
                                                                       TRENDS IN SCIENCES 2025; 22(6): 9591  RESEARCH ARTICLE 

https://doi.org/10.48048/tis.2025.9591                         

Oven-Drying Kinetics and Physical Characterization of Ganyong Starch 

Biofoam with Various Sizes of Bagasse Filler  
 

Anna Sukma Muthia, Devi Yuni Susanti*, Sri Rahayoe and Khoiri Queen Anyjani 
 

Department of Agricultural Engineering and Biosystems, Faculty of Agricultural Technology,  

Gadjah Mada University, Yogyakarta 55281, Indonesia 
 

(*Corresponding author’s e-mail: deviyunisusanti@ugm.ac.id) 

 

Received: 23 December 2024,   Revised: 26 January 2025,   Accepted: 2 February 2025,   Published: 5 May 2025  

 

Abstract  

 Biodegradable foam (biofoam) utilizing waste from natural materials and starch as the base and sugarcane bagasse 

as the filler represents an innovative alternative for controlling the use of polystyrene (PS), commonly known as 

styrofoam, which has been identified as the 5th most hazardous waste globally by the Environmental Protection Agency 

(EPA). Using waste from natural materials and starch as the base necessitates further research to produce biofoam with 

desirable characteristics that are safe for use in food products. Given the intended function of biofoam as a replacement 

for styrofoam, various factors influencing its characteristics must be considered. This study aims to examine the drying 

kinetics of biofoam and the effect of sugarcane bagasse particle size on biofoam characteristics. Three particle size 

variations were used in this study: mesh 60, 80, and 100. The observed physical characteristics parameters include 

moisture content, density, compressive strength, biodegradability, water absorption, and solubility. The kinetic analysis 

performs well in representing the data on biofoam moisture content during drying process, evidenced by an R² value close 

to 1 and a low RMSE. All physical characteristics parameters of biofoam, except for moisture content, exhibited 

improvements proportional to the decreasing particle size of the added sugarcane bagasse. The highest values for each 

parameter were obtained with the mesh 100 variation, with a density of 0.513 g/cm³; compressive strength of 12.81 

N/mm²; biodegradability of 60.38 %; water absorption of 54.63 %; and solubility of 58.87 %, while the moisture content 

for the mesh 100 variation showed the lowest value at 7.86 %. 
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Introduction 

 The development of biofoam based on natural 

materials has recently become a topic that needs to be 

developed. The development of biofoam is needed as a 

replacement for the use of styrofoam which has been 

avoided and reduced in use. Styrofoam or polystyrene 

foam is a product derived from processed petroleum 

products. Styrofoam has been widely used in various 

sectors including the agricultural and food sectors. The 

use of styrofoam is quite high, especially in food 

packaging because of some of its advantages such as not 

easily absorbing water, more economical, and having a 

sturdy structure, but the high use poses quite serious 

problems. The content of styrene, which is an active 

substance derived from benzene, in styrofoam can react 

if it comes into direct contact with high-temperature  

 

food. These toxic substances when mixed with food can 

attack and cause damage to the nerves of the brain [1-4]. 

Another negative effect of using styrofoam as food 

packaging is its nature that is difficult to degrade 

naturally so that it can harm the environment. As the 5th 

most hazardous waste in the world by the EPA, several 

efforts have been made as a measure to control waste or 

styrofoam waste, namely by recycling, decomposing 

using plastic decomposing microbes, burial, and burning 

[5]. However, this handling can cause new problems 

such as soil and air pollution and the risk of spreading 

microbes to the environment. One of the alternatives 

that can be used as a solution in waste control is to create 

new products that are more environmentally friendly 
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and have characteristics that are close to styrofoam or 

commonly known as biodegradable foam (biofoam) [6]. 
The development of biofoam as an alternative to 

styrofoam is directed at the use of natural materials so 

that it is expected to degrade back naturally.  Generally, 

the manufacture of biofoam uses starch as the main 

ingredient because it is easily degraded. The type of 

starch used comes from ganyong starch which is 

classified as tubers. Ganyong starch contains fiber and 

starch with amylose and amylopectin content of 41 and 

53 %. This good content encourages ganyong tubers to 

be an alternative material that can be used in making 

biofoam [7]. 

