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ABSTRACT 

In Indonesia, starch, especially particularly that obtained from bengkuang 

(Pachyrhizus erosus), is abundant and inexpensive, thereby increasing the 

value of bengkuang starch through its role in mixing, which can be mixed 

with bioplastic-based starch. Biocomposite from A biocomposite comprising 

nanocellulose from water hyacinth (Eichhornia crassipes) fibre and 

bengkuang (Pachyrhizus erosus) starch was successfully fabricated using 

the solution casting method. The nanocellulose Nanocellulose content in 

the matrix was kept constant at 1 wt%. Moreover, During during fabrication, 

a the biocomposite gel was treated byin an ultrasonic bath for 0, 15, 30, 

and 60 min. Further, Thermogravimetric thermogravimetric analysis, 

moisture absorption measurements, Fourier transform infrared 

spectroscopy, and scanning electron microscopy were performed. The 
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biocomposite sample withvibrated for 60 min vibration hashad the highest 

thermal stability and exhibitsexhibited low moisture absorption. The soil 

burial test provesproved that this biocomposite, as opposed to 0-min 

vibrated samples, has a slower biodegradation rate than the 0 min vibrated 

sample.. This result was supported by morphological evaluation after 

biodegradation, in which the 60 -min vibrated sample hassamples showed 

a coarse surface and low porosity formation. 

Keywords: Nanocellulose, biodegradation, biocomposites, hyacinth 

fibrefiber, thermogravimetric analysis. 

1. INTRODUCTION 

Plastic is one of the materials that are widely used in many applications, 

such asincluding its use in food packaging, electronic components, and 

automotive dashboards. Usually, plastic is made using crude oil. However, 

plastic has a negative impact on the environment because it is non- 

degradablenondegradable and it causes air pollution [1]. In 2010, Indonesia 

was responsible for the second country that produces the most highest level 

of marine plastic waste in the oceanpollution after China. The total 

production of marine plastic marine debris globally reachedranges 0.48– 

1.29 million metric tons per year [2]. 

One breakthrough solution to this problem is was the development of 

biodegradable plastic (bioplastic). Generally, bioplastic is made from 

comprises starch, polylactic acid, and polyvinyl alcohol. In Indonesia, 

starch, especially that from bengkuang, (Pachyrhizus erosus), is abundant 

and low costinexpensive [3–5]. The total production of bengkuang has 

reached 191.5 quintals/ha per year, thereby indirectly increasing the value 

of bengkuang starch throughbased on its role in mixingability to be mixed 

with bioplastic-based starch. 

Bengkuang starch has several advantages, namely, its availability, 

low cost, and environmental friendliness. This starch has a high amylose 

content of aboutapproximately 30%–40% [6, 7]. However, this starch has 

the disadvantages of low thermal stability and high moisture absorption [7]. 

AdditionThe addition of cellulose fibrefiber is one of thean alternative 

solutionssolution to such problems. 



Cellulose fibrefiber from water hyacinth (Eichhornia crassipes) is a 

candidate for reinforcement due tobecause of its high cellulose content and 

abundance in earthnature [8, 9]. Water hyacinth (Eichhornia crassipes) is a 

free-floating macrophyte that exhibits a fast growth rate, adaptability to a 

wide range of environmental conditions, and a high nutrient uptake 

capacity. Cellulose in the nanometrenanometer range is, called 

nanocellulose and, has become prevalent in recent years. Nanocellulose 

has several advantages, such as being biodegradable and renewable, and 

having acceptable transparency [10, 11]. Prior research established that 

the addition of nanocellulose in the matrix increased thermal and moisture 

resistance. 

However, these properties depend on several factors, including 

porosity, the agglomeration phenomenon, and the dispersion of 

nanocellulose in the matrix [12]. Ultrasonic treatment wasUltrasonication is 

used to reduce the formation of agglomeration and increase the dispersity 

of nanocellulose in fibres.fibers. Several works havestudies reported on the 

use of ultrasonic treatment of nanocellulose to reducefor reducing 

agglomeration while gelatinised.during gelatinization. Previous researchers 

prepared and sonicated biocomposites from cellulose fibrefiber-reinforced 

starch during gelatinisation bygelatinization using an ultrasonic bath 

instrument. They claimed that sonication successfully reduced fibrefiber 

agglomeration in the starch matrix [12–13]. However, their work did not 

reveal the biodegradation characteristic of the biocomposite sample. Note 

that biodegradation has an important role in biocomposites, as previously 

reported [14, 15]. 

Several researchers have investigated the use of distilled water to 

clean samples after biodegradation in soil [14–15]. However, that this 

method is ineffective for separating soil from the sample. The soilsamples. 

Soil continues to adhere to the sample due tosamples because of the lowest 

water’s -energy water, as substantiated by several experiments. 

Accordingly, this work proposesproposed a new method for cleaning the 

sample.samples. Using an ultrasonic bath is an effective means to 

separateof separating soil from the samplesamples after biodegradation. 

The morphological characteristiccharacteristics of the samplesamples after 



 
 
 
 
 

 

biodegradation is were observed byvia scanning electron microscopy 

(SEM). Thermogravimetric analysis (TGA), moisture absorption 

measurements, and Fourier transform infrared (FTIR) spectrometry were 

conducted to determine thermal stability, moisture resistance, and the 

functional group of the biocomposites, respectively. The aim of thisThis 

study aimed to investigate the effect of the vibration (sonication) time / 

duration (0, 15, 30, or 60 min) during the fabrication of biocomposite 

samples. The variation is 0, 15, 30 and 60 min. So, we want to confirmation 

that this study to know the properties of biocomposite affected by effect 

vibration during fabrication. The properties namely,, specifically focusing 

on thermal stability, moisture resistance, and biodegradation in soil. 

 

2. MATERIALS AND METHODS 

2.1 Materials 

Water hyacinth fibrefiber was obtained from Payakumbuh, Indonesia. 

Nanocellulose was obtained from the water hyacinth fibre was obtained 

byfiber via chemical and mechanical treatment. The lignin, hemicellulose, 

and cellulose contents of water hyacinth were 7%, 29%, and 43%, 

respectively. Bengkuang tubers were purchased from local farmers in 

Kuranji, Padang, Indonesia. All chemical reagents, such as distilled water, 

glycerol, NaOH, NaClO2, CH3COOH, and HCl, were obtained from the 

Metallurgy Mechanic Laboratory, Andalas University. 

 
2.2. Extraction of bengkuang starch 

Bengkuang tubers were peeled, cut into small pieces, and then crushed 

using an ice blender at 10000 rpm for 5 min to obtain the resulting porridge. 

