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The manufacture of biodegradable plastics with the main ingredients of talas
beneng (Xanthosoma Undipes K. Koch) starch, chitosan, and glycerol as a
plasticizer has been carried out by various additions of starch and reduction of
chitosan. Initial assessment of talas beneng starch reveals: starch content - 20.51%,
water content - 8.58%, fat content - 12.71%, and protein content - 3.51%. Physical
testing of biodegradable plastic produces thickness values ranging from 0.166 mm
to 0.234 mm, tends to meet JIS Z-1707: 2019 standards, density value is 1.674
g/cm3, and the lowest water absorption value is 20.51%, both meet SNI 7188: 2016
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standards, and there is a decrease in mass every week for 28 days in the
biodegradation test.
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ABSTRAK

Pembuatan plastik biodegradable dengan bahan utama pati talas beneng, kitosan,
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dan gliserol sebagai plasticizer telah dilakukan dengan variasi penambahan pati dan
pengurangan kitosan. Analisis awal pati talas beneng menunjukkan bahwa kadar
pati talas beneng 20,51%, kadar air 8,58%, kadar lemak 12,71%, dan kadar protein

3,51%. Pengujian fisik plastik biodegradable menghasilkan nilai ketebalan berkisar
antara 0,166 mm hingga 0,234 mm, cenderung memenuhi standar JIS Z-1707:2019,
nilai densitas 1,674 g/cm’ dan nilai serapan air terendah 20,51%, keduanya
memenuhi SNI 7188:2016, dan terjadi penurunan massa setiap minggunya selama
28 hari pada uji biodegradasi.
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1. Introduction

Conventional oil-based plastics are difficult to decompose because plastic is a type of high-molecular
compound polymerized by monomers with long chains of carbon molecules that are sturdy and not easily
damaged [1]. Data shows that 34 million tons of plastic waste are disposed of annually worldwide, with 93%
dumped into the sea and landfills [2]. Concerns about this petroleum-derived plastic's sustainability have
arisen because of its poor degradability, making them the most dangerous environmental pollutant [3]. In
December 2015, the European Commission adopted the European Union's Circular Economy Plan of Action
in which plastic is considered a priority for addressing [4]. In January 2018, the European Plastics Strategy
[5] was developed, in response to growing environmental concerns regarding the production, consumption,
use and disposal of plastics in line with the European Union's approach. In March 2020, to lead the way
towards a circular economy in the world and to use its influence, expertise and financial resources to
implement the 2030 Sustainable Development Goals (SDGs), the European Commission launched a new
Circular Economy Action Plan for a cleaner economy and more competitive Europe [6].
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Biodegradable plastic is a new type of plastic that can be decomposed and lost in the natural environment
[7]. Microorganisms and sunlight can help break down certain biodegradable compounds [8]. The principle
of degradation is that it can be decomposed by microbes (bacteria, fungi, algae, etc.) that exist in nature into
materials (CO,, H,O, CH4 and biomass), which can be integrated into natural ecosystems without ecotoxic
effects or residual by-products [9]. Biodegradable plastics are often made from plant sources. For example
starch, a natural polymer found in some fruits and composed mostly of two types of polysaccharides:
amylase and amylopectin [10].

One source of starch that has not been widely explored is Talas Beneng (Xanthosoma Undipes K. Koch).
Talas Beneng is a local Indonesian plant with a fairly high starch content. In addition to its fast and easy
growth, Talas Beneng is also rich in nutrients, including 6.73% protein, 81.81% carbohydrates, 0.17% fat
and 56.29% starch [11]. Since starch is hydrophilic [12], glycerol is competent as a suitable plasticizer given
its low hygroscopicity and volatility [13,14]. The presence of glycerol not only has a plasticizing effect but
also enhances the cross-linking effect [15]. The efficiency of the plasticization process increases with the
concentration of glycerol [16]. Chitosan, similar to starch, is a polysaccharide with non-toxicity,
biodegradability, biocompatibility, and with film-forming properties [17,18]. Mixing starch with chitosan is
a simple and cost-effective strategy to improve the mechanical and barrier properties of films produced by
solvent casting [19,20].

Packaging is the largest application of Biodegradable plastics today [21]. Therefore, it is urgent to
develop a facile method to manufacture the starch-based biodegradable plastic featuring high water
resistance and physical testing [19] Utilization of talas beneng (Xanthosoma Undipes K. Koch) starch as a
biodegradable plastic with the addition of chitosan and glycerol as a platicizer as well as physical
characteristic test is expected to be able to provide plastic innovation with high economic value,
environmentally friendly, and easily decomposed by microbes in the soil so that it can be useful in everyday
life day.

2. Method
2.1. Preparation of Talas Beneng Corms into Starch

Talas beneng plant was obtained from the Village of Namotrasi Pasar 4 Sei Bingai District, Langkat
Regency, North Sumatra. Talas beneng has a long and large stem, and each bud has a small corm on its
roots. Talas beneng corm is large, and the flesh's color is yellow. The size of the talas plant can reach about
2.5 meters, with each stem having a maximum tuber size of 10-25 kg.

Talas beneng corms obtained are then washed thoroughly and peeled from the skin. Next, the corm is cut
into chips. After talas beneng chips are cut, water is added, then mashed with a blender. Afterward, gauze
was used to filter the result of talas beneng blending and allowed to settle for twenty-four hours. After that,
the white precipitate that had settled at the bottom of the vessel was washed every five hours until the
precipitate became purer. Within one day, the precipitate is left at room temperature. Then, the precipitate
was dried in an oven at 60°C for one more day. After the starch dries, it is ground with a mortar and sifted
through a 200-mesh sieve. Furthermore, the starch was analyzed to determine the water, protein, fat, and
starch content levels.

