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Abstract 

The widespread use of conventional plastic packaging poses significant environmental challenges. As a sustainable alternative, 
bioplastics derived from cellulose sourced from agricultural waste are gaining interest. This study explores the development of 
biodegradable bioplastic films derived from durian rind cellulose, with glycerol used as a plasticizer. Cellulose was isolated from 
durian rind using chemical extraction methods, resulting in a 29% yield with 70.2% purity. Bioplastic films were synthesized by 
incorporating varying amounts of glycerol into the cellulose matrix. The successful integration of cellulose and glycerol were 
confirmed by Fourier Transform Infrared spectroscopy. Morphology analysis revealed that increasing glycerol disrupted the dense 
fiber structure, leading to more flexible and visually transparent films. This was consistent with colorimetric analysis, which showed 
increased transparency with higher glycerol concentrations. Glycerol addition also resulted in greater water vapor permeability and 
water absorption, attributed to the plasticizer’s hydrophilic nature. Biodegradability tests indicated that all bioplastic samples fully 
degraded within 10 days in soil, with faster degradation occurring at higher glycerol levels. In food packaging trials using sponge cake 
as a model, the bioplastic films effectively prevented mold growth over 10 days. However, moisture loss led to a reduction in water 
activity and an increase in product hardness. Conversely, samples wrapped in commercial polyethylene (PE) plastic retained moisture 
and texture but showed significant mold growth. These findings demonstrate the potential of durian rind cellulose as a sustainable 
raw material for biodegradable packaging, and highlight the critical role of glycerol concentration in tailoring film properties for food 
applications.  
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Introduction 

Plastic is currently the most widely used packaging material across various industries, particularly in the food and 
beverage sector, due to its affordability and durability against weathering. Additional advantages include its lightweight 
nature, strength, transparency, and selective permeability to water vapor, oxygen, and carbon dioxide, which allows it 
to regulate the internal packaging environment during storage (Kan & Miller, 2022; Soltani et al., 2015). However, the 
non-biodegradable nature of plastic poses significant environmental challenges, contributing to pollution and 
potentially harming human health and other living organisms. Additionally, most plastic packaging is single-use, 
contributing to global environmental problems as it accumulates into waste that is difficult to degrade. Globally, plastic 
production has reached 435 million tons in 2020, and around 80% of those ended up in landfills or environment (Policy 
Scenarios for Eliminating Plastic Pollution by 2040, 2024). In Indonesia, plastic waste accumulation has reached 7.8 
million tons per year, with a significant portion is mismanaged (Rajamani & Lim, 2024). 

The adverse effects of plastic waste accumulation demand the industrial sector to create sustainable, environmentally 
friendly, and efficient food packaging alternatives. An ideal packaging material should protect food quality over time, 
be easy to carry, convenient to use, affordable, and either renewable or biodegradable to prevent solid waste 
accumulation (Priyadarshi & Rhim, 2020). One promosing innovation in food packaging is the use of bioplastics. 
Bioplastics are defined as plastics manufactured from bio-based polymers (Ali et al., 2023). Some bioplastics are made 
from natural polymer materials such as starch, cellulose, and fats. Among those, cellulose, which is a polysaccharide 
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composed of long chains of glucose molecules linked together by β-glycosidic bonds, has attracted attention (Steven et 
al., 2022). As the most abundant renewable polymer in nature, cellulose is widely used as a raw material due to its 
renewability, low cost, non-toxicity, biocompatibility, biodegradability, and chemical stability (Liu et al., 2021; Wang et 
al., 2016). Importantly, cellulose can be readily sourced from agricultural waste, thus helping to reduce processing costs 
(Liu et al., 2021). As such, the application of bio-based polymer has expanded into other sectors, such as biomedical 
applications, pharmaceuticals, and environmental engineering (Hasan et al., 2021).  

In a tropical country such as Indonesia, a variety of agricultural wastes are readily available for potential utilization. One 
such promising source is durian (Durio zibethinus). Known for its spiky exterior, distinct aroma and flavor, durian is 
widely consumed in Southeast Asia, yet only one-third of the durian fruit is edible. The remaining two-thirds, which are 
primarily rind and seeds, are usually discarded. The rind, in particular, is rich in cellulose, containing approximately 30% 
to 60% cellulose content (Masrol et al., 2015). Extracting cellulose from durian rind offers an opportunity to convert this 
agricultural waste into a high-value material such as activated carbon and bioplastics (Damayanti et al., 2023; Zhao et 
al., 2019). 

