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This study describes the use of duck bone gelatin in a taro starch mixture to produce
biodegradable films. Films were produced using duck bone gelatin in various percentages
(0%, 5%, 15%, 25%, and 35% of the total solid weight) and added with glycerol as a
plasticizer and the solution casting method. Parameters observed were tensile strength,
percent elongation, thickness, moisture content, and surface morphology of the product
was observed by scanning electron microscopy (SEM) analysis. Adding duck bone gelatin
to biodegradable films based on taro starch had a significant effect (p<0.05) on tensile
strength, percent elongation, and moisture content, but it did not affect (p>0.05) on
thickness. The biodegradable film with a 5% duck bone gelatin concentration produced the
highest tensile strength of 11.333 MPa and the highest percent elongation of 17.100%.
Thickness values for all additions of duck bone gelatin concentration ranged from 0.191 to
0.194 mm, and the highest moisture content produced at 35% duck bone gelatin
concentration was 4.079%. The surface morphology of the biodegradable film with a 5%
duck bone gelatin concentration with the highest tensile strength value shows a flat, solid

but slightly rough cross-section which may be caused by the flexibility of the gelatin film.

1. Introduction

Gelatin is an animal protein derivative
product obtained by collagen hydrolysis [1]. It is
mostly produced from pork skins (46%), cow
skins (29.4%), beef, and pork bones (23.1%) [2].
This study used gelatin from duck bone waste,
due to the increasing number of duck bone
waste produced. Statistical data shows an
increase in the duck population from 2019 to
2020. The duck population increased from
47,783 to 48,588 [3]. The increasing duck
population is due to the increasing consumption
of duck meat. Consumption of duck meat
produces waste in the form of duck bones. The
utilization of duck bone waste is still not optimal
and most of it is thrown away in vain. Duck bone
waste can be used as a gelatin product.

Duck bone gelatin is a product of the collagen
hydrolysis from duck bones. Nowadays, gelatin
is widely used in the food and non-food
industries. The food industry uses gelatin as a
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foaming agent, stabilizer, gelling agent, binder,
thickener, and viscosity enhancer [4]. The non-
food industry uses gelatin as a mixture for
making biodegradable films.

Biodegradable film is a material used to make
environmentally friendly packaging because it
can be decomposed naturally by
microorganisms without any toxic substances
that harm the environment [5]. Biodegradable
films are made to reduce abundant non-
biodegradable plastic waste that is difficult to
decompose, and their raw materials are running
low. Therefore, innovation is needed in making
biodegradable films. The basic ingredients of
biodegradable films are cellulose, chitosan,
starch, gelatin, or a combination of components
[6]. Among these natural polymers, starch is an
ideal polysaccharide material that is widely used
to make biodegradable films. It is a type of
carbohydrate found in nature and can be
obtained from plant body parts such as seeds,
stems, and tubers [7]. Starch can form a

Received 2021-11-03; Received in revised form 2022-03-22; Accepted 2022-04-29.

© 2022 Published by Semnan University Press. All rights reserved.


mailto:trias@poliwangi.ac.id
https://macs.semnan.ac.ir/article_6443.html
https://orcid.org/0000-0001-5612-1758

Laksanawati et al. / Mechanics of Advanced Composite Structures 9 (2022) 213-220

colorless and transparent polymer matrix, so it
is widely used in food packaging. It is a
heterogeneous material containing amylose and
amylopectin [8]. Amylose is a starch component
with straight chains, is soluble in water, and is
hard, while amylopectin is a starch component
with branched chains, is sticky, and does not
dissolve in cold water [9]. In this study, taro
starch with around 80% starch content was
used. It is used as a material for making
biodegradable films because the taro plant is
abundantly available. This natural material is
inexpensive and renewable. The productivity of
taro tubers reaches 30 tons/hectare [10]. The
starch content in talas is greater than garut
starch and cassava starch [11]. Similarly, the
amylopectin content of 74.45% and amylose of
25.55% so it can affect the scientific and
mechanical properties of the film [12]. The
starch content in taro tubers can affect the
strength of biodegradable films to become
stiffer, however brittle [13]. Therefore, another
additive, i.e., duck bone gelatin with different
concentrations of total solids, is needed to
improve the mechanical properties and quality
of biodegradable films. Adding gelatin can make
biodegradable films more flexible or easier to
shape, bend [14], and decompose. This is
because protein has a unique structure, namely,
there are 20 kinds of amino acids that can
provide various types of intermolecular bonds
so that it expands the functional properties of
the plastic formed [15]. In this study, duck bone
gelatin was added to the biodegradable taro
starch film to increase its tensile strength and
flexibility. Several studies generally use
commercial gelatin which has a disadvantage,
namely it is expensive, so further research needs
to be done to find alternative sources of other
gelatin. One of them is by utilizing gelatin from
duck bone waste in a biodegradable film based
on taro starch.

