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Abstract

Biodegradable foam (biofoam) is a type of bioplastic to be used as an alternative packaging to
replace styrofoam that is safe and environmentally friendly. This study aims to determine the
the effect of adding chitosan on the characteristics of biofoam made from cassava peel starch
(A) and banana peel starch (B). In the manufacture of biofoam, various A/B ratios used are
1:0; 3:2; 1:1 (w/w). While the chitosan content added was 0%, 15%, and 30% by weight of
starch, as well as NaHCOs blowing agent with a content of 12% by weight of starch. The
production of biofoam was carried out using the thermopressing method with a printing
temperature of 125°C, and a printing time of 7 minutes. The results of biofoam were
characterized based on density, water absorption, compressive strength, biodegradation, and
FTIR functional groups. Based on the research results, it is known that biofoam is close to
commercial biofoam standards, namely biofoam with an A:B ratio of 3:2, and the addition of
15% chitosan with a water absorption capacity of 33.68%, a compressive strength value of 5.05
MPa, and a decomposition power of 17.44%. This variation has the functional groups N-H, O-

H, C-H, C=0, C-N, and C-O.
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1. Introduction

Plastic waste is a major problem that has not
been properly resolved to date. The National
Waste Management Information System
states that types of plastic waste contribute
182% of the total types of waste in Indonesia
(SIPSN, 2021). One of the plastic packagings
in Indonesia that is widely used is styrofoam.
However, the effect of styrofoam s
environmental pollution because it is difficult
to decompose and is harmful to health
(Hendrawati et al., 2017). Therefore, efforts
are needed to replace styrofoam as food
packaging by making biofoam from starch as
raw materials. Apart from being renewable,
starch has low density, low toxicity, is easily
degraded into environmentally friendly
compounds, and is inexpensive (Thakur et al.,
2019).

To optimize the use of agricultural waste,
especially cassava peels and banana peels,
these wastes can be used as raw materials for
making biofoam. The starch content of
cassava peels is in the range of 44-59%

37

(Lestari et al., 2019), while the starch content
of kepok banana peels is 11.48% (Albaasith,
2014). Based on research conducted by Adil et
al. (2020), it showed that biodegradable
packaging made from cassava peel starch had
an effect on improving the characteristics of
biodegradable packaging made such as tensile
strength, water resistance and
biodegradability.

Saleh et al. (2014) showed that starch-based
biofoam still has some drawbacks, such as
high water absorption and low mechanical
properties. One way to improve the
characteristics of biofoam is by adding
additives, namely PVOH (Darni et al., 2021) or
chitosan (Hendrawati et al., 2017). Chitosan is
a biopolymer that functions as a filler with
hydrophilic functional groups so it is very
reactive because it can form hydrogen bonds
(Berghuis, 2020).

This is also supported by research conducted
by Hendrawati et al. (2017) and Muharram
(2020) who agreed to explain that the biofoam
containing high content of chitosan means
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that biofoam does not easily absorb water and
has a greater tensile strength value.

In addition, biofoam is expected to have a light
product mass so that in the manufacturing
process sodium bicarbonate (NaHCO3) is
added as a blowing agent. The blowing agent
has the working principle of releasing CO; gas
when the pressure is released during the
decomposition reaction, resulting in air
cavities or foam that increases the swelling
power value of the resulting biofoam (Gultom,
2016).

According to Hendrawati et al. (2020), the
addition of blowing agent NaHCOs; also
functions as a pore former in biofoam so that
it will affect the porosity of biofoam which is
getting bigger. This large porosity will
accelerate the biofoam degradation process
because it makes it easier for microbes to
enter.

Therefore, to improve the charateristics of
biofoam that has been carried out from
previous studies, this study used various
amounts of chitosan and starch ratios from
cassava peels and kepok banana peels.

