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	Abstract- In India, availability of agricultural waste is approximately 625 million tons annually including sugarcane bagasse, ground nut cake, rice bran, rice straw, wheat bran, cotton leaf scraps, fruits and vegetable wastes, etc. The management of these wastes effectively and economically must be given a prime priority ensuring not only in reducing the detrimental impact of the wastes to environment, but most importantly in the transformation of these wastes into useful raw materials or the production of value-added products of industrial and commercial potential. Xylan is used in different ways as part of our daily lives. Xylan is one of the foremost anti-nutritional factors in common use feedstuff raw materials. Xylo-oligosaccharides produced from Xylan are considered as "functional food" or dietary fibers due their potential prebiotic properties. The main aim of this research work was to optimize the physio-chemical parameter for xylan production from wheat straw, rice husk, rice bran, and sugarcane bagasse. It was found that under the optimizing conditions, maximum xylan obtained from rice husk was 747.8±3.16 g on treating with 25% w/v NaOH followed by 50 minutes of heat explosion. Rice husk was the potent producer of xylan followed by rice bran with maximum Xylan 347.32±2.63g, sugarcane bagasse with maximum Xylan 25.53±1.23g and wheat straw with maximum Xylan 130.72±3.80g, under selected optimizing conditions of physico-chemical pretreatment 25% w/v NaOH and 50 minutes, 15% NaOH w/v and 15 minutes of, 10% NaOH and 30 minutes, and 20% w/v and 40 minutes of respectively.
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Introduction
[bookmark: bbib226]With the increasing global population there is raise in demand for agricultural products, so does there is also an increase in amount of agricultural waste (AW). Production of agricultural waste is becoming a matter of concern that must be addresed (Yu et al., 2023). India produces a large amount of solid waste every year in which the majority of the waste, approximately 350–990 Mt/y accounts for the AW (Koul et al., 2022). The common method of dumping and discarding of these agro-wastes might have negative effect on environment by contaminating the soil and water. (Yu et al., 2023).  The bioeconomic strategies based on the AW management (AWM) can prevent suboptimal use of livestock excrement and careless/random burning of crops byproducts, to promote food and health security, valorization of waste to generate value-added products, farmer's source of income, employment possibilities for youth, and agriculture sustainability (Agamuthu, 2009; Bracco et al., 2018). 
[bookmark: bbib15][bookmark: bbib181][bookmark: bbib12][bookmark: bbib5]Lignocellulosic-based biorefinery can provide renewable feed stock, for many applications including food, nutrition, energy, chemical industries etc., and hence researcher and businesses are showing great interest in the field. (Banu et al., 2021). Agriculture and forest are the major source of lignocellulosic biomass (LCB) and can be produced utilizing organic solid waste obtained from this sources and woods, paper, pulp from recycling station. According to recent statistics, globally the annual production of LCB is approximately 181.5 billion tons, out of which only 8.2 billion tons of LCB is utilized by different application areas (Singh et al., 2022). After China, India is the world's second-largest producer of agricultural waste, and produces over 130 million tons of paddy straw out of which half is used as fodder and the other half is discarded (Koul et al., 2022). Rice straw is a sub-product of rice with global production of 370–520 million tons/year (Areepak et al., 2022). Sugarcane bagasse (SCB) is a fibrous residue of cane stalk left after the crushing and extraction of juices. Sugarcane bagasse is one of the most abundant lignocellulosic materials in the agro-industrial residues consisting of cellulose, hemicellulose and lignin (Iwuozor et al., 2022). 5.4×108 dry tons of sugarcane are processed every year throughout the world, with one tons of sugarcane producing about 280 kg of bagasse (Dimopoulou and Kontogiorgos., 2020). Brazil is one of the largest producers at about 739,300 thousand metric tons per year, followed by other big countries such as India, China, and the United States (Ajala et al., 2021). In the marketing year 2024/25 global rice market is estimated to record 527.6 million tons (Rice outlook, may 2024). Every 1 kg of rice produced yield approximately 0.28 kg of rice husk (Siddika et al., 2021). And one hundred kilogram (100 kg) of paddy rice will yield approximately 5−10 kg of rice bran (What Is Rice Bran, 2024).  In the year 2023/2024, the world produced almost 785 million metric tons of wheat (Shahbandeh., 2024), 1.3–1.4 kilograms of wheat straw are produced on average for every kg of wheat grain (Govumoni et al., 2013).
 