2. Materials and Methods

Taro tubers (Rogojampi traditional market,
Banyuwangi, Indonesia), duck bones (duck bone
waste obtained from food scraps), sodium
hydroxide (NaOH, analytical grade, Merck KGaA,
Darmstadt, Germany), Hydrochloric Acid (HC],
analytical grade, PT. Smart Lab Indonesia),
aquadest (CV. Makmur Sejati, Malang,
Indonesia), glycerol (CV. Sahabat Lab,
Indonesia), petri dish, oven, Universal Testing
Machine (UTM) Tensilon RTF-1310, micrometer
screw refers to the standard ]IS B7502, Scanning
Electron Microscope (SEM) are the materials
and apparatus used in this study. The method
used in making biodegradable films was solution
casting. Five different loading of duck bone
gelatin of 0%, 5%, 15%, 25%, and 35% to the
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total weight of solids (taro starch and duck bone
gelatin). Taro starch and duck bone gelatin were
weighed according to the treatment. The taro
starch was baked in an oven before making the
biodegradable film solution. The 5 grams of
starch was then dissolved in 10 ml of aquadest
using a hot plate and a magnetic stirrer at 70°C
at a speed of 375 rpm, and the gelatin was also
dissolved in 10 ml of aquadest. After that, a
solution of taro starch and duck bone gelatin
was mixed while heated and stirred; then, 0.5 ml
of glycerol and 5 ml of aquadest were added. The
solution was heated, stirred, and kept at 70°C.
Then, it was left to gelatinize for 40 minutes. The
biodegradable film solution was left for 3
minutes. After that, it was poured into a glass
petri dish mold with a diameter of 9.8 cm and
baked in an oven for 24 hours at 60°C. The
sample was left for some time at room
temperature before it was peeled off. The
finished biodegradable films were ready for
tensile strength, percent elongation (elongation),
thickness, moisture content, and structure
morphology (SEM).

Tensile strength was measured using a
Universal Testing Machine (UTM) at a crosshead
speed of 50 mm/min maintaining a gauge length
of 50 mm. In each case, three specimens were
tested and the average values are reported.
Tensile tests were performed as per the ASTM
D882 standard. The thickness of the 2.5 x 5 cm
biodegradable film was measured using a
micrometer; then, both ends of the
biodegradable film were clamped between the
grips. The initial length before tension or force
was recorded, and the recording ink tip was
placed at a position of 0 of the graphs. The start
button on the application was pressed and the
tool pulled the biodegradable film until it broke.
The force that could be received by the
biodegradable film was then recorded. The
tensile strength was calculated by the maximum
force applied to the film until it tore (N) divided
by the unit area of the film (mm2) [12].

oc=F/N (1)

where o = tensile strength (MPa), F = maximum
stress (N), and N = cross-sectional area (mm?2).

2.1.Elongation

The percent elongation test results were
measured using a Universal Testing Machine
(UTM). The working principle of the percent
elongation test on biodegradable films is almost
the same as the tensile strength test. The
biodegradable film was prepared with a size of
25 x 5 cm. The percent elongation was
calculated when the film broke or tore [16].

Before the film was pulled, its length was
measured up to the grip limit (10) and tested.
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The length after being pulled or broke (11) was
calculated with the formula:

&g =(l1—1o)/To X 100% (2)

where € = percent elongation or elongation (%),
11 = length after breaking (mm), lo = initial length
(mm).

2.2. Thickness

The thickness of the biodegradable film
product was measured using a digital
micrometer with an accuracy of # 0.001 mm
(Mitutoyo, Japan). The thickness of each film was
measured at five different positions, and then
the average thickness was calculated to obtain
the final thickness data [17].

