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Abstract. The composite thin films functionally provide appropriate mechanical properties
for specific purposes in the packaging industry. The composite film could be prepared by
mixing rice straw extracted microcrystalline cellulose (MCC) with mushroom chitosan
(MCH). The advantage of using mushroom chitosan is that the material is free of allergic
sources from animals. In this study, Boletus edulis (porcini mushroom) was chosen as the raw
material for the extraction of chitin and was converted to chitosan. The MCH/MCC
biocomposites film was prepared by using solution casting method. The performance of the
composites was evaluated using tensile test, scanning electron microscopy (SEM) and X-Ray
diffraction analysis (XRD). For tensile test, MCH/MCC biocomposites with 8% MCC
demonstrated an optimum tensile strength, elongation at break and Young’s modulus. The
tensile strength and elongation at break reduced at 10% MCC content. SEM micrograph
showed lesser pores on the surface of MCC/MCH biocomposites with 8% MCC as compared
to 10% MCC content. According to XRD results, the addition of MCC into MCH has
increased the crystallinity of the MCH/MCC composites. This research presents a novel
combination of mushroom-based chitosan (MCH) and microcrystalline cellulose (MCC) to
form composite thin films, offering a sustainable and allergen-free alternative with enhanced
mechanical properties suitable for a wide range of potential applications like the packaging
industry.
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1. INTRODUCTION

Over the last few years, interest in research and development of edible films has
increased. These films are gaining much popularity, and they are primarily composed of
proteins such as soy protein, wheat protein, and kidney bean protein, as well as
polysaccharides like starch, cellulose, and chitosan, along with lipids[1-3].When compared to
synthetic packaging materials typically employed in the chemical industry, biopolymer-based
films hold the potential to substitute petroleum-based plastic packaging films, thereby
mitigating their environmental footprint[4]. Polysaccharide based edible films exhibit
chemical stability and can be customized for extended periods of storage in diverse
environmental conditions which maintaining excellent physical and mechanical qualities[1].

Chitin and Chitosan, due to their numerous favorable qualities, have attracted the
attention of the industry men and the scientists’ equally. These two biomolecules have wide
applications in the biomedicine, paper making, food industry, and agriculture and textile
industry [5].Various qualities of chitin and chitosan including non-toxicity and
biodegradability make their applicability in these areas [6]. It has some unique features such
as sorption, antimicrobial, film-forming, and wound healing. These unusual qualities of this
substance have attracted the attention of scientists. Chitosan extraction from crustacean shells
faces challenges with seasonal raw materials availability, high chemical usage, and high
energy consumption[7]. Therefore, the use of fungi as source for chitin nanofiber production
offers a notable advantage due to the simpler and lower-energy defibrillation processes
involved. Boletus edulis and its related species are some of the most widely and frequently
harvested edible mushrooms in the world [8]. Native to Europe, Boletus edulis is now found
globally, including in China, Japan, and North America [9]. B. edulis is characterized by a
bun-shaped brown cap, white reticulation on the upper stipe, pale yellow to olive-brown
pores, aromatic white flesh, and non-staining characteristics when cut [10]. Incorporating B.
edulis as a fungal source for chitosan production can reduce the overall cost of the extraction
of chitosan and the nanofiber process. It highlights the effectiveness of the cost of utilizing
fungi compared to crustaceans for chitin nanofiber production [11].However, the molecular
weight of the chitosan is high due to it dissolves poorly in neutral pH solutions and has a high
viscosity in aqueous solutions, ultimately it poses limitations in its usability for applications
in health, food, and agriculture.

Microcrystalline cellulose (MCC), a cellulose derivative, is a well-known crystalline
micrometric powder recognized for its excellent biocompatibility, biodegradability, and
strong mechanical properties [12]. MCC, obtained from native cellulose, has attracted
significant attention for its role in production of micro-composites. The interest arose from its
remarkable ability for microscale reinforcement, characterized by a substantial presence of a
large surface area for the interfacial bonding matrix and ordered crystalline regions, and
noteworthy mechanical strength and stiffness, surpassing that of cellulose itself [13].MCC
exhibits low permeability and the capability to create a dense percolating network through
hydrogen bonds.

MCC is produced by treating cellulose with mineral acids, hydrolyzing it into small
crystalline particles. These particles are subsequently refined to achieve a fine powder with a
uniform particle size distribution. The resulting MCC powder is white, odorless, tasteless,
and water insoluble. Certain packaging materials, especially in the food industry, utilize
MCC-based films or coatings to enhance the barrier properties of the packaging [14].
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In current study, the MCH/MCC biocomposite films were prepared by adding the
MCC to reinforce the mushroom chitosan. All the composite films were subjected to the
tensile test, Fourier Transform Infrared Spectroscopy (FTIR), X-ray diffraction analysis
(XRD) and scanning electron microscopy (SEM).