In this study, the manufacture of biofoam will be 

carried out using ganyong starch combined with 

sugarcane bagasse as a filler. Bagasse can be used as a 

filler in the manufacture of biofoam. This is because 

bagasse contains high cellulose at 46.3 %. High levels 

of cellulose when converted into a product can have 

rigid and tough properties and characteristics [8]. In 

addition to ganyong starch as an adhesive and bagasse 

as a filler, in the manufacture of this biofoam, Arabic 

gum (AG) and xanthan gum (XG) are used as stabilizers 

and thickeners.  

As a filler, the size of bagasse particles is 

suspected to have an effect on the character of the 

formed biofoam. The characteristics of the resulting 

biofoam are expected to be close to the characteristics of 

styrofoam, including weight, flexibility and the level of 

resistance to water. In addition to the influence of 

particle size on the character of biofoam, the drying 

process after printing is also what determines the quality 

of biofoam. The molding and drying processes can be 

done separately [5], but they can also be combined such 

as thermopressing which is commonly used in the 

manufacture of biofoam [9].  

This paper compares several particle sizes to 

choose the best one to recommend in the application 

process. The selection of mesh size is not based on other 

research ranges because there has been no biofoam 

production research involving mesh size. So, we use 

sizes 60, 80, and 100 mesh to represent several material 

conditions, namely fine, medium, and coarse. This 

research focuses on the formulation and its relation to 

the characteristics of biofoam. The study aims to 

examine the kinetics of the biofoam drying process by 

drying method and the effect of bagasse pellet size on 

the character of biofoam. This research is expected to 

provide insight into the drying rate of biofoam based on 

ganyong starch and bagasse, and serve as a reference for 

developing formulations and processes to produce high-

quality biofoam  

 

Materials and methods 

The materials for making biofoam in this study 

include: Ganyong starch, bagasse, AG, XG, whey 

protein, and aquaades. The ganyong starch used is 

produced by MSMEs “Kusuka Ubiku” Banguntapan, 

Bantul, Yogyakarta, while the bagasse used is the pulp 

of the green sugarcane type, AG produced by Ingredion, 

XG produced by Deosen, and whey protein isolate 90. 

The tools used in making biofoam are SHIMIZU cabinet 

dryer model PSN-150, VIPOO grinder type V-8300, 

Tyler mesh sieve 60, 80 and 100 with Endecott-USA 

vibrator, and Sanyo dryer oven type MOV-112. The 

tools used in parameter testing include the Brookfield 

CT3-1000 texture analyzer, the Pioneer Analytical 

PX224/E type OHAUS analytical balance and the 

digital micrometer. 

The manufacture of biofoam begins with the 

preparation of materials, especially bagasse fiber. The 

process of extracting fiber from bagasse begins with 

washing the bagasse and soaking for 24 h to remove 

impurities [10]. Then the bagasse is drained and dried 

using a cabinet dryer with a temperature of 60 °C for 12 

h. After drying, the bagasse is combed using a wire 

comb to separate the cork from the fibers contained in 

the skin so that it can be taken manually. The bagasse 

fibers are then ground using a grinder and sieved with a 

Tyler sieve for 20 minutes. The sieving was carried out 

with 3 size variations, namely mesh 60, 80 and 100 then 

the results were taken as a material for making biofoam. 

The stages of making biofoam dough begin by 

mixing the ingredients as presented in Table 1, namely 

ganyong starch, whey protein, AG and bagasse with 

distilled water. Once the dough is mixed, XG is added 

and stirred again until the dough is homogeneous. 
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Table 1 Biofoam composition. 