Thickness= 3)
(pointl+point2+point3+point4+point5)/5

Each point was taken randomly, namely on each
side of the biodegradable film.

2.3. Moisture Content

The cup is cleaned to be sterile by the way it
was washed and dried in an oven for 30 minutes
from 105°C to 110°C. It was cooled in a
desiccator for 30 minutes and weighed to
determine its initial weight (A). A sample of 2
grams was then put in a cup and weighed (B).
Then, it was dried in an oven from 105°C to
110°C for 3 to 4 hours until a constant weight
was reached. The cup was then cooled in a
desiccator for about 30 minutes and weighed (C)
[18]. Moisture content was calculated using the
formula:

Moisture Content = (B-C)/(B-A) X 100% 4)
where A = Weight of the empty cup (grams), B =
Weight of the cup + sample before drying
(grams), C = Weight of the cup + sample after
drying (grams).

2.4.Morphological Structure Analysis (SEM)

Scanning Electron Microscope (SEM) brand
FEI INSPECT S50 with 20 kV voltage and
magnification of 2,000 times. SEM was used to
observe the surface structure of biodegradable
films, taro starch, and duck bone gelatin. All
samples were prepared by placing them in a
desiccator with 54% humidity at room
temperature. Observations were made according
to standard procedures.

2.5.Statistical Analysis

Sample analysis was carried out 3 times test.
Furthermore, the data obtained is analyzed
statistically by ANOVA using the IBM SPSS
Statistics 24 program.
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3. Results and discussion

3.1. Tensile Strength

Figure 1 shows that adding duck bone gelatin
with  different  concentrations to  the
biodegradable film based on taro starch had a
significant effect (p<0.05) on the tensile strength
of the biodegradable film. Different notations on
the graph showed a significant effect (p<0.05),
while the same notation on the graph showed no
significantly different effects (p>0.05). The
tensile strength increased at a duck bone gelatin
concentration of 5%. The highest tensile
strength value at 5% duck bone gelatin
concentration was 11.333 MPa due to the
hydroxyl group (OH) of starch with the amine
group (NH) of gelatin that can bind well so that
the film structure became compact and
mechanical resistance increased [19].

The tensile strength value in this study was
included in the moderate properties group.
Reference [20] stated that the biodegradable
film with a tensile strength of 10-100 MPa is
included in the moderate properties group.
Moderate properties are a standard used for
biodegradable plastics [21].

The more addition of duck bone gelatin
resulted in a decrease in tensile strength from
concentrations of 15%, 25%, and 35%. The
highest tensile strength value was produced by
addition of 15% gelatin is 11,333 MPa, 25%
gelatin is 8.133 MPa, and 35% gelatin is 3.767
MPa. The lowest tensile strength value was
produced by P4 of 3.267 MPa. The decrease in
tensile strength is due to the formation of
intramolecular hydrogen bonds rather than
intermolecular hydrogen bonds [22].

Intramolecular  hydrogen  bonds are
hydrogen bonds between molecules of duck
bone gelatin. Intermolecular hydrogen bonds are
hydrogen bonds between taro starch molecules
and duck bone gelatin molecules. In addition, it
is due to that the number of hydrogen bonds
between duck bone gelatin is more than the
hydrogen bonds of other molecules.
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Fig. 1. Tensile strength of the biodegradable film
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Reference [23] showed that gelatin can
weaken the forces between adjacent molecules
along the polymer chain, resulting in decreased
tensile strength. The increase in gelatin will
reduce the cohesive bonds between the polymer
that forms the film. This is because the OH group
in gelatin will form intermolecular bonds with
reduced polymer chains. Reduced hydrogen
bonds internal will weaken the intermolecular
attractions of adjacent polymer chains thereby
reducing the tensile strength of the film. In
addition, it was also caused by the number of
hydrogen bonds in gelatin more than the
hydrogen bonds of other molecules. Gelatin is a
polypeptide consisting of covalent bonds and
bonds peptides between the amino acids that
make them up. This polypeptide has two
terminal atoms, the left end contains an amino
group and the right end contains a carboxyl
group. The two ends allow the gelatin to form a
bond hydrogen with other gelatin molecules, or
with water molecules. Amino acid 4-
hydroxyproline has two functional groups that
allow it to form hydrogen bonds, namely the H
atom of the OH functional group, the H atom, and
the O atom of the carboxy group. So it is possible
that there are more hydrogen bonds in gelatin
than in other molecules. Another factor was that
the chemical quality of the duck bone gelatin
used in this study was thought to be poor. Each
gelatin had a different chemical quality
depending on the type of material and the
extraction process. The quality of gelatin was not
good because it had not been purified. The
gelatin extraction was not precise so the
moisture content was more than the protein. In
this study, duck bone gelatin was not purified, so
it was suspected that the quality of the gelatin
protein was low because there were still many
impurities. In duck bone gelatin, the fat content
is still above 5% and the ash content is above
3%. It is an impurity in the manufacture of
gelatin. Gelatin which is high in ash content will
affect its gelation properties.

