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Abstract. The demand for the mushroom market has increased globally in latest years, and 

the profusion of mushroom production has given rise to a new alternative: the manufacturing 

of biofoam. Also, an abundance of agricultural waste could be converted into biodegradable 

material. This study aims to produce biofoam from oyster mushrooms and biomass in order 

to evaluate their mechanical and morphological properties. The lignocellulosic biomass 

substrate, which included teak leaves and sawdust, are essential for the synthesis of biofoam 

and their properties, including morphological structure was analyzed using scanning electron 

microscopy (SEM) and mechanical properties were tested in term of hardness and 

springiness. Additionally, water adsorption test also has been analyzed. Both spawn; 

Pleurotus sajor-caju (grey oyster mushroom) and Pleurotus djamor (pink oyster mushroom) 

were inoculated at the same amount in sawdust and teak leaves to produce biofoam. 

Mechanical properties were tested after the mushroom had completely grown to produce 

foam. It was discovered that teak leaves biofoam is springier than sawdust biofoam in both 

spawn types, but sawdust biofoam is much harder than teak leaves biofoam. The SEM 

micrograph revealed the morphology of dense filaments and highly entangled tube-like 

structures that resembled teak leaves biofoam. Besides, teak leaves biofoam had minimal 

water absorption compared to sawdust biofoam. Hence, the finding shows the difference in 

both substrates where this promotes different applications for sawdust and teak leaves as 

substrates for both spawns. 
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Introduction  
 

Agricultural wastes are residues from the growing and processing of raw agricultural 

products and are non-product outputs of the production process. Increases in agricultural 

production support Malaysia's economic expansion, but they also have a negative impact on 

the environment by producing more waste products in the form of biomass. Substrates for the 

cultivation of fungi can be derived from biomass, helping to lessen the amount of agricultural 

waste produced. Meanwhile, it has the potential to be produced into a novel product: 

biofoam, which has significant commercial value due to its structure and property. The 

novelty of this study is utilizing agricultural waste to grow the edible mushroom in producing 

the foam. Lignocellulosic wastes such as paddy straw, wheat straw, maize straw, sawdust, 

rice husk, and oil palm fond are commonly used as the substrates for the growth of the 

Pleurotus species mushrooms [1,2], and prior to previous research, a variety of substrates are 

used in the production of biofoam [3]. 

 

To address the issues caused by the accumulation of agricultural waste and biomass, it 

has been proposed to utilize sawdust and teak leaves in the production of environmentally 

beneficial biofoam. Essentially, sawdust is an agricultural byproduct that arises from wood-

processing devices such as milling and grinding. Sawdust promotes the growth of fungi in 

several different ways, which is one of the primary reasons for its wide utilization. 

Meanwhile, the teak tree is often regarded as one of the species that produces the highest 

quality and most valuable timber. It contains various nutrients that can provide sustenance for 

the organisms in the soil. Additionally, research conducted by Ashrafuzzaman et al. [4] 

proved that teak leaves can be used as a substrate for mushroom cultivation. 

 

Foam is a spongy substance that may be formed into any shape for several 

applications in industry. Ecovative Design, a biomaterial company focused on creating a new 

class of ecologically friendly home-compostable biomaterials manufactured primarily from 

mushrooms, was the first to develop biodegradable foam, also known as organofoam [5]. The 

production of biodegradable foam involves the cultivation of mushroom species on an 

agricultural waste substrate. Fungi cultivation involves various operations, including medium 

culture preparation, medium culture formulation, culture medium packaging and shaping, 

medium culture sterilization, spawn inoculation, spawn incubation, and mycelium growth [6]. 

The fungal and substrate utilized, the growth conditions, the cultivation process, and the 

growth environment significantly affect how the material is formed and how it behaves [3]. 