The porridge was filtered using a mesh screen (200 mesh) to separate the 

bagasse and the suspension. Furthermore, The the suspension was 

precipitated for 5 h to acquire the bengkuang starch. The precipitant was 

dried in an oven at 50 °C for 20 h. Then, the resulting material was collected 

and crushed to produce dry starch powder. 
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2.3. Isolation of nanocellulose from water hyacinth 

Water hyacinth fibrefiber was prepared following a previous reportas 

previously described [9]. Dried water hyacinth fibrefiber (15 g) was pulped 

15% sodium hydroxide solution. The mixture was heated and 

stirred at 60 °C and 300 rpm for 4 h. Then, the fibres werefiber was cleaned 

from the alkali solution with distilled water. The bleaching  Bleaching 

process was performed with using sodium chlorite and acetic acid  (4:1). 

This process was conducted at 60 °C and 300 rpm for 2 h. ItThe mixture 

was rinsed bywith distilled water to obtain the cellulose suspension. Next, 

5 M HCl was added to the suspension for acid hydrolysis at 60 °C and 300 

rpm for 20 h. HCLHCl was used to isolate nanocellulose from the cellulose 

fibre.fiber. Then, the products were neutralisedneutralized using distilled 

water before ultrasonication. An ultrasonic crusher was utilisedutilized to 

produce nanocellulose from water hyacinth. This process was conducted at 

600 W for 1 h. 

 
2.4. Biocomposite fabrication 

A total of 10 g of bengkuang starch was mixed with 100 ml of distilled water 

in a glass beaker. This mixture was homogenised byhomogenized using an 

ultrasonic homogeniserhomogenizer at 8000 rpm for 5 min. During 

homogenisationhomogenization, 1% NWHF and 2 ml of glycerol were added 

slowly added to the mixing solution. A constant fraction of nanocellulose (1 

wt%) was used as reinforcement in the bengkuang starch matrix . Then, the 

mixing solution was heated and stirred at 60 °C and 500 rpm for 30 min 

(until gelatinisedgelatinized). The biocomposite gel (70 gr) was poured in a 

petriPetri dish (d=15 cm diameter). The gel was treated byincubated in an 

ultrasonic bath for 0, 15, 30 and , or 60 min and labeled as labelled samples 

for VT 0 (untreated), VT 15, VT 30, and VT 60, respectively. Subsequently, 

the biocomposite was dried in a drying oven at 50 °C for 20 h. 

 

2.5. CharacterisationCharacterization 

2.5.1. Scanning Electron MicroscopySEM 

The morphology of the untreated and treated water hyacinth fibresfibers as 

well as the morphological characteristic of all biocomposites tested after 
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biodegradation in soil were observed by using SEMa Hitachi  3400  N. 

scanning electron microscope. The operation voltage was 10 kV. The 

fracture surface of the biocomposite was studied through the SEMa VEGA3 

TESCAN SEM instrument at room temperature and 10 kV. All samples were 

coated with gold by using an argon plasma metallisermetalizer (sputter 

coater K575X) (, Edwards Limited, Crawley, United KingdomUK) to avoid 

charging. 

 
2.5.2. Transmission Electron Microscopy 

Transmission electron microscopy (TEM) 

A JEM-JEOL 1400 TEM instrument was operated at 100 keV to observe the 

nanocellulose water hyacinth fibre.fibers. The nanocellulose suspension 

was cast in a carbon-coated grid and then directly observed at room 

temperature. 

 
2.5.3. Thermogravimetric Analysis 

All samples were tested byusing a TGA/DTG 60 system (serial no. 

C30565000570) to determine the thermal degradation point at each stage. 

The test was conducted inover the temperature range of 30°C–550 °C under 

a nitrogen atmosphere. The heating rate was maintained at 10 °C/min. The 

weight of all tested samples was 5–7 mg. 

 
2.5.4. Moisture Absorption 

All tested samples were cut into 1 cm × 3 cm pieces and dried in a drying 

oven to a constant weight. The initial (Wo) and final weights are (Wo) and 

(Wt), respectively.) were recorded. Moisture absorption was 

performedexamined in a moisture chamber (relative humidity [RH]: 75%) 

at 25 °C. The final weight (Wt) is the final weighing of the sample every 30 

min. The percentage ofpercent moisture absorption was calculated by using 

a previousthe following equation [12].]: 

𝑊𝑡 ‒ 𝑊𝑜 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 = 𝑊𝑜        
× 100%. (1) 
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2.5.5. Fourier Transform 

Infrared FTIR 

characterisationspectroscopy 

FTIR spectroscopy was used to determine the functional groups of all 

samples. The FTIR spectrum of all tested samples was recorded by using a 

Perkin-Elmer Frontier FTIR instrument with a resolution of 4 cm-−1. The 

scanned wavenumber range was 600–4000 cm-−1. 

 

2.5.6. Soil Burial Test 

The biodegradation test was conducted by burying the sample samples in 

soil that was purchased from PT. Mahesa Mutiara Tani (Kompos Nesia),, 

Bogor, Indonesia.). The soil contained organic carbon (34.25%), carbon-to- 

nitrogen ratio (17.15%), nitrogen (2%), ferrous (7.9%), pH (7.33), 

diphosphorus pentaoxidepentoxide (0.62%), other materials (e.g., plastic, 

glass, gravel, etc. = 0.1%)%), and several colonies in 1 gram of soil (8 × 

1014 CFU).), and its carbon-to-nitrogen ratio was 17.15%. 

Control sample: The sample was cut into 10 mm × 10 mm pieces for 

each variation and then dried in a drying oven at 50 °C for 20 h to a constant 

weight. Then, the sample was subjected to an ultrasonic bath treatment for 

5 min and dried in an oven at 50 °C for 20 h. Subsequently, the sample was 

weighed by using a precision balance (accuracy = 0.001). The weight loss 

of the control sample was obtained fromcalculated as the difference 

between the initial sample weightWo before the ultrasonic bath treatment 

and the final weightWt after the said bathtreatment. 

Burial sampleBuried samples: All samples for the burial test 

measured 10 mm × 10 mm for each variation.. The samples were dried in 

a drying oven at 50 °C for 20 h to a constant weight and weighed withusing 

a precision balance to obtain the initial weightWo before burial in soil. Then, 

the test was conducted in a square container (10 cm × 10 cm) that 

containscontaining soil with relative humidityan RH and temperature of 

60%–65% and 25 °C, respectively. All tested samples were non-vibrated (0 

min), vibrated at 15 min, vibrated at 30 min and vibrated at 60 min. 

TheAfter vibration, biodegradation was observed forafter 3, 7, and 15 days 

of burial in soil. 



