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Highlights:
- Degradable plastic is a good option for the environment.
- The use of arrowroot tuber starch with ZnO blends to make degradable plastic.

- Plastic material exhibits complete biodegradability on day 19.

Abstract: This study explores the synthesis and characterization of arrowroot starch-based
degradable plastics reinforced with zinc oxide (ZnO). The experimental design incorporated
the use of arrowroot tuber starch in varying concentrations of 10, 15, 20, and 25 g, in
conjunction with ZnO from 10, 20, 30, and 40%. The highest tensile strength is observed in the
presence of 15 g of starch and 30% ZnO, exhibiting a value of 4.7770 MPa. The addition of
ZnO fillers to degradable plastics results in enhanced mechanical strength, with increased ZnO
content leading to greater strength. The mixing process exerts a significant influence on the
resulting mechanical properties. Optimal mixing conditions, including appropriate speeds and
times, result in a uniform distribution of particles, thereby enhancing the mechanical strength
of the material. The specify which organic group present in the compound analysis of

degradable plastics are characterised by a high degree of hydrophilicity, which enables them
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to bind to water. Thermogravimetric analysis indicates that the plastic is capable of
withstanding elevated temperatures. A loss of weight is observed between 312.72°C to
344.31°C. It was observed that an improve in the percentage of ZnO used determined in a
corresponding increase of water absorption value from degradable plastic. The lowest water
absorption value, at 17.59%, was observed when 25 g of starch mass and 10% ZnO were used.
The plastic was completely degraded on thel19th day, which is substantially shorter than the
180-day biodegradation period specified in ASTM D5338.
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1. Introduction

In the last decades, there continues to be a significant increase the use of petrochemicals-based
synthetic plastic, which have surpassed all other synthetic materials in terms of production
volume. While these materials offer a high degree of versatility, their use has had a big effect
on the environment and public health concerns due to their non degradable nature and tendency
to accumulate in the environment (Gamage et al, 2024). The global annual production and
disposal of plastics is about 300 million tons, and the global recycling rate is only 10% to 13%
(Krishnamurthy et al, 2019). The best way to reduce the impact of plastics is to develop

degradable, biopolymers.

Polymers derivative from sustainable materials for example is starches, fibres, celluloses, or
chitins are a great way to do this. The change from oil-based to degradable polymers is slow
and inconsistent. Companies prefer to recycle plastic instead of investing in new polymers
because the new polymers are weaker and don't block out moisture as well (Phelan et al, 2022)
(Kan et al, 2022). Starch is a popular choice for degradable plastic because it is biodegradable,
but it has limitations. Petroleum-based plastics are more water-resistant and stronger to
compete with starch films. Nanomaterials such as cellulose, starch, chitin, and chitosan; metal
oxides such as titanium dioxide, zinc oxide, and zirconium oxide; and essential oils such as
carvacrol, eugenol, and cinnamic acid are often used to improve physical characteristics such
as strength, stability, moisture resistance, oxygen barrier ability, and biodegradation rate
(Mufioz-Gimena et al, 2023).

Zinc oxide (Zn0O), a semiconductor material with favourable environmental properties, is non-
toxic and exhibits a wide band gap; these characteristics make it suitable for use in the synthesis
of degradable plastics derived from arrow root starch (Song et al, 2023) (Xu et al, 2021).

Nanostructured zinc oxide is non-toxic and exhibits high stability. It has the potential to
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enhance the mechanical and barrier properties of polymers (Li et al, 2022). Previous studies
have demonstrated that the incorporation of SiO.—ZnO nanoparticles has the potential to
enhance the properties of semi-refined 1-carrageenan (SRiC) films (Praseptiangga et al, 2021).
Furthermore, the incorporation of a combination of Ag, ZnO, and CuO nanoparticles into the
active starch film resulted in enhanced mechanical and antimicrobial characteristics
(Peighambardoust et al., 2019). Armynah et al (2022) mixed zinc oxide into a bioplastic made
from cassava starch, a type of sugar found in plants, and a natural fibre found in pineapple
leaves. This made the bioplastic stronger and also showed that it could kill microbes. Sapei et
al (2017) examined the impact of ZnO incorporation on the characteristics of chitosan-banana

starch bioplastics.