Using cellulose as the sole component in bioplastics often results in materials that are strong but inherently rigid and 
brittle. While cellulose offers excellent strength, renewability and biodegradability, its stiffness makes it less suitable for 
applications requiring flexibility or elasticity, which is commonly required in food packaging (Sirviö et al., 2018). To 
overcome these limitations, plasticizers can be added. Plasticizer is defined as low molecular weight chemical that can 
infuse between polymer chain, breaking hydrogen bonds, and reduce intermolecular forces, resulting in enhanced 
flexibility and lower glass transition temperature (Jha, 2020; Teixeira et al., 2021). For instance, the incorporation of 
plasticizers into starch, combined with shear and heat, transforms native brittle starch into a processable thermoplastic 
starch, resembling conventional synthetic polymer (Jie et al., 2024; Sanyang et al., 2016). Some commonly used 
plasticizers are glycerol, citric acid, and sorbitol (Abe et al., 2021). Among these, glycerol has gained particular attention 
due to its balance of performance, safety, and sustainability. It is inexpensive, non-toxic, biodegradable, and food-grade, 
making it especially suitable for food packaging applications (Benitez et al., 2024; Khotsaeng et al., 2023). Despite this, 
studies applying plasticizers to cellulose remain limited, leaving opportunities for further exploration.  

This research aims to explore the production of biodegradable plastic packaging based on cellulose derived from durian 
rind with the addition of glycerol as the plasticizer. The resulting films were analyzed to determine the physical 
characteristics of the bioplastic, which included color measurement, water absorbance, tensile strength, thermal 
behavior, morphology and biodegradability. Additionally, the films were also tested as real food packaging using sponge 
cake as the food model. 

Methods 

Durian Rind Cellulose Isolation and Films Synthesis 

Cellulose from durian rind was extracted using chemical method adapted from other study (Abral et al., 2020). Durian 
rind was obtained from local traders in Bandung Regency, West Java. The insides of durian rind were cut into small 
pieces (roughly 4 × 4 cm) using a knife. The durian rind was first dewaxed at 50°C for 48 hours in a mixture of toluene 
and ethanol (2:1 ratio) at a solid to liquid ratio of 1:2. The rind was rinsed with distilled water until the pH reached 7 and 
dried in a dehydrator at 50°C for 20 hours. The dried fibres were then soaked in a 5% NaOH solution (solid to liquid ratio 
of 1:2) for 4 hours at 50°C with stirring, followed by rinsing with distilled water until pH neutral. The rind was dried again 
in a dehydrator and grind using a commercial electric blender. 

The dried durian rind powder were then bleached in a mixture of sodium hypochlorite and acetic acid (4:1 ratio) for 2 
hours at 60°C. The durian powder were then rinsed and dried. Lastly, the powder were hydrolyzed using 1 M 

hydrochloric acid at 50 C for 12 hours and dried to obtain durian cellulose.  

The purity of the extracted cellulose was evaluated based on the procedure reported by Abolore et al. (2024), with slight 
modifications. A total of 3 grams of biomass were initially subjected to boiling in 80% ethanol for 15 minutes to remove 
low molecular weight extractives. The material was subsequently rinsed with demineralized water and dried in an oven 
at 70 °C for 1 hour, yielding Fraction A. This fraction was then refluxed in a 1% (w/v) sodium hydroxide solution (100 mL 
per gram of biomass) at 80 °C for 4 hours. The resulting solid was filtered, washed with demineralized water until a 
neutral pH was achieved, and dried at 70 °C for 1 hour to obtain Fraction B. 
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Fraction B was further treated by immersion in concentrated sulfuric acid (30 mL per gram of biomass) at ambient 
temperature for 24 hours. The suspension was then refluxed at 100 °C for 1 hour, filtered, and thoroughly washed with 
demineralized water until reaching neutral pH. The final residue, designated as Fraction C, was dried overnight at 70 °C 
and weighed. 

The contents of individual biomass components were determined using the following calculations: 

Extractives  = initial dry weight – weight of Fraction A 

Hemicellulose = weight of Fraction A – weight of Fraction B 

Cellulose = weight of Fraction B – weight of Fraction C 

Lignin = weight of Fraction C 

For film synthesis, around 0.5 grams of dry durian cellulose was added to 100 ml of deionized water, followed by the 

addition of glycerol (100 L, 500 L, and 1000 L). The mixture was stirred until homogeneous, then cast onto a silicone 
pan and dried in a dehydrator at 50°C for 24 hours. 

Films Characterization 

Fourier Transform Infrared Spectroscopy (FTIR) analysis was conducted to confirm the presence of cellulose and glycerol 
in the films. The test was performed using a Bruker FT-IR Spectrometer at a frequency range of 4000 – 600 cm-1. Thermal 
analysis of the films was performed using thermogravimetry analysis (TGA; Linseis STA PT 1600). Around 8-20 mg of 

samples were used for analysis at a heating rate of 10 C/min from 20 C to 1000 C. The surface and cross-section 
morphology of the films was analyzed using Scanning Electron Microscopy (SEM; Jeol JSM-6510A). 