Gelatin protein is a protein that forms a triple
helix woven to increase tensile strength [24].
Reference [25] showed that excessive protein
can reduce the tensile strength due to
interactions between the hydroxyl groups of
starch and gelatin that reduce interactions
between starch molecules.

This study is different from the study of
reference [26] stating that more gelatin
increases tensile strength. The increase occurred
because the two polymers could form a
structural network through the interaction
between the anionic groups of polysaccharides
and cationic groups of gelatins that strengthen
the film structure. Tensile strength and percent
elongation are related to each other because
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higher tensile strength and elongation will result
in a better quality of the biodegradable film.

3.2.Elongation

Figure 2 shows that adding duck bone gelatin
with different concentrations to biodegradable
films based on taro starch had a significant effect
(p<0.05) on the percent elongation. The percent
elongation value was produced by addition of
0% gelatin is 12.18%, 5% gelatin is 17.10%,
15% gelatin is 14.39%, 25% gelatin is 11.38%,
and 35% gelatin is 8.77%. The highest percent
elongation was produced when 17.100% of 5%
gelatin concentration was added. The percent
elongation from the duck bone gelatin
concentration of 0% to 5% increased because
the long-chain polysaccharide macromolecules
could cross-link with gelatin, allowing
macromolecular relaxation to occur [27].

The increase in the gelatin concentration
means a decreased percent elongation. This
occurred in the addition of 5% to 35% gelatin
concentration which had decreased. The
decrease in the percent elongation depends on
the intermolecular structure of the matrix. When
there is an excess of gelatin concentration, the
polymerization between collagen and other
components is not optimal [28]. There is an
optimum level for interaction between
polysaccharides and gelatin, where gelatin is the
main and dominant phase in the film system
used [27]. The percent elongation value in this
study was in the moderate properties group.
Reference [20] showed that the mechanical
properties of biodegradable films with a percent
elongation value of 10-20% are classified as
moderate properties. The higher the percentage
of elongation, the better the quality of the
biodegradable film because it has more elastic
and flexible properties [29].

The study of reference [30] reported that the
more gelatin is added, the more the tensile
strength and percent elongation are obtained.
This shows that previous research is not in line
with this study. The increase or decrease in
mechanical properties is influenced by the
amount and type of material used in making
biodegradable films and their thickness
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Fig. 2. Elongation of biodegradable film
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From these results, it is assumed that the
duck bone gelatin used is not pure yet and there
are still impurities so that by adding more duck
bone gelatin, its physical properties will
decrease.