The novel aspect of this research on degradable plastics is the utilisation of starch derived from
arrowroot in combination with zinc oxide as a filler material. The tuber of arrowroot (Maranta
arundinacea) is a member of the Marantaceae family and is composed of a substantial quantity
of starches, fibres, carbohydrate. Arrowroot starch possesses a number of beneficial properties,
including high digestibility and gel-forming ability. Additionally, it exhibits the highest
amylose content (40.86%) compared to other starch sources, such as corn (28-33%), cassava
(16-19%), wheat (30-32%), and potato (18-20%) (Sandoval Gordillo et al, 2014). A study was
conducted on the use of zinc oxide (ZnO) reinforcement in the production of degradable
plastics via the casting method. The concentrations of ZnO employed were (10, 20, 30 and
40%) with the taro tuber starch mass ranging from (10, 15, 20 dan 25 g). The objective is to
optimise the mechanical and thermal characteristics, functional group contents, water
resistance, biodegradability for degradable plastics through the use of different ZnO

concentration variations.

2. Materials and Methods

Arrowroot tubers are obtained from plantations in Simpang Keuramat Village, North Aceh,
and the starch is produced through several processes, such as cleaning, chopping, starch
extraction, settling, drying, and refining. Glycerol 99% Sigma — Aldrich and ZnO from Sigma
Aldrich - Molecular Weight: 81.39. The research method was conducted in several stages.
Initially, arrowroot starch was prepared; subsequently, a synthesis of degradable plastics was
carried out, and the resulting plastics were tested.
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2.1. Preparation of Arrowroot Starch

The arrowroot tubers are peeled and washed thoroughly. Cut into small pieces, then blended
until it becomes a coarse porridge. Add water to the blended ingredients at a ratio of 1 kg of
ingredients to 2 liters of water to extract the starch, then stir. The extraction process produces
two layers, namely liquid (starch suspension) and pulp. The dregs and starch are separated. The
starch suspension is then precipitated for 1 hour to produce to separate the liquid with starch
so that wet starch is obtained. After that, it was dried 48 hours outdoors, until dry. The starch

powder was pulverized with a mortar and then sieved with an 80 mesh sieve.
2.2. Degradable Plastic Preparation

Weigh a predetermined amount of material using a digital balance. Put the arrowroot tuber
starch with variations of 10, 15, 20 and 25 g into a 500 ml beaker glass then add 100 ml of
distilled water while stirring. Then add ZnO with variations of 10, 20, 30 and 40% from the
weight of starch. While stirring. After that, add glycerol 20% of the starch weight little by little.
After the solution is fully stirred, heating and stirring on a hot plate at 70°C for 40 minutes.
After that, the mixture was cast into a mold, then dry using an oven at 75°C for 10 hours. After
drying, it was left at room temperature for 24 hours. Degradable plastics that have been formed
are then released for further analysis and testing.

2.3. Characterization and Testing

2.3.1. Mechanical Properties

The American Standard Testing and Materials (ASTM) D-638 modified plastics test for
mechanical degradation was performed with five replicates. The tensile strength and elongation
can be calculated using the following equations: Equation (1) for tensile strength and Equation
(2) for elongation.

Fmax
O="a @)

o is tensile strength (MPa), Fmax is maximum stress (N) and A is area of film under stress (mm?).

_ Al

€= )
lo
€ represents strain (MPa), 1 is gauge length (mm?), and lo is the initial sample length (mm?).

The Young's modulus formula is:
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o
E=- 3)
E is Young's modulus (MPa), ¢ is tensile strenght (MPa) and ¢ is strain (MPa).