 

To produce fungal foam, the mycelium, the vegetative part of the mushroom, is used 

in a biological process. Mycelium is a binding agent and natural adhesive. The mycelium 

binds the agricultural waste together as its strands grow around and through it. Strong, 

lightweight, waterproof, and fireproof biofoam is made by heat-drying the fungi after the 

mycelium has developed well [7]. This research was to produce the biofoam from different 

biomass, which is sawdust and dried teak leaves in the cultivation of grey oyster mushroom 

(Pleurotus sajor-caju) and pink oyster mushroom (Pleurotus djamor). The biofoams 

produced were examined for their morphological properties and mechanical properties   to 

evaluate their value. Since polystyrene is a type of foam that is widely used in the industry, 

hence the mechanical testing of biofoam was compared to the polystyrene and the targeted 

values should be in the same range or even better. The targeted value for hardness is at a 

range of 1300 – 2300 g sec and the targeted value for springiness is a range of 0.5 – 0.9. In 

addition, the created biofoams were tested on their ability to absorb water. These biofoams, 

produced utilizing a range of substrates and mushrooms, were compared to determine which 
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fungal foam would be the most practical and effective for use in industrial applications such 

as packaging materials, wastewater filtration, and also in the construction industry for 

insulation. 

 

 

Materials and Methods 

 

Materials and chemicals used in this study include rice bran, calcium carbonate, 

sawdust, teak leaves, and spawns (Pleurotus sajor-caju and Pleurotus djamor). 

 

Preparation of Materials 

 

Pleurotus sajor-caju (grey species) and Pleurotus djamor (pink species) were 

obtained from Perlis, Malaysia. Teak leaves were collected at Wang Ulu, Perlis, Malaysia, 

dried in an oven, and then grinded into powder. Sawdust and rice bran were provided by a 

farmer near Padang Besar, Perlis, Malaysia. 

 

Preparation of Medium   

 

Medium for growing fungal was prepared using substrates, rice bran, and calcium 

carbonate with a ratio of 100:10:1 accordingly. Rice bran was added as a source of nutrition 

for the growth of mushrooms and calcium carbonate as the mineral source. After mixing the 

medium, distilled water was added into the medium until it formed a clump. The medium was 

then compacted into 3/4 of the round container with a dimension of 10 mm height x 7 mm 

diameter before sterilizing in an autoclave at 121 ℃ for 30 minutes.  

 

Analysis of Biofoam 

 

Biofoam was analyzed for mechanical properties and morphological properties. 

Mechanical testing was done using Texture Analyzer to check the hardness and springiness 

of samples using different spawns and substrates. Besides, polystyrene which is a foam that is 

currently used in the industry also tested as a control. All samples were placed under the 

compressor platens connected to the deflect meter. The type of probe used to test the fungal 

foam was P/75 which consists of a round surface since samples were prepared in a round-

shape container. As for morphological testing, the samples were tested using Scanning 

Electronic Microscope (SEM) to analyze the microscopic structure of biofoam produced and 

compared each type. The magnification power used for the capturing of SEM images on the 

cross-sectional view of biofoam produced was 1000 x and the biofoams were sputter-coated 

with a thin coating of platinum before scanning.  

 

Water Absorption Test 

 

A water absorption test was done on every sample to determine the water update of 

biofoam. Dry samples were weighted to get the initial reading. Then, samples were soaked in 

distilled water for 24 hours. Weight after 24 hours of soaking was recorded and water 

absorption was calculated using equation 1 [8]. 

 

 % 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 =  
𝑤′−𝑤

𝑤
 × 100                                                                                            (1) 



Nur Mawaddah Majib et al. Malaysian Journal of Microscopy Vol. 19 No. 1 (2023), Page 142-150 

 

145 

 

where w’ = weight after soaked and w = weight before soaked. 

 

 

Results and Discussion 

 

Mechanical Test  

 

Mechanical property is a fundamental criterion for evaluating the quality of biofoam 

produced. Analysis of the biofoam's hardness and springiness is the primary focus of this 

study. Springiness referred to the rate at which a deformed sample returns to its original size 

and shape when the compressive force is removed [9]. Springiness also called as elasticity of 

the product can determine and classify the suitable application of the biofoam from different 

spawns and substrates. The nearer the value of springiness to 1, the more elastic the samples. 

Figure 1 represents the springiness of biofoam   that was subjected to the different types of 

spawn and different agriculture wastes used as substrates. Biofoam of Pleorotus sajor-caju 

and Pleurotus djamor produced using teak leaves showed significantly higher springiness 

compared to those using sawdust. Based on these findings, it was determined that mycelium 

is more likely to grow in teak leaves. This is possibly because of the huge array of bioactive 

compounds in teak leaves [10] and the presence of a good amount of cellulose and 

hemicellulose that are treated as a food source for fungi.    Fungi are believed to be more 

likely to grow in teak leaves than in sawdust due to the higher formation of hyphae on teak 

leaves. Its natural property is springy, which conveys springy properties and this explains 

why teak leaves biofoam is springier than sawdust biofoam. Additionally, biofoam from 

Pleurotus djamor is comparable to polystyrene in terms of springiness and this shows the 

potential of producing biofoam to replace polystyrene. 