3.3. Thickness

Figure 3 shows that adding duck bone gelatin
with  different  concentrations to  the
biodegradable film based on taro starch had no
effect (p>0.05) on the thickness. The thickness
value was produced by addition of 0% gelatin is
0.191 mm, 5% gelatin is 0.192 mm, 15% gelatin
is 0.192 mm, 25% gelatin is 0.194 mm and 35%
gelatin is 0.194 mm. The average thickness of
the biodegradable film in this study ranged from
0.191 to 0.194 mm. This thickness value is close
to the Japanese Industrial Standard (JIS) [31], in
which the maximum film thickness is 0.25 mm.
The insignificant increase in thickness was due
to the total amount of solids in making the same
biodegradable film, namely 5 grams, and the
same type and size of the mold. The increase in
thickness was also due to the increase in the
amount of gelatin concentration in each
treatment. The thickness of the biodegradable
film is influenced by the type of raw material, the
concentration of the material in the
biodegradable film solution, the volume of the
solution poured [24], and the presence of air
bubbles in the biodegradable film. The study of
reference [32] reveals that  making
biodegradable films using 5 grams of solids with
different raw materials and concentrations,
namely cassava starch and gelatin, produces a
thickness of about 0.12-0.16 mm. Biodegradable
films from cassava starch and gelatin with a total
solid of 5 grams produce a thickness of about
0.043-0.075 mm [30]. The study of reference
[33] found the thickness of potato starch and
gelatin with a total solid of 5 grams was 0.073-
0.096 mm. The different thickness value of the
biodegradable film in this study was caused by
several factors; they are the type of material
mixture, the volume of the solution poured, and
the different sizes of the molds. Thickness value
affects the moisture content of a film. It is
thought that the moisture content of the duck
bone gelatin used is still high, which causes the
film to become heavy and increases its thickness.
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Fig. 3. The thickness of the biodegradable film

3.4. Moisture Content

Figure 4 shows that adding duck bone gelatin
with different concentrations to biodegradable
films based on taro starch had a significant effect
(p<0.05) on the moisture content. The moisture
content value was produced by addition of 0%
gelatin is 9.764%, 5% gelatin is 9.820%, 15%
gelatin is 11.143%, 25% gelatin is 12.082% and
35% gelatin is 14.079%. The increase in
moisture content occurred from the addition of
0% to 35% duck bone gelatin concentration.

The highest moisture content was produced
at a 35% duck bone gelatin concentration with a
value of 14.079%. The increase in moisture
content was caused by the addition of
hydrophilic gelatin concentration [17].

Hydrophilic properties are the properties of
a material that can absorb or bind water well so
that the moisture content in the biodegradable
film increases. This causes the moisture content
to increase. The increase in moisture content
was also caused by differences in the molecular
weight of the materials used, namely starch and
gelatin. Reference [34] reported that the
molecular weight of gelatin ranged from 15,000
to 400,000 g/mol. The molecular weight of
amylose is about 10,000-60,000 g/mol and
amylopectin  60,000-100,000 g/mol [9].
Reference [35] showed that the greater the
molecular weight in a material is, the greater the
gap or space between the molecules will be.
Therefore, water can enter between the gaps
which increases the amount of moisture content.

The study of reference [19] states that the
moisture content decreases with increasing
gelatin concentration due to the formation of
intermolecular  hydrogen bonds, namely
hydrogen from the hydroxyl group of starch and
hydrogen from the amine group of gelatin,
hiding the resulting hydrophilic film. The
increased moisture content causes the water
content in the biodegradable film to increase,
thereby accelerating or facilitating the
decomposition process in the soil [6].

3.5.Morphological Structure Analysis (SEM)

The micrograph of taro starch looked like
granules resembling spherical shapes with
varying granule sizes and smooth surfaces [36].
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Fig. 4. Moisture Content of biodegradable film
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Meanwhile, the appearance of duck bone
gelatin looked irregular in shape and the surface
was rougher with pores. In the micrograph of
the biodegradable film product, granules were
no longer found, but the surface was rather
rough, tight, and solid because when the duck
bone gelatin was mixed, the taro starch was fully
gelatinized, causing the granule structure of the
taro starch to be damaged and the duck bone
gelatin to react on the taro starch backbone and
produce a solid biodegradable film product. The
SEM image of the taro starch biodegradable film
with a 0% duck bone gelatin concentration
(Figure 5c) showed a relatively smooth and non-
porous film surface with no cracks, which means
the surface structure of the biodegradable film is
solid and homogeneous. Micrographs of the
biodegradable film with a 5% duck bone gelatin
concentration showed an even but slightly rough
cross-section (Figure 5d), which might be due to
the flexibility of the gelatin film. Duck bone
gelatin was added to the biodegradable film
based on taro starch to improve the internal
structure of the biodegradable film. The
biodegradable film of a mixture of taro starch
and 35% duck bone gelatin showed more
roughness and was also uneven compared to the
5% duck bone gelatin biodegradable film (Figure
5e). On the micrograph of the biodegradable film
with the addition of 35% duck bone gelatin,
there was still gelatin that was physically
dispersed on the surface of the biodegradable
film. This indicated that the duck bone gelatin
had agglomerated so that its distribution in the
film layer was not even. This might be due to the
presence of residual gelatin that was not bound
to taro starch and the less homogeneous mixing
process between duck bone gelatin and taro
starch, causing uneven distribution of duck bone
gelatin. If the stirring technique is long enough
and homogeneous during the mixing process at
the gelatinization temperature, the taro starch
will easily incorporate the duck bone gelatin
particles so that the duck bone gelatin can be
evenly distributed in the biodegradable film.
SEM results showed that the surface of the
biodegradable film does not appear to have any
phase separation in the film mixture, indicating
very good compatibility between taro starch and
duck bone gelatin which forms a biodegradable
film matrix [17].
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Fig. 5. Micrograph of (a) Taro starch, (b) Duck bone gelatin,
(c) Biodegradable film 0%, (d) 5%, (e) 35% Duck bone
gelatin