2.3.2. Chemical Properties

Fourier-transform infrared spectroscopy (FTIR) is a technical employed for the identification
of compounds, the detection of functional groups, and the acquisition of information regarding
mixtures and samples. FTIR is a form of infrared spectroscopy that employs a Fourier
transform for the detection and analysis of spectra. By utilising the FTIR tool, it is possible to
ascertain the identity of the compounds that constitute the degradable plastic and the functional
groups that are bound to it. The wavelength at which the sample is absorbed provides insight

into its chemical composition and wave numbers ranging from 550 to 4000 cm™.
2.3.3. Thermal Properties

The thermal resistance of degradable plastics is evaluated through thermogravimetric analysis
(TGA) tests. The TGA test records the change in mass of a sample undergoing dehydration,
decomposition, and oxidation over time and temperature. Thermal degradation refers to the
process in which a polymer is broken down due to the application of heat. The temperature at
which the polymer degrades is referred to as the upper limit for operational temperature. The
stability of degradable plastics is evaluated through the use of TGA (thermogravimetric
analysis) apparatus, specifically model TGA50 SrC30025100553. The stability of degradable
plastics is susceptible to changes resulting from the application of heat during physical changes,
including glass transition and melting.

2.3.4. Water Absorption

The objective of the swell test was to analyse the resistance of degradable plastics to water
absorption. In order to ascertain the swelling rate, the ASTM D2765 standard was employed.
The plastic sample was weighed and then immersed in a solvent for a period of 24 hours.
Subsequently, the sample was reweighed once it had undergone the aforementioned processes
and reached a state of equilibrium. The final mass was recorded. The swelling rate was

determined using the following Equation (3):

Weight of extended sample—Weight of initial sample

Swelling Degree x 100% (3)

Initial sample
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2.3.5. Biodegradability Rate with Soil Burial

The rate of microbial degradation was determined by subjecting the plastic to burial in soil. In
accordance with the ASTM G-21-70 standard, a biodegradability analysis was conducted by
measuring the direct contact of the degradable plastic with the soil. A section of plastic
measuring 5 x 2 cm was removed and the mass was recorded in grams as the initial mass (Mo).
Subsequently, the sample was buried at a depths of 30 cm in soil, and inspections were
conducted over a four-day period. Subsequently, the sample was weighed once more in order
to ascertain its final mass (My). To work out how quickly the plastic was breaking down, the

following equation was used:

MO - M1
MO

Biodegradabillity (%) = x100% 4)

Mo is the initial mass (g) and M is the final mass (g).

3. Results and Discussion

3.1. Mechanical Properties Analysis

The mechanical characteristics of arrowroot starch-based degradable plastics varying from (10,
15, 20 and 25 g) with various ZnO fillers (10, 20, 30 and 40% of starch weight) were evaluated,
can be seen in Table 1. Tensile strength showed an inverse correlation with elongation, while

Young's modulus showed a direct correlation with elongation.

Table 1 presents the tensile strength values associated with arrowroot starch-based degradable
plastics, as influenced by the addition of ZnO. The values ranged from (2.0926 to 2.6118 MPa
at 10 g starch mass), (2.0552 to 4.777 MPa at 15 g starch mass), (2.0231 to 2.5211 MPa at 20
g starch mass) and (1.1944 to 1.6064 MPa at 25 g starch mass). The table shows that the use
of ZnO has an effect on the tensile strength properties of the resulting biodegradable plastic.
Where it can be seen that, the greater the ZnO used, the more the tensile strength of the
degradable plastic increases. Conversely, lower ZnO concentrations resulted in reduce tensile
strength. The use of starch mass also affects the amount of ZnO used, where the more starch
used the lower the tensile strength obtained. Starch has been shown to be a hydrophilic polymer
(i.e., one with an affinity and capacity for water binding), which can be attributed to its
structure’s abundance of hydroxyl groups. These groups have the capacity to form hydrogen

bonds with water molecules (Zarski et al, 2021).
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Table 1. Effect of ZnO on mechanical properties for arrowroot starch and ZnO-based
degradable plastics