Color measurement was performed using a colorimeter CHNSpec type CS-10. Whiteness degree calculation of the 
samples was performed based on color coordinate whiteness degree calculation values in the Lab system (a three-
dimensional color system used to measure and describe color using three-axis coordinates). Whiteness degree 
calculation was calculated using the following formula [16]. 

𝑊ℎ𝑖𝑡𝑒𝑛𝑒𝑠𝑠 𝑑𝑒𝑔𝑟𝑒𝑒 = 100 − √((100 − 𝐿)2 + (𝑎2 + 𝑏2))                                                            (1) 

The tensile strength of the bioplastic films was evaluated using a Universal Testing Machine (UTM) Instron 5985 
equipped with a 500 N load cell. The film samples were prepared with dimensions of 70 mm in length and 10 mm in 
width. The maximum tensile strength was measured during the stretching process. 

Water Permeability and Absorption Tests 

The permeability of bioplastics was analyzed to evaluate their capacity to allow water vapor to pass through. This test 
was carried out following the ASTM E96 Water Vapor Transmission standard under ambient conditions. The bioplastic 
sample served as a cover for a glass container holding 20 grams of distilled water. The mass of the remaining water was 
monitored and recorded over a period of 8 days.  

Water absorption test was performed to determine the amount of liquid absorbed into the product's matrix. The 
absorbance test involved immersing the sample (1 x 1 cm) in distilled water for 5 minutes. After immersion, the sample 
was removed, gently wiped with a dry cloth to remove excess water, and immediately weighed to record the absorbed 
liquid content. 

Biodegradability Test 

Films biodegradability was evaluated using a compost burial test, where bioplastic samples measuring 1 × 1 cm were 

buried at a depth of 2.5 cm in compost. The samples were incubated at a temperature of 30 C for 10 days, with 
qualitative observations conducted every two days to monitor the degradation process. 

Application of Bioplastic as Food Packaging 

The ability of the film as food packaging was assessed using a food model. Commercial sponge cake sourced from the 
local bakery was used as a food model. The cake was cut into rectangle pieces with equal size, and each piece were 
covered with the films. One cake was covered with commercial polyethylene plastic that served as the control variable. 
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Qualitative and quantitative observations was performed over a 10-day period. Daily documentation was performed to 
monitor visible changes, particularly the growth of mold on the cakes throughout the testing period. Over the 10 days, 
water activity tests were conducted every two days using a LabTouch-aw Novasina Water Activity Meter, while texture 
profile analysis was performed on the first, fifth, and tenth days using a TA.XTplus Texture Analyzer by Stable Micro 
Systems.  

Results  

Cellulose Isolation from Durian Rind 

Chemical extraction of durian rind cellulose was done to remove the presence of non-cellulosic components. From 
approximately 42 grams of dried durian rind, the extraction process yielded 12.2 grams of dry cellulose powder, 
equivalent to 29% of the initial mass. Compositional analysis of the isolated material showed a cellulose content of 
70.2%, along with residual hemicellulose (16.3%), extractives (12.3%), and lignin (1.13%). These results indicate that the 
extraction process substantially enriched the cellulose fraction while reducing the content of other lignocellulosic 
constituents. 

Table 1 Composition of isolated cellulose from durian rind. 

Compound Extractives Cellulose Hemicellulose Lignin 

Percent Composition (%) 12.3 70.2 16.3 1.13 

 

Characterization by Fourier Transform Infrared Spectroscopy (FTIR)  

The obtained cellulose was cast into bioplastic films using glycerol as a plasticizer. Three film formulations were 
prepared with increasing glycerol concentrations, namely G100, G500, and G1000, corresponding to 100 µL, 500 µL, and 
1000 µL of glycerol, respectively. The presence of cellulose and glycerol in the three film samples was analyzed by FTIR 
and compared with isolated cellulose (Figure 1). All samples exhibited characteristic absorption peaks within the ranges 
of 3293.76–3331.17 cm⁻¹ and 1013.68–1026.94 cm⁻¹. The bioplastic films showed a broad absorption band around 3300 
cm⁻¹ and distinct peaks near 1020 cm⁻¹. When compared with the FTIR spectrum of pure cellulose, similar peak positions 
and intensities were observed. In addition, the bioplastic films exhibited absorption bands associated with glycerol, 
including peaks at 3321.78 cm⁻¹, 2894 cm⁻¹, and approximately 1027 cm⁻¹. The transmittance intensity in these regions 
was lower for the bioplastic films than for the cellulose isolate. 