2.2. Solution Preparation
2.2.1. Preparation of 2% CH3COOH Solution

Prepare a 1000 ml beaker. For dilution, 10 milliliters of acetic acid and distilled water are added to 1000
milliliters. The mixture was stirred at 25°C (room temperature) until it became homogeneous.

2.2.2. Preparation of Chitosan Solution
Prepare a 250 ml beaker. To dissolve in a 2% acetic acid (CH;COOH) solution, chitosan is put into a
beaker glass with a mass ratio of 1:50 (% w/v).

2.2.3. Preparation of Chitosan Solution
Prepare a 500 ml beaker. To dissolve the starch, distilled water was added to the beaker, and the mass of
the starch was compared to the volume of the distilled water at 1:20 (% w/v).
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3. Results and Discussion
3.1. Characteristics of Talas Beneng Starch

The characteristics of Talas Beneng are given in Table 1. As seen, the starch content is 20.51%, which
was obtained by using SNI 3751:2018. The water content is 8.58% based on SNI 3751:2018; fat content of
12.71% based on SNI 2997:1996; and protein content of 3.51% (SNI 3751:2018).

Table 1. Characteristics of talas beneng starch.

Content Level Unit  Total Result Method
Talas Beneng Starch % 20.51 SNI 3751:2018
Water % 8.58 SNI 3751:2018
Fat % 12.71 SNI 2997:1996
Protein % 3.51 SNI 3751:2018

3.2. Analysis of Physical Testing for Biodegradable Plastic Characteristics
3.2.1. Thickness Test Analysis
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Figure 1. Graph depicting results from biodegradable plastic thickness testing.

Figure 1 shows the value of the thickness of the plastic in the variation of starch: chitosan. A composition
of 50%:50% has the most dominant thickness compared to the other variations of starch: chitosan, which is
0.226 mm. This is because the thickness of biodegradable plastic is affected by the total amount of solids in
the solution and the thickness of the mold [22]. Furthermore, noteworthy is the observation that the density
value of the 50% starch: 50% chitosan blend variation appears comparatively lower when compared to other
compositions. This trend reinforces the preeminence of biodegradable plastic thickness within the 50%
starch: 50% chitosan blend. The density value of biodegradable plastic is derived by dividing its mass by
volume.

Based on the food packaging industry standard (JIS Z-1707:2019), the maximum thickness allowed for
biodegradable plastic is 0.25 mm. From the research results, the thickness of biodegradable plastic made
from talas beneng starch ranged from 0.166 mm to 0.234 mm. Therefore, based on the JIS Z-1707:2019
standard, the thickness value of biodegradable plastic from talas beneng starch in this study tends to meet the
standard.
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3.2.2. Mass Density Analysis
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Figure 2. Graph depicting results from biodegradable plastic mass density.

Figure 2 shows that the effect of adding starch and reducing chitosan on density is in line. This means that
the more starch added, the greater the density value. For the 30% starch variation, the density value was
1.368g/cm’; for the 40% starch variation, the density value increased to 1.437 g/cm’, then it rose again at the
50% starch variation to 1.460 g/cm’ and continued to increase for the 60% and 70% starch variation, both are
1.486 g/cm’® and 1.674 g/cm’. This is because the more additives that have a higher density than HDPE are
added to a polymer matrix, the higher the weight and density of the polymer so that the density becomes
higher [23].

3.2.3. Water Absorption Analysis
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Figure 3. Graph depicting results from biodegradable plastic water absorption.
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In Figure 3, it can be seen the effect of adding starch on water absorption. The percentage of water
absorption in the addition of starch and reduction of chitosan increased from a starch composition of 30% to
absorption of 20.51%; in a starch composition of 40%, the water absorption became 33.33%, in a starch
composition of 50% the water absorption increased again to 34.92%, then there is an increase in absorption
again at 60% starch composition, namely 37.21% until the 70% starch composition continued to increase to
50.00%. This shows that adding starch and reducing chitosan increases water absorption. The addition of
chitosan additives with different concentrations has a significant effect on the water resistance properties of
bioplastics. The water resistance of bioplastics increases as the concentration of chitosan increases, as
evidenced by the lower water absorption capacity [24].

3.2.4. Biodegradation Analysis
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Figure 4. Graph of degradation results of the produced biodegradable plastics.

In Graph 4, it can be seen that the planting time affected the biodegradation of the samples, where there
was a decrease in the mass of biodegradable plastic every week for 28 days of planting. According to the
provisions of the non-ASTM Sea Water by Bioplastic Film PHBHx (11%HV) degradation percentage value
with a planting time of 28 days, the percentage of biodegradable plastic degradation is 35% after planting.
Compared with this study, with a planting time of 28 days, the highest biodegradable plastics biodegradation
value is 75%. The degradation percentage value of biodegradable plastic from talas beneng starch in this
study has above the standard. The results of this study are in line with the research conducted by Agung and
Hidayati, more chitosan can accelerate the degradation process [25].

4. Conclusion

The results of the characterization of talas beneng starch obtained starch content of 20.51%, water content
of 8.58%, fat content of 12.71%, and protein content of 3.51%. The results of the physical characterization of
biodegradable plastic obtained the highest thickness value of 0.234 mm at a drying temperature of 90°C with
100% glycerol plasticizer, the lowest water absorption value of 8.108% at a drying temperature of 90°C with
60% glycerol plasticizer, and the highest density value of 2.032g/cm3 at a drying temperature of 60°C with
100% glycerol plasticizer and the highest biodegradation value of 38.095% at a drying temperature of 100°C
with 100% glycerol plasticizer for 28 days of planting.
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