2. MATERIALS AND METHODS
2.1 Materials

The rice straw was collected from paddy field in Perlis, Malaysia. The rice straw was
ground and sieved with a 125 pm size. Then the ground particles were cleaned and dried at
80 °C. The matured fruiting body of Boletus edulis mushroom was collected from coastal
area Kuala Perlis, Perlis, Malaysia. The sodium chlorite was purchased from Acros Organic
(Geel, Belgium). Other chemicals includes Hydrogen peroxide, calcium chloride, sodium
chloride, ethanol absolute potassium carbonate, magnesium sulphate and ammonium chloride
were acquired from HmBG Chemicals (Hamburg, Germany). Glycerol, sulfuric acid,
dipotassium hydrogen phosphate, potassium were obtained from Merck (Darmstadt,
Germany).

2.2 Mushroom Chitosan Preparation

The fruiting body of Boletus edulis mushroom was washed several times, blotted
dried, lyophilized and ground into fine powder using a blender. The powder was kept at the
temperature of -20 °C until further use. Dried B. edulis was homogenized in deionized water
and sonicated. Then, the suspension was centrifuged and the precipitate was subjected to
deproteinization with sodium hydroxide treatment at 100 °C for 2 hours. The deproteinization
was carried out twice in order to remove the protein from chitin completely. Then, the
mixture was washed using deionized water and centrifuged again. Decolorization was
performed by using hydrogen peroxide solution. For the purpose of N-deacetylation, the
chitin was treated with 30 wt% sodium hydroxide solution at 100 °C for 2 hours. After
filtration, the chitosan was washed with deionized water until its pH reaches neutral and then
freeze dried [15]. Figure 1 indicates the preparation steps of the Boletus edulis mushroom
chitosan powder.
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Figure 1: Schematic diagram of the preparation of Boletus edulis mushroom chitosan powder
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2.3 Isolation of Microcrystalline Cellulose (MCC)

Two treatments were applied to rice straw which are alkaline treatment and bleaching
treatment. Therefore, acid hydrolysis was used to separate the MCC from the rice straw fibre.

2.4 Alkaline Treatment

40 g of rice straw fibre (powder) was treated with an alkaline treatment by dissolving
32 g of sodium hydroxide (NaOH) (4% w/v) in 800 ml of distilled water in a 1: 20 ratio. This
treatment was stirred for 2 hours at 80 °C at a rate of 350 rpm. Following that, the fibre was
filtered and washed with distilled water until it reached pH [16].

2.5 Bleaching Treatment

The alkaline-treated mixture was mixed and stirred in the prepared bleaching solution.
An acetic buffer, 1.7% (w/v) NaClO., and distilled water make up a bleaching solution [16].
First, an acetic buffer was made with 40 g of sodium hydroxide, 75 mL of acetic acid, and
925 mL of distilled water. The bleaching solution was prepared by combining the acetic
buffer, NaCIO,, and distilled water in a 1:1:1 ratio, each with a volume of 267 ml. The
alkaline treatment mixture was mixed with the bleaching solution and stir at 350 rpm for 2
hours at 80 °C. The treated fibre was thoroughly cleaned using distilled water. To obtain the
white color form of fibre, the alkaline and bleaching treatments was cyclically repeated for
two rounds. Then, the fibre was dried in the oven for 24 hours at 60 °C.

2.6 Acid Hydrolysis

The bleached fibre was subjected to acid hydrolysis in order to remove cellulose and
remaining hemicelluloses and extract crystalline particles from a variety of cellulose sources.
In this treatment, 2 g of cotton-like dried treated rice straw fibre was blended and add to
sulfuric acid (64 wt%) at 45 °C for 1 hour at a consistent 700 rpm stirring rate. The solution
was treated with 500 ml of cold distilled water to halt the reaction process. The suspension
was obtained after the solution keeps at room temperature for at least 30 minutes. Most of the
extracted MCC appeared to be rod-shaped fiber.

2.7 MCC/ MCH Film Preparation

About 2.25 g of mushroom chitosan powder was mixed with 150 ml of distilled water
to make 1.5% (w/v) chitosan. The mixture was treated with 3 ml of 2% (v/v) acetic acid and
stir for 5 hours at a rate of 700 rpm at a temperature of 60 °C. Meanwhile, 10 wt% glycerol
was added to the mixture during the fourth hours of stirring to improve the flexibility of the
chitosan film. Throughout the 5 hours, the beaker was wrapped in aluminium foil. In each
mushroom chitosan preparation, a different content of MCC (0, 2, 4, 6, 8 and 10 wt%) was
mixed with the mushroom chitosan solution. During the fourth hour of stirring the mushroom
chitosan solution, MCC was added after adding the glycerol. After 5 hours, the mixture was
sonicated for 10 minutes to remove any bubbles that formed. For analysis, the mixture was
poured into two plastic petri dishes for repetition. In this process, the film was dried in an
oven at 50 °C for 2 to 3 days with no fan. Figure 2 shows the preparation of MCC/MCH film.
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Figure 2: Systematic diagram of MCC/ MCH film preparation

