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 This study aims to determine the effect of the addition of cellulose nanocrystals (CNC) with 

different concentrations (0,2,4,6,8,10%) isolated from water hyacinth on tensile strength, 

elongation, and biodegradability of corn starch bioplastics. CNC isolation was conducted, 

including alkalization, bleaching, acid hydrolysis, and sonication. After the isolation process, 

CNC was characterized based on functional group, crystallinity, and morphology surface. 

Then, the production of starch bioplastic using solution casting was carried out with the 

addition of CNC. The results showed chemical treatments affected the functional group, 

increasing the crystallinity index, and removing the fibril structure in water hyacinth fibers. 
Likewise, the addition of CNC to starch bioplastic fluctuated the tensile strength and 

elongation. In the biodegradability test, the physical appearance of the bioplastic completely 

changed. Then, the optimum mass reduction occurred in the 6% CNC on the 10th day. 
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INTRODUCTION 

 

The petroleum-based plastics production 

drastically increased, from 2 million tonnes in 1950 

to 381 million tonnes in 2015 (Ritchie & Roser, 

2018). It occurs due to the plastic characteristics, 

which are compatible, lightweight, and adaptable to 

variations of applications such as packaging, 

medical equipment, and automobile. Although 

plastics have many advantages, it pollutes the 

environment since it is difficult to degrade 

biologically. Plastic waste, for example, has been 

discovered in the digestive organs of dead seabirds 

and fish. Moreover, poor waste management 

exacerbates the plastic waste problem. Only 9% of 

plastic was recycled, 12% burned, and 80% 

accumulated in landfills from 1950 to 2015 (OECD, 

2018). 

Starch bioplastic, which uses renewable 

resources and is more environmentally friendly, 

could be an alternative substitute for petroleum-

based plastic. However, its mechanical properties 

are poor compared to plastic. The reinforcing agent 

could be applied to starch bioplastic to improve 

mechanical properties. Cellulose nanocrystals are 

excellent reinforcing agents, having high 

crystallinity, biocompatibility, and biodegradability 

(Xie et al., 2018).  

In this study, CNC was isolated from water 

hyacinth (WH), a free-floating aquatic weed with a 

cellulose content of 60% (Abdel-Fattah & Abdel-

Naby, 2012). We explored WH as a raw material 

for CNC isolation, whereas previous studies used 

non-wood lignocellulose, wood resources, and 

agricultural waste or byproducts (Owoyokun et al., 

2021). Another reason is to reduce the 

environmental effect caused by the dense 
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population of WH in the aquatic ecosystem. For 

example, WH could decrease dissolved oxygen in 

water, interfere with the fish's life, and hinder water 

transportation (Villamagna & Murphy, 2010). 

Besides reducing its effects, WH is abundant in 

nature since its growth massively, and it would be 

advantageous as raw material. Subsequently, CNC 

is added to starch bioplastic to study its effect on the 

starch bioplastic's tensile strength, elongation, and 

biodegradability.  

 

MATERIALS AND METHODS 

 

Materials 

NaOH (Merck), H2O2 30% (Wako), HCl 

37% (Merck), Corn Flour (Maizenaku), Glycerol 

85% (Merck), Acetic Acid (Wako), Reverse 

Osmosis Water (RO), Aquades, and soils. 

 

Methods 

 

Alkalization 

Fifty grams of water hyacinth fiber in 

powder form were reacted in 700 mL of 10% NaOH 

solution at 65°C for two hours. Afterward, the 

alkalized fiber was rinsed with RO water until the 

pH was 8 or 9. 

 

Bleaching 

The alkalinized fiber was reacted in 500 

mL H2O2 30% at 60°C for an hour. Then, the 

samples were rinsed with RO water until pH 7. 

  

Acid Hydrolysis 

The bleached fibers were reacted in 750 mL 

of 5 M HCl at 60°C for 1 hour in a fume hood. After 

the reaction was complete, the hydrolyzed fibers 

were put into a 50 mL centrifuge tube and 

centrifuged at 2000 rpm and 9°C for 30 minutes. 

Then, the solids were filtered and rinsed until the 

pH was neutral. 

  

Sonication 

In 100 mL of RO water, a half-gram 

sample was added. Following that, sonication was 

performed for an hour at a power and pulse of 30% 

respectively. Afterward, the CNC is evaporated and 

filtered. 

 

Bioplastic Production 

The CNC was dispersed first for 15 

minutes using sonication and homogenized at 200 

rpm at room temperature for 30 minutes. After that, 

it was heated at 50-60°C. Then, starch was added 

and stirred using a magnet at 200 rpm at 70-80°C or 

until the gelatinization occurred. Then, added 

glycerol and acetic acid and homogenized for 30 

minutes. Poured the bioplastic gels into the mold 

and left it for 5 to 7 days at room temperature. 