After the burial, all samples were collected and cleaned by using a 

paintbrush. Then, the samples underwentwere subjected to ultrasonic bath 

treatment for 5 min to remove the soil that adhered to the biocomposite 

sample.biocomposites. The samples were dried in a drying oven at 50 °C 

for 20 h to a constant weight. AfterwardsAfterward, they were weighed 

withusing an analytical balance. The percentagepercent weight loss of the 

sample due to soil burial was calculated according to the different weights 

before and after the burial test. PercentageThe percent weight loss due to 

soil was calculated byusing the following equation below: 

𝑊𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 = 𝑊𝑏𝑢𝑟𝑖𝑎𝑙 𝑡𝑒𝑠𝑡 ‒ 𝑊𝑐𝑜𝑛𝑡𝑟𝑜𝑙. (2) 
 
 

3. RESULTS AND DISCUSSIONS DISCUSSION 

3.1 Morphological characteristics of untreated and treated 

fibrefibers 

Figure 1 shows the morphological features of water hyacinth fibrefiber 

before and after treatment. Figure 1a displays the raw water hyacinth 

fibrefiber (untreated), which hashad a smooth surface, and some 

microfibrils arewere still bound. Untreated fibrefiber contains lignin 

substances, such as waxes and oils [16, 17]. Bleaching successfully 

destroysdestroyed several microfibril bondingsbonds, as  presented  in 

Figure 1b, because of the broken linkage between lignin and hemicellulose. 

A similar phenomenon was reported by a previous study [9, 18]. In the acid 

hydrolysis process (Figure 1c), the fibrefiber was depolymerised and 

becamedepolymerized into short individual microfibrils with a diameter and 

length of 2 and 6 microns, respectively. The nanocelluloseNanocellulose 

was obtained fromvia ultrasonication for 1 h. Figure 1d displays the 

distribution of cellulose fibresfibers in the nanometrenanometer range. 

Cellulose fibresfibers were dispersed homogeneously, as shown in the TEM 

images (Figure 1d), and measuredmeasuring 15 nm in diameter and 147 

nm in length. This outcome is dueattributable to the high intensity of the 

power ultrasound, resulting in short cellulose fibresfibers in the nanometre 

areananometer range [19, 20]. 



a b 
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Figure 1. Water hyacinth fibrefiber before and after treatment using 

FESEM:. (a) raw fibreRaw fiber (untreated), (b) bleached fibrefiber, (c) 

fiber subjected to acid hydrolysis fibre; and using TEM: (d) ultrasonicated 

fibrefiber subjected to ultrasonication. 

 

3.2. Fracture Surface of the Biocomposites 

Figure 2 shows the fracture surface of untreated and treated biocomposite 

film.films. Figure 2a displays the fracture morphology of the VT 0 min 

sample (untreated). The cellulose fibrefibers in bengkuang starch waswere 

not distributed well. Thus, the mixing of starch and cellulose was not 

homogeneous during fabrication [21]. This case affectedexplained the low 

thermal stability of the untreated biocomposite. PoorA poor distribution of 

nanocellulose would affectaffects thermal stability in terms of interfacial 

adhesion between the nanocellulose and starch biopolymer.biopolymers. 

That is, the strong interfacial adhesion between nanocellulose and starch 

corresponded to the high thermal stability of the biocomposites because a 



high temperature is required to break the bondbonds between 

nanocellulose and starch biopolymerbiopolymers. 

The VT 15 min sample also showsexhibited no significant effect on 

fracture morphology. The agglomeration phenomenon still appearsremains 

apparent in this sample (Figure 2b). According to a previous report, 

agglomeration and poor dispersion of cellulose fibresfibers lead to 

decreased thermal and moisture resistance [22]. The different fracture 

morphologies are shown in Figures 2c and 2d for the VT 30 min and VT 60 

min samples, respectively. In this casethese cases, the samples 

displaydisplayed good dispersion and compact structure. This fact 

isstructures. These findings are probably dueattributable to the kinetic 

energy from the ultrasonic bath, leading to improved interfacial bonding 

between the fibrefibers and matrix [12, 13]. This treatment also 

resultsresulted in good dispersion of the nanocellulose in the matrix and 

reducesreduced the free OH bonding between the fibrefibers and the 

matrix. This phenomenon was similar to that observed by Asrofi et al. [6] 

onconcerning the effect of ultrasonic vibration during processing on the 
 



mechanical properties of a water hyacinth nanofibrenanofiber cellulose- 

reinforced thermoplastic starch bionanocomposite. 

 
 

Figure 2. Fracture surface of all biocomposite samples:. Samples were 

vibrated for (a) VT 0 min, (b) VT 15 min, (c) VT 30 min and, or (d) VT 60 

min. 

 

3.3. Thermal Stability 

The thermal characteristics of the biocomposite samples with various 

VTvibration times were presented on the TGusing TGA (Figure 3a) and DTG 

(Figure 3b) curve.curves. Two main degradation areas were found in 

accordance with the results from previous research [23–25]. The first region 

of degradation wasreflected the initial degradation of all biocomposite 

samples belowat temperatures of less than 100 °C as indicated by the 

TGTGA and DTG curves. This result indicated anrevealed increasing weight 

loss percentage compared with the initial weightWo before testing. The 

percent weight loss values of the biocomposite in the first region waswere 

11% (VT 0 min), 9% (VT 15 min), 9% (VT 30 min), and 7% (VT 60 min). This 

phenomenon was dueattributable to the moisture content in all samples [8, 

25]. These results were supported by the DTG curve (Figure 1b), which 

showsreveals the presence of small peaks in the temperature range of 

50°C–100 °C. 

The second region (250°C–350 °C) involved a major 

percentagesignificant weight loss where all samples have a weight loss 

aboveexceeding 50%.% for all samples. In this condition, the 

structurestructures of starch, glycerol, and nanocellulose fibres broke 

downfibers were degraded [12, 26]. The DTG curve (Figure 1b) 

showsexhibits a sharp peak due to the significant weight reduction. The 

degradation temperaturetemperatures for all samples in this area was 

305°C, 309°C, 311°C, and 318 °C for VT 0, VT 15, VT 30, and VT 60 min, 

respectively. BiocompositeUntreated biocomposite samples with (VT 0) min 

havehad lower degradation temperatures. This outcome indicated fiber 

agglomerated fibre and porosity formation in the matrix that resulted in 



b) 

reduced thermal stability [4]. Thermal stability and moisture resistance 

increased with longerprolonged ultrasonic vibration time. 