 

 FTIR spectrum graph of cellulose isolate and films samples. 

Thermal Analysis 

Thermal properties of the films were analyzed using thermogravimetric analysis (TGA; Figure 2). The TGA profile of the 
isolated cellulose showed significant mass loss starting at approximately 250 °C, which continued steadily until around 
500 °C, after which the curve plateaued. The total mass loss recorded for the isolated cellulose was 72.3%. For the G100 
film, an initial mass loss of approximately 7.5% was observed between 40 °C and 100 °C. A more pronounced weight 
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reduction occurred in the temperature range of 200–500 °C. Above 400 °C, the degradation rate decreased markedly, 
and thermal stabilization was observed beyond 500 °C. The G500 film exhibited a decomposition profile similar to that 
of G100, with initial mass loss beginning at approximately 60 °C. However, the total mass loss for G500 was higher, 
reaching 85.5%, compared to 80.4% for G100. In contrast, the G1000 film showed substantial mass loss at lower 
temperatures, with major degradation occurring between 25 °C and 320 °C. At higher temperatures (320–1000 °C), the 
G500 film exhibited a slightly greater mass loss than G1000, with the total mass reduction for G1000 reaching 92.2%. 
Comparison of the TGA profiles of the bioplastic films and isolated cellulose indicated that mass loss in the film samples 
occurred at lower temperatures than in the isolated cellulose. 

 

 TGA curves of isolated cellulose and film samples. 

Bioplastic Morphology Analysis 

The surface morphology of the bioplastic films was examined using scanning electron microscopy (SEM; Figure 3). At 
100x magnification, SEM images revealed that cellulose fibers were generally well bonded across all film formulations. 
At higher magnification, the surface structure appeared more detailed, and individual fibers became less 
distinguishable, indicating a compact fiber arrangement. Distinct morphological differences were observed with 
increasing glycerol concentration. The G1000 film exhibited a more porous and fibrous surface structure, characterized 
by larger inter-fiber spaces. In contrast, films with lower glycerol content (G100 and G500) displayed denser and more 
compact fiber networks, with reduced visible porosity. 
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 SEM images for G100 surface (a, b) and cross-section (c); G500 surface (d, e) and cross-section (f); G1000 surface 
(g, h) and cross-section (i) sample. 

Bioplastic Color and Transparency Analysis 

The visual appearance of the bioplastic films was evaluated qualitatively and quantitatively to assess transparency. 
Visual observation indicated that films became increasingly transparent with higher glycerol concentrations, as reflected 
by greater visibility of the background color through the films. Quantitative colorimetric analysis was conducted using 
the whiteness index as an inverse indicator of transparency, where lower values correspond to higher transparency 
(Figure 4). The measured whiteness index values were 65.42 for G100, 63.76 for G500, and 59.48 for G100, 
demonstrating a decreasing trend with increasing glycerol content. A commercial polyethylene (PE) film used as a 
control exhibited the lowest whiteness index of 44.13. 

 

 Representative images of bioplastic samples on a black background for whiteness index analysis for (a) control, 
(b) G100, (c) G500 and (d) G1000 and their corresponding representative color images based on the obtained whiteness index 
values for (e) control, (f) G100, (g) G500, and (h) G1000, respectively. 



Investigating the Role of Glycerol as a Plasticizer in Durian Rind-derived Cellulose Bioplastic      249 
DOI: 10.5614/j.eng.technol.sci.2026.58.2.7 
 

 

Mechanical Properties Analysis 

The tensile properties of the bioplastic films were evaluated to assess their mechanical performance. Tensile tests were 
conducted on G100, G500, and G1000 film samples with dimensions of 70 mm × 10 mm. The mechanical response of 
the films varied with glycerol concentration (Table 2). For the G100 sample, the maximum (yield) stress was 4.2151 N, 
with a corresponding elongation of 0.67 mm. The G500 film exhibited a higher maximum stress of 5.0868 N and an 
elongation of 0.76 mm. The stress–strain curves of both G100 and G500 showed partial elastic recovery after the yield 
point. In contrast, the G1000 film demonstrated a substantially different mechanical profile. The elongation at yield 
increased to 2.16 mm, while the maximum stress required to reach yield decreased to 0.2562 N. The stress–strain curve 
extended further, reaching 2.72 mm at low stress levels, indicating reduced mechanical resistance. Comparison of 
tensile strength values showed that G100 and G500 exhibited similar strengths of 10.54 MPa and 10.17 MPa, 
respectively. In contrast, the G1000 film displayed a significantly lower tensile strength of 0.17 MPa, despite having a 
greater thickness than the other samples. 