      One of the biggest biological sectors that produces the highest biomass is agriculture, which can be a significant contributor in the bioeconomy (Agamuthu., 2009; Bracco et al., 2018). Lignocellulose, as the name suggests, is composed of two major types of biopolymers, lignin and holocellulose. Together, these components confer many advantageous adaptations necessary for plant survival, including structural integrity, waterproofing, and resistance to microbial attack (Boerjan et al., 2003, Cosgrove et al., 2012). The holocellulose component of lignocellulose is composed of two different polymers, cellulose and hemicellulose. Hemicellulose polymers (hemicelluloses) are branched heteropolymers, composed of a wide array of different sugars and sugar (uronic) acids. The composition of a hemicellulose polymer is species and environment-specific. However, four common groupings of compositions do exist (i.e., xylans, mannans, β-glucans, and xyloglucans) (Ebringerová et al.,2005; Ebringerová., 2005; Saha., 2003). Of these four types, xylans are of interest in the development of bioproducts from lignocellulosic crops.
      Xylan, as well as cellulose, is the main component of plant cell walls; its mass fraction is up to 30% of the dry matter of the cell (Linares-Pasten et al., 2018). Xylans form a strong heterogeneous structure built by joining cellulose fibers into microfibrils. Unlike cellulose, xylans have shorter (500-3000 D-xylose residues) and branched chains. More specifically, xylans commonly are found in hardwood and herbaceous plants and contain a backbone composed of β-1→4 D-xylopyranose (D-xylose) with short branches containing D-glucuronic acid, L-arabinose, D- or L-galactose, or D-glucose along with 4-O-methyl ether-modified glucuronic acid (Ebringerová et al., 2005; Ebringerová., 2005; Saha., 2003). Xylo-oligosaccharides (XOS) are a family of nondigestible dietary components made up of D xylose units linked by β-1,4 – glycosidic bonds formed by the hydrolysis of xylan. They are polymers of the sugar-xylose consisting of xylobiose, xylotriose, and xylotetrose (Manisseri et al., 2010; Gupta et al., 2012). These oligomers are known as Xylo-oligosaccharides (XOS) and can be produced at a large scale from xylan-rich materials such as forestall, agricultural or industrial waste of lignocellulosic nature (Chen et al., 2012).   
      The structures of XOS vary in degree of polymerization, monomeric units, and types of linkages based on the xylan sources utilized for production. The xylan sources include corn cobs, wheat straws, tobacco stalks, sugarcane bagasse, rice hulls, malt cakes, bran, and cotton stalks (Chen et al., 2012). XOS are water soluble and highly hygroscopic. They are particularly stable in acidic media (pH 2.5 – 8.0). They are non–toxic (Gupta et al.; 2012) With the presence of β-bonds and their acid stability properties, XOS are protected from degradation through the stomach (Rashid et al., 2021). XOS were demonstrated to have various activities in human health such as inducing immune modulation, anti-tumor, antioxidant and anti-microbial effect. XOS encourages proliferation of advantageous bacteria in colon particularly Bifidobacterium spp. which benefits host health and are recently recognized as “emerging prebiotic” (Cruz-Guerrero et al., 2022). 
XOS is obtained by the hydrolytic decomposition of xylan, the main representative of hemicelluloses found in plant cell walls (Chen et al., 2021) Autohydrolysis, chemical process (acid or alkaline solution treatment), and chemical pretreatment for xylan extraction couple with physical treatment is the possible way to extract Xylan from lignocellulosic substrates (Qing et al., 2013). The extent of hydrolysis is influenced by the severity of the reaction, which is determined by factors such as residence time, temperature, and catalyst charge (Batista et al., 2019).  Since agro- residues are the rich source of xylan, XOS can be considered a high-value-added product. This research considers optimizing method of obtaining Xylan using chemical process particularly alkaline solution treatment. The objective of this research is to screening out the most suitable physico-chemical parameter at the stage of pretreatment for xylan production (Optimization) aiming the production of high value of XOS from the obtained product in consecutive studies.





Material and methods
Materials
Rice husk, rice bran, wheat straw, were obtained from local farms and sugarcane bagasse was collected from local sugarcane juice vendors in Bilaspur (lat. - 22.138721˚, long. - 82.127641˚) Chhattisgarh, India. Above these substrates were dried at 50°C for 12 h and powdered by the mechanical blender. The milled substrates were sieved through 0.595 mm size siever, and stored at temperature below 10˚C until used. These substrates were safely preserved in dry polyethene bags and stored in dry shade conditions at temperature less than 10℃. 
Optimization of alkaline pretreatment of substrate  
The recovery of xylan was desired from the substrate pretreatment. The concentration of NaOH  0% w/v, 5% w/v, 10% w/v, 15% w/v, 20% w/v, 25% w/v and time of 20, 30, 40 and 50 min. had been selected as variable factor to achieve high yield of xylan. A sum of 24 experiments was performed individually for all substrates.
Alkaline pretreatment
The alkaline pretreatment of substrates was carried out by treating the powdered substrates with NaOH in ratio 1:10 at different alkaline concentration. This NaOH and substrate mixture was next subjected to steaming process for various previously mentioned duration of time at temperature 121˚C (Samanta et al., 2014). Following the steaming process the solution was centrifuged at 5000 rpm for 20 min. The supernatant was acidified with glacial acetic acid until the solution reached pH 5 (Samanta et al., 2012). Then three volumes of 95% ice cold ethanol were added to precipitate the xylan fraction and centrifuged at 4480×g at 4˚C. The xylan precipitated was collected and dried at 55-65˚C temperature until reach the constant weight. After drying pellets was weighed and the exact and relative yield of Xylans was calculated (Samanta et al., 2012).  according to the formula-










Table-1 Effect of treatment time (min.) and NaOH concentration (%) on True Yield (TY) and Relative Yield (RY) of xylan (g) from Wheat Straw.