Ganyong Starch 

(%) 

Whey protein 

(%) 

Arabic gum 

(%) 

Xanthan gum 5 % 

(%) 

Distilled water 

(%) 

Bagasse fiber 

(%) 

26.67 11.11 2.44 6.67 42.00 11.11 

 

The biofoam dough is weighed in weight of 15 g 

and then molded using a melamine cup. After printing, 

the biofoam sample is dried by baking method at 100 °C 

for 4 h to reach the condition and obtain an absolute dry 

value that will be used in the calculation of moisture 

content (dry basis) [11]. 

 

Changes in moisture content during the drying 

process 

In the process of drying biofoam by the baking 

method, changes in the moisture content of the sample 

were observed using the thermogravimetric method to 

identify the drying rate. Observations were made by 

weighing samples every 20 min for 4 h. After weighing 

in the last 20 min, the sample was dried at a temperature 

of 105 °C for 24 h to achieve a balanced moisture 

content then the data obtained was analyzed with Eq. (1) 

for wet base moisture content (wb), while for dry base 

moisture content (db) using Eq. (2). The moisture 

content data is then re-analyzed to calculate the drying 

rate of the biofoam. 

 

𝑀𝐶 𝑤𝑏 =
𝑚0 − 𝑚1

𝑚0
× 100 %       (1) 

 

𝑀𝐶 𝑑𝑏 =
𝑚0 − 𝑚1

𝑚1
× 100 %       (2) 

 

Information: 

MC wb  = Wet base moisture content (%) 

MC db  = Dry base moisture content (wet base) (%) 

𝑚0  = Initial sample mass (before drying) (g) 

𝑚1  = Final sample mass (after drying) (g) 

 

Biofoam drying rate analysis 

The change of moisture content during the 

constant period of drying is evaluated with Eq. (3). The 

value of the drying rate is obtained from Eq. (5) The 

prediction of moisture content in this stage can be 

determined by Eq. (5). 

 

𝑑𝑀

𝑑𝑡
= −𝑘          (3) 

 

𝑀𝑡 − 𝑀0 = −𝑘 ∙ t        (4) 

 

𝑀𝑡 =  −𝑘. 𝑡 + 𝑀0         (5) 

 

 In the profile of the decreasing drying-rate period, 

the rate of change in moisture content is proportional to 

the difference between each data of moisture content 

and the equilibrium moisture content as presented in Eq. 

(6). The value of the drying rate in this period is 

determined by Eq. (8) [12]. In this period, the prediction 

of moisture content can be determined by Eq (9). 

 

dM

dt
= −𝑘(M𝑡 − M𝑒)         (6) 

 

𝑀𝑅 =
𝑀𝑡−𝑀𝑒

𝑀0−𝑀𝑒 
= 𝑒−𝑘𝑡         (7) 

 

𝐿𝑛
𝑀𝑡−𝑀𝑒

𝑀0−𝑀𝑒 
= −𝑘 ∙ 𝑡        (8) 

 

𝑀𝑡 = 𝑀0 + (𝑀0 − 𝑀𝑒) ∙ 𝑒−𝑘𝑡       (9) 

 

Model validation tests 

Model validation is carried out to determine the 

suitability between the obtained data and the predicted 

data. The validity test was determined from the value of 

the determination coefficient (R2) and the Root Mean 

Square Error (RMSE). The R2 value represents the 

correlation of the observation value to the prediction in 

the range of 0 to 1. If the R2 value is closer to 1, the 

validity level between the observation data and the 

prediction will be higher. The RMSE calculation in Eq. 

(10), is a method to measure the accuracy level of the 

prediction value as a form of evaluation of the linear 

regression model so that the smaller the RMSE value It 

is assumed that the error rate is lower and shows a higher 

level of accuracy [13,14]. 

