cassava starch biocomposites. Polymer Testing, 93,
107015. https://doi.org/10.1016/
j.polymertesting.2020.107015

Rochima, E., Fiyanih, E., Afrianto, E., Subhan, U.,
Praseptiangga, D., Panatarani, C. and Joni, L.M.
(2018). The addition of nanochitosan suspension as
filler in carrageenan-tapioca biocomposite film. AIP
Conference Proceedings, 1927, 030042. https://
doi.org/10.1063/1.5021235

Romero-Bastida, C.A., Bello-Pérez, L.A., Velazquez, G.
and Alvarez-Ramirez, J. (2015). Effect of the
addition order and amylose content on mechanical,
barrier, and structural properties of films made with
starch and montmorillonite. Carbohydrate Polymers,
127, 195-201. https://doi.org/10.1016/
j.carbpol.2015.03.074

Roy, S.B., Shit, S.C., Sengupta, R.A. and Shukla, P.R.
(2015). Biodegradability Studies of Bio-Composites
of Polypropylene Reinforced By Potato Starch.
International Journal of Innovative Research in
Science, Engineering and Technology, 4(3), 1120—
1130.

Saberi, B., Vuong, Q.V., Chockchaisawasdee, S.,
Golding, J.B., Scarlett, C.J. and Stathopoulos, C.E.
(2017). physical, barrier, and antioxidant properties
of pea starch-guar gum biocomposite edible films by
incorporation of natural plant extracts. Food and
Bioprocess Technology, 10(12), 2240-2250. https://
doi.org/10.1007/s11947-017-1995-z

Salimi, K., Sen, S.C., Ersan, H.Y. and Pigkin, E. (2017).
Fabrication of  starch-g-poly(l-lactic acid)
biocomposite films: effects of the shear-mixing and
reactive-extrusion conditions. Journal of Applied
Polymer  Science,  134(13), 1-11.  https://

https://doi.org/10.1016/

eISSN: 2550-2166

doi.org/10.1002/app.44490

Santos, T.A. and Spinacé, M.A.S. (2021). Sandwich
panel biocomposite of thermoplastic corn starch and
bacterial cellulose. International Journal of
Biological Macromolecules, 167, 358-368. https://
doi.org/10.1016/].ijbiomac.2020.11.156

Sanyang, M.L., Sapuan, S.M., Jawaid, M., Ishak, M.R.
and Sahari, J. (2016). Effect of sugar palm-derived
cellulose reinforcement on the mechanical and water
barrier properties of sugar palm starch biocomposite
films. BioResources, 11(2), 4134-4145. https://
doi.org/10.15376/biores.11.2.4134-4145

Scheibe, A.S., De Moraes, J.O. and Laurindo, J.B.
(2014). Production and characterization of bags from
biocomposite films of starch-vegetal fibers prepared
by tape casting. Journal of Food Process
Engineering, 37(5), 482-492. https:/
doi.org/10.1111/jfpe.12105

Silviana, S. and Dzulkarom, M.C. (2019). Synthesis of
cassava  bagasse  starch-based  biocomposite
reinforced woven bamboo fiber with lime juice as a
crosslinker and epoxidized waste cooking oil
(EWCO) as bio plasticizer. Journal of Physics:
Conference  Series, 1295, 012076.  https://
doi.org/10.1088/1742-6596/1295/1/012076

Suchaiya, V. and Aht-Ong, D. (2011). Effect of
microcrystalline cellulose from banana stem fiber on
mechanical properties and crystallinity of PLA
composite films. Materials Science Forum, 695, 170
—173. https://doi.org/10.4028/www.scientific.net/
MSF.695.170

Suryanto, H., Jenuardy, S., Kustono, D., Dharmabintara,
R.A., Maulana, J. and Yanuhar, U. (2019). The
influence of ultrasonic wave treatment on the
mechanical properties of nano clay-reinforced starch
biocomposite. IOP Conference Series: Materials
Science and Engineering, 515, 012021. https:/
doi.org/10.1088/1757-899X/515/1/012021

Suryanto, Heru, Fitrasakti, D.A.D., Ramadhani, A.R.,
Suyetno, A. and Aminnudin. (2020). The effect of
extrusion speed on mechanical properties of starch-
based biocomposite. AIP Conference Proceedings,
2231, 040059. https://doi.org/10.1063/5.0002524

Syafiq, R., Sapuan, S.M. and Zuhri, M.R.M. (2021).
Antimicrobial activity, physical, mechanical and
barrier properties of sugar palm-based nanocellulose/
starch biocomposite films incorporated with
cinnamon essential oil. Journal of Materials
Research and Technology, 11, 144-157. https://
doi.org/10.1016/j.jmrt.2020.12.091

Torres, F.G., Mayorga, J.P., Vilca, C., Arroyo, J., Castro,
P. and Rodriguez, L. (2019). Preparation and

© 2022 The Authors. Published by Rynnye Lyan Resources



Roslan and Tukiran / Food Research 6 (4) (2022) 1 - 14 15

characterization of a novel starch—chestnut husk
biocomposite. SN Applied Sciences, 1, 1158. https://
doi.org/10.1007/s42452-019-1204-y

Verma, A., Joshi, K., Gaur, A. and Singh, V.K. (2018).
Starch-jute fiber hybrid biocomposite modified with
an epoxy resin coating: Fabrication and experimental
characterization. Journal of the Mechanical
Behavior of Materials, 27(5-6), 1-16. https:/
doi.org/10.1515/jmbm-2018-2006

Vinod, A., Sanjay, M.R., Suchart, S. and Jyotishkumar,
P. (2020). Renewable and sustainable biobased
materials: an assessment on biofibers, biofilms,
biopolymers, and biocomposites. Journal of Cleaner
Production, 258, 120978. https://doi.org/10.1016/
j.jclepro.2020.120978

Wypych, G. (2016). The effect of fillers on the
mechanical properties of filled materials. Handbook
of Fillers. 4™ ed., p. 467-531. USA: ChemTec
Publishing. https://doi.org/10.1016/b978-1-895198-
91-1.50010-5

Xie, F., Avérous, L., Halley, P.J. and Liu, P. (2015).
Mechanical performance of starch-based
biocomposites. In Misra, M., Pandey, J.K. and
Mohanty, A.K. (Eds.), Biocomposites: Design and
Mechanical Performance, p. 53-92. USA: Woodhead
Publishing.  https://doi.org/10.1016/B978-1-78242-
373-7.00011-1

Yu, L., Liu, X., Petinakis, E., Dean, K. and Bateman, S.
(2013). Starch-based blends, composites, and
nanocomposites. In Thomas, S., Visakh, P.,
Matthews A. (Eds.). Advances in Natural Polymers.
Advanced Structured Materials. Vol. 18. Berlin:
Springer. https://doi.org/10.1007/978-3-642-20940-
6 4

Zou, W., Yu, L., Liu, X., Chen, L., Zhang, X., Qiao, D.
and Zhang, R. (2012). Effects of amylose/
amylopectin ratio on starch-based superabsorbent
polymers. Carbohydrate Polymers, 87(2), 1583—
1588. https://doi.org/10.1016/j.carbpol.2011.09.060

eISSN: 2550-2166

© 2022 The Authors. Published by Rynnye Lyan Resources