2. Methodology
2.1 Materials

Materials used in this study were chitosan
(CM) 98%, NaHCOsz (Malan) 99%, NaCl
(Pudak) 99.5%, acetic acid (Merck) 99%,
distilled water, cassava peel starch (A), and
starch from Kepok banana peel (B) obtained
from Karang Anyar Village, Gedong Tataan
District, Pesawaran Regency, Lampung.

2.2 Extraction of Cassava Peel and Kepok
Banana Peel

The process began with the extraction of raw
materials from cassava peels and kepok
banana peels. The first step was to clean the
skin of the cassava and kepok banana, and cut
them into small pieces. Then, each cassava
peel and kepok banana peel were blended with
the addition of water in a 1:2 ratio. Dregs of
cassava peel and kepok banana peel obtained
were filtered and squeezed. The filtrate
obtained was decanted for 24 hours for
cassava peels, and 48 hours for kepok banana
peels. After that, the starch precipitate was
dried.

2.3 Preparation of Biofoam

Cassava peel starch and kepok banana peel
starch with a ratio of 1:0 were dissolved using
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10 ml distilled water (sample 1). Then, the
chitosan was weighed according to the
experimental variables, and dissolved in acetic
acid. The starch solution was heated on a hot
plate at 185 rpm speed until it reached a
gelatinization temperature of 75°C, while
stirring, NaHCO3 and chitosan solutions were
added until homogeneous. After that, the
dough was printed using a thermopressing
tool for 5 minutes. The printed biofoam was
cooled for 30 minutes. Then, the biofoam was
stored using a zip bag lock and put in a
desiccator.

2.4 Density Measurement

Density was a measurement of the mass of an
object per unit volume. The higher the
density, the greater the mass of each volume.
The density test referred to ASTM D 792-08
standard. A 2 cm x 2 cm specimen was cut,
and the thickness of the biofoam was
measured to determine the volume. Then, the
sample was weighed to determine its mass.
The density value was calculated using
Equation 1.

<I=

€Y)
Where:

p = density (g/ml)

M = sample mass (g)

V = volume (ml)

2.5 Water Absorption

The water absorption test aimed to determine
the resistance of biofoam to water (Izzak et al,
2013). The water absorption test procedure
referred to ASTM E 96. A sample measuring 2
cm x 2 cm was weighed, and its initial mass
was recorded. Then, the sample was
immersed in water for one minute to
determine the percentage of water absorption.
Then, the surface of the sample was dried
using a tissue and weighed again to determine
the final mass. The water absorption value
was calculated using Equation 2 below.

i Wy — W,
Water Absorption (%) = —w X 100%

0
Where:
W, = mass of test object before immersion

(9)
Wi = mass of the test object after immersion

(9)

2

2.6 Compressive Strength Test

The compressive strength test aimed to
determine how much maximum strength the
biofoam can withstand. The compressive
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strength test procedure referred to ASTM D
882 where the tool used was the Mechanical
Universal Testing Machine (AND MCT-2151).
The compressive strength test was carried out
in stages by placing the sample on a flat
surface, and placing a compressive load in the
middle until the sample broke. The
compressive strength value was calculated
using Equation 3.

Fmax
0= A (3)
Where:
o = compressive strength (N/mm?2)
Fmax = maximum stress (N)
A = surface area (mm?2)

2.7 Biodegradation Test

The biodegradation test aimed to determine
the level of decomposition of biofoam samples
by microorganisms in the soil. The
biodegradation test was carried out according
to EN13432 standard with the soil burial test
method. The biofoam sample measuring 2 cm
x 2 cm was weighed first, and buried in the
soil to a depth of 10 cm for 14 days. Then,
changes in the biofoam were observed in a
matter of days, and the final weight was
weighed again. The difference between the
initial and final biofoam masses was recorded
as the degraded sample mass. The percent
reduction in mass was calculated using the
following equation:

Mo —-M;

% Mass reduction = X 100% 4)
0
Where:
Mo = Mass of sample before biodegradation
(9)

M; = Mass of sample after biodegradation (g)
2.8 Functional Group Analysis

FTIR functional group analysis aimed to
determine the functional groups contained in
biofoam because the infrared spectra of a
compound could provide an overview and
molecular structure of the compound. The way
FTIR spectroscopy worked was by passing
infrared light on the biofoam sample placed on
the set holder (where some of the frequencies
would be absorbed by the sample while some
other frequencies would be transmitted)
(Sipatuhutar, 2020).