 

𝑅𝑀𝑆𝐸 = [
1

𝑁
. ∑ (𝑛

𝑖=1 𝑀𝑅𝑒𝑥𝑝,1 − 𝑀𝑅𝑝𝑟𝑒𝑑,𝑖)
2]

1/2

  (10) 
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Characterization of biofoam 

Density test 

The density testing in this study refers to the 

ASTM D 792-08 method conducted by [15] namely 

cutting a biofoam sample with a size of 3×3 cm then 

multiplying it by the thickness of the sample to obtain a 

volume value (V), then weighing it using an analytical 

scale to obtain the sample mass (m). The density (ρ) is 

calculated by Eq. (11). 

 

𝜌 =
𝑚

𝑉
          (11)                                                                    

 

Compressive strength test 

The compressive strength test in this study refers 

to the [16] and [17] which is done with the Brookfield 

texture analyzer (TA) tool connected to the TA-XT Plus 

software. The type of fixture used is TA-BT-KIT with a 

TA39 probe, operating at a puncture speed of 0.5 m/s. 

The data from the compressive strength test, initially 

recorded as hardness load in kilograms is then converted 

to tensile stress in N/mm2 using Eq. (12). 

 

𝜎 =
𝑙𝑜𝑎𝑑×𝛼 

𝜋× 𝑟2
       (12) 

 

Information: 

𝜎  = tension (N/mm2) 

load  = hardness load (kg) 

𝛼  = acceleration due to gravity (9.81 m/s2) 

𝜋  = phi constant (3.14) 

r  = probe radius (mm) 

 

Biodegradability test 

The biofoam degradability test is carried out by 

burying the biofoam in the soil for 14 days, then 

weighing before (𝑚0) and after (𝑚1) the biofoam is 

buried in the soil [18]. 

 

𝑊𝑒𝑖𝑔ℎ𝑡 𝐿𝑜𝑠𝑠 (%) =
𝑚0−𝑚1

𝑚0
× 100 %    (13) 

Water absorption test 

The water absorption test of this study refers to the 

method used in [15] following the ABNT NBR NM ISO 

535 (1999) standard. The sample was cut to a size of 2×2 

cm and then weighed to obtain the initial mass (𝑚0), 

then immersed in 50 mL of distilled water for 1 minute. 

After that, the sample is weighed as the final mass (𝑚𝑡). 

The percentage of water absorption can be calculated 

using the Equation. Water absorption is calculated by 

Equation (9) as follows. 

 

Water absorption   (%) =
𝑚𝑡 − 𝑚0

𝑚0
× 100 %  (14) 

 

Solubility test 

 Solubility testing was conducted using the method 

described by [19] The sample was cut to a size of 2 × 2 

cm and weighed to obtain the initial mass (m₀), then 

dissolved in 50 mL of distilled water. After dissolution, 

the sample was filtered and dried in an oven for 24 

hours. The dried sample was then weighed again to 

determine the final mass (mₜ). The solubility value was 

calculated using Equation (15). 

𝑆𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦 𝑡𝑒𝑠𝑡  (%) =
𝑚0−𝑚𝑡

𝑚0
× 100 %   (15) 

 

Results and discussion 

The Changes of biofoam’s moisture content 

during the oven-drying process 

The oven-drying process was carried out to 

strengthen the interactions between the components of 

the biofoam. During this process, water evaporates from 

within the biofoam dough structure into the surrounding 

air, leading to a reduction in moisture content. The 

changes in moisture content during the oven-drying 

process are presented in Figure 1. It can be observed that 

moisture content decreases with increasing drying time. 

The moisture reduction in the sample occurs in two 

distinct phases: a constant drying rate period and a 

falling rate period. A significant decrease in moisture 

content is observed at the beginning of the drying 

process, known as the constant rate period. During this 

period, the rate of moisture loss is primarily driven by 

the evaporation of free water from the surface of the 

biofoam [20]. 

As the oven-drying process progresses, the free 

water on the surface of the biofoam becomes depleted 

due to continuous evaporation, resulting in a slower rate 

of moisture loss. This phase is referred to as the falling 

rate period. During this period, the evaporated water 

originates from the bound water within the biofoam, 

which migrates to the surface due to differences in vapor 

pressure. At the same time, the surface moisture content 

begins to decrease or reaches a critical level known as 

the equilibrium point. [11]. 
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(a) (b) 

Figure 1 Rate of change in moisture content during the drying process, (a) wet base, (b) dry base. 