2.8 Tensile Test

Tensile test was carried out using an Instron Universal Testing Machine at room
temperature. (Instron 3366) and an ASTM method (ASTM D882) with a crosshead speed of
10 mm/min. The specimens were cut into rectangular strips with a length of 10 cm
and width of 1 cm. The tensile strength, elongation at break, and Young’s Modulus were
measured. There are 5 samples that have been tested for each composition.

2.9 Fourier Transform Infrared Spectroscopy Analysis

Infrared spectra of pure mushroom chitosan and its composites were obtained in a
range of 4000 cm™ to 650 cm™ wavenumber (16 scans) at a resolution of 4 cm™ by using
Perkin Elmer Spectrum 10 spectrophotometer. Attenuated total reflectance (ATR) technique
was applied for this scanning method.

2.10 Scanning Electron Microscopy Analysis

The tensile fracture surface of MCC reinforced mushroom chitosan biocomposites
was studied using scanning electron microscopy (SEM) (FEI Quanta 200F microscope). The
films were examined with an accelerating voltage of 5 kV with a magnification of 500 x.

2.11 X-Ray Diffraction Analysis

With 30 mA of current at a voltage of 40 KV, X-ray diffraction (XRD) (Shidmazu
6000) was used to analyse the crystallinity of MCC reinforced chitosan biocomposites. The
samples was scanned from 15° to 35° at a rate of 0.1 s/step and a speed of 2 °/min [17]. The
crystallinity index (CI) was calculated using the Equation 1 [16].

where I 110 was maximum intensity at 20 and I .m was intensity of amorphous diffraction at
26 [18].
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3. RESULTS AND DISCUSSION
3.1 Tensile Properties

Figure 3 shows the effect of different MCC content in the MCC/MCH biocomposites
on tensile strength. Examining the influence of MCC loading on chitosan matrix revealed a
notable pattern in tensile strength. At the 0 wt.% MCC content, the tensile strength of the
MCC/MCH biocomposites stood at 26 MPa. The biocomposites showed the tensile strength
with an increasing trend from 4 wt.% to 8 wt.% MCC content, reaching an optimal tensile
strength of 33 MPa at 8% and reduced thereafter. MCC acts as a reinforcing filler in the
chitosan matrix [19-20] The rise in tensile strength was attributed to the efficient transmission
of stress through the percolating network created by the MCC within the chitosan matrix [21-
22].

The favorable compatibility between the MCC filler and the chitosan matrix enhances
a more uniform and efficient transfer of load between the chitosan and the MCC network. As
a result, stress concentration in specific areas is effectively alleviated [23-24]. It is important
to note that a 10% MCC loading resulted in a notable reduction in tensile strength, which
measured 26 MPa. This might be the consequence of MCC's agglomeration and uneven
distribution, which had the opposite effect on tensile strength [21].

tensile strength (MPa)

|
|
|
|
|
|

0% 2% 4% 6% 8% 10%
MCC content (wt.%)

Figure 3: Tensile strength of MCC/MCH biocomposites with different MCC content

Figure 4 presents the elongation at break (EB) of MCC/MCH biocomposites with
different MCC content. The EB characterizes the material's capacity to undergo changes in
shape without experiencing the development of fractures. In contrast to the increase
demonstrated by tensile strength, it was noticed that the incorporation of MCC reduced the
elasticity of the films. Therefore, the ductility of the films will decrease with increasing
concentrations of MCC. The EB reduced from 34% to 20% with the MCC loading ranging
from 0% to 10%. These results are similar to the previous study of Pires et al. [25], providing
justification for the reduction in EB due to the presence of cellulose materials, contributing to
a dense layout with enhanced continuities within the polysaccharide network. The decrease in
stretchability might be attributed to the development of inter-chain bonds, enhancing the
cohesion within the polymer network but concurrently limiting the slippage of polymer
chains during the pulling [26].
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Figure 4: Elongation at break of MCC/MCH biocomposites with different MCC content

Figure 5 demonstrates the Young's modulus of MCC/MCH biocomposites with
different MCC content. The Young's modulus of chitosan biocomposites exhibited the
increasing trend. The elevated Young's modulus values can be attributed to the reinforcing
influence caused by MCC in increased concentrations. This can be ascribed to the strong
interaction of hydrogen bonds between MCC and chitosan molecules [27-28]. The MCC
imparts added structural integrity to the composite material, leading to enhanced stiffness and
improved mechanical properties, including a rise in Young's modulus [29]. As shown in
Figure 7(d), the agglomeration also caused the reduction of tensile strength at 10% MCC
content.
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Figure 5: Young’s modulus of MCC/MCH biocomposites with different MCC content
3.2 FTIR Analysis