3. Results and Discussion
3.1 Density

The effect of the addition of chitosan on the
density of biofoam is shown in Figure 1,
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biodegradable foam has a density value in the
range of 0.415-0.672 g/cm3. Referring to the
commercial biofoam density standard with a
value of 0.8 g/cm3, it can be seen that the
biofoam that approaches the standard is a
starch ratio of 1:1, and the addition of 15%
chitosan with a density value of 0.672 g/cm?.
This variation is not only seen from the
physical and mechanical properties but also
from an economic perspective, where biofoam
with the addition of 15% chitosan is
considered more capable of reducing costs
than biofoam with the addition of 30%
chitosan.
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= N O
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Chitosan (%)

Figure 1. The relationship between chitosan and
the density of biofoam

The addition of chitosan affects the density of
the resulting biofoam, where the more
chitosan is added, the higher the density value
will be. However, based on Figure 1, it is
known that in each of the same ratios, when
30% chitosan was added, the density value of
the resulting biofoam decreased. This is
because the more filler that is added, the
interaction between the filler and the matrix
will be more uneven so that some of the filler
does not bind to the matrix because it has
reached its optimum point (Sipahutar, 2020).

3.2 Water Absorption

The effect of the addition of chitosan on the
water absorption capacity of biofoam is shown
in Figure 2, biodegradable foam has a water
absorption value in the range of 23.68-
116.81%. Referring to the standard for water
absorption in commercial biofoam with a value
of less than 2%, it can be seen that biofoam
made from cassava starch and banana peel
starch still has a water absorption capacity
that exceeds the standard. Biofoam with a
water absorption capacity close to standard is
biofoam with an A/B ratio of 1:1 with the
addition of 30% chitosan, and an A/B ratio of
3:2 with the addition of 15% chitosan with a
water absorption capacity of 23.68% and
33.68%, respectively.
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Figure 2. Relationship between chitosan and

biofoam water absorption

Biofoam with the highest water absorption is
found in the A:B ratio of 1:0 with the addition
of 30% chitosan. This is because the weak
bond of cassava peel starch causes high water
absorption. Meanwhile, the bonds of banana
peel starch tend to be stronger than cassava
peel starch making it difficult to stretch
(Febriyantoro et al, 2019).

Figure 2 also shows that the absorption of
water in the biofoam sample is inversely
proportional to the concentration of chitosan
added. Biofoam without the addition of
chitosan tends to have a higher water
absorption capacity than biofoam with the
addition of chitosan. This is because biofoam
made from starch without the addition of
chitosan is more hydrophilic so that water
absorption is greater, and makes biofoam not
resistant to water (Kaisangri et al., 2014).
Based on research by Hendrawati et al.
(2019), the presence of the NH; group in
chitosan will protonate to NHs* in an acetic
acid solution. Furthermore, NHs™ causes
molecules to bind OH- through hydrogen
bonds, making it difficult for biofoam to absorb
water.

3.3 Compressive Strength

The effect of the addition of chitosan on the
compressive strength of biofoam is shown in
Figure 3, biodegradable foam has compressive
strength values in the range of 1.520-16.003
MPa. Referring to the standard compressive
strength of commercial styrofoam with a value
of 0.12 MPa, and the standard compressive
strength of commercial biofoam with a value
of 4 MPa, it can be seen that biofoam that is
close to the standard has a compressive
strength value of 5.05 MPa, namely at a starch
ratio of 3:2 with the addition of chitosan 15%.
This is not only seen from the physical and
mechanical properties, but also from an
economic perspective where biofoam with the
addition of 15% chitosan is considered more
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capable of reducing costs compared to
biofoam with the addition of 30% chitosan.