 

Based on the moisture content data shown in 

Figure 1(a), it can be observed that during the 240-

minute drying process, the drying rate of the biofoam 

samples from each treatment exhibited both a constant 

rate period and a falling rate period. Biofoams made 

with bagasse particle sizes of 60, 80, and 100 mesh had 

initial moisture contents of 36.98%, 35.65%, and 

37.09%, respectively, which decreased to final moisture 

contents of 11.78%, 8.05%, and 7.86%. The variation in 

moisture content indicates that particle size has an 

influence on the rate of moisture content decrease. 

Therefore, further analysis was conducted to determine 

the drying rate [21]. 

 

Analysis on the constant period and the falling 

period of drying rate of biofoam  

Analysis on the rate of moisture content change 

was conducted as an indicator of the drying process 

speed, which is assumed to be influenced by the particle 

size of the bagasse used as a filler material in the 

biofoam. 

 

Table 2 Constant values of the drying rate in the constant rate period and the falling rate period 

Treatment k constant (%/min) k decreases (%/min) 

Mesh 60 1.3169a ± 0.0749 0.0071a ± 0.0025 

Mesh 80 1.3538ab ± 0.0496 0.0078a ± 0.0027 

Mesh 100 1.4603b ± 0.0565 0.0079a ± 0.0044 

 

Analysis on the moisture content’s reduction rate 

during the constant and falling rate periods of the 

biofoam oven-drying process was conducted applying 

the dry based moisture content data calculated based on 

Equation (2). During the constant rate period, the rate 

constant was determined from the slope of the graph 

based on Equation (4), while in the falling rate period, 

the rate constant was obtained from the slope of 

Equation (8).  

Based on Table 2, the particle size variation of 100 

mesh shows the highest rate constant in both the 

constant and falling rate periods. This indicates that the 

drying rate of biofoam with the 100 mesh particle size is 

faster than that of the other variations, suggesting that 

smaller particle sizes lead to faster drying rates [22-24]. 

The predicted drying rate of biofoam was 

calculated using the rate constants presented in Table 2. 

The drying rate during the constant rate period was 

predicted using Equation (5), while the falling rate 

period was calculated using Equation (9). A comparison 

between the observed and predicted drying rates 

throughout the drying process is illustrated in Figure 2. 
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Figure 2 Observed and predicted drying rate of biofoam during the drying process (a) mesh 60, (b) mesh 80, (c) mesh 

100. 

 

Based on Figure 2, the difference between the 

observed and predicted moisture content is relatively 

small. This indicates that the analysis method used to 

estimate the drying rate for each treatment is appropriate 

and can effectively represent the observed data. 

Subsequently, a validation test was conducted to 

evaluate the model's ability to accurately describe the 

moisture content changes observed during the drying 

process.  

The Validation of the Drying Kinetics 

The validation test of the drying kinetics in 

simulating the predicted moisture content to the 

observed moisture content in each variation of bagasse 

particle size are shown in Figure 3. The validation was 

performed by calculating the R² value. The R2 values 

which is close to ”1” indicates that the predicted 

moisture content changes closely represent the observed 

changes during the drying process [25]. 
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Figure 3 Validation of the prediction model against observed biofoam moisture content using R² values for: (a) mesh 60, 

(b) mesh 80, (c) mesh 100 

 

Table 3 Results of the validation of the drying kinetic 

Treatment R2 RMSE 

Mesh 60 0.9968 4.7493 

Mesh 80 0.9963 3.6442 

Mesh 100 0.9962 4.0024 

 

 The validation results using RMSE can be seen in 

Table 3, where all three treatment variations show 

relatively low values. This indicates a good agreement 

between the analysis and the actual data. Based on 

Table 3, the combination of low RMSE values and R² 

values close to 1 suggests that the drying rate analysis 

performed is accurate and reliable. 