Table 2 Mechanical testing results of the bioplastic. 

Sample 
ID 

Thickness 
(mm) 

Maximum 
Stress (N) 

Displacement at Maximum 
Stress (mm) 

Displacement at 
Break (mm) 

G100 0.04 4.2151 0.67 0.67 
G500 0.05 5.0868 0.76 0.76 

G1000 0.15 0.2562 2.16 2.72 

Water Vapor Permeability Analysis 

Water vapor permeability (WVP) of the bioplastic films was evaluated to assess their moisture barrier performance. The 
test was conducted under ambient conditions, in which each bioplastic film was used to seal a glass container containing 
20 g of distilled water. A commercial PE film with a thickness of 0.25 mm served as the control. Water loss was 
determined by measuring the remaining water mass over an 8-day storage period. 

No measurable water loss was detected in any of the bioplastic samples on the first day of storage (Figure 5). By the 
second day, all three bioplastic films exhibited approximately 3% water loss, which continued to increase over the 
observation period. After 8 days, the G1000 film showed the highest cumulative water loss, reaching 31% of the initial 
water mass, followed by G500 at 26% and G100 at 24%. In contrast, the PE control film exhibited no measurable water 
loss throughout the entire storage period, indicating markedly superior moisture barrier performance compared to the 
bioplastic films. 

 

 Water loss over 8-day observation. 

Bioplastic Water Absorption Analysis 

Water absorption of the bioplastic films was evaluated by immersing the samples in distilled water for 5 min and 
measuring the percentage increase in mass. The extent of water uptake differed significantly among the film 
formulations (Figure 6). The G1000 film exhibited the highest water absorption, reaching 200% of its initial mass. 
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Statistical analysis using one-way ANOVA followed by Tukey’s post hoc test confirmed that the water absorption of 
G1000 was significantly higher than that of the other samples (p < 0.05). The G500 and G100 films showed lower water 
absorption values of 150% and 133%, respectively, with no statistically significant difference between them. These 
results demonstrate an increasing trend in water absorption with increasing glycerol concentration. 

 

 Bioplastic water absorbance. Error bars indicate the standard deviation from duplicate samples. Different letters 
(a-b) indicate significant differences (p value < 0.05).  

Analysis of Packaging Biodegradability 

Biodegradability of the bioplastic films was evaluated through a soil burial test conducted at room temperature for 10 
days. A commercial PE film was used as the control. Visual observations were performed daily to monitor surface 
changes and structural deterioration. Quantitative measurements, such as percentage mass loss, were not conducted 
because soil particles strongly adhered to the fragile films, and cleaning attempts risked damaging the samples. All 
bioplastic film formulations showed visible signs of degradation during the burial period, whereas the PE control 
remained completely intact (Figure 7). None of the bioplastic samples fully disintegrated within the 10-day test duration. 
Among the bioplastic films, G1000 exhibited the most pronounced structural deterioration, followed by G500 and G100. 

 

 Visual observation of bioplastic biodegradability analysis by burial method. 



Investigating the Role of Glycerol as a Plasticizer in Durian Rind-derived Cellulose Bioplastic      251 
DOI: 10.5614/j.eng.technol.sci.2026.58.2.7 
 

 

Bioplastic Testing as Real Food Packaging 

The applicability of the bioplastic films for food-packaging applications was evaluated using a perishable food model 
(commercial sponge cakes) over a 10-day storage period. Degradation of the food model was assessed through visual 
observation, water activity measurements and texture (hardness) analysis. Water activity was recorded every two days, 
while hardness was measured on days 1, 5, and 10. Sponge cake wrapped in commercial PE plastic was used as the 
control.  

Visual observation revealed that mold growth on sponge cakes wrapped in PE film appeared as early as day 3 (Figure 
8a). By day 10, the control sample was almost completely covered with mold, emitted a strong unpleasant odor, and 
had exhibited complete structural collapse. In contrast, no visible mold growth was observed on sponge cakes wrapped 
in any of the bioplastic films throughout the 10-day storage period. 

Water activity measurements indicated a marked difference between the control and bioplastic-wrapped samples 
(Figure 8b). Initially, all samples had a water activity of 0.873. Over the 10-day period, the PE-wrapped sponge cake 
showed only a slight decrease in water activity, reaching 0.850. In comparison, sponge cakes wrapped in bioplastic films 
experienced a substantial decrease in water activity, reaching approximately 0.60 by day 10. Texture analysis showed 
that hardness increased over time for all samples (Figure 8c). The PE-wrapped control exhibited the smallest increase 
in hardness during storage. Among the bioplastic samples, G1000 exhibited the highest hardness values on days 5 and 
10. 