4. Conclusions

Based on the findings of the study, it can be
concluded that making biodegradable films with
the addition of duck bone gelatin concentration
on taro starch-based biodegradable films
(Xanthosoma sagittifolium) had a significant
effect (p<0.05) on tensile strength, percent
elongation, and moisture content, but there was
no significant effect (p>0.05) on thickness. The
highest value of tensile strength and percent
elongation was obtained with the addition of a
5% gelatin concentration. The thickness value
for all treatments is almost the same, namely
0.19 mm, and still meets JIS (Japanese Industrial
Standard). The highest moisture content value
was produced by the addition of a 35% gelatin
concentration. The higher value of tensile
strength and percent elongation will result in a
better biodegradable film for packaging food
products. The higher value of moisture content
will result in the faster decomposition of
biodegradable films. The results of SEM
micrographs of the biodegradable film with a
5% duck bone gelatin concentration with the
highest tensile strength value show a flat, solid
but slightly rough cross-section which may be
caused by the flexibility of the gelatin film.

Acknowledgements

This research was funded by Politeknik
Negeri Banyuwangi through Research Induk
Penelitian (RIP) grant with contract number
2674.37/PL36/PG/2021.

References

[1] Silva, N. M. C. da, Fakhouri, F. M,, Fialho, R. L.
L., & Albuquerque, E. C. D. M. C,, 2018.



Laksanawati et al. / Mechanics of Advanced Composite Structures 9 (2022) 213-220

Starch-recycled gelatin composite films
produced by extrusion: Physical and
mechanical properties. Journal of Applied
Polymer Science, 135(19), 1-9.

[2] Gomez-Guillen, M. C., Gimenez, B., Lopez
Caballero, M. E., & Montero, M. P., 2011.
Functional and bioactive properties of
collagen and gelatin from alternative
sources: A review. Food Hydrocolloids,
25(8), pp.1813-1827.

[3] Direktorat Jenderal Peternakan dan
Kesehatan Hewan Kementerian Pertanian.,
2020. Statistik Peternakan dan Kesehatan
Hewan 2020. Direktorat Jenderal Kesehatan
Hewan Kementerian Pertanian RI.

[4] Finarti, Renol, Wahyudi, D., Akbar, M., & Ula,
R. 2018. Rendemen dan pH Gelatin Kulit
Ikan Nila (Oreochromis niloticus) yang
Direndam Pada Berbagai Kosentrasi HCI
Rendement And Ph Of Gelatin In The Skin Of
Tilapia (Oreochromis Niloticus) Immersed
Into Various Hcl Consentration. Jurnal
Pengolahan Pangan, 3(1), pp.22-27.

[5] Hidayati, S., Zulferiyenni, & Satyajaya, W.,
2019. Optimization of Biodegradable Film
from Cellulosa of Seaweed Solid Waste
Eucheuma cottonii with Addition of
Glycerol, Chitosan, C. Jphpi 2019, 22(2),
pp-340-354.

[6] Asngad, A, Amella, R, & Aeni, N, 2018.
Pemanfaatan Kombinasi Kulit Kacang
dengan Bonggol Pisang dan Biji Nangka
Untuk Pembuatan Plastik Biodegradable
dengan Penambahan Gliserol.
Bioeksperimen: Jurnal Penelitian Biologi,
4(1), pp-11-19.