 

Figure 1: Springiness of biofoam 

 

Hardness is an indicator of a material's toughness. In the case of foam, it represents 

the material's capacity to withstand the impact force that is typically utilized for this purpose. 

The parameter of hardness was defined as force exhibited in the first bite at maximum 

compression. Figure 2 shows the hardness of two different mushroom species in different 

biomass. From the result obtained, sawdust is significantly harder than teak leaves and 
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polystyrene. Sawdust was a biomass residual composed of small structures and completely 

disaggregated grains with low material properties. On the other hand, mycelium from 

mushrooms created a supportive internal structure that makes them a great substrate. The 

resulting material has excellent mechanical properties. The combination of mycelium and 

sawdust produced a compacted material [11] as stated by Murugan [12] that mixture of 

mycelium and sawdust can be compacted to create a material with excellent properties 

similar to those shown by polystyrene. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Hardness of teak leaves and sawdust biofoam from different mushroom 

 

Morphological Properties 

 

Figure 3 illustrates SEM micrographs of cross-sectional images of two different 

spawns using two different substrates from agriculture wastes. The structure of biofoam was 

represented in a micrograph that was captured under 1000 x magnification power. The white 

fibrous curvy line in the figure was referred to fungi while the void of the figure was referred 

to the substrates. As shown in Figures 3(a) and (c), the mycelium growth on the teak leaves 

substrate was dense which contributed to a compacted structure of the biofoam. Teak leaves 

biofoam is composed of dense filaments and highly entangled tube-like structures, 

contributing to the biofoam's springiness. Contrary to that, Figures 3(b) and (d) show 

mycelium growth on sawdust from Pleurotus sajor-caju and Pleurotus djamor respectively; 

it is comparable to teak leaves since we can see clearly more void which means less 

formation of mycelium on sawdust. However, according to [13], the enzyme produced during 

the fungal foam formation also indirectly affects the number of hyphae attached to the 

substrate. Hence, fewer hyphae formed that attached to sawdust.  
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Figure 3: SEM micrograph of biofoam from (a) Pleurotus sajor-caju in teak leaves, (b) 

Pleurotus sajor-caju in sawdust, (c) Pleurotus djamor in teak leaves and (d) Pleurotus 

djamor in sawdust 

 

 

Water Absorption Test   

 

This testing was performed to determine the ability of different biofoam to absorb 

water. Therefore, this test was used to identify the water uptake of different fungal foam 

substrates. Basically, the porosity and compactness of biofoam can influence the percentage 

of water absorption.  

 

Based on the SEM micrograph in Figure 3, there were still presented of voids in 

between the sawdust substrate as shown in the SEM image, this explained why the water 

absorption ability of this biofoam was considerably high. Figure 4 demonstrates that the 

water absorption obtained for biofoam from sawdust was greater than those obtained for 

biofoam from teak leaves for both spawns. Biofoam of sawdust is more porous compared to 

teak leaves biofoam from both spawns. The increase in water uptake was influenced by the 

porosity [14] and this can be justified by the morphological test of SEM that shows the void 

sawdust biofoam is more than in teak leaves biofoam. 
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Figure 4: Water absorption of biofoam 

 

 

Conclusions 

 

In conclusion, despite being waste, each type of agricultural residue has a unique 

particular value. This biomass can be utilized appropriately and systematically for 

commercial purposes. Converting agricultural waste items into value-added products such as 

biofoam was able to reduce waste while ensuring environmental sustainability. According to 

the study's findings, both types of biomass, sawdust and teak leaves, possess unique strengths 

that make them well-suited for various applications in the industrial sector. From the 

scanning electron microscope, the compact morphology of biofoam was responsible for the 

material's mechanical properties and water absorption characteristics. On the other hand, both 

types of Pleurotus species have no significant difference but substrates help build and 

determine the properties. By means of the results obtained, sawdust biofoam is suitable for 

the absorption application due to its porosity property and ability to absorb water while teak 

leaves biofoam is ideal for packaging materials.  
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