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 The bio-foam in this study was made from biopolymers in the form of cassava 
starch, cellulose from corn stalks, and a binder polymer in the form of polyvinyl 
alcohol (PVA). The bio-foam was molded using the thermo pressing method at T = 
150 °C and pressed for t = 3 minutes. Ag+ ions were added as an initial review of 
the physics properties of the bio-foam to serve as a reference for future 
antibacterial bio-foam manufacturing. Ag+ ions were produced using the 
electrolysis method from AgBr rods with an electric voltage of 15 volts. Then, the 
electrolyzed solution containing Ag+ ions was varied in concentration (12 ppm, 17 
ppm, 22 ppm, 27 ppm). The ions were then coated on the bio-foam using the dip 
coating method and dried at room temperature. Along with the increase in the 
concentration of the Ag+ ion solution coated on the bio-foam, there was an increase 
in the bio-foam crystallinity with test values of 34.4%, 40.8%, 41.2%, and 42.6%, 
respectively. Based on these data, the crystallinity value of the bio-foam does not 
change significantly. It also aligns with the density test values, which tend to be 
constant with an average test value of 0.322 g/cm³. Furthermore, the 
concentration of the solution containing Ag+ ions did not influence the bio-foam's 
porosity properties, where the four samples tended to remain with an average 
value of 5.9%. 
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 Biofoam pada penelitian ini terbuat dari biopolimer berupa pati singkong, selulosa 
dari batang jagung, dan polimer pengikat berupa Polivinil Alkohol (PVA). 
Pembuatan biofoam tersebut dicetak menggunakan metode thermopressing 
dengan T=150 °C dan ditekan selama t = 3 menit. Ion Ag+ ditambahkan sebagai 
tinjauan awal sifat fisika dari biofoam untuk menjadi referensi pembuatan 
biofoam antibakteri di masa depan. Ion Ag+ diproduksi menggunakan metode 
elektrolisis dari batang AgBr dengan tegangan listrik 15 Volt. Kemudian, larutan 
hasil elektrolisis yang mengandung ion Ag+ divarisasikan konsentrasi (12 ppm; 
17 ppm; 22 ppm; 27 ppm). Ion tersebut kemudian dilapiskan pada biofoam 
menggunakan metode dip coating, lalu dikeringkan pada suhu ruangan. Seiring 
dengan penambahan konsentrasi larutan ion Ag+ yang dilapiskan pada biofoam 
menunjukkan adanya kenaikan kristalinitas biofoam dengan nilai pengujian 
berturut-turut 34,4%, 40,8%, 41,2% dan 42,6%. Berdasarkan data tersebut, nilai 
kristalinitas biofoam tidak terlalu berubah signifikan. Hal tersebut juga selaras 
dengan nilai uji densitas yang cendrung konstan dengan nilai rata-rata pengujian 
0,322 g/cm³. Berikutnya, Konsentrasi larutan yang mengandung ions Ag+ juga 
tidak menujukkan adanya pengaruh terhadap sifat porositas biofoam dimana 
Keempat sampel cendrung tetap dengan rata-rata senilai 5,9%. 
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1. Introduction 

Most people continue to use and produce plastic packaging, including styrofoam, which contains various 

harmful chemicals and is not environmentally friendly due to its prolonged decomposition time. Even its production 
generates substantial waste, leading the Environmental Protection Agency (EPA) to categorize it as the world's fifth-
largest hazardous waste producer. One alternative to petroleum-based and synthetic polymers is natural polymers 
such as starch and chitosan (Nurfitasari, 2018). Polystyrene plastic packaging, commonly known as styrofoam, is a 

polymer that degrades into polystyrene monomers (Cavallo et al., 2018). Exposure to polystyrene, the main ingredient 
in styrofoam, can cause neurological disorders and decrease hemoglobin levels (Dowly et al., 1976). 