Starch ZnO Tensile Strenght Elongation Young’s modulus
(9) (%) (MPa) (%) (MPa)
10 2.0926 10.90 15.35
10 20 2.2253 7.38 24.12
30 2.4330 6.95 28.00
40 2.6118 6.54 31.94
10 2.0552 11.01 14.93
15 20 2.3019 12.60 14.61
30 4.7770 1.78 14.69
40 2.956 9.22 25.64
10 2.0231 7.82 20.69
20 20 2.2917 6.69 27.40
30 2.4493 7.16 27.36
40 2.5211 7.87 25.62
10 1.1944 5.01 19.07
25 20 1.4673 5.09 22.65
30 1.5135 5.06 23.92
40 1.6064 5.18 24.80

In contrast, some polymer matrices or materials exhibit hydrophobic properties (water-
repellent characteristics) (Vardhan et al, 2025). The use of 15 g starch mass and 30% ZnO has
the highest value of 4.777 MPa. The Indonesian National Standard (SNI) sets the tensile
strength range for plastics between 24.7 and 302 MPa. Degradable plastics from arrowroot
starch and ZnO have not met this value. The stirring factor may also be influential in order to
stabilise the tensile strength properties obtained (Dewi et al, 2024). The addition of ZnO
particles makes degradable plastics stronger and more resistant to bacteria. The most effective
method for achieving this objective entails subjecting the mixture to a heating and agitation
process for a duration of 40 minutes, operating within a temperature range of 80 to 90°C.
Glycerol solution is also needed to make degradable plastics flexible (Hendrawati et al, 2023).

Table 1 also shows the elongation values of arrowroot starch-based degradable plastics with
ZnO. The elongation values obtained ranged from (6.54 - 10.9% at 10 g starch); (1.78 - 12.6%
at 15 g starch); (6.69 - 7.87% at 20 g starch) and (5.01 - 5.18%). The values obtained are not
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stable. The highest elongation value was observed at a starch mass of 15 g and a ZnO
concentration of 20%, with an elongation value of 12.6% at this point. The SNI value for
bioplastic elongation is estimated between 21 to 220%. The elongation in this research has not
met the SNI standard value. The elongation value is similar to PET (15 to 165%) (Tian et al,
2024). Darni et al (2024) made bioplastics from starch with chitosan filler. This bioplastic has
a tensile strength 8.258 MPa, elongation 2.472%, Young's modulus 334.065 MPa, water
absorption 87.500%, and density 0.762 grams/ml. Vyas et al (2025) reported that the enhanced
mechanical properties were due to the uniform dispersion of ZnO nanoparticles (ZnO NPs) and
the development of hydrogen bonding between ZnO and the carboxymethyl cellulose matrix.
The most significant tensile strength was exhibited by the ZnO NPs 20% film, at 15.12 + 1.28
MPa.

When pressure is removed, the material returns to its original shape. The ratio of stress to strain
is kept constant and is called the Young’s modulus. In particular, it has been observed that,
under certain conditions, the Young's modulus and the elongation value may be equivalent.
The Young’s modulus shows how much tensile force a material can withstand. The values for
the elastic modulus are presented in Table 1, with the following results for the specified
quantities of starch: (15.35 - 31.94 MPa for 10 g starch); (14.61 - 214.69 MPa for 15 g starch);
(20.69 - 27.40 MPa for 20 g starch); and (19.07 - 24.80 MPa for 25 g starch). The Young’s
modulus value obtained using 15 g starch mass and 30% ZnO has a very high value of 214.69
MPa). A review of the Mat Web Material Property database for polypropylene shows that the
Young's modulus is in the range of 680 - 3600 MPa. The Young's modulus value of the
degradable plastics in this study has not yet met this value. The way a bioplastic material
responds to mechanical forces depends on its state, especially whether it has a crystalline

structure and the extent to which it is amorphous (Fabra et al, 2018).