Figure 6 displays the FTIR spectra of pure mushroom chitosan, 4% and 8%
MCC/MCH biocomposites. The mushroom chitosan exhibited a broad transmission band at
3346 cm™' for N-H and O-H stretching. The peak at 2930 cm ' corresponds to CH:
symmetric and asymmetric stretching, and these bands are typical polysaccharide
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characteristics of chitosan[30]. For the MCC/MCH composites with 4% MCC and 8% MCC,
the O-H intensity of the peak increased, indicating potential structural alterations or the
presence of additional hydroxyl groups, possibly due to the interactions among MCC and
chitosan, which may expose or generate new hydroxyl groups[31]. Furthermore, the peak
ranging from 1600 cm™! to 1700 cm! represents the C=0 vibration from carboxylic acid, with
its decreased intensity in 8% MCC/MCH biocomposites. The CH: bending and CHj
symmetrical deformations were confirmed by the presence of bands at around 1420 cm™. The
bands at 1040 cm™! correspond to C-O stretching. All the bands appeared in the chitosan

spectra reported by other researchers [30-32].
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Figure 6: FTIR spectra of (a) pure mushroom chitosan, (b) 4% MCC and (c¢) 8% MCC

biocomposites
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3.3 SEM Analysis

Figure 7 shows the morphology of tensile fractured surface of MCC/MCH
biocomposites with different MCC content. Figure 7(a) presented a smooth surface on the
neat chitosan. Figure 7(b) displayed cleavage or transgranular fracture of the 4 wt% MCC.
Increasing the MCC content had shown rougher surface and pores (Figure 7(c)-(d)) in which
the elongation at break has been reduced gradually.

Cleavage or:.
transgranular fractut

Figure 7: SEM micrographs of MCC/MCH biocomposites with (a) MCC 0%, (b) MCC 4%,
(c) MCC 8% and (d) MCC 10%

3.4 XRD analysis

Figure 8 shows the XRD diffractogram of MCC powder, neat chitosan and
MCC/MCH biocomposites. The pure MCC and all the MCH/MCC biocomposites indicated
the maximum peak at around 260 = 23° in XRD diffractogram, however the peak at 20 = 23°
was lower in MCH/MCC biocomposites. The crystallinity index of MCC powder decreased
when it was added into chitosan. This outcome indicated that the incorporation of MCC into
chitosan biocomposites has the potential to disrupt or alter the crystal structure of MCC. The
mixing and processing stages involved in the preparation of MCC/MCH biocomposites may
introduce mechanical forces or other factors that destabilize the crystalline regions of MCC,
resulting in a lower crystallinity index [33].

345



Sam Sung Ting et al. Malaysian Journal of Microscopy Vol. 20, No. 1 (2024), Page 337-350

2800
2400
2000
=
E — Neat chitosan
5 1600
= = MCC powder
1200 - 4% MCC
10% MCC
800
500 't |
15 20 25 30 35

20 (Deq)

Figure 8. XRD diffractogram of neat chitosan, MCC powder and MCC/MCH biocomposites

An increment of crystallinity index of MCC/MCH biocomposites with difference
content of MCC is summarized in Table 1. According to Bhasney et al. [34]. the addition of
the MCC content in chitosan biocomposites can induce the crystallinity increment. This is
possible if the added MCC functions as a nucleating agent and promotes the formation of
additional crystalline regions within the biocomposites. The presence of MCC can improve
the alignment and packaging of cellulose chains, resulting in a greater crystallinity than the
neat chitosan matrix alone.

Table 1: Crystallinity percentage of MCC powder and different MCC content in MCC/MCH

biocomposites
Sample Crystallinity Index (%)
MCC 71.5
Neat chitosan 43.4
MCC 4% / chitosan 54.5
MCC 10% / chitosan 62.3

4. CONCLUSIONS

In conclusion, the biocomposite films of MCC/MCH exhibited optimal tensile
strength at 8 wt%. Nevertheless, elongation at break demonstrated reduction with the addition
of MCC whereas Young’s modulus presented increment trend. SEM analysis indicated that
the biocomposites with lower MCC loading had fewer pores on the surface compared to those
with higher MCC content. XRD analysis showed that all the MCH/MCC biocomposites and
pure MCC displayed a maximum peak at around 20 = 23°, but the peak intensity at this angle
was lower in the MCH/MCC biocomposites. The findings suggest that the 8 wt% MCC in the
MCC/MCH biocomposite films offers a favorable balance of tensile strength, highlighting the
potential for further applications in packaging or related industries.
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