Additionally, styrofoam is unsuitable for food packaging due to the migration of chemicals (Lickly et al., 1995). 
The environmental harm from styrofoam waste, which is difficult to decompose and leads to accumulation, 

exacerbates natural conditions. Considering the negative impacts of styrofoam packaging, it is crucial to find 
alternative packaging materials. 

Potential materials for biopolymers derived from agricultural waste, such as starch and cellulose, are renewable, 
abundantly available, inexpensive, environmentally friendly, and safe for human health. These materials can also 

facilitate the 3Rs: reuse, reduce, and recycle existing styrofoam packaging. Bio-foam, a replacement for styrofoam, 
can be made from starch and fiber. Starch can be extracted from carbohydrate-rich plants such as sago, cassava, 
corn, wheat, and sweet potatoes, as well as from fruit seeds like jackfruit, avocado, and durian seeds (Yuliasih et al., 
2012). Agricultural waste such as bagasse, empty fruit bunches of oil palm, pineapple leaf fiber, cassava peel, and 

corn stalks is often discarded without further processing. Utilizing this waste for bio-foam offers an alternative food 
packaging material that is safe for health and environmentally friendly (Rusliana et al., 2014). 

Several researchers have explored bio-foam manufacturing using various materials and methods. For instance, 
Coniwanti et al. (2018) examined the effect of NaOH concentration and the ratio of pineapple leaf fiber to bagasse on 

bio-foam production using the thermopressing method, with a pressing time of 30 minutes at 170°C. The NaOH 
concentrations used were 0%, 2.5%, 5%, 7.5%, and 10%. The fiber ratios of pineapple leaves to bagasse were 100:0, 
75:25, 50:50, 25:75, and 0:100. The best bio-foam characteristics were achieved with a 5% NaOH concentration and 
a 75:25 ratio of pineapple leaf fiber to bagasse, resulting in a tensile strength of 16.35%, compressive strength of 

3.70%, water absorption of 15.60%, water content of 6.90%, and 4.49% biodegradability. Sipahuitar (2020) 
researched bio-foam made from durian seed starch and tea dregs cellulose nanofibers using the baking process 
method. A mixture of durian seeds and PVA served as the matrix, mixed with nano cellulose fiber from tea dregs in 
ratios of 0%, 1%, 3%, and 5% with PVA compositions of 10%, 20%, and 30%, then baked at 80 °C for 60 minutes. 

The highest tensile strength was found in a 3% tea dregs nanocellulose fiber composition and 10% PVA, measuring 
5.647 MPa. The lowest water absorption and content were observed in a composition of 1% tea dregs nanocellulose 
fiber and 30% PVA, with values of 21.505% and 1.515%, respectively. The lowest density, 1.022 g/cm³, was observed 
at a ratio of 0% tea dregs nanocellulose fiber and 30% PVA. The highest percentage of mass loss, 60.256%, occurred 

at a ratio of 5% tea dregs nanocellulose fiber and 10% PVA, with a degradation time of 28 days. 
Based on these descriptions, researchers have investigated bio-foam made from different materials, specifically 

cassava starch and corn stalk fiber reinforced with PVA, using a thermopressing technique (simultaneous pressing 
and heating). Cassava starch is a promising raw material for bio-foam due to its high starch content (97%). In 

Indonesia, cassava production has increased since 2015, while public consumption has decreased, making it a viable 
starch source without affecting consumption levels. Corn stalk waste, containing 90% cellulose, is another potential 
bio-foam source. Its high cellulose content forms strong white, insoluble fibers in water and organic solvents and is 

white (Hauw, 2017). PVA, with a density of 1150 kg/m³ and a tensile strength of 65-79 MPa, enhances the composite 
strength as bio-foam (Ritonga, 2019). This study added Ag+ ions, known for their potent antimicrobial properties, to 
the bio-foam. Silver nanoparticles, including pathogenic bacteria, are effective antimicrobial agents without known 
bacterial resistance. The smaller the silver particle size, the stronger the antimicrobial properties. 