Conversely, VT improvesincreased vibration time improved the 

thermal stability of the biocomposite samples. This result was supported by 

the increase in the degradation temperature of the treated samplesamples 

compared with that of the untreated sample due to the improved interfacial 

adhesion between the fibrefibers and the matrix as a result of the kinetic 

energy of the ultrasonic bath. Good adhesion bonding was indicated by the 

scarcity of free OH between the fibrefibers and the matrix [6, 8, 12]. 
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Figure 3. (a) TGThermogravimetric analysis and (b) DTG curvecurves of 

all biocomposite samplesamples 

 

In the third region (> 400 °C), all samples were completely decomposed 

and became, becoming ash [25, 26]. However, the treated samples 

havehad higher thermal stability than untreated samples because of the 

kinetic energy of the ultrasonic bath, which was ableallowed the fibers to 

disperse the fibres evenly in the matrix. Other impactseffects of the bath 

includeincluded good dispersion of the fibrefibers in the matrix, a compact 

structure, and improved interfacial bonding between the fibrefibers and the 

matrix. These thermal results are supported by SEM data and are similar to 

those reported in previous studies [12–13]. 

 
3.4. Moisture Absorption 

Figure 4 shows the effect of VTthe vibration time on the percent moisture 

absorption percentage of the biocomposite samples. The test was 

conducted for 8 h under conditions of RH of = 75% and temperature of 25 

°C. All biocomposite samples began to bewere saturated underin less than 

5 h. The biocomposite sample VT 0 min has apercent moisture absorption 

of the VT 0 min biocomposite sample was 22%. This phenomenon was 

dueattributable to the non-homogeneousnonhomogeneous dispersion of 

nanocellulose in the starch matrix. Another reason was the hydrophilic 

nature of starch and cellulose fibrefibers [13]. 

These results differed from those withof treated biocomposite 

samples. The treated biocomposites have lower , which exhibited less 

moisture absorption. For example, in the VT 60 min samplesamples, the 

percent moisture absorption percentage decreased by was 4.5% relative 

tolower than that of the VT 0 min counterpart.samples. This outcome 

occurred because the kinetic energy produced by the ultrasonic bath was 

able to break down thecould reverse fiber agglomeration fibres, 

homogenously spread cellulose fibresfibers in the starch matrix, and create 

a strong hydrogen bonding interaction between nanocellulose and the 



starch biopolymer. Accordingly, it was difficult for water molecules were 

difficult to diffuse into the matrix because of the formation of the tortuous 

path made by nanocellulose, whosethe high moisture contentscontent of 

which created a barrier effect on the movement of water molecules through 

the biocomposite [12–13]. This result was supported by the FTIR 

characterisationcharacterization at a wave numberwavenumber of 1600 cm-

−1, which indicates OH groupindicated water absorption. by OH groups. 

Given the chemical similarity between nanocellulose and the starch 

biopolymers, the interfacial defects were reduced, thereby generating firm 

resistance to the flow of water molecules. 

 
 



Figure 4. Moisture absorption of all tested biocomposite samples. 

Samples were subjected to ultrasonication for 0, 15, 30, or 60 min. VT: 

vibration time. 

3.5. Functional group analysis 

Figure 5 shows the FTIR spectrumspectra of untreated and treated 

biocomposites. Three main peaks occurred at different wavenumbers 

(Figure 5). The peak was in the wavenumber of), namely 3000 cm-1 (stretch 

(O-H stretching), 2900 cm-1 (stretch (C-H) stretching), and 1600 cm-−1 (OH 

water absorption groupby OH groups) [27, 28]. 

The O-H stretching group appearsappeared at 3000 cm-−1, and the 

biocomposite showsdisplayed a shift in to higher wavenumbers in a higher 

direction.. This result indicated an interaction between the matrix and 

fibrefibers that generated a new hydrogen bonding formationbonds [28]. 

The transmittance values of the untreated and treated biocomposites 

varied. Long VT corresponded to a vibration times resulted in high 

transmittance valuevalues (Figure 5) because of the greater OH stretch. 

Thestretching. Good hydrogen bonding was noted between the matrix and 

fibre forms a good hydrogen bondfibers (few occurrences of free OH 

bonding) [12], thereby producing satisfactory tensile strength due to the 

good structure formation of OH molecules (crystalline) [6, 12]. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Functional groupgroups of all tested biocomposite samples. VT: 

vibration time. 

In addition, the C-H stretching appearsappeared at the wave number of 

approximately 2900 cm-−1 in all biocomposite samples. Thus, all samples 

containcontained saturated aliphatic components, as reported by previous 

researchers [29]. Another phenomenon also appearsappeared around the 

wavenumber of 1600 cm-−1. In this area, OH water absorption appears in 

each biocomposite sample. The transmittance value increases with the 

duration of VT.vibration. The transmittance values of biocomposite samples 

ofthe VT 0, VT 15, VT 30, and VT 60 min biocomposite samples were 25%, 

29%, 45%, and 62%, respectively. These results suggest that untreated 

biocomposite samples have higherexhibit greater water absorption than 

treated samples [4, 28]. This outcome was supported by the moisture 

absorption test, where results, in which the VT 0 min sample samples had 

the highest percentage ofpercent moisture absorption. However, treated 

biocomposite samples havedisplayed lower moisture absorption. Because 

theThe kinetic energy of the ultrasonic bath was able to break downcould 

degrade the agglomerated nanocellulose fibresfiber and spread them 

evenly in the matrix [12]. This phenomenon makes it difficult to diffuse for 

water molecules into diffuse into the matrix. A similar outcome was 

reported by previous research [6, 12]. 

 

3.6. Soil Biodegradation 

Investigating soil biodegradation behaviourbehavior is crucial for the 

utilisation ofutilizing biocomposites in the environment. Soil biodegradation 

involves the degradation of materials by the action of microorganisms, 
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fungi, bacteria, or other biological meansorganisms that live in soil. Figure 

6 shows the effect of VTthe vibration time on the biodegradation rates of 

all biocomposite samples. Compared with treated samples, Untreated 

untreated biocomposites have a higher percentage ofexhibited greater 

weight loss compared with treated samples. The percent weight loss on the 

3rd day 3 of thefor untreated samplesamples was 9.55%. This reduction 

also occurred on the 7th%, and 15th the values on days. The weight loss on 

the 7th 7 and 15th days15 were 30.06% and 31.21%, respectively. This 

outcome was supported by Figuresthe results presented in Figures 7a and 

7b, wherein which the morphological structure depicts a large hole with an 

irregular configuration. This phenomenon may be dueattributable to 

fibrefiber clumping in the matrix [8]. 