 

Functional Group Analysis 

Infrared spectra of water hyacinth fiber, 

alkalization, bleaching, acid hydrolysis, and 

sonication were recorded by the Shimadzu FTIR 

instrument at Chemistry Department FMIPA UB. 

With a resolution of 4 cm-1, the wave numbers 

employed range from 400 to 4500 cm-1. 

 

Crystallinity Index 

The instrument used is the Shimadzu 

MAXima X XRD-7000 Integrated Laboratory of 

Bioproduct, Research Center for Biomass and 

Bioproducts-BRIN. The sample is a 100 mesh solid 

powder. In addition, the current and voltage used 

are 40 kV and 30 mA. Then, the diffraction intensity 

range was measured at (2θ = 10 - 30°). 

 

CI (%) = 
𝐼200−𝐼𝐴𝑀

𝐼𝐴𝑀
 x 100 (1) 

 

Where a I200 is intensity maximum of 

crystalline region at 2θ = ~22°  and IAM is intensity 

amorphous region 2θ =~18°. 

 

Morphological Analysis 

The morphology of CNC was observed 

using the FESEM Thermo Scientific Quattro S 

Integrated Laboratory of Bioproduct, Research 

Center for Biomass and Bioproducts-BRIN. The 

sample is in the form of 100 mesh powder. The 

magnifications used are 500x, 1500x, and 5000x 

with an accelerating voltage of 1 kV. 

 

Tensile Strength and Elongation Test 

Mechanical properties such as tensile 

strength and elongation of bioplastics were tested 

using the Universal Testing Machine AGS-X 

Shimadzu Integrated Laboratory of Bioproduct, 

Research Center for Biomass and Bioproducts-

BRIN. The speed used is 30 mm/minute and a 

capacity of 5 kN. The sample is in the form of a thin 

plate with an average length, width, and thickness 

of 84.78 mm, 19.52, and 0.36 mm, respectively. 
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Figure 1. Infrared spectrum of FTIR analysis. 

 

Soil Burial Test 

The biodegradability test procedure is a 

modification of the research of Nissa et al. The soil 

used is an organic fertilizer which is then air-dried 

for 5 days to reduce water content. The soil is placed 

in a transparent plastic poly bag that is airtight and 

has no holes under the polybag. Bioplastic samples 

measuring 2 x 2 cm were buried in the soil to a depth 

of 7 cm. Observations were made every 2 days for 

10 days. The indicators to be considered are 

changes in mass and physical changes such as 

cracks and color. 

 

Mass Reduction = 
𝑊0−𝑊𝑡

𝑊0
𝑥 100  (3) 

 

Where W0 is the initial mass of bioplastic 

and Wt is bioplastic mass on the day of 

biodegradability testing. 

 

RESULTS AND DISCUSSION 

 

Functional Group Analysis 

Water hyacinth powder, alkalization, 

bleaching, acid hydrolysis, and sonication were 

used for FTIR analysis. Figure 1 shows a broad 

peak between 3200 and 3500 cm-1, indicating the 

presence of an OH stretching vibration. There is 

also a medium-sized peak between 2800 and 3000 

cm-1 that represents a CH symmetrical stretching 

vibration. These findings, which correspond with 

Asrofi et al. (2017) and Packiam et al. (2021), 

indicate the existence of the cellulose molecule.  

All samples have a spectrum ranging from 

1500 to 1600 cm-1, corresponding to the vibrations 

caused by water absorption. Water hyacinth fiber 

has the most water absorption due to the 

amorphous areas. The water absorption's vibration 

decreased after the chemical treatment, indicating 

the loss of the amorphous region (Asrofi et al., 

2017). There are also spectrum reductions at 1651 

cm-1 and 1383 cm-1, showing C=O group stretching 

vibrations on aromatic compounds and OH 

bending vibrations on OH phenolic compounds in 

lignin. Similar to Asrofi et al. (2017), the absorption 

at the peaks of 1253, 1322, and 1620 cm-1 was 

reduced, as a result of alkalization and bleaching, 

which disrupted the bond and reduced absorption. 

Then, similar to Packiam et al. (2021), there is a 

peak at 1059 cm-1 indicating the C-O-C glycosidic 

ether bond stretching vibration in the 

polysaccharide molecule (Nikonenko et al., 2000; 

Packiam et al., 2021). 