 

Characteristics of biofoam with variations in 

particle size of sugarcane bagasse 

 Moisture content of The Biofoam 

Moisture content of the biofoam produced using 

sugarcane bagasse particles of varying sizes as filler is 

presented in Figure 4. Based on the figure, it can be 

observed that the highest moisture content was found in 

the biofoam with a particle size of mesh 60, at 11.78%, 

followed by mesh sizes 80 and 100, at 8.05% and 7.86%, 

respectively. This indicates a trend where smaller 

particle sizes result in lower moisture content in the 

produced biofoam. The smaller particles of sugarcane 

bagasse provides a larger surface area of drying, which 

facilitates water diffusion and promotes faster moisture 

evaporation, resulting in faster drying of the biofoam. 

[23]. 
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Figure 4 Biofoam moisture content at various particle sizes. 

 

The moisture content in this study ranged from 

7.86 to 11.78 %. These results are in line with the 

findings of Marlina et al. [26], who reported biofoam 

with a moisture content range of 5.99 to 24.9 %. In 

comparison, the moisture content of polystyrene plastic 

(Styrofoam) as specified by SNI 06-0177-1987 is only 

1.0 %. The difference in moisture content between 

starch-based biofoam and conventional Styrofoam is 

attributed to the hygroscopic nature of the biofoam’s 

constituent materials, which readily absorb moisture 

from the environment. As a result, starch-based biofoam 

tends to have a higher moisture content.  

  

Density of The Biofoam 

Density testing serves as one of the key indicators 

of the physical quality of biofoam. A lower density 

value indicates a more porous structure, which in turn 

affects the physical properties of the resulting biofoam 

[27]. The density values were calculated using Eq. (11) 

and are presented in Figure 5. The highest density was 

observed in the biofoam produced with bagasse particles 

of mesh 100, at 0.513 g/cm³, followed by mesh 80 and 

mesh 60, with values of 0.509 and 0.488 g/cm³, 

respectively.  

 

 

Figure 5 The biofoam density at various particle sizes. 

  

 Based on Figure 5, it can be observed that the 

differences in density values among the treatments are 

not very significant. However, there is a clear trend: the 

smaller the size of the bagasse particles used, the higher 

the resulting density. This is because smaller particles 

reduce the gaps between them, resulting in a denser 

arrangement of bagasse within the biofoam structure, 

which in turn increases the overall density [28]. 

 

 

Compressive Strength of The Biofoam 

Compressive strength is one of the key parameters 

used to assess the durability and structural integrity of 

biofoam, serving as a reference for its effectiveness in 

protecting products [16]. The addition of fibers in the 

production of starch-based biofoam aims to enhance its 

structure and mechanical properties, particularly its 

compressive strength. Based on the data presented in 

Figure 6, it can be observed that variations in bagasse 

particle size influence the compressive strength of the 
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biofoam. There is a clear trend in which smaller particle 

sizes result in higher compressive strength values [2,28]. 

The compressive strength was measured using a 

Texture Analyzer (TA) and calculated using Eq. (12). 

The highest compressive strength value was recorded 

for the mesh 100 bagasse particle size variation, at 12.81 

N/mm², followed by mesh 80 and mesh 60, with values 

of 11.20 and 10.31 N/mm², respectively. The 

compressive strength of biofoam is also influenced by 

its density. Biofoam with higher density (achieved 

through the addition of fibers), tends to exhibit greater 

compressive strength. This occurs because fibers help 

fill the voids within the matrix material (in this case, 

ganyong starch), thereby improving both compressive 

strength and other mechanical properties. [27,29]. 

 

 

Figure 6 The compressive strength of biofoam at various particle sizes. 

 

Biodegradability of The Biofoam 

The biodegradability test aims to determine the 

amount of material mass lost after burial, which serves 

as an indicator of whether the produced biofoam can 

naturally decompose [30]. In addition, this test is 

conducted to assess the percentage of the sample that is 

degraded by soil microorganisms [31,32]. 