3.2. Chemical Properties Analysis

FTIR (Fourier Transform Infrared) represents a specific instrument that employs the principles
of spectroscopy. The identification of organic compounds is made possible by the very
complex spectrum of infrared spectroscopy, which is characterised by a multitude of peaks. In
order to analyse the samples, this study employed the use of FTIR, with measurements taken
at a series of wave numbers, ranging from 550 to 4000 cm ™. The results of the FTIR analysis
conducted on a degradable plastic sample comprising arrowroot starch (15 g) and ZnO (30%)

are presented in Figure 1.
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Figure 1. FTIR results on arrowroot starch and ZnO-based degradable plastics

Figure 1 shows that the wave number 3657.04 cm™ (the peak is not significant) likely indicates
the existence of O-H vibrations in the NaOH bond present the starch. Wavenumbers between
2100 and 2500 cm™* are indicative of hydroxyl groups present in the starch. Conversely, wave
numbers 2573.04 cm, 2150.63 cm™ and 2090.84 cm™ are indicative of a CH2 bond, which is
a characteristic of glucose content in arrowroot starch. Jiménez et al (2022) on the production
of Hass avocado seed starch bioplastics, a peak wavelength of 2919 cm™ was observed, which
is indicative of CH bonds associated with methyl groups. Furthermore, the observed vibration
range around 528.57 cm™, 496.71 cm™!, 472.66 cm ™! and 443.63 cm™! is indicative of the Zn-
O bond of the inorganic nanomaterial. The addition of glycerol to the starches resulted in a
reduction of the O-H stretching band, indicating that the films containing glycerol formed
stronger hydrogen bonds with water (Aghazadeh et al, 2018). The characteristic peak at 3298
cm' (associated with the O—H bond) was observed to shift to 3300 cm™ for the films
comprising 10-30% glycerol. These shifts indicated that the addition of glycerol facilitated
hydrogen bonding interactions between starch and glycerol (Sirbu et al, 2024).

Navasingh et al (2023) made bioplastics from rice starch and tapioca with CaCOs and
plasticisers. The presence of C-H groups is indicated by the appearance of peaks at 2883 cm™
and 3000 cm™. The starch makes these groups appear. This looks like a sample made with
glycerol. At 1500, an N-H group of amines makes a reaction between maleic anhydride and

NaOH to make degradable plastics. The researcher says that the substances interact and
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dissolve with each other, as shown by the shift in peaks on the FTIR spectrum. The FTIR
analysis of arrowroot starch-based plastic with ZnO filler shows organic groups. The plastic is
hydrophilic, binds to water, and has ester groups. These groups make it susceptible to soil
degradation (Srihanam et al, 2023).

3.3. Thermal Properties Analysis

The thermal stability of degradable plastics can be evaluated through a thermogravimetric
analysis (TGA), which assesses the effects of polymer heating during physical transitions,
including those associated with the glass transition and melting of the polymer. The TGA test
employed starch (15 g) and ZnO (30%) in the degradable plastic, generating a curve that depicts

the change in mass versus temperature (Figure 2).

TGA
FA
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End 600.00C
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Figure 2. TGA results on arrowroot starch and ZnO-based degradable plastics

The thermogravimetric analysis (TGA) of arrowroot starch-based and ZnO degradable plastic
are presented in Figure 2. It is evident that weight loss occurs in the case of degradable plastic.
The rate of mass loss of the specimen is relatively slow at 30°C. It can be attributed to the
presence of contaminants and other substances added to the degradable plastic at this
temperature. The extreme weight loss commences at temperatures between 312.72°C to
344.31°C, resulting in the loss of ZnO, glycerol and starch (Sirbu et al, 2021). Mass loss was
observed for the degradable plastic samples, which showed mass loss between 77.128% and

