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Abstract

The utilization of agricultural residues for renewable energy production offers a dual benefit of reducing
environmental impacts and enhancing the value of domestic biomass resources. Sugarcane leaves are an
abundant lignocellulosic residue in Thailand but their recalcitrant structure, rich in cellulose, hemicellulose,
and lignin, limits microbial degradation and results in low biogas yields. This study investigated the potential of
spent oyster mushroom substrate (SMS) as a natural source of microorganisms and enzymes for pretreating
sugarcane leaves prior to anaerobic digestion. Pretreatment was performed by mixing sugarcane leaves with
SMS at a 1:1 ratio and compared with untreated leaves. The performance of residual fungal mycelia in SMS was
further evaluated against newly prepared pure inocula under both sterile and non-sterile conditions.
Lignocellulosic composition, reducing sugars, and chemical oxygen demand (COD) were analyzed, and methane
potential was assessed using anaerobic sludge from a wastewater treatment plant. Results revealed that SMS
pretreatment significantly enhanced biogas production, with higher methane yield at 26.6+5.8 L kg VS, faster
digestion onset, and improved organic matter conversion efficiency compare to sole sugarcane leaf at 3.3+3.4
L kg™ VS. Remarkably, SMS achieved methane productivity comparable to pure inoculum at 29.0+5.5 L kg'' VS
and retained efficiency under natural microbial contamination, while pure inoculum showed reduced
performance in non-sterile conditions at 9.2+2.7 L kg VS. These findings demonstrate that SMS can serve as
an effective, low-cost pretreatment agent for lignocellulosic biomass, particularly sugarcane leaves, thereby
enhancing methane production while simultaneously contributing to sustainable waste management. The
approach supports circular bioeconomy principles and offers a scalable solution for improving energy security

at community and industrial levels.
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Table 1 Pretreatment Methods of Lignocellulosic Biomass with High Structural Complexity Prior to Anaerobic

Digestion for Biogas Production

Process Effects on Biomass Considerations Process
Physical - Mechanical operations - Reduces particle size and - High energy consumption
pretreatment  (milling, chopping, shredding) increases surface area - Ineffective in lignin removal
- Radiation (gamma, - Decreases cellulose - Limited industrial application
microwave, etc.) crystallinity - No chemical reagents
- Other processes such as - Reduces polymer bond required
heat, steam pressure, strength
Chemical and - Explosion processes: steam - Enhances surface area - Widely applied at industrial
physico- explosion, ammonia fiber - Effective lignin removal scale
chemical explosion, CO, explosion, - Reduces cellulose - Rapid pretreatment rate
pretreatment SO, explosion crystallinity - Requires harsh operational
- Alkali treatment (NaOH, - Weakens polymer conditions
NH4OH, (NH,),SO,) bonding - Involves chemical usage
- Acid treatment (H,SO,, HCL, - Promotes efficient
H,PO,) hemicellulose hydrolysis
- Gas treatment (ClO,, NO,,
SO,)
- Oxidizing agents (H,0,, O,)
Biological - Microorganisms - Degrades lignin - Low energy requirement
pretreatment - Enzymatic treatment - Reduces polymer - No chemical input
bonding - Environmentally friendly
- Facilitates hemicellulose - Relatively slow process
hydrolysis - Limited industrial application

ﬁuﬂz (Dobre et al. 2014; Taherzadeh and Karimi 2008)
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Figure 1 Dried sugarcane leaves after chopping and

grinding.

Figure 2 Spent oyster mushroom substrate after

cultivation.
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Table 2 Physicochemical composition of Sugarcane

Leaves and Spent Mushroom Substrate.

Parameters Sugarcane Spent
leaves Mushroom
Substrate
Moisture (%) 8.03 67.73
+ 0.05 + 0.16
Total solids (% wet 91.97 32.27
weight) + 0.05 +0.16
Volatiles (% wet 85.08 29.84
weight) +0.11 +0.23
Ash (% wet weight) 6.89 2.43
+0.07 +0.16
pH 5.74 553
+0.08 +0.03

Table 2 Physicochemical composition of Sugarcane

Leaves and Spent Mushroom Substrate (continue).

Parameters Sugarcane Spent
leaves Mushroom
Substrate
Carbon 45.41 80.13
(% dry weight)
Hydrogen 6.24 1.35
(% dry weight)
Nitrogen 0.72 0.86
(% dry weight)
Oxygen 39.11 8.96
(% dry weight)
Sulfur (% dry weight) 0.14 0.09
Cellulose 49.32 + 56.21 +
(% dry weight) 1.15 2.33
Hemicellulose 17.16 + 7.39 +
(% dry weight) 1.46 2.33
Lignin (% dry weight)  13.75 13.74 +
1.35 1.43
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Figure 3 Sludge derived from the wastewater treatment

of a farmhouse bakery industry.
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Figure 4 Pure mycelium of oyster mushroom (Pleurotus
ostreatus) (a), Liquid inoculum of oyster mushroom

(Pleurotus ostreatus) after 8 days of incubation (b).
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assessing methane production potential.

Figure 7 Experimental setup for assessing biological

methane potential (BMP).
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Figure 8 pH changes over 30 days in six pretreatment

groups: CLW (sterilized sugarcane leaves + spent

mushroom substrate, 1:1), W (spent mushroom

substrate), CLI (sterilized sugarcane leaves + pure
mushroom inoculum), LW (sugarcane leaves + spent
mushroom substrate, 1:1), LI (sugarcane leaves + pure
mushroom inoculum), and L (sugarcane leaves).
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Figure 9 The comparative changes in moisture content of the six experimental treatments.
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Figure 10 The comparative changes in extractable compound content of six experimental treatments.
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Figure 11 The comparative changes in hemicellulose content of six experimental treatments.
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Figure 12 The comparative changes in cellulose content of six experimental treatments.
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Figure 13 The comparative changes in lignin content of six experimental treatments.
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Figure 14 The comparative changes in lignin content of six experimental treatments.
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Figure 15 The comparison of pH variations among the six experimental treatments.
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Figure 16 The comparative changes in reducing sugar content of six experimental treatments.
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Figure 17 The changes in chemical oxygen demand (COD) of six experimental treatments.
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Figure 18 The comparative cumulative methane production of six experimental treatments.
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