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Exploring the Potential of Bacteria isolated from Damp yard Leachate for Lignocellulose Biodegradation
                                   
Abstract
The accumulation of lignocellulosic waste, particularly from agro-industrial sources like coconut coir fibre, presentssuch as coconut coir fibre, poses a significant environmental challenge due to its recalcitrant nature and resistance to natural decomposition. This study explores the potential of bacterial isolates from damp yard leachate for the biodegradation of lignocellulose in coconut coir fibre.  Twenty four bacterial strains were isolated from the Perungudi municipal dampTwenty-four bacterial strains were isolated from the Perungudi municipal dump yard and screened for lignolytic and cellulolytic activities using alkaline lignin and carboxymethyl cellulose substrates. Eight isolates demonstrated substantial enzymatic activity and were further used to form a microbial consortium. The consortium was applied in the solid-state fermentation of coir fibre over 30 days. FTIR analysis revealed significant structural changes in functional groups associated with lignin and cellulose, confirming effective biodegradation. A pot study using the degraded substrate, with and without microbial inoculation and vermicompost, evaluated its effect on fenugreek (Trigonella foenum-graecum) growth. Results indicated that plant growth was enhanced when the degraded substrate was combined with vermicompost, suggesting that nutrient supplementation is essential for agricultural applicationapplications. Overall, the study highlights the biodegradation potential of damp yard-adapted microbes and supports their application in sustainable waste management strategies. These findings offer a promising biological alternative to conventional lignocellulose treatment methods and demonstrate potential in producing value-added biofertilizer from agro-waste.	Comment by SOWNDARYA KARAPAREDDY: Please add a brief mention of the dominant or most efficient bacterial genera (e.g., Bacillus, Pseudomonas, etc.) to strengthen the scientific context. 	Comment by SOWNDARYA KARAPAREDDY: Please include quantitative data, such as the percentage of lignin or cellulose degradation, to provide measurable evidence of efficiency. 
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1. Introduction
The simultaneous urbanization and associated high generation of municipal solid waste (MSW) are serious concerns to for the sustainable development of cities (Lissah et al., 2021). Lignocellulosic biomass, derived from woody waste, crop residue, textile, and food waste, is an important component in MSW. Also, packaging materials and construction waste (such as bamboo and reed) add another layer of complexity to this organic "soup", which is resistant to common decomposition processes (Inyang et al., 2022; Lorenci Woiciechowski et al., 2020). One such byproduct is coconut coir fibre, which is derived from the husk of coconuts during processing.  While coir has commercial applications in products like mats, ropes, and brushes, vast amounts of residual fibre remain unused or are disposed of inappropriately (Gundupalli et al., 2022). This poses significant environmental challenges, particularly in regions lacking effective waste management systems. Increasing urban population and changing consumption patterns make it more critical to devise strategies for lignocellulosic waste biodegradation to implement efficient waste management strategiesThe increasing urban population and changing consumption patterns make it more critical to devise strategies for lignocellulosic waste biodegradation to implement efficient waste management. Coconut coir is rich in lignocellulosic compounds, including cellulose, hemicellulose, and lignin, which make it naturally resistant to microbial attack and environmental degradation (Mahmud et al., 2023). Lignin, in particular, acts as a physical and chemical barrier, protecting cellulose and hemicellulose from enzymatic breakdown (Li et al., 2018). As a result, the decomposition of coir fibre in natural conditions is extremely slow. Traditional disposal methods, such as open burning or damp yarding, not only fail to recover the potential value of the biomass but also contribute to environmental problems like greenhouse gas emissions, soil degradation, and leachate formation (Khan et al., 2021).	Comment by SOWNDARYA KARAPAREDDY: Please add 1–2 sentences giving global or India-specific statistics on coconut coir waste generation or lignocellulosic biomass accumulation to emphasize the scale of the problem. 