Based on Figure 3, it can be seen that biofoam
with a starch ratio of 1:1 has a higher
compressive strength value than biofoam with
a starch ratio of 1:0 and 3:2. This is because
of the presence of functional groups and more
cellulose content in banana peel starch. The
presence of this cellulose compound is
influentioal in providing a strong and hard
bond structure. Cellulose forms a wide
conformation while starch forms a helix
(Febriyantoro et al., 2019).
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Figure 3. The relationship between the addition of

chitosan to the compressive strength of
biofoam

Figure 3 also shows the results in the form of
compressive strength of biofoam that is
directly proportional to the concentration of
chitosan added. Biofoam with the addition of
chitosan tends to have a higher compressive
strength than biofoam without the addition of
chitosan. This is because the dense structure
of chitosan can form hydrogen bonds among
chains, causing the distance between
molecules in biofoam to get closer, as well as
affecting high compressive strength values
(Setiawan et al., 2015). Chitosan also has a
linear polymer chain structure, and tends to
form a crystalline phase that can provide
strength, stiffness, and hardness to the
resulting product (Agustin et al. 2016).

3.4 Biodegradation

The effect of the addition of chitosan on
biodegradation is shown in Figure 4, biofoam
has a decomposition value in the range of
4.17-24.45%. Biofoam with a starch ratio of
3:2 with the addition of 15% chitosan has a
decomposition value of 17.44%. This value
includes aspects of sufficient biodegradation,
so this condition also supports other
characteristics.

Based on this study, it can be seen that the
decomposition value is inversely proportional
to the concentration of chitosan, where the



Ghea Maulidaco A., et al. / Jurnal Rekayasa Kimia dan Lingkungan, Vol. 18, No. 1, January - June 2023

more chitosan is added, the more difficult it
will be for biofoam to decompose. This is
because chitosan has antibacterial properties
and can cause the formation of strong
hydrogen bonds between NHs* from chitosan
and OH- from starch. The NHs* value will
increase with the increasing amount of
chitosan so that the biofoam becomes
stronger, and is not easily degraded by
microorganisms (Bourtoom et al, 2018).

3.5 Functional Group Analytical

Figure 5 (a, b, c) below shows that in each
biofoam, there are several absorption peaks
that can indicate a compound group so that it
becomes a characteristic of that compound.
Without the addition of chitosan and with the
ratio A:B 1:0, 3:2, and 1:1, it is known that
biofoam has the functional groups O-H, C-H,
C=0, C-N, and C-0. This is evidenced by the
presence of peaks at wave numbers 3250.2

30 - cmt and 3235.3 cm!, which indicate
595 . overlapping vibrations in the stretching O-H
§ group range. The O-H groups are amylose and
20 A amylopectin compounds in starch that are the
=) . main constituents of biofoam. The presence of
215 - 1:0 . ) ) :
L =32 OH groups is also a sign that biofoam easily
©10 - : absorbs water and can be degraded in the soil
2 5 - 11 (Ruscahyani et al, 2021). In addition, on
3 biofoam with A:B ratios of 1:0, 3:2, and 1:1,
o O T r absorptions appears at wave numbers 2922.2

0 15 30 cmi, 2922.2 cm, and 2922.2 cm! that are
Chitosan (%) the C-H functional groups from alkanes.
Figure 4. The relationship between the addition of Furthermore, absorptllon appears aFl wave
chitosan and the decomposition of numbers 2094.8 cm™, 2087.3 cm™, and
biofoam 2094.8 cm!, which indicate the range of C=0

groups.
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Figure 5. Functional groups of biofoam made from cassava peel starch and banana peel starch in a) 0%
chitosan addition, b) 15% chitosan addition, c) 30% chitosan addition
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The next peaks with wave numbers 1356.8
cmt, 1364.2 cm!, and 1364.2 cm! show
typical regions of the C-N group. Wave
numbers 1148.0 cm™, 1148.0 cm, and
1148.0 cm! indicate the C-O functional
group.