 
 
 
 
 
 
 

 



 

 

Figure 6. Biodegradation rates of all tested biocomposite samples 

 

This value was different with These values differed from those of VT 

60 min samples. In this sample,these samples, the percent weight loss 

wasvalues were 5.71% (3rd (day 3), 12.39% (7th (day) 7), and 29.37% 

(15th day 15). Thus, VT 60 min hassamples had a slower degradation rate 

than the untreated sample.samples. This phenomenon was dueattributable 

to the the kinetic energy from the ultrasonic bath that, which distributed 

the fibresfibers homogeneously within the matrix [6]. The good fiber 

distribution of fibre in the matrix affected moisture, microorganisms, and 

other elements, such that diffusing themtheir diffusion into the matrix was 

difficult, as reported by previous research [14, 15, 30–32]. These results 

arewere supported by the SEM imaging (Figures findings (Figure 7c and 7d), 

wherein which the biocomposite structure was compact and less porous. 

The effect of vibration time also decreased the biodegradation rate. These 

phenomena canmay be correlated with the water absorption properties of 

the biocomposite film, where thein which untreated film tends to absorb 

more water than the treated film, thereby making the former more prone 

to microorganism attacks. Microorganisms by microorganisms, which can 

attack the starch biopolymer in the presence of a water medium. 
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Figure 7. Morphological characteristics of biocomposite samples after 

biodegradation in soil:. (a) VT 0 min (3rd Untreated (day 3), (b) VT 0 min 

(15th untreated (day 15), (c) VTvibrated for 60 min (3rd day) 3), and (d) 

VTvibrated for 60 min (15th day) 15). 

 

4. CONCLUSION 

Thermal stability and moisture resistance were successfully improved by 

vibration treatment fromusing an ultrasonic bath instrument. Kinetic energy 

from the ultrasonic bath reduced the free OH bonding between the 

fibrefiber and matrix. The maximum condition was achieved in thebest 

results were obtained for VT 60 min biocomposite sample. An increase 

insamples. Increasing the vibration time also inhibitedreduced the 

degradation rate of biocomposites in the soil. The soil burial test revealed 

that these the vibrated biocomposites havehad slower biodegradation rates 

compared withthan the 0 min vibrated sample.samples. The properties of 

b a 



the biocomposites suggest their potential application as environmentally 

friendly plasticplastics for food packaging. The potential application of this 

biocomposite is in food packaging application, especially inas packaging 

bagbags. 
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ABSTRACT 

In Indonesia, starch, particularly that obtained from bengkuang 

(Pachyrhizus erosus), is abundant and inexpensive, thereby increasing the 

value of bengkuang starch, which can be mixed with bioplastic-based 

starch. A biocomposite comprising nanocellulose from water hyacinth 

(Eichhornia crassipes) and bengkuang starch was successfully fabricated 

using the solution casting method. Nanocellulose content in the matrix was 

kept constant at 1 wt%. Moreover, during fabrication, the biocomposite gel 

was treated in an ultrasonic bath for 0, 15, 30, and 60 min. Further, 

thermogravimetric analysis, moisture absorption measurements, Fourier 

transform infrared spectroscopy, and scanning electron microscopy were 

performed. The biocomposite sample vibrated for 60 min had the highest 

thermal stability and exhibited low moisture absorption. The soil burial test 
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proved that this biocomposite, as opposed to 0-min vibrated samples, has 

a slower biodegradation rate. This result was supported by morphological 

evaluation after biodegradation, in which the 60-min vibrated samples 

showed a coarse surface and low porosity formation. 

Keywords: Nanocellulose, biodegradation, biocomposites, hyacinth fiber, 

thermogravimetric analysis 

 

1. INTRODUCTION 

Plastic is widely used in many applications, including its use in food 

packaging, electronic components, and automotive dashboards. Usually, 

plastic is made using crude oil. However, plastic has a negative impact on 

the environment because it is nondegradable and it causes air pollution [1]. 

In 2010, Indonesia was responsible for the second highest level of marine 

plastic pollution after China. The total production of marine plastic debris 

globally ranges 0.48–1.29 million metric tons per year [2]. 

One breakthrough solution to this problem was the development of 

biodegradable plastic (bioplastic). Generally, bioplastic comprises starch, 

polylactic acid, and polyvinyl alcohol. In Indonesia, starch, especially that 

from bengkuang (Pachyrhizus erosus), is abundant and inexpensive [3–5]. 

The total production of bengkuang has reached 191.5 quintals/ha per year, 

thereby indirectly increasing the value of bengkuang starch based on its 

ability to be mixed with bioplastic-based starch. Bengkuang starch has 

several advantages, namely its availability, low cost, and environmental 

friendliness. This starch has a high amylose content of approximately 30%– 

40% [6, 7]. However, this starch has the disadvantages of low thermal 

stability and high moisture absorption [7]. The addition of cellulose fiber is 

an alternative solution to such problems. 

Cellulose fiber from water hyacinth (Eichhornia crassipes) is a 

candidate for reinforcement because of its high cellulose content and 

abundance in nature [8, 9]. Water hyacinth is a free-floating macrophyte 

that exhibits a fast growth rate, adaptability to a wide range of 

environmental conditions, and high nutrient uptake capacity. Cellulose in 

the nanometer range, called nanocellulose, has become prevalent in recent 

years. Nanocellulose has several advantages, such as being biodegradable 



and renewable and having acceptable transparency [10, 11]. Prior research 

established that the addition of nanocellulose in the matrix increased 

thermal and moisture resistance. 

However, these properties depend on several factors, including 

porosity, the agglomeration phenomenon, and the dispersion of 

nanocellulose in the matrix [12]. Ultrasonication is used to reduce the 

formation of agglomeration and increase the dispersity of nanocellulose in 

fibers. Several studies reported the use of ultrasonic treatment of 

nanocellulose for reducing agglomeration during gelatinization. Previous 

researchers prepared and sonicated biocomposites from cellulose fiber- 

reinforced starch during gelatinization using an ultrasonic bath instrument. 

They claimed that sonication successfully reduced fiber agglomeration in 

the starch matrix [12–13]. However, their work did not reveal the 

biodegradation characteristic of the biocomposite sample. Note that 

biodegradation has an important role in biocomposites, as previously 

reported [14, 15]. 

Several researchers have investigated the use of distilled water to 

clean samples after biodegradation in soil [14–15]. However, this method is 

ineffective for separating soil from samples. Soil continues to adhere to 

samples because of the lowest-energy water, as substantiated by several 

experiments. Accordingly, this work proposed a new method for cleaning 

samples. Using an ultrasonic bath is an effective means of separating soil 

from samples after biodegradation. The morphological characteristics of 

samples after biodegradation were observed via scanning electron 

microscopy (SEM). Thermogravimetric analysis (TGA), moisture absorption 

measurements, and Fourier transform infrared (FTIR) spectrometry were 

conducted to determine thermal stability, moisture resistance, and the 

functional group of the biocomposites, respectively. This study aimed to 

investigate the effect of the vibration (sonication) duration (0, 15, 30, or 60 

min) during the fabrication of biocomposite samples, specifically focusing 

on thermal stability, moisture resistance, and biodegradation in soil. 