This study explores the potential of microbial consortia isolated from damp yard leachates as biological agents for the degradation of coconut coir fibre. As waste containers, damp yards harbour dynamic microbial communities that have adapted to all kinds of extreme, environmentally toxic conditions, including acidity, low nutrients, and temperature fluctuations (Cai et al., 2024). Microbial communities residing in damp yard leachate, a waste liquid containing the product of waste decomposition, have unique enzymatic characteristics that may be the key to overcoming the difficulty in the degradation of recalcitrant lignocellulosic biomass (Lu et al., 2022). These microbes often possess diverse enzymatic capabilities, including ligninolytic and cellulolytic activities, which make them suitable candidates for lignocellulose degradation. Compared to conventional chemical or thermal treatments, microbial degradation is cost-effective, sustainable, and avoids secondary pollution. 
Conventional methods for lignocellulose degradation typically involve chemical pretreatments, such as acid or alkaline hydrolysis, or thermal methods like pyrolysis and steam explosion (Prasad et al., 2019; Puentes-Téllez & Falcao Salles, 2018). While effective in breaking down biomass, these approaches often require high energy input, involve hazardous chemicals, and generate toxic by-products that must be carefully managed. Moreover, the harsh conditions used in such processes can damage or destroy valuable components, limiting their reuse in value-added applications like biofuel production or bio compositebio-composite synthesis. In contrast, biological degradation using microbes operates under milder conditions, requires lower energy input, and produces minimal environmental pollutants. Enzymes secreted by microbes act specifically on target substrates, which enables more controlled and selective breakdown of lignocellulosic components.
Based on the enzymatic activity of damp yard bacteria, this research attempts to develop more efficient waste management sustainable strategy, and to escape the blocksa more efficient waste management sustainable strategy, and to overcome the limitations of conventional ones. Efficient lignocellulose biodegradation has great potential to dramatically reduce greenhouse gas release linked to waste mineralisation and can be of significant value to mitigate environmental burden and ensure sustainable development.
2. Materials and methods
Nutrient agar, minimum salt medium and carboxymethyl cellulose (CMC) agar was purchased from , and carboxymethyl cellulose (CMC) agar were purchased from Himedia.  Congo red, H2SO4, NaOH, and methylene blue were purchased from SRL chemicals.	Comment by SOWNDARYA KARAPAREDDY: Please mention full supplier details for all media and chemicals 
2.1. Isolation of bacteria
Leachate samples from damp yard were collected from the damp yard were collected from the Perungudi Municipal Solid Waste (MSW) dumping site. Serial dilutions of samples were prepared and 0.1 ml of the 107 and 108 serial diluted samples were equally spread over sterile nutrient agar plates. The plates were then incubated at room temperature for 24-48 hours to facilitate the growth of the isolated colonies. The isolated colonies were plated onto fresh nutrient agar plates in a highly controlled manner to isolateunder highly controlled conditions to obtain pure cultures from each colony.	Comment by SOWNDARYA KARAPAREDDY: Please mention sampling time, temperature, and coordinates or location description of the Perungudi dump yard. 
2.2. Growth on lignin as the sole carbon source