 

 (a) Visual observation of bioplastic testing as food packaging. Commercial sponge cake was used as the food 
model. (b) Water activity of food model over 10-days wrapping in the control (commercial PE plastic) or bioplastic samples. 
(c) Change in hardness of food model over 10-days wrapping in the control (commercial PE plastic) or bioplastic samples.  

Discussion 

The isolation of cellulose from durian rind is a critical prerequisite for producing bioplastic films with predictable and 
tunable properties. The removal of non-cellulose components, namely extractives, hemicellulose, and lignin, is essential, 
as these constituents can adversely affect color, odor, mechanical integrity, moisture sensitivity, and long-term 
durability of cellulose-based materials (Rowell, 2012; Oblitas et al., 2025). Extractives, which include low-molecular-
weight compounds such as fats, waxes, and resins, are particularly undesirable because they can interfere with 

(a) 
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intermolecular polymer interactions and reduce water resistance (Abolore et al., 2024). Likewise, although 
hemicellulose may contribute to flexibility and biodegradability, its hydrophilic and thermally labile nature often leads 
to increased moisture uptake and reduced thermal stability, which are unfavorable for food packaging applications (Abe 
et al., 2021). The alkaline treatment employed in this study effectively reduced both hemicellulose and lignin content 
through disruption of hydrogen bonding and partial solubilization, resulting in a cellulose-rich fraction suitable for 
bioplastic film formation (Ascencio et al., 2020). 

The glycerol concentrations used in the bioplastic formulation (100 µL, 500 µL, and 1000 µL) were selected based on 
preliminary trials that assessed the processability and structural integrity of the resulting films. A glycerol content of 
100 µL was identified as the minimum amount required to produce films that were sufficiently flexible for handling, 
testing, and characterization, as lower concentrations resulted in brittle films. Conversely, 1000 µL was chosen as the 
upper limit because higher glycerol contents led to excessive moisture retention during dehydration, yielding films that 
were overly soft and mechanically unstable. 

The presence of cellulose and glycerol in the bioplastic films were confirmed by FTIR analysis. The broad absorption 
band around 3300 cm⁻¹ observed in all samples is attributed to O–H and C–H stretching vibrations, while the peaks near 
1020 cm⁻¹ correspond to C–O–C and –COH stretching vibrations characteristic of cellulose. These bands are commonly 
associated with internal hydrogen bonding and glycosidic linkages in cellulose, indicating that the cellulose backbone 
remained intact after film formation (Yasmeen et al., 2016). The close similarity between the spectra of the bioplastic 
films and pure cellulose further confirms the preservation of cellulose structural integrity, consistent with previous 
reports (Aqil et al., 2015). Additional spectral features observed in the bioplastic films, including O–H stretching at 
3321.78 cm⁻¹, C–H stretching at 2894 cm⁻¹, and C–O–C stretching near 1027 cm⁻¹, are attributed to the incorporation of 
glycerol into the polymer matrix (Danish et al., 2016). The reduced transmittance intensity in these regions compared 
to the cellulose isolate suggests the presence of additional functional groups introduced by glycerol. These observations 
provide spectral evidence of successful glycerol incorporation and support the formation of intermolecular interactions, 
particularly hydrogen bonding, between cellulose and glycerol, which is essential for improving film flexibility and 
processability. 

Thermal analysis further illustrates the influence of glycerol on film performance. Isolated cellulose exhibited thermal 
degradation behavior consistent with literature, with major decomposition occurring between 250 °C and 350 °C due 
to dehydration and depolymerization of the polysaccharide backbone (Khotsaeng et al., 2023; Yeng et al., 2015). The 
high mass loss observed confirms substantial thermal decomposition of the cellulose component at elevated 
temperatures. In contrast, glycerol-plasticized films showed an earlier onset of mass loss, attributed to the evaporation 
of absorbed moisture and low-boiling-point volatile compounds, and supported by the lower thermal stability of 
glycerol, which degrades at significantly lower temperatures than cellulose (Almazrouei et al., 2017; Castelló et al., 
2009). Glycerol degradation typically begins at around 117 °C, with major decomposition occurring between 211 °C and 
239 °C and complete volatilization by approximately 300 °C (Almazrouei et al., 2017; Castelló et al., 2009). The increasing 
contribution of early-stage mass loss with higher glycerol content demonstrates that plasticizer loading reduces thermal 
stability, particularly in the G1000 formulation. Nevertheless, the two-stage degradation profile, initial glycerol 
decomposition followed by cellulose pyrolysis, highlights a predictable and tunable thermal response, emphasizing the 
trade-off between flexibility and heat resistance that must be considered in packaging design. 