Biodegradability was calculated using Eq. (13), and the 

results are presented in Figure 7. The highest 

biodegradability percentage was observed in the 

biofoam with bagasse particle size mesh 100, reaching 

60.38%, followed by mesh 80 and mesh 60, with 

biodegradability values of 55.04 and 49.82 %, 

respectively.  

 

 

Figure 7 The biodegradability of biofoam at various particle sizes. 

 

Based on Figure 7, it can be observed that 

variations in bagasse particle size influence the 

biodegradability of the biofoam, with a trend indicating 

that smaller particle sizes result in higher 

biodegradability percentages. This occurs because 

smaller particles increase the surface area, thereby 

enhancing the availability of substrate and improving 

the interaction between the biofoam and soil 

microorganisms, which in turn raises the 

biodegradability percentage [33]. Biodegradability 

measurements were conducted on the 14th day of burial, 

with results showing a biodegradability percentage 
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ranging from 49.82 to 60.38 %. This indicates that 

within 14 days, the biofoam sample was able to undergo 

significant decomposition, although not yet completely 

degraded. The results of this study comply with the 

European Union Standard (EN 13432), which stipulates 

that biodegradable packaging must be capable of 

decomposing naturally within a maximum period of 6 to 

9 months. Moreover, the findings also align with the 

American Standard Testing and Materials (ASTM 

D5338), which states that complete degradation of 

biofoam should occur within 60 days [1,4,16,17]. 

 

Water absorption of The Biofoam 

 Water absorption measurement is one of the key 

parameters used to assess the quality of biofoam, as it 

indicates the material's ability and resistance to water 

exposure. In biofoam applications, this parameter is 

essential for determining the types of products that can 

be appropriately packaged using biofoam [34]. The 

water absorption was calculated using Eq. (14), and the 

results are presented in Figure 8.

 

 

Figure 8 The water absorption of biofoam at various particle sizes. 

 

Based on Figure 8, the highest percentage of water 

absorption was observed in the biofoam with bagasse 

particle size mesh 100, reaching 54.63 %, followed by 

mesh 80 and 60, with values of 50.50 and 38.28 %, 

respectively. The water absorption tends to increase as 

particle size decreases. This is due to the larger surface 

area in direct contact with water, which facilitates 

greater water uptake. Furthermore, during the biofoam 

manufacturing process, smaller particle sizes may lead 

to uneven dispersion and agglomeration, resulting in the 

formation of voids. These voids contribute to the 

increased water absorption of the resulting biofoam 

[35,36].  

Solubility of The Biofoam 

Similar to water absorption, the solubility of 

biofoam is also a crucial parameter in assessing its 

quality. Biofoam solubility shows a strong correlation 

with water absorption capacity. The solubility 

percentages are presented in Figure 9. It can be 

observed that a higher water absorption percentage 

tends to correspond with a higher solubility value. The 

solubility percentage, calculated using Eq (15), reached 

its highest value in the biofoam with bagasse particle 

size mesh 100 at 58.87 %, followed by mesh sizes 80 

and 60 at 52.71 and 49.89 %, respectively. 
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Figure 9 The solubility of biofoam at various particle sizes. 

 

 The solubility percentage is also influenced by 

particle size, which affects the surface area. This is 

because the dissolution process largely depends on the 

interaction between the material's surface and the 

solvent (water, in this case). As a result, biofoam with 

smaller particle sizes tends to dissolve more easily [37]. 

 

Comparative analysis with other biofoam from 

different raw materials  

Comparison of the characteristics of ganyong 

starch biofoam and bagasse with biofoam made from 

other materials based on previous research can be seen 

in Table 4. The results of this study indicate that the 

moisture content remains within the same range as 

reported by Marlina et al. [26]. In terms of density, it 

can be observed that the density in this study is higher 

compared to the values reported by Fauzi et al. [38] and 

Sari [6]. The compressive strength of the biofoam 

produced is higher than that reported by Febriani et al. 