2. MATERIALS AND METHODS 

2.1 Materials 

Water hyacinth fiber was obtained from Payakumbuh, Indonesia. 

Nanocellulose was obtained from water hyacinth fiber via chemical and 

mechanical treatment. The lignin, hemicellulose, and cellulose contents of 

water hyacinth were 7%, 29%, and 43%, respectively. Bengkuang tubers 

were purchased from local farmers in Kuranji, Padang, Indonesia. All 

chemical reagents, such as distilled water, glycerol, NaOH, NaClO2, 

CH3COOH, and HCl, were obtained from the Metallurgy Mechanic 

Laboratory, Andalas University. 

 
2.2. Extraction of bengkuang starch 

Bengkuang tubers were peeled, cut into small pieces, and then crushed 

using an ice blender at 10000 rpm for 5 min to obtain the resulting porridge. 

The porridge was filtered using a mesh screen (200 mesh) to separate the 

bagasse and suspension. Furthermore, the suspension was precipitated for 

5 h to acquire the bengkuang starch. The precipitant was dried in an oven 

at 50°C for 20 h. Then, the resulting material was collected and crushed to 

produce dry starch powder. 

 
2.3. Isolation of nanocellulose from water hyacinth 

Water hyacinth fiber was prepared as previously described [9]. Dried water 

hyacinth fiber (15 g) was pulped using 15% sodium hydroxide solution. The 

mixture was heated and stirred at 60°C and 300 rpm for 4 h. Then, the fiber 

was cleaned from the alkali solution with distilled water. Bleaching was 

performed using sodium chlorite and acetic acid (4:1). This process was 

conducted at 60°C and 300 rpm for 2 h. The mixture was rinsed with 

distilled water to obtain the cellulose suspension. Next, 5 M HCl was added 

to the suspension for acid hydrolysis at 60°C and 300 rpm for 20 h. HCl was 

used to isolate nanocellulose from the cellulose fiber. Then, the products 

were neutralized using distilled water before ultrasonication. An ultrasonic 

crusher was utilized to produce nanocellulose from water hyacinth. This 

process was conducted at 600 W for 1 h. 



2.4. Biocomposite fabrication 

A total of 10 g of bengkuang starch was mixed with 100 ml of distilled water 

in a glass beaker. This mixture was homogenized using an ultrasonic 

homogenizer at 8000 rpm for 5 min. During homogenization, 1% NWHF and 

2 ml of glycerol were slowly added to the mixing solution. A constant 

fraction of nanocellulose (1 wt%) was used as reinforcement in the 

bengkuang starch matrix. Then, the mixing solution was heated and stirred 

at 60°C and 500 rpm for 30 min (until gelatinized). The biocomposite gel 

(70 gr) was poured in a Petri dish (15 cm diameter). The gel was incubated 

in an ultrasonic bath for 0, 15, 30, or 60 min and labeled as VT 0 (untreated), 

VT 15, VT 30, and VT 60, respectively. Subsequently, the biocomposite was 

dried in a drying oven at 50°C for 20 h. 

 
2.5. Characterization 

2.5.1. SEM 

The morphology of the untreated and treated water hyacinth fibers as well 

as the morphological characteristic of all biocomposites tested after 

biodegradation in soil were observed using a Hitachi 3400 N scanning 

electron microscope. The operation voltage was 10 kV. The fracture surface 

of the biocomposite was studied through a VEGA3 TESCAN SEM instrument 

at room temperature and 10 kV. All samples were coated with gold using 

an argon plasma metalizer (sputter coater K575X, Edwards Limited, 

Crawley, UK) to avoid charging. 

 
2.5.2. Transmission Electron Microscopy (TEM) 

A JEM-JEOL 1400 TEM instrument was operated at 100 keV to observe the 

nanocellulose fibers. The nanocellulose suspension was cast in a carbon- 

coated grid and then directly observed at room temperature. 

 
2.5.3. Thermogravimetric Analysis 

All samples were tested using a TGA/DTG 60 system (serial no. 

C30565000570) to determine the thermal degradation point at each stage. 

The test was conducted over the temperature range of 30°C–550°C under 



a nitrogen atmosphere. The heating rate was maintained at 10°C/min. The 

weight of all tested samples was 5–7 mg. 

 
2.5.4. Moisture Absorption 

All tested samples were cut into 1 cm × 3 cm pieces and dried in a drying 

oven to a constant weight. The initial (Wo) and final weights (Wt) were 

recorded. Moisture absorption was examined in a moisture chamber 

(relative humidity [RH]: 75%) at 25°C. The percent moisture absorption was 

calculated using the following equation [12]: 

𝑊𝑡 ‒ 𝑊𝑜 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 = 𝑊𝑜 
× 100%. (1) 

 
 

2.5.5. FTIR spectroscopy 

FTIR spectroscopy was used to determine the functional groups of all 

samples. The FTIR spectrum of all tested samples was recorded using a 

Perkin-Elmer Frontier FTIR instrument with a resolution of 4 cm−1. The 

scanned wavenumber range was 600–4000 cm−1. 

 
2.5.6. Soil Burial Test 

The biodegradation test was conducted by burying the samples in soil that 

was purchased from PT. Mahesa Mutiara Tani (Kompos Nesia, Bogor, 

Indonesia). The soil contained organic carbon (34.25%), nitrogen (2%), 

ferrous (7.9%), pH (7.33), diphosphorus pentoxide (0.62%), other materials 

(e.g., plastic, glass, gravel = 0.1%), and several colonies in 1 gram of soil 

(8 × 1014 CFU), and its carbon-to-nitrogen ratio was 17.15%. 

Control sample: The sample was cut into 10 mm × 10 mm pieces and 

then dried in a drying oven at 50°C for 20 h to a constant weight. Then, the 

sample was subjected to ultrasonic bath treatment for 5 min and dried in 

an oven at 50°C for 20 h. Subsequently, the sample was weighed using a 

precision balance (accuracy = 0.001). The weight loss of the control sample 

was calculated as the difference between Wo before ultrasonic bath 

treatment and Wt after the treatment. 

Buried samples: All samples for the burial test measured 10 mm × 10 

mm. The samples were dried in a drying oven at 50°C for 20 h to a constant 



weight and weighed using a precision balance to obtain Wo before burial in 

soil. Then, the test was conducted in a square container (10 cm × 10 cm) 

containing soil an RH and temperature of 60%–65% and 25°C, respectively. 