[7] Aryanti, N., Kusumastuti, Y., & Rahmawati,
W., 2017. Pati Talas (Colocasia Esculenta
(L.) Schott) Sebagai Alternatif Sumber Pati

Industri. Jurnal Momentum UNWAHAS,
13(1), pp-46-52.
[8] Ramos, M. Valdés, A, Beltran, A, &

Garrig6s, M., 2016. Gelatin-Based Films and
Coatings for Food Packaging Applications.
Coatings, 6(4), pp.41.

[9] Udjiana, S. S., Hadiantoro, S., Syarwani, M., &
Suharti, P. H. 2019. Pembuatan dan
Karakterisasi Plastik Biodegradable dari
Umbi Talas (Xanthosoma sagittifolium)
dengan Penambahan Filler Kitosan dan
Kalsium Silikat. jurnal Teknik Kimia Dan
Lingkungan, 3(1), pp.10-19.

[10] Koswara, S., 2014. Teknologi pengolahan
umbi-umbian Bagian 1: Pengolahan umbi
talas. In Bogor Agricultural University,
Bogor, 3.

[11] Nisah, K., 2017. Study Pengaruh Kandungan
Amilosa dan Amilopektin Umbi-Umbian
Terhadap  Karakteristik  Fisik  Plastik
Biodegradable Dengan Plastizicer Gliserol.

219

Biotik: Jurnal Ilmiah Biologi Teknologi Dan
Kependidikan, 5(2), pp.106-113.

[12] Rahmawati, W., Kusumastuti, Y. A, &
Aryanti, N., 2012. Karakterisasi Pati Talas
(Colocasia Esculenta (L.) Schott) Sebagai
Alternatif Sumber Pati Industri Di
Indonesia. Jurnal Teknologi Kimia Dan
Industri, 1(1), pp.347-351.

[13] Kamsiati, E., Herawati, H., & Purwani, E. Y.,
2017. Potensi Pengembangan Plastik
Biodegradable Berbasis Pati Sagu Dan
Ubikayu Di Indonesia / The Development
Potential of Sago and Cassava Starch-Based
Biodegradable Plastic in Indonesia. jurnal
Penelitian Dan Pengembangan Pertanian,
36(2), pp.67-76.

[14]Illing, I, & MB, S., 2017. Uji Ketahanan Air
Bioplastik Dari Limbah Ampas Sagu Dengan
Penambahan Variasi Konsentrasi Gelatin.
Prosiding Seminar Nasional ISSN 2443-1109,
3(1), pp-182-189.

[15] Hurley, B. R. A, Ouzts, A, Fischer, |, &
Gomes, T, 2013. PAPER PRESENTED AT
[APRI WORLD CONFERENCE 2012 Effects
of Private and Public Label Packaging on
Consumer Purchase Patterns. Packaging
and Technology and Science, 29(January),
pp-399-412.

[16] American Society For Testing And Material
(ASTM)., 1993. Annual Book Of Astm
Standard, Philadelpia, USA.

[17] Kumar, R., Ghoshal, G., & Goyal, M., 2019.
Synthesis and functional properties of
gelatin/CA-starch composite film: excellent
food packaging material. Journal of Food
Science and Technology, 56(4).

[18] Association Of Official Analytical Chemist
(AOACQ)., 2007. Official Method Of Analysis
18th. Marylan: Association Of Official
Analytical Chemist, Inc.

[19] Jagadeesh, D., Prashantha, K., Mithil Kumar
Nayunigari, N., & Maity, A., 2016. Effect of
Gelatin Content on Potato Starch Green
Composite Films. Indian Journal of Advances
in Chemical Science, 4(4), pp.355-361.

[20] Purwanti, A., 2010. Analisis Kuat Tarik dan
Elongasi Plastik Kitosan Terplastisasi
Sorbitol. Jurnal Teknologi, 3(2), pp-99-106.