Morphological analysis by SEM provides further insight into how glycerol modulates film structure. Increasing glycerol 
concentration progressively loosened the cellulose fiber network, resulting in greater inter-fiber spacing and a more 
open microstructure. This structural evolution reflects glycerol’s ability to penetrate between cellulose chains, disrupt 
native hydrogen bonding, and increase polymer chain mobility (Khotsaeng et al., 2023). Films with lower glycerol 
content retained a more compact, paper-like morphology, whereas high-glycerol films exhibited surface characteristics 
approaching those of conventional LDPE (Marichelvam et al., 2023). These morphological changes are consistent with 
the observed mechanical behavior, confirming the central role of glycerol concentration in controlling microstructure–
property relationships. 

Optical properties followed a similar trend. Increasing glycerol content enhanced film transparency, which is a critical 
functional and aesthetic parameter in food packaging where product visibility is often associated with freshness and 
quality. Improved transparency can be attributed to reduced surface irregularities and microvoids, which decrease light 
scattering within the film. At the molecular level, glycerol-induced chain mobility promotes a more uniform matrix that 
facilitates light transmission (Moreira et al., 2024). Although the transparency of the bioplastic films remained lower 
than that of commercial polyethylene due to the intrinsically higher refractive index of cellulose (Niskanen et al., 2022), 
the clear formulation-dependent trend demonstrates that optical properties can be effectively tuned. 
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Mechanical testing revealed a similar pattern, where glycerol concentration strongly influences the stress-strain 
response of cellulose-based films. Moderate glycerol loading (G100–G500) enhanced flexibility without significantly 
compromising tensile strength, as evidenced by partial elastic recovery and comparable tensile strength values. This 
behavior reflects effective plasticization, where glycerol facilitates reversible deformation by increasing chain mobility 
through hydrogen-bond formation with cellulose (Surhaini et al., 2023). At the highest glycerol loading (G1000), 
however, tensile strength declined sharply despite increased elongation, indicating over-plasticization and weakened 
load transfer within the matrix. The markedly lower tensile strength of G1000, despite its greater thickness, further 
confirms that glycerol concentration is the dominant factor governing mechanical performance rather than geometric 
dimensions. Additionally, these results confirm the existence of an optimal glycerol concentration range that balances 
strength and flexibility—an essential requirement for practical packaging applications. 

The observed differences in water vapor permeability highlight the influence of glycerol concentration on the moisture 
barrier properties of cellulose-based bioplastics. Although the commercial PE control film was slightly thicker (0.25 mm) 
than the bioplastic films, the thickness difference relative to the thickest bioplastic sample (G1000, 0.15 mm) was small. 
Therefore, the substantially higher water loss observed in the bioplastic films suggests that their lower barrier 
performance is primarily related to material composition rather than film thickness alone. The increasing water loss 
with higher glycerol content indicates that glycerol concentration is a dominant factor governing permeability. Glycerol 
is a hydrophilic plasticizer, and increasing its concentration enhances the polarity of the film matrix, facilitating water 
absorption and diffusion through the bioplastic (Huri & Nisa, 2014). As glycerol content increases, the affinity of the film 
for water also increases, leading to elevated water vapor permeability. SEM observations support this interpretation, 
showing that glycerol molecules penetrate the cellulose fiber network, loosening the matrix and increasing inter-fiber 
spacing. This structural modification creates additional diffusion pathways that allow water vapor to pass through more 
readily. Moreover, the increased flexibility and softness imparted by glycerol enhance polymer chain mobility, further 
promoting the formation of transient channels for water vapor transport. These combined effects explain the higher 
permeability observed in films with greater glycerol loading and highlight the trade-off between flexibility and moisture 
barrier performance in cellulose-based bioplastics. 

Water absorption is also a critical parameter for evaluating the suitability of bioplastics in food-packaging applications, 
as excessive liquid uptake can compromise mechanical integrity, dimensional stability, and product safety (Han, 2013). 
The pronounced increase in water absorption observed with increasing glycerol content is consistent with trends 
reported in previous studies on glycerol-plasticized cellulose films (Paudel et al., 2023). Glycerol plays a dual role as both 
a plasticizer and a hydrophilic agent. As a plasticizer, glycerol weakens intermolecular hydrogen bonding between 
cellulose chains, increasing polymer chain mobility and creating additional free volume within the film matrix. This 
structural loosening enhances the accessibility of water molecules to the polymer network. In addition, glycerol is highly 
hygroscopic and water-soluble, enabling it to readily attract and retain water molecules, thereby increasing the overall 
water-holding capacity of the bioplastic (Susanti et al., 2021). Higher glycerol concentrations also reduce cellulose 
crystallinity, leading to a more amorphous structure that is inherently more permeable to water penetration (Fauziyah 
et al., 2021). Amorphous regions facilitate water diffusion more readily than crystalline domains, further contributing 
to increased water uptake. Moreover, the hygroscopic nature of glycerol promotes continuous moisture absorption 
from the surrounding environment, while its plasticizing effect enhances the swelling capacity of cellulose fibers upon 
hydration. These combined effects explain the substantially higher water absorption observed in the G1000 film and 
are consistent with the elevated water vapor permeability previously observed (Benitez et al., 2024). 