After vibration, biodegradation was observed after 3, 7, and 15 days of 

burial in soil. 

After burial, all samples were collected and cleaned using a 

paintbrush. Then, the samples were subjected to ultrasonic bath treatment 

for 5 min to remove the soil that adhered to the biocomposites. The samples 

were dried in a drying oven at 50°C for 20 h to a constant weight. Afterward, 

they were weighed using an analytical balance. The percent weight loss of 

the sample due to soil burial was calculated according to the different 

weights before and after the burial test. The percent weight loss due to soil 

was calculated using the following equation: 

𝑊𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 = 𝑊𝑏𝑢𝑟𝑖𝑎𝑙 𝑡𝑒𝑠𝑡 ‒ 𝑊𝑐𝑜𝑛𝑡𝑟𝑜𝑙. (2) 
 
 

3. RESULTS AND DISCUSSION 

3.1 Morphological characteristics of untreated  and  treated  fibers 

Figure 1 shows the morphological features of water hyacinth fiber before 

and after treatment. Figure 1a displays the raw water hyacinth fiber 

(untreated), which had a smooth surface, and some microfibrils were still 

bound. Untreated fiber contains lignin substances such as waxes and oils 

[16, 17]. Bleaching successfully destroyed several microfibril bonds, as 

presented in Figure 1b, because of the broken linkage between lignin and 

hemicellulose. A similar phenomenon was reported by a previous study [9, 

18]. In the acid hydrolysis process (Figure 1c), the fiber was depolymerized 

into short individual microfibrils with a diameter and length of 2 and 6 

microns, respectively. Nanocellulose was obtained via ultrasonication for 1 

h. Figure 1d displays the distribution of cellulose fibers in the nanometer 

range. Cellulose fibers were dispersed homogeneously, as shown in the TEM 

images (Figure 1d), measuring 15 nm in diameter and 147 nm in length. 

This outcome is attributable to the high intensity of the power ultrasound, 

resulting in short cellulose fibers in the nanometer range [19, 20]. 



a b 

c d 

 

 

Figure 1. Water hyacinth fiber before and after treatment. (a) Raw fiber 

(untreated), (b) bleached fiber, (c) fiber subjected to acid hydrolysis; and 

(d) fiber subjected to ultrasonication. 

 
3.2. Fracture Surface of the Biocomposites 

Figure 2 shows the fracture surface of untreated and treated biocomposite 

films. Figure 2a displays the fracture morphology of the VT 0 min sample 

(untreated). The cellulose fibers in bengkuang starch were not distributed 

well. Thus, the mixing of starch and cellulose was not homogeneous during 

fabrication [21]. This explained the low thermal stability of the untreated 

biocomposite. A poor distribution of nanocellulose affects thermal stability 

in terms of interfacial adhesion between the nanocellulose and starch 

biopolymers. That is, the strong interfacial adhesion between nanocellulose 

and starch corresponded to the high thermal stability of the biocomposites 

because a high temperature is required to break the bonds between 

nanocellulose and starch biopolymers. 



The VT 15 min sample also exhibited no significant fracture 

morphology. The agglomeration phenomenon remains apparent in this 

sample (Figure 2b). According to a previous report, agglomeration and poor 

dispersion of cellulose fibers lead to decreased thermal and moisture 

resistance [22]. The different fracture morphologies are shown in Figures 

2c and 2d for the VT 30 min and VT 60 min samples, respectively. In these 

cases, the samples displayed good dispersion and compact  structures. 

These findings are probably attributable to the kinetic energy from the 

ultrasonic bath, leading to improved interfacial bonding between the fibers 

and matrix [12, 13]. This treatment also resulted in good dispersion of the 

nanocellulose in the matrix and reduced the free OH bonding between the 

fibers and matrix. This phenomenon was similar to that observed by Asrofi 

et al. [6] concerning the effect of ultrasonic vibration during processing on 

the mechanical properties of a water hyacinth nanofiber cellulose- 

reinforced thermoplastic starch bionanocomposite. 

 
Figure 2. Fracture surface of all biocomposite samples. Samples were 

vibrated for (a) 0, (b) 15, (c) 30, or (d) 60 min. 



 

3.3. Thermal Stability 

The thermal characteristics of the biocomposite samples with various 

vibration times were presented using TGA (Figure 3a) and DTG (Figure 3b) 

curves. Two main degradation areas were found in accordance with the 

results from previous research [23–25]. The first region of degradation 

reflected the initial degradation of all biocomposite samples at 

temperatures of less than 100°C as indicated by the TGA and DTG curves. 

This result revealed increasing weight loss compared with Wo  before 

testing. The percent weight loss values of the biocomposite in the first 

region were 11% (VT 0 min), 9% (VT 15 min), 9% (VT 30 min), and 7% (VT 

60 min). This phenomenon was attributable to the moisture content in all 

samples [8, 25]. These results were supported by the DTG curve (Figure 

1b), which reveals the presence of small peaks in the temperature range of 

50°C–100°C. 

The second region (250°C–350°C) involved significant weight loss 

exceeding 50% for all samples. In this condition, the structures of starch, 

glycerol, and nanocellulose fibers were degraded [12, 26]. The DTG curve 

(Figure 1b) exhibits a sharp peak due to the significant weight reduction. 

The degradation temperatures for all samples in this area was 305°C, 

309°C, 311°C, and 318°C for VT 0, VT 15, VT 30, and VT 60 min, 

respectively. Untreated biocomposite samples (VT 0) min had lower 

degradation temperatures. This outcome indicated fiber agglomerated and 

porosity formation in the matrix that resulted in reduced thermal stability 

[4]. Thermal stability and moisture resistance increased with prolonged 

ultrasonic vibration. 

Conversely, increased vibration time improved the thermal stability 

of the biocomposite samples. This result was supported by the increase in 

the degradation temperature of the treated samples compared with that of 

the untreated sample due to the improved interfacial adhesion between the 

fibers and matrix as a result of the kinetic energy of the ultrasonic bath. 

Good adhesion was indicated by the scarcity of free OH between the fibers 

and matrix [6, 8, 12]. 
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Figure 3. (a) Thermogravimetric analysis and (b) DTG curves of all 

biocomposite samples 

 
In the third region (>400°C), all samples were completely decomposed, 

becoming ash [25, 26]. However, the treated samples had higher thermal 

stability than untreated samples because of the kinetic energy of the 

ultrasonic bath, which allowed the fibers to disperse evenly in the matrix. 