Lignin-degrading bacterial strains were isolated using Minimum Salt Medium agar (MSML-agar) supplemented with 1% alkaline lignin. The alkaline lignin was prepared by the modified (Murciano Martínez et al., 2015) method by mixing 6g of coconut husk powder with 40 ml of 1% H2SO4, heating at 80°C for 20 minutes, followed by the addition of 150 ml of 4% NaOH and boiling for 30 minutes. The dark brown alkali lignin was filtered and autoclaved at 121°C for 15 minutes.
Isolated colonies were streaked onto MSML-agar containing 1% alkaline lignin and incubated for 48 hours at room temperature. The bacterial isolates capable of utilizing lignin as the sole carbon source were tested for their lignolytic activity. Table 1 shows the different growth rate rates of bacteria with lignin as the sole carbon source	Comment by SOWNDARYA KARAPAREDDY: Please state how many replicates were used per isolate. 
2.3. Lignolytic activity
Lignolytic enzyme activity of the isolated colonies was assessed using methylene blue dye, as outlined by (Anveshitha et al., 2023). The isolates were streaked onto MSML-agar plates containing alkaline lignin and methylene blue, then incubated at 25°C for 72 hours. Colonies that decolorized the dye were considered potential lignin degraders and isolates showing maximum decolorization were selected for further analysis, sub-cultured, and preserved at 4°C. These isolates were further tested for their ability to utilize 2% alkaline lignin as the sole carbon source. Based on growth rates, isolates were categorized as very fast, fast, and slow growers. Isolates with rapid growth were selected for lignocellulosic biomass degradation.	Comment by SOWNDARYA KARAPAREDDY: Please add positive control reference strain.
2.4. Cellulase activity
To evaluate cellulase production, isolates were inoculated on agar plates containing K2HPO4, MgSO4.7H2O, and carboxymethyl cellulose (CMC) and incubated at 30°C for 72 hours. Cellulase activity was assessed using the Congo red assay. The plates were flooded with 0.1% Congo red solution for 1 hour, followed by de-staining with 1a 0.1% Congo red solution for 1 hour, followed by destaining with 1 M NaCl. Clear zones around isolates indicated cellulase production, with larger zones indicating higher enzymatic activity for cellulose degradation.	Comment by SOWNDARYA KARAPAREDDY: Please mention how zone diameters were measured and analyzed statistically.
2.5. Degradation of Lignocellulose
Coconut coir fiber, obtained from the mesocarp of the coconut, was processed by cutting it into 1 cm pieces, grinding it into powder, and sterilizing at 180°C for 2 hours. The lignin-degrading isolates were cultured in nutrient broth for 2 days. A microbial consortium of five isolates was then prepared and incubated for 2 days to assess potential synergistic effects incomprising five isolates was prepared and incubated for 2 days to assess potential synergistic effects on lignin degradation. For Solid State Fermentation (SSF), 20 g of sterilized coir powder was placed in 20 containers, each inoculated with 20 ml of the microbial consortia (Optical Density 0.6). A control without inoculum was also included. All containers were incubated at room temperature for 30 days, with nutrient broth added every 7 days to maintain 71% moisture. Coir samples were collected at 15-day intervals, oven-dried at 60°C to remove excess moisture.	Comment by SOWNDARYA KARAPAREDDY: Please include the number of replicates per treatment and whether uninoculated sterile controls were run in triplicate. 
2.65. Identification of the bacterial isolates
Matrix-Assisted Laser Desorption/Ionization Time-of-Flight Mass Spectrometry (MALDI-TOF MS) was utilized as the primary analytical technique for characterizing and identifying microbial isolates obtained from damp yard leachate. The bacterial isolates were subjected to identificationidentified by MALDI-TOF at Malabar Cancer Centre, Thalassery. The methodology involved the extraction and purification of microbial proteins, followed by their co-crystallization with a matrix. Subsequently, these co-crystallized samples were subjected to laser irradiation, generating ions that were then analysed based on their time-of-flight in the mass spectrometeranalysed by time-of-flight mass spectrometry. The resulting mass spectra were interpreted using specialized databases to identify the microbial species present. Optimization of sample preparation techniques, matrix selection, and instrument parameters was conducted to enhance the accuracy and reproducibility of the MALDI-TOF MS analysis.	Comment by SOWNDARYA KARAPAREDDY: Please clarify the number of isolates identified by MALDI-TOF and whether validation was done with 16S rRNA sequencing. 