Bio-foam characterization tests for cassava starch and corn stalk fiber waste included XRD crystallinity, 
density, and porosity measurements. The corn stalk fiber and PVA mixture is expected to produce bio-foam with 
physical, mechanical, and thermal properties similar to styrofoam. This bio-foam offers the advantages of styrofoam, 
commonly used in the market, without its carcinogenic, toxic, and non-biodegradable properties. It can serve as 

alternative food packaging and reduce environmental pollution caused by styrofoam waste disposal. 

2. Methods 

The materials used in this study were tapioca flour, Pt Budi Starch (Commercial), PVA, AgBr rods, aqua dest, 
ethanol, 99% NaOH, and 50% H202. Then, the tools used were an oven, filter paper, petri dish, balance, blender, 

hotplate, magnetic stirrer, measuring cup, bio foam mold, beaker glass, round Ose, ruler, mesh 100, power supply, 
and TDS Meter. The research procedure carried out in this study is as follows. 

2.1 Corn Stem Insulation 

According to research by Sumardiono et al. (2021), corn stem cellulose was obtained by grinding corn stalks to 
a size of 100 mesh. Then, it was cooked with 15% NaOH at 100 °C, with the ratio between the solution and corn stalk 

powder being 1:12 (w/v). The cooking precipitate was washed with distilled water until it was free from the NaOH 
solution. The bleaching process is followed by adding 10% H202 and heating at a cooking temperature of 100 °C for 
2 hours. The precipitate resulting from bleaching was washed until the pH was neutral and dried at room 
temperature. 
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2.2 Preparation of Ag Ion Solution from AgBr Stem by Electrolysis Method 

The preparation of Ag+ ion solution using the electrolysis method refers to research by Palupi and Suparno 
(2020), which used two silver rods as electrodes with a distance of 1 cm in 400 mL of distilled water. Electrolysis is 
done by flowing an electric current of 15 volts. Every 10 minutes, the electrodes were cleaned and sanded, and the 
concentration was measured with a TDS meter. It is done for up to 100 minutes. After that, the finished solution is 

put into a dark glass bottle. Then, the resulting solution was made into four samples with concentrations of 12 ppm, 
17 ppm, 22 ppm, and 27 ppm. 

2.3 Samples Molding 

Printing uses the thermo-pressing method, referring to research by Hendrawati et al. (2020). The samples were 

made in 4 variations with the composition based on Table 1. The molding of bio-foam was carried out in 3 stages. 
First, tapioca starch, corn stalk cellulose, and polyvinyl alcohol were mixed with distilled water in 1:1 (w/v). Then, 
stir until it forms a homogeneous dough. Then, the dough was molded at a temperature of 100 ℃ for 3 minutes using 
a thermo-pressing tool modified by a glass sealer. It was then coated Ag+ ions on antibacterial bio-foam using the 

dip coating method, dipping the bio-foam into a solution of electrolyzed Ag+ ions for 1 minute and drying at room 
temperature for 24 hours. 
 

Table 1. Variation of Biofoam Sample Composition 

No Sample 
Name 

Tapioca Starch 
(%) 

Corn Stem Cellulose 
(%) 

Polivinil Alcohol 
(%) 

Ion Ag+ 
Solution 

1 Sample A 48 16 36 12ppm 

2 Sample B 48 16 36 17ppm 
3 Sample C 48 16 36 22ppm 
4 Sample D 48 16 36 27ppm 

2.4 Characterization 

The characterizations carried out in this study include XRD analysis, density analysis, and porosity analysis. 
 
1. XRD Analysis. The crystallinity of bio-foam was tested using XRD Bruker D8. The sample is cut according to the 

shape of the holder with a diameter of 4 cm and then shot with X-rays with a wavelength of K Cu = 1.54060 so that 
an X-ray diffraction image is obtained in the graph of the relationship between intensity and 2. The Segal equation 
calculates the determination of the crystallinity index as per research conducted by Etikaningrum et al. (2016). 