Other effects of the bath included good dispersion of the fibers in the 

b) 



matrix, a compact structure, and improved interfacial bonding between the 

fibers and matrix. These thermal results are supported by SEM data and are 

similar to those reported in previous studies [12–13]. 

 
3.4. Moisture Absorption 

Figure 4 shows the effect of the vibration time on the percent moisture 

absorption of the biocomposite samples. The test was conducted for 8 h 

under conditions of RH = 75% and 25°C. All biocomposite samples were 

saturated in less than 5 h. The percent moisture absorption of the VT 0 min 

biocomposite sample was 22%. This phenomenon was attributable to the 

nonhomogeneous dispersion of nanocellulose in the starch matrix. Another 

reason was the hydrophilic nature of starch and cellulose fibers [13]. 

These results differed from those of treated biocomposite samples, 

which exhibited less moisture absorption. For example, in the VT 60 min 

samples, the percent moisture absorption was 4.5% lower than that of the 

VT 0 min samples. This outcome occurred because the kinetic energy 

produced by the ultrasonic bath could reverse fiber agglomeration, 

homogenously spread cellulose fibers in the starch matrix, and create a 

strong hydrogen bonding interaction between nanocellulose and the starch 

biopolymer. Accordingly, it was difficult for water molecules to diffuse into 

the matrix because of the formation of the tortuous path made by 

nanocellulose, the high moisture content of which created a barrier effect 

on the movement of water molecules through the biocomposite [12–13]. 

This result was supported by the FTIR characterization at a wavenumber of 

1600 cm−1, which indicated water absorption by OH groups. Given the 

chemical similarity between nanocellulose and the starch biopolymers, the 

interfacial defects were reduced, thereby generating firm resistance to the 

flow of water molecules. 



 
 
 
 
 

 

Figure 4. Moisture absorption of all tested biocomposite samples. 

Samples were subjected to ultrasonication for 0, 15, 30, or 60 min. VT: 

vibration time. 

3.5. Functional group analysis 

Figure 5 shows the FTIR spectra of untreated and treated biocomposites. 

Three main peaks occurred at different wavenumbers (Figure 5), namely 

3000 (O-H stretching), 2900 (C-H stretching), and 1600 cm−1 (water 

absorption by OH groups) [27, 28]. 

O-H stretching appeared at 3000 cm−1, and the biocomposite 

displayed a shift to higher wavenumbers. This result indicated an 

interaction between the matrix and fibers that generated new hydrogen 

bonds [28]. The transmittance values of the untreated and treated 

biocomposites varied. Long vibration times resulted in high transmittance 

values (Figure 5) because of the greater OH stretching. Good hydrogen 

bonding was noted between the matrix and fibers (few occurrences of free 

OH) [12], thereby producing satisfactory tensile strength due to the good 

structure formation of OH molecules (crystalline) [6, 12]. 



 
 
 
 
 
 
 
 

Figure 5. Functional groups of all tested biocomposite samples. VT: 

vibration time. 

 
In addition, C-H stretching appeared at approximately 2900 cm−1 in all 

biocomposite samples. Thus, all samples contained saturated aliphatic 

components, as reported by previous researchers [29]. Another 

phenomenon also appeared around 1600 cm−1. In this area, OH water 

absorption appears in each biocomposite sample. The transmittance value 

increases with the duration of vibration. The transmittance values of the VT 

0, VT 15, VT 30, and VT 60 min biocomposite samples were 25%, 29%, 45%, 

and 62%, respectively. These results suggest that untreated biocomposite 

samples exhibit greater water absorption than treated samples [4, 28]. This 

outcome was supported by the moisture absorption test results, in which 

the VT 0 min samples had the highest percent moisture absorption. 

However, treated biocomposite samples displayed lower moisture 

absorption. The kinetic energy of the ultrasonic bath could degrade the 

agglomerated nanocellulose fiber and spread them evenly in the matrix 

[12]. This phenomenon makes it difficult for water molecules to diffuse into 

the matrix. A similar outcome was reported by previous research [6, 12]. 

 
3.6. Soil Biodegradation 

Investigating soil biodegradation behavior is crucial for utilizing 

biocomposites in the environment. Soil biodegradation involves the 

degradation of materials by the action of microorganisms, fungi, bacteria, 

or other organisms that live in soil. Figure 6 shows the effect of the vibration 

time on the biodegradation rates of all biocomposite samples. Compared 

with treated samples, untreated biocomposites exhibited greater weight 

loss. The percent weight loss on day 3 for untreated samples was 9.55%, 



and the values on days 7 and 15 were 30.06% and 31.21%, respectively. 

This outcome was supported by the results presented in Figures 7a and 7b, 

in which the morphological structure depicts a large hole with an irregular 

configuration. This phenomenon may be attributable to fiber clumping in 

the matrix [8]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6. Biodegradation rates of all tested biocomposite samples 

These values differed from those of VT 60 min samples. In these 

samples, the percent weight loss values were 5.71% (day 3), 12.39% (day 

7), and 29.37% (day 15). Thus, VT 60 min samples had a slower degradation 

rate than the untreated samples. This phenomenon was attributable to the 

kinetic energy from the ultrasonic bath, which distributed the fibers 

homogeneously within the matrix [6]. The good fiber distribution in the 

matrix affected moisture, microorganisms, and other elements such that 



a b 

c d 

their diffusion into the matrix was difficult, as reported by previous research 

[14, 15, 30–32]. These results were supported by the SEM findings (Figure 

7c and 7d), in which the biocomposite structure was compact and less 

porous. The vibration time also decreased the biodegradation rate. These 

phenomena may be correlated with the water absorption properties of the 

biocomposite film, in which untreated film tends to absorb more water than 

treated film, thereby making the former more prone to attacks by 

microorganisms, which can attack the starch biopolymer in the presence of 

a water medium. 

 
 
 
 
 
 
 
 
 
 

 

 



Figure 7. Morphological characteristics of biocomposite samples after 

biodegradation in soil. (a) Untreated (day 3), (b) untreated (day 15), (c) 

vibrated for 60 min (day 3), and (d) vibrated for 60 min (day 15). 

 
4. CONCLUSION 

Thermal stability and moisture resistance were successfully improved by 

vibration treatment using an ultrasonic bath instrument. Kinetic energy 

from the ultrasonic bath reduced the free OH bonding between the fiber 

and matrix. The best results were obtained for VT 60 min biocomposite 

samples. Increasing the vibration time also reduced the degradation rate of 

biocomposites in the soil. The soil burial test revealed that the vibrated 

biocomposites had slower biodegradation rates than the samples. The 

properties of the biocomposites suggest their potential application as 

environmentally friendly plastics for food packaging. The potential 

application of this biocomposite is food packaging, especially as packaging 

bags. 
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