2.6. FTIR analysis
The dried coir waste samples underwent Fourier Transform Infrared (FTIR) analysis to quantify changes in cellulose, hemicellulose, and lignin content. Fourier transform infrared spectroscopy (FTIR) spectra of MCSL, WCSL, and DCSL were acquired on a Nicolet iS50 spectrophotometer. Samples were analysed from 400 to 4,000 cm−1 at a resolution of 4 cm−1. The sample (2 mg) was mixed with KBr (400 mg) and then determined after grinding and tableting, ground, and tableted, and the mixture was then determined. This analytical method provided insights into the effectiveness of the microbial consortia in solid-state bioconversion and the resulting alterations in the coir waste composition.
2.7. Pot study
The study involved five treatments with three replicates each: T1 (1:1 ratio of well-degraded substrate and garden soil inoculated with microorganisms), T2 (1:1 ratio of well-degraded substrate and garden soil), T3 (1:1 ratio of well-degraded substrate and garden soil with vermicompost), T4 (1:1 ratio of well-degraded substrate and garden soil inoculated with microorganisms and vermicompost), and T5 (control pot with only garden soil). Fenugreek seeds (Trigonella foenum-graecum L., local variety) were sown, and pots were watered daily with 10 ml of distilled water for 25 days. After 30 days, plants were washed and evaluated for germination percentage, vigor index, and plant weight (fresh and dry). Statistical analysis was performed to assess the substrate's impact on plant growth. Pots were 10 cm in diameter, with 30 plants per pot, arranged in a randomized block design.	Comment by SOWNDARYA KARAPAREDDY: Please include where the pots were maintained (greenhouse or open-air) and environmental parameters (temperature, light). 
3. Results and discussion
3.1. Isolation of Microorganisms
A total of 24 distinct bacterial colonies were successfully isolated from the leachate samples using standard microbiological techniques. Each colony was precisely purifiedpurified to the highest degree through repeated subculturing. The diversity of these isolates suggests a rich reservoir of microbial species adapted to harsh damp yard conditions. Such environments, characterized by high organic content and anaerobic zones, provide a unique ecological niche for microbes capable of degrading complex organic compounds like lignocellulose.
3.2. Screening for Lignin-Degrading Bacteria
Fourteen of the 24 isolates demonstrated the ability to grow on media containing 1% alkali lignin as the sole carbon source, highlighting their metabolic adaptation. Further screening using methylene blue dye identified 12 isolates with significant lignolytic enzyme activity (figure 1). Decolorization zones ranged from 0.5 cm to 1 cm, with larger zones indicating higher enzymatic efficiency. Among these, eight isolates were further screened for tolerance to 2% lignin, revealing distinct growth rates. PC-1 exhibited very fast growth (within 24 hours), followed by PC-2, PC-5, PC-7, and PC-10 (within 48 hours), while FS-3 and CC-10 grew within 72 hours. The ability of these isolates to utilize lignin as a carbon source aligns with previous studies on damp yard microbial communities. The selective environment of MSML-agar, supplemented with alkali lignin, likely enriched lignin-degrading bacteria. The observed differences in growth rates may be attributed to variations in enzyme production and metabolic pathways among the isolates, reflecting their ecological roles and potential applications.	Comment by SOWNDARYA KARAPAREDDY: Please include the statistical method used to compare growth rates or enzyme zones is not stated. 
	S.No
	Isolate no.
	Growth rate