[16] but lower than that of Sumardiono et al. [5]. The 

biodegradability value in this study is relatively high 

when compared to the findings of Gabriel and Afandi 

[15]. The water absorption percentage of the biofoam 

produced in this study tends to be lower than the 

observations of Ruscahyani et al. [39], whereas the 

solubility value remains within the same range as the 

biofoam solubility reported by Sari [6]. These variations 

are attributed to differences in the selection and 

composition of materials, resulting in distinct 

characteristics.

 

Table 4 Comparative Analysis with Other Biofoam from Different Raw Materials  

Characteristics of 

biofoam 

Biofoam 

(ganyong starch + bagasse) 
Other biofoam 

Material of 

other biofoam 
References 

Moisture content (%wb) 7.86 - 11.78 5.99 - 24.9 Paper fiber and orange peel [26] 

Density (g/cm³) 0.488 - 0.513 
0.45 - 1.31 Tapioca and soybean peel flour [38] 

0.217 - 0.495 Ganyong starch and straw rice [6] 

Compressive Strength (N/mm2) 10.31 - 12.81 
0.0132 - 0.0161 Banana peel starch and bagasse [16] 

14.162 Tapioca flour and corn fiber [5] 

Biodegradability (%) 45.82 - 60.38 (in 2 weeks) 54.88 - 92.67 (in 4 weeks) Ganyong starch and straw rice [15] 

Water absorption (%) 38.28 - 54.63 13.93 - 22.38 Tapioca flour and corn husk [39] 

Water solubility (%) 49.89 - 58.87 18.90 - 65.66 Ganyong starch and straw rice [6] 

 

Production cost at laboratory scale 

The biofoam’s production cost as shown in Table 

5 is calculated from the production of ganyong starch-

based biofoam with the addition of sugarcane bagasse 

fiber waste at the laboratory scale. The total cost per 

batch is 0.255 USD, with each batch producing 3 pieces 

of biofoam with a diameter of 7 cm. This results in a 

total cost of 0.085 USD per piece. Meanwhile, the price 

of commercial styrofoam of the same size is 0.093 USD 

per piece. Therefore, compared to commercial 
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styrofoam, the biofoam developed in this study shows 

great potential for industrial-scale production. 

 

Table 5 Calculation of biofoam’s production cost. 

Components Unit Cost (USD) 

Ganyong starch (g) 12 0.037 

Arabic gum (g) 5 0.050 

Xanthan gum (g) 5 0.078 

Whey protein (g) 5 0.050 

Electricity consumption (kWh) 0.5 0.037 

Water consumption (L) 0.5 0.003 

Total cost per batch 3 0.255 

Total cost per unit 1 0.085 

 

 

Conclusions 

Based on the data analysis and discussion that has 

been carried out, it was concluded that the change in 

moisture content of biofoam during the oven-drying 

process in each treatment showed a constant rate period 

and falling rate period with a drying constant rate value 

stretched between 1.3169 to 1.4603 %/min for the 

constant rate period and between 0.0071 to 0.0079 

%/min for the falling rate period with the smaller the 

size of the bagasse particles added, the larger the 

constant value indicating the faster the drying rate.  The 

kinetic equation can be used to predict the process of 

moisture content change during biofoam oven with an 

R2 value close to 1 and a fairly low RMSE. The physical 

characterization of biofoam includes moisture content, 

density, compressive strength, biodegradability, water 

absorption and solubility, showing that the smaller the 

size of the bagasse particles that are added, the higher 

the physical characterization value of biofoam except 

for the moisture content which shows that the smaller 

the particle size, the lower the moisture content of the 

biofoam produced. 

The biofoam produced using ganyong starch and 

sugarcane bagasse exhibits favorable characteristics, 

including acceptable moisture content, relatively high 

density and compressive strength, low water absorption, 

and good biodegradability. Variations in material 

composition influence these properties. Additionally, 

the low production cost compared to commercial 

styrofoam highlights its potential for industrial-scale 

application. 
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