11.492 mg. The majority of the raw undergoes decomposition and is fully exhausted at 600°C.
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This research, the samples of degradable plastic were subjected to a significant degree of
thermal degradation. Thermal analysis of the TGA reveals that the change in thermogram is a
consequence of the transfer of heat to the degradable plastic, which then initiates a series of
structural and phase changes within the material. The notable loss in weight within the
temperature range of 250-300°C is attributed to the degradation of gelatine and starch. It can
therefore be concluded that the prepared sample is suitable for use in applications that operate
at high temperatures (Marichelvam et al, 2019). Plasticisers make it easier for the OH groups
in the starch molecules to form new hydrogen bonds with the plasticisers. This leads to the
formation of homogenous thermoplastic starch with increased chain mobility, decreased glass
transition temperature, and consequently improved ductile and extension properties (Narancic
et al, 2020). It can be concluded that the higher the residual weight of arrowroot starch and
ZnO-based degradable plastics that have undergone decomposition, the greater the thermal

resistance.

3.4. Water Absorption Analysis

The term'water absorption is used in the field of degradable plastics to describe the process by
which water is absorbed into the material. This is an important characteristic to assess as it
determines the extent to which the material will resist the ingress of water. Figure 3 shows
how the water resistance test of arrowroot starch-based degradable plastics (10, 15, 20 and 25
g) with various ZnO fillers (10, 20, 30 and 40% of starch weight) by swelling test.

Figure 3 shows the swelling values obtained in arrowroot starch-based degradable plastics with
ZnO fillers at 10 g starch (17.59 - 41.48%); 15 g (40.96 - 73.82%); 20 g (25.35 - 63.21%) and
25 g starch (17.59 - 59.45%). From the results obtained, the mass of starch and ZnO used
affects the value of water absorption produced. The greater the percentage of ZnO used, the
greater the water absorption value of the degradable plastic. When using 25 g of starch mass
and 25% ZnO, the lowest water absorption value was 17.59%. The hydrophilic nature and high
moisture flexibility of the starch facilitate the movement of water into the starch-soaked area
during the soaking process. Furthermore, the incorporation of plasticisers influences the water
resistance of degradable plastics (Abidin et al, 2020). As in previous research, the production
of bioplastic films from taro starch with the addition of bentonite demonstrated enhanced
resilience to saline and acidic environments; however, it exhibited reduced resistance to alkali

and minimal expansion. The results of the soil degradability tests demonstrated that the film
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was biodegradable and could be employed as a substitute for conventional plastics (Mohd Zain
et al, 2019).
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Figure 3. Water absorption results on arrowroot starch and ZnO-based degradable plastics
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A study on bioplastics from the cocoyam plant showed that adding gelatin and glycine
increased water absorption to 60.41%. The sample with vegetable oil absorbed the least, at
10.49%. This is because oil is hydrophobic, which means it repels water. This is good for

products that need to be water-resistant (Enwere et al, 2024).

3.5. Biodegradability Rate with Soil Burial Analysis

Microorganisms represent a key factor in the degradation of degradable plastics.
Biodegradation breaks down carbon at the end of the useful lives of degradable polymers,
without releasing harmful compounds (Folino et al, 2020). Table 2 shows the results of a
biodegradability test of arrowroot starch-based plastic with different concentrations of ZnO

filler.

This research employed arrowroot starch and varying quantities of ZnO, with a view to
ascertaining the impact of the resulting degradation rate on the material in question. From the
results obtained, the average degradable plastic decomposed completely on the 19th day.
Furthermore, the use of (10 g starch; 10% Zn0O), (15 g starch; 10% Zn0O), (20 g starch; 10%
ZnO) took less time to fully degrade. From the results obtained it is also evident that the use of
ZnO has an effect on the rate of plastic decomposition. The more ZnO used, the faster the
degradable plastic decomposes, the less ZnO used, the longer the degradable plastic takes to

decompose. For example, the combination of chitosan and starch-based bioplastics with PP
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showed complete biodegradation in 28 days, which demonstrates the efficacy of synthetic
polymers as reinforcing materials in facilitating the biodegradation of bioplastics (Jangong et
al, 2019).