 
𝐶𝑟𝑙 (%)  =  𝑙𝑐 / (𝑙𝑐 + 𝑙𝛼)  ×  100 % (1) 

 
2. Density Analysis. The density of bio-foam is determined by cutting the sample with a size of 2 cm × 2 cm, after 
which the thickness of the sample is measured using a caliper, and then the volume is calculated. The pieces of bio-

foam were weighed, and the density of the bio-foam was determined by dividing the mass of the test pieces (Mk) by 
their volume (V). After the test data was obtained, Eq. 2 was used. 
 

𝜌 =
𝑀𝑘

𝑉
 

(2) 

 
3. Porosity Analysis. The bio-foam's porosity was determined by cutting the sample to a size of 2 cm x 2 cm after 

measuring the thickness of the sample using a caliper and then calculating the volume. The pieces of bio-foam were 
weighed, and the dry weight was recorded. After that, the sample was immersed in water for 1 minute, then weighed, 
and the wet weight was recorded. Then, the porosity value was obtained using Eq 3. 
 

%𝑃 =
(𝑀𝑏 − 𝑀𝑘)

𝜌𝑎𝑖𝑟𝑉𝑡

 ×  100 % 
(3) 

3. Results and Discussions 

3.1 XRD Crystallinity Analysis Results 

The crystallinity results in the bio-foam research were significant because they showed the regularity of bonds 
between molecular chains and materials. The diffractogram graph of the bio-foam sample is shown in Figure 1. The 

bio-foam crystallinity value in this study ranged from 34.6% to 42.6% (Table 2). The results of the bio-foam 
crystallinity test were in line with the research of Etikaningrum et al. (2016). 

 
Table 2. Bio-foam crystallinity results 

No Sample Name Ag Crystallinity 

1 A 12 ppm 34.4 % 

2 B 17 ppm 40.8 % 
3 C 22 ppm 41.2 % 
4 D 27 ppm 42.6 % 

 
Based on the crystallinity test results, it was concluded that adding Ag ions increased the crystallinity of bio-

foam. According to Etikaningrum et al. (2016), the increase in crystallinity values was also due to the delignification 
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treatment and the addition of fiber, which enhanced the bio-foam's crystallinity because cellulose had a larger 
crystalline area than starch. The crystallinity value was closely related to the intermolecular forces between the 

materials mixed in bio-foam production. A high crystallinity value strengthened the bio-foam under various pressures 
when the material was used as food or beverage containers (Etikaningrum et al., 2016). 

 

 
Figure 1. Difactogram sample of bio-foam 

 
The higher the Ag+ concentration, the higher the crystallinity value of the bio-foam. These results align with 

the research conducted by Etikaningrum et al. (2016) and Parasmayanti (2014), which showed that zinc oxide 
nanoparticles in bio-foam made from natural rubber latex increased the crystalline portion. Parasmayanti (2014) also 

supported this finding by stating that silver, a metal with very high crystallinity and conductivity, increases the 
material's conductivity as its crystallinity increases. Additionally, the longer the sonication time, the more conductive 
the material becomes due to the PANI-Ag/Ni Thin Film becoming more crystalline. 

 

3.2 Density Analysis Results 

The bio-foam sample density test results in this study are shown in Table 3 and calculated by Eq. 1, which 
produces a graph like Figure 2. 

 

Table 3. Biofoam Density Test 

No Sample 
Name 

Densitas 
Mass (g) 