The observed degradation behavior confirms the biodegradable nature of the cellulose-based films, in contrast to the 
non-degradable PE control. The increasing degree of deterioration with higher glycerol content is consistent with trends 
observed in water absorption and water vapor permeability tests, indicating that glycerol concentration plays a key role 
in governing biodegradation behavior. Faster deterioration in high-glycerol films can be attributed to several synergistic 
factors. Glycerol’s hydrophilic and hygroscopic nature increases water uptake and swelling of the cellulose matrix, 
creating favorable conditions for microbial colonization. Increased moisture content facilitates microbial activity and 
enzymatic hydrolysis of cellulose chains, accelerating polymer breakdown. In addition, glycerol reduces cellulose 
crystallinity and increases matrix porosity, thereby exposing a larger surface area to microbial enzymes (Rumi et al., 
2024). Together, these findings demonstrate that glycerol concentration not only influences physical properties but also 
serves as a key parameter for tuning biodegradation rates. 

The application study using sponge cake as a food model integrates these structure–property relationships into real-
world performance. Bioplastic-wrapped cakes exhibited no mold growth over 10 days, in contrast to the rapid spoilage 
observed in polyethylene-wrapped controls. The reduced water activity in bioplastic-wrapped samples, driven by higher 
moisture permeability of the bioplastic, created conditions unfavorable for fungal growth, thereby enhancing microbial 
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stability. However, accelerated moisture loss also increased product hardness, particularly in high-glycerol films 
(G1000), highlighting a practical trade-off between microbial inhibition and textural preservation. 

Conclusion 

This study introduces a novel approach for producing bioplastic utilizing cellulose extracted from durian rind, an 
underutilized agricultural waste in Southeast Asia, enhancing its functional properties through the incorporation of 
glycerol as a plasticizer. The innovation lies in the dual sustainability benefits, valorizing a high-cellulose waste stream 
resourced from durian, while reducing dependence on petroleum-based plastics and in systematically elucidating how 
varying glycerol concentrations tailor the physicochemical, mechanical, and barrier properties of cellulose-based films. 
Cellulose was successfully isolated through a sequential process of dewaxing, alkalization, bleaching, and acid hydrolysis, 
yielding 29% cellulose with 70.2% purity. The remaining fractions were composed of extractives (12.3%), hemicellulose 
(16.3%), and lignin (1.13%). FTIR analysis confirmed the presence of cellulose and glycerol compounds in the bioplastic 
films, while TGA analysis demonstrated that higher glycerol concentrations accelerated thermal decomposition at lower 
temperatures. SEM analysis revealed that increasing glycerol content expanded fiber spacing, resulting in a less fibrous 
surface. This structural modification enhanced flexibility and stretchability, making the bioplastics more similar to 
conventional plastics. The increase in glycerol also resulted in improved transparency, although it also increased water 
permeability and absorption, affecting the material’s barrier properties. When compared with findings from other 
researchers, the results align with previous reports on glycerol’s role as a plasticizer in biopolymers, particularly its 
ability to increase chain mobility and transparency while decreasing tensile strength and barrier properties. However, 
unlike many starch- or protein-based bioplastics that exhibit slower biodegradation rates (often several weeks), the 
durian rind–cellulose films in this work showed visible structural breakdown within 10 days, indicating a faster 
decomposition rate likely aided by glycerol’s hygroscopic effect. 

When applied as food packaging, bioplastic films effectively inhibited mold growth, likely due to their ability to reduce 
surface moisture. However, this was accompanied by increased food hardness over time, indicating potential trade-offs 
in food preservation properties. In contrast, food wrapped in commercial polyethylene plastic (control sample) retained 
higher moisture content, resulting in minimal changes in texture and water activity, but showed significant mold growth 
on the food surface. This highlights the differences in preservation mechanisms between biodegradable bioplastics and 
conventional plastic packaging. These findings emphasize the significant influence of glycerol on the physical properties 
of cellulose-based bioplastics. Furthermore, this study demonstrates the potential of durian rind cellulose as a 
sustainable alternative to conventional plastic packaging, contributing to biodegradable and eco-friendly material 
innovations. 
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