Comparison of absorption bands on biofoam
with the addition of 0%, 15%, and 30%
chitosan with A:B ratios of 1:0, 3:2, and 1:1
is presented in Tables of 1-3.

Table 1. Functional groups on biofoam without the
addition of chitosan

Wavenumber (cm') Absorption

Range Fug::;i::al
1:0 3:2 1:1 (cm)
3250.2 3250.2 3235.3 3100-3500 O-H
2922.2 2922.2 2922.2 2850-3000 C-H
2094.8 2087.3 2094.8 2087-2117 C=0
1647.5 1647.3 1640.0 1640-1690 Cc=0
1356.8 1364.2 1364.2 1150-1460 C-N
1148.0 1148.0 1148.0 1025-1160 C-0
998.9 998.9 998.9 960-1080 C-H
834.9 842.4 842.4 885-895 C-H
760.4 760.4 760.4 735-770 C-H

Table 2. Functional groups on biofoam with the
addition of 15% chitosan

Wavenumber (cm) Absorption . .. |

1:0 3:2 1:1 I(!::‘gl? Group
3250.2 3250.2 3265.1 3100-3500 O-H
2922.2 2922.2 2922.2 2850-3000 C-H
2094.8 2094.8 2094.8 2087-2117 C=0
1647.5 1647.5 1640.0 1640-1690 C=0
1565.5 - 1423.8 1420-1650 N-H
1364.2 1364.2 1371.7 1150-1460 C-N
1148.0 1148.0 1148.0 1025-1160 Cc-0
998.9 998.9 998.9 960-1080 C-H
834.9 834.9 834.9 885-895 C-H
760.4 760.4 760.4 735-770 C-H

Biofoam with A:B ratios of 1:0, 3:2, and 1:1
with the addition of 0% chitosan when
compared to biofoam with the addition of 15%
and 30% chitosan showed many similarities in
functional groups. The N-H group is an amine
compound derived from chitosan. Hydrogen
bonds between the O-H groups in starch and
the N-H groups in chitosan cause the
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mechanical properties of the resulting biofoam
to be higher so that the biofoam becomes
denser and stiffer than biofoam without the
addition of chitosan (Sofia et al., 2017).

Table 3. Functional groups on biofoam with the
addition of 30% chitosan

Wavenumber (cm') Absorption . .. |

1:0 3:2 1:1 ?:;91‘; Group

- 3444.1 - 3400-3500 NH
3265.1 3265.1 3265.1 3100-3500 O-H
2922.2 2922.2 2922.2 2850-3000 C-H
2087.3 2102.2 2102.2 2087-2117 C=0
1654.9 1647.5 1640.0 1640-1690 C=0
1565.5 1558.0 1565.5 1420-1650 NH
1364.2 1326.9 1371.7 1150-1460 C-N
1148.0 1148.0 1148.0 1025-1160 Cc-0
998.9 998.9 998.9 960-1080 C-H
834.9 842.4 834.9 885-895 C-H
760.4 760.4 760.4 735-770 C-H

4. Conclusion

Biofoam has been prepared from starch from
cassava and banana peels that are close to
commercial biofoam standards, namely with a
variation of the starch ratio of 3:2 and the
addition of 15% chitosan. The biofoam
produced in this variation has a water
absorption of 33.68%, a compressive strength
value of 5.05 MPa, and a biodegradability of
17.44%. The higher the chitosan content
added as a filler, the lower the absorption
capacity of the biofoam, the higher the
compressive strength of the biofoam, and the
more difficult it is for the biofam to
decompose. Biofoam with ratios of cassava
peel starch and banana peel starch of 1:0,
3:2, 1:1, and the addition of 15% chitosan has
the functional groups N-H, O-H, C-H, C=0,
C-N, and C-0O.
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