Calculations 
Volume 

1 Sample A 0.341 0.322 
2 Sample B 0.353 1.052 

3 Sample C 0.338 1.044 
4 Sample C 0.319 1.032 

 
From Figure 2, it can be seen that there was not a significant change in the density test values. The results for 

sample A, with a concentration of Ag+ at 12 ppm, had a density of 0.322 g/cm³. For sample B, with a concentration 
of Ag+ at 17 ppm, there was an increase in density to 0.335 g/cm³. However, samples C and D, with Ag+ concentrations 
of 22 ppm and 27 ppm, showed a decrease in density to 0.323 g/cm³ and 0.309 g/cm³, respectively. From the data 
above, it can be concluded that the Ag+ concentration did not affect the bio-foam density value. The density test 

results in this study ranged from 0.323 to 0.335 g/cm³.  
Compared to commercially available styrofoam, which has a density of 0.03 to 0.12 g/cm³ (Marlina et al., 2021), 

these values are still relatively high. The density value of bio-foam indicates that a lower test value corresponds to 
lower starch expansion, making the bio-foam less water-absorbent, which can reduce the water absorption capacity 

of the bio-foam (Berutu et al., 2022). Thus, the lower the density value of the bio-foam, the better it is as a potential 
replacement for commercial styrofoam. When compared to previous research, such as Marlina et al. (2021), whose 
research on bio-foam made from paper fiber and orange peel waste had densities ranging from 0.18 to 0.48 g/cm³; 
Etikaningrum et al. (2016) with bio-foam made from oil palm empty fruit bunches fiber, ranging from 0.16 to 0.28 

g/cm³; and Debiagi et al. (2011) with bio-foam made from starch, PVA, chitosan, and sugarcane stem fiber, ranging 
from 0.20 to 0.304 g/cm³; the density values in this study were still within the available range. 
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Figure 2. Bio-foam density test results 

 

 
 

3.3    Porosity Analysis Results 

Table 3 shows the results of the porosity testing of the bio-foam samples in this study. The porosity was 
calculated using Eq. 2, resulting in the porosity graph shown in Figure 3. 

 
Table 4. Porosity calculation data 

No Sample 
Name 

Porosity Calculation 
Initial Weight (g) 

Final Weight (g) Volume (cm3) 

1 A 0.341 O.397 1.056 

2 B 0.353 0.411 1.052 
3 C 0.338 0.412 1.044 

4 D 0.379 0.319 1.032 

 
Based on Figure 3, the change in the porosity value of bio-foam did not indicate a significant change. The four 

samples tended to stay at an average of 5.9%. It indicated that the bio-foam samples in this study met the established 

Indonesian National Standard (SNI). Adding Ag+ ions to the bio-foam did not affect the porosity value. The porosity 
of bio-foam had an inverse relationship with density. The higher the density value, the lower the number of cavities 
in the bio-foam. It made the bio-foam less prone to water infiltration, thus reducing the water absorption capacity of 
the resulting product (Soykeabkaew et al., 2004). 

 

 
Figure 3. Graph of Porosity analysis data results. 

 
According to Iriani and Soykeabkaew et al. (2019), the morphological structure affected bio-foam density and 

water absorption. Structures with large and many cavity sizes and high porosity produced bio-foam with low density 
because the cavities generally formed had thin pore walls, which broke quickly under pressure, and vice versa. 

Furthermore, according to Soykeabkaew et al. (2019), the higher the porosity of the bio-foam, the more water was 
absorbed to fill the cavities. Hence, the water absorption capacity of the bio-foam tended to increase. It followed the 
obtained density value, which tended to be lower, while the absorption and porosity tended to be high. Based on the 
information from the review conducted by the authors, bio-foam with good crystallinity should be able to increase 

the density value of the bio-foam. It significantly reduces the porosity value, making the bio-foam less fragile and less 
water-absorbent.  

4. Conclusions 

Based on the results, a higher concentration of Ag+ ion solution led to a higher crystallinity value of the bio-

foam, but the effect was insignificant. It also aligns with the density test values, which tend to be constant with an 
average test value of 0.322 g/cm³. Furthermore, the concentration of the solution containing Ag+ ions did not 
influence the bio-foam's porosity properties, where the four samples tended to remain with an average value of 5.9%. 
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Based on the data, the crystallinity value of the bio-foam did not change significantly. It was also consistent with the 
density test values, which tended to remain constant. 
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