[21] Aritonang, D. H., Hartiati, A, &
Harsojuwono, B. A. 2020. Karakteristik
Komposit Bioplastik pada Variasi Rasio Pati
Ubi Talas Belitung (Xanthosoma
sagittifolium) dan Karagenan. Jurnal
Rekayasa Dan Manajemen Agroindustri,
8(3), pp-348-359.

[22] Xy, Y. X, Kim, K. M., Hanna, M. A, & Nag, D.,
2005. Chitosan-starch composite film:
Preparation and characterization. Industrial
Crops and Products, 21(2), pp.185-192.



Laksanawati et al. / Mechanics of Advanced Composite Structures 9 (2022) 213-220

[23] Sutra, L. U, Hermalena, L., & Salihat, R. A,
2020. Karakteristik Edible Film dari Pati
Jahe Gajah (Zingiber officinale) dengan
Perbandingan Gelatin Kulit Ikan Tuna.
Journal of Scientech  Research and
Development, 2(2), pp.34-44.

[24] Fera, M., & Nurkholik., 2018. Kualitas Fisik
Edible Film Yang Diproduksi Dari
Kombinasi Gelatin Kulit Domba Dan Agar
(Gracilaria sp). Journal of Food and Life
Sciences, 2(1), pp.-45-56.

[25] Al-Hassan, A. A, & Norziah, M. H, 2012.
Starch-Gelatin Edible Films: Water Vapor
Permeability and Mechanical Properties as
Affected by Plasticizers. Food Hydrocolloids,
26(1), pp.108-117.

[26] Fonkwe, L. G., Narsimhan, G., & Cha, A. S,
2003. Characterization of gelation time and
texture of gelatin and  gelatin-
polysaccharide mixed gels. Food
Hydrocolloids, 17(6), pp.871-883.

[27] Pranoto, Y., Lee, C. M., & Park, H. ]., 2007.
Characterizations of fish gelatin films added
with gellan and k-carrageenan. LWT - Food
Science and Technology, 40(5), pp.766-774.

[28] Fatyasari Nata, 1., Irawan, C., Ramadhan, L.,
& Rizky Ramadhani, M., 2018. Influence of
soy protein isolate on gelatin-based edible
film properties. MATEC Web of Conferences,
156(1), pp-1-5.

[29] Deanti, H., Huly, ]J. M., Setyaji, A., Eliyanti, R.
N, Aliya, K., & Dewi, E. N., 2018. The Quality
of Edible Film Made from Nile Tilapia
(Oreochromis niloticus) Skin Gelatin with
Addition of Different Type Seaweed
Hydrocolloid. IOP Conference Series: Earth
and Environmental Science, 116(1), pp.1-7.

220

[30] Fakhoury, F. M., Maria Martellj, S., Canhadas
Bertan, L., Yamashita, F., Innocentini Mei, L.
H., & Collares Queiroz, F. P., 2012. Edible
films made from blends of manioc starch
and gelatin-Influence of different types of
plasticizer and different levels of
macromolecules on their properties. LWT-
Food Science and Technology, 49(1),
pp.149-154.

[31]Japan Industrial Standard (JIS). 2019. In
General rules of plastic films for food
packaging, pp.1-5.

[32] Tongdeesoontorn, W., Mauer, L. ],
Wongruong, S., Sriburi, P., & Rachtanapun,
P, 2012. Mechanical and physical
properties of cassava starch-gelatin
composite films. International Journal of
Polymeric ~ Materials and  Polymeric
Biomaterials, 61(10), pp.778-792.

[33] Niy, X., Ma, Q., Li, S., Wang, W., Ma, Y., Zhao,
H. Sun, ], & Wang, J., 2021. Preparation and
Characterization of Biodegradable
Composited Films Based on Potato
Starch/Glycerol/Gelatin. Journal of Food
Quality, 2021(1), pp.1-11.

[34] Gelatin Manufacture Institut of America
(GMIA)., 2012. Gelatin Handbook.

[35] Goldberg, D and Williams, P., 1991. A user's
guide to the general health questionnaire.
Windsor. UK: NFER Nelson. Published online
2003.

[36] Lan thong, P. Nuisin, R. S.,
Kiatkamjornwong., 2006. Graft
copolymerization, characterization, and
degradation of cassava starch-g-

acrylamide/itaconic acid superabsorbents.
Carbohydrate Polymers. 66, pp.229-245.