Table 2. Biodegradability rate results on arrowroot starch and ZnO-based degradable plastics

Starch zZnO Weight Loss (%)
) () "Day3 Day6 Day9 Dayl2? Dayl5 Dayl18 Dayl9 Day 20
10 10 1514 2830 4255 5445 7079 8349 9724  100.00
10 20 1618 2951 4412 5760 7368 8715 10000 100.00
10 30 1765 3103 4643 5990 7597 89.85 100.00 100.00
10 40 1894 3309 5021 6281 79.65 9428 100.00 100.00
15 10 1610 27.14 4524 5316 70.86 8316 9672  100.00
15 20 1717 3043 4892 5588 7393 86.96 10000 100.00
15 30 1853 3355 5175 5981 7704 9184 100.00 100.00
15 40 1894 3596 5294 6275 8186 9627 100.00 100.00
20 10 1651 2911 4671 5456 7278 8533 99.13  100.00
20 20 1772 3234 4886 5782 7585 89.05 10000 100.00
20 30 1660 3414 5L70 5978 7898 9336 100.00 100.00
20 40 1887 36.34 5205 6294 8290 9719 100.00  100.00
25 10 1680 3221 4595 5853 7545 8888 10000 100.00
25 20  17.80 3442 4854 5078 7956 9269 10000  100.00
25 30 1814 3585 5196 6190 8176 9501 100.00  100.00
25 40 1880 36.72 5392 6389 8374 9853 100.00 100.00

Other studies have shown that the use of bentonite in taro starch bioplastics affects how quickly
it decomposes. The more bentonite used, the slower the decomposition. How much filler is
added affects how biodegradable it is (Post et al, 2021). The degradation rate of biodegradable
plastics is influenced by a number of factors, including the composition of the polymer, soil
moisture levels and the surrounding environmental conditions (Elgharbawy et al, 2024). The
ASTM D5338 standard serves as a assessment guidelines of compostability in degradable
plastics, in conjunction with the ASTM D-20.96 standard on environmentally degradable
plastics. The criteria for degradable plastics are defined within this standard. In order to meet

the standard, products comprising a single polymer (either a homopolymer or a random
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copolymer) must undergo a conversion of at least 60% organic carbon to carbon dioxide within
a period of 180 days (Dewi et al, 2023).

5. Conclusion

The strength of arrowroot starch plastic can be increased by adding ZnO. The values ranged
from 2.09 to 2.61 MPa at 10 g starch mass, 2.06 to 4.77 MPa at 15 g starch mass, 2.02 to 2.52
MPa at 20 g starch mass and 1.19 to 1.61 MPa at 25 g starch mass. The incorporation of ZnO
into the plastic matrix is directly proportional to the resulting mechanical strength. The amount
of ZnO used is directly proportional to the weakness of the plastic. The incorporation of a
greater quantity of starch into a given plastic composition is directly proportional to the
observed reduction in its tensile strength. The FTIR analysis shows that the wave number
3657.04 cm is the O-H bond. Wavenumbers 2100-2500 cm™ show the hydroxyl group of
starch. The 1723 C=0, 1290 C-O-C bond, which is a type of glucose found in arrowroot starch.
Also, there are vibrational ranges around 528.57, 496.71, 472.66 and 443.63 cm™ that show
the presence of Zn-O bonds from inorganic nanomaterials. In TGA analysis, the most extreme
weight loss happens at temperatures between 312.72°C and 344.31°C. The aforementioned
factors result in the loss of ZnO, glycerol, and starch. The plastic samples loss mass, with the
majority decomposing fully at 600°C. The amount of starch and ZnO affects how much water
the substance absorbs. The more ZnO, the greater the water absorption. The lowest water
absorption value is 17.59% when 25 g of starch and 25% ZnO are used. In biodegradability
analysis, degradable plastics decompose completely on average by day 19. The use of ZnO
affects the rate of plastic degradation. More ZnO means faster decomposition. Less ZnO means

longer decomposition times.
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