 

Crystalinity Index 

The crystallinity index (CI) of all the 

samples is seen in Table 1. The chemical treatment 

increased the CI through the amorphous removal of 

lignin and hemicellulose without affecting much the 

crystal structure. However, the CI decreased after 

the sonication treatment, as seen in Figure 2. The 

intensity decreased due to the intense cavitation 

acoustics from sonication, which could destroy the  
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Figure 2. XRD pattern. 

Table 1. Crystallinity index of samples. 

Sampels Crystallinity Index (%) 

Fiber 33.58 

Alkalized 33.60 

Bleached 45.51 

Acid Hydrolized 45.08 

Sonicated 40.03 

 

crystalline cellulose partially. Another factor that 

caused the decrease in CI is the longer sonication 

duration, for example, the CI value dropped by 12% 

in Shojaeianani et al. (2020) study. In addition, the 

CI in this study is much lower than others. Asrofi et 

al. (2017) and Oyeoka et al. (2021) isolated the 

CNC from water hyacinth, of which the CI had 

been 73% and 72% respectively. It could be 

improved by a potential solution, such as 

optimizing the sonication and hydrolyzed time. 

 

Morphological Analysis 

Figure 3 shows the picture of SEM analysis on CNC 

samples with three different magnifications. It can 

be seen that no visible fibril structure, indicating 

that the alkalization and bleaching successfully 

removed the lignin and hemicellulose (Sainorudin, 

2021). However, in this work, the detail of the CNC 

surface cannot be seen clearly. It is caused by the 

accelerating voltage (AV) below 5 kV. To resolve 

this, applying high-voltage AV could be an 

alternative, but the sample must be gold-coated to 

prevent damage. According to Khan et al. (2021), 

they utilized a voltage of 15-20 kV, allowing the 

  

 
(a) 

 
(b) 

 
(c) 

Figure 3.  Morphology of CNC with 

magnifications (a) 500x; (b) 1500x; 

and (c) 5000x. 
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(a) (b) 

Figure 4.  Tensile strength and elongation of starch bioplastic reinforced by different concentrations of 

CNC. 
 

 
Figure 5. Mass reduction of bioplastic underwent soil burial test. 

surface detail of the CNC to be visible, namely the 

needle-structured CNC aggregated due to the strong 

hydrogen bonding in CNC. 

 

Tensile Strength and Elongation 

The tensile strength of CNC from 2% to 

10% was slightly lower than the CNC 0%. The 

highest elongation was CNC at 8%, while CNC at 

0% was the lowest. In this study, the addition of 

CNC was not slightly affected the tensile strength 

and elongation. For instance, Arbanah et al. (2019) 

produced bioplastic reinforced with CNC isolated 

from mangosteen peel, and the highest tensile 

strength was CNC at 0%. Another example is 

Zainuddin et al (2013), which studied the addition 

of CNC isolated from kenaf fiber to bioplastic. The 

result, as the concentration of CNC increased, so 

did the tensile strength. The highest tensile strength 

was CNC 6% at 8.2 MPa. Because of CNC 

agglomeration and poor dispersion, CNC 

concentrations above 6% did not increase tensile 

strength. Aside from CNC agglomeration and poor 

dispersion, the addition of starch powder at 50-60°C 

reduced tensile strength. To address this, CNC 

suspension is added to the gelatinized starch 

(Agustin et al., 2014; Johar & Ahmad, 2012). 

 

Soil Burial Test 

Figure 5 represents the physical change of 

bioplastics for ten days of soil burial. Before the 

bioplastics were buried, the appearance was 

transparent, but bioplastics reinforced by CNC 

looked rougher at the surface. Every two days of 

observation, the bioplastics' appearance altered to 

browner, and there were cracks on their surface. 

Also, the black dot spotted on bioplastics indicated  
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Figure 6. Physical changes of bioplastic reinforced by CNC 6% underwent soil burial test 

 

the growth of microorganisms. Likewise, Figure 6 

depicts the mass reduction of bioplastics. The mass 

fluctuated due to the bioplastics' hydrophilic 

characteristic, absorbing water in the soil. In 

addition, the black dot also influenced the mass of 

bioplastics. The results of this study are quite 

different of Nissa et al. (2019). Their results showed 

that mass reduced consistently. The longer the 

testing time, the mass of the bioplastic decreased. 

On the 10th day of the biodegradability test, their 

mass reduction reached 29.89%. 

 

CONCLUSION 

 

Successful completion of the CNC 

characterization based on functional groups 

revealed the final product as cellulose. In addition, 

chemical treatment can increase crystallinity and 

loss of fibril structure. The addition of CNC did not 

significantly increase the tensile strength and 

elongation values in bioplastics due to poor 

dispersion. After then, bioplastics experienced 

physical change, including cracking, fading, and 

microbial growth. In addition, the bioplastic's mass 

increased due to its hydrophilic nature. 
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