	1
	PC-3
	+

	2
	PC-8
	+

	3
	PC-5
	++

	4
	PC-7
	++

	5
	PC-2
	++

	6
	PC-10
	++

	7
	PC-4
	+

	8
	PC-1
	+++


+++; very fast growth (within 24 hr) 
++; fast growth (within 48 hr) 
+; slow growth (within 72 hr)
Table 1- Isolates grown on 2% Alkaline lignin for measurement of their tolerance
3.3. Cellulase Activity
All eight selected isolates exhibited cellulase activity, as evidenced by clear zones on CMC agar plates after Congo red staining. The zone diameters ranged from 6.5 mm (PC-1) to 9.5 mm (PC-2) (figure 1), indicating varying levels of cellulase production. The production of cellulase by these isolates is significant, as cellulase enzymes are essential for breaking down cellulose, a major component of lignocellulosic biomass. The robust enzymatic activity observed in PC-2 suggests its potential for industrial applications, such as biofuel production and composting. The variability in cellulase activity among isolates could result from genetic differences and environmental adaptations.	Comment by SOWNDARYA KARAPAREDDY: Please include no statistical validation (mean ± SD or replicate count). 


Figure 1: Comparison of lignolytic and cellulolytic activity of the isolated colonies

3.4. Lignocellulose Degradation
FTIR analysis of the inoculated coconut coir substrate revealed significant alterations in functional group regions associated with cellulose, hemicellulose, and lignin. Key changes included:
· Reduction in O-H and C-H stretching vibrations (3420–2800 cm⁻¹), indicating depolymerization.
· Shifts in C=O and C=C vibrations (1694–1595 cm⁻¹), reflecting lignin structure modifications.
· Alterations in the cellulosic fingerprint region (1200–950 cm⁻¹), signifying enzymatic cellulose breakdown.
The observed structural changes confirm the effectiveness of the bacterial consortia in degrading lignocellulosic components. The depolymerization of cellulose and lignin, as evidenced by FTIR spectra (figure 2), underscores the enzymatic synergy within the consortia. These findings demonstrate the potential of these microbes for sustainable waste management, where lignocellulose degradation is a critical step in bioconversion processes.	Comment by SOWNDARYA KARAPAREDDY: Please include figure number and wavenumber labels on the FTIR graph and specify percentage degradation or comparison to control substrate.
[image: ]
Figure 2: FTIR graph showing reduction in peak values confirming degradation 

3.5. Pot study
The plant height, vigor index, number of leaves per plant, fresh and dry weights of the plants was calculated for each plant. Vigor index vas calculated using the formula: Vigor index = Root length + Shoot length x Seed germination % (Maisuria and Patel, 2009). The pot trial results revealed that the use of the substrate along with the bacteria reduced the yield of the plant while the autoclaved degraded substrate when supplemented with vermicompost, while the autoclaved degraded substrate, when supplemented with vermicompost, provided promising results. Table 2 provides the effects of degraded substrate on fenugreek (Trigonella foenum-graecum) after 30 days.
	Treatments
	% Germination
	Mean plant height (cm)
	Vigor index
	Mean No. of leaves
/plant
	Mean fresh weight (gm/plant)
	Mean dry weight (gm/plant)

	T1
	61
	11.66
	707.6
	10.25
	1.09
	0.09

	T2
	73
	17.91
	1037.43
	20.54
	1.76
	0.18

	T3
	86
	18.11
	1557.46
	21.68
	2.05
	0.15

	T4
	94
	22.34
	2111.24
	25.73
	2.93
	0.18

	T5
	76
	18.69
	3700.44
	20.14
	1.968
	0.11


Table 2- Effects of degraded substrate on fenugreek (Trigonella foenum-graecum) after 30 days.

4. Conclusion
This study demonstrates the promising potential of bacteria isolated from damp yard leachate in the biodegradation of lignocellulosic waste, particularly coconut coir fibre. The bacterial isolates showed effective ligninolytic and cellulolytic activity, indicating their capacity to degrade complex plant polymers such as lignin and cellulose. Among the 24 isolates obtained, 8 eight strains displayed notable enzyme activity, with some showing rapid growth even in the presence of high lignin concentrations. These characteristics suggest that damp yard-derived bacteria are well-adapted to harsh conditions and possess diverse enzymatic tools necessary for the breakdown of recalcitrant biomass. The use of these bacterial consortia in the solid-state fermentation of coconut coir fibre resulted in clear structural changes, as observed through FTIR analysis. This confirms the degradation of lignocellulosic components, supporting the potential application of these microbes in sustainable waste management practices. Compared to conventional chemical or thermal pretreatment methods, microbial degradation offers a low-cost, environmentally friendly alternative that reduces pollution and energy input. Overall, the findings underscore the value of exploring microbial resources from extreme environments, such as damp yard leachate, for their biotechnological applications. This microbial approach not only provides a sustainable strategy for managing agricultural and municipal lignocellulosic waste but also opens up new possibilities for producing value-added products from plant-based residues.
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