	
NaOH
w/v
	
20min.

	
30 min.
	
40 min.
	
50 min.

	
	TY (%)
	RY(g)
	TY (%)
	RY (g)
	TY (%)
	RY (g)
	TY (%)
	RY (g)

	0%
	0.7±0.01
	1.45±0.59
	0.45±0.06
	0.93±0.02
	0.75±0.3
	1.56±0.68
	0.85±0.2
	1.77±0.68

	5%
	32.75±0.5
	68.22±1.55
	22.95±1.0
	47.81±1.63
	24.6±1.0
	51.25±1.5
	14.45±0.5
	30.1±1.52

	10%
	42.7±0.6
	88.95±2.59
	15.05±0.3
	31.35±1.25
	19.8±0.8
	41.25±0.9
	36.00±0.8
	75±2.00

	15%
	43.55±0.6
	90.72±2.85
	25.3±0.3
	52.7±2.12
	27.65±0.5
	57.604±1.2
	23.35±0.6
	48.64±1.63

	20%
	30.5±0.4
	63.54±1.37
	29.75±0.5
	61.97±2.68
	62.75±1.0
	130.72±3.80
	26.65±0.6
	55.52±2.92

	25%
	43.3±1.2
	90.20±2.52
	21.35±1.3
	44.47±2.26
	48.25±1.6
	100.52±1.87
	25.3±0.91
	52.70±1.37




Table-2 Effect of treatment time (min.) and NaOH concentration (%) on True Yield (TY) and Relative Yield (RY) of xylan (g) from Rice husk.

	
NaOH
w/v
	
20 min.
	
30 min.
	
40 min.
	
50 min.

	
	TY (%)
	RY (g)
	TY (%)
	RY (g)
	TY (%)
	RY (g)
	TY (%)
	RY (g)

	0%
	2.6±0.5
	10.4±0.85
	2.15±0.3
	8.61±1.01
	-0.2±0.01
	-0.8±0.03
	1.35±0.3
	5.4±1.2

	5%
	49.55±1.0
	198.2±2.28
	9.6±0.8
	38.4±1.45
	6.85±1.2
	27.4±1.7
	32.25±1.8
	129±2.52

	10%
	36.4±0.9
	145.6±1.68
	23.6±1.4
	94.6±1.91
	26.45±1.3
	105.8±2.91
	51.35±1.6
	205.4±3.22

	15%
	50.55±1.6
	202.2±2.94
	38.4±1.8
	153.6±2.80
	33.8±2.0
	135.2±3.11
	50.25±2.1
	201±1.86

	20%
	52.3±1.2
	209.2±3.25
	22.15±1.0
	88.6±1.98
	7.8±1.7
	31.2±1.28
	78.35±2.9
	313.4±2.81

	25%
	39.2±1.0
	156.8±2.63
	35.75±1.2
	143±2.64
	19.75±1.6
	79±2.31
	186.95±1.0
	747.8±3.16










Table-3 Effect of treatment time (min.) and NaOH concentration (%) on True Yield (TY) and Relative Yield (RY) of xylan (g) from Rice Bran.

	
NaOH
w/v
	
20 min.
	
30 min.
	
40 min.
	
50 min.

	
	TY (%)
	RY (g)
	TY (%)
	RY (g)
	TY (%)
	RY (g)
	TY (%)
	RY (g)

	0%
	-0.05±0.01
	-0.13±0.03
	-0.35±0.08
	-0.94±0.12
	1.25±0.5
	3.37±0.63
	1.20±0.38
	3.24±1.02

	5%
	24.55±1.3
	66.35±3.29
	78.45±1.9
	212.02±1.97
	20.3±1.6
	54.86±2.87
	33.5±1.22
	90.54±2.25

	10%
	73.75±0.6
	199.32±1.85
	64.45±2.7
	174.18±1.33
	13.55±1.1
	36.62±2.19
	13.3±0.68
	35.94±2.89

	15%
	97.15±1.6
	347.32±2.63
	48.55±1.2
	131.26±2.14
	47.25±2.5
	127.25±2.33
	34±1.02
	91.89±1.91

	20%
	92.45±2.0
	249.86±2.95
	47.75±1.6
	129.05±1.65
	43.85±1.0
	118.52±1.64
	39.8±0.95
	107.56±2.61

	25%
	54.35±1.5
	146.89±3.11
	63.4±2.1
	171.35±2.38
	41.5±1.2
	112.16±3.23
	46.1±1.3
	124.59±3.33




Table-4 Effect of treatment time (min.) and NaOH concentration (%) on True Yield (TY) and Relative Yield (RY) of xylan (g) from Sugarcane Bagasse.

	
NaOH
w/v
	
20 min.
	
30 min.
	
40 min.
	
50 min.

	
	TY (%)
	RY (g)
	TY (%)
	RY (g)
	TY (%)
	RY (g)
	TY (%)
	RY (g)

	0%
	1.25±0.16
	4.46±0.86
	1.15±0.08
	4.1±0.76
	0.7±0.01
	2.5±0.65
	0.4±0.01
	1.42±0.30

	5%
	23.35±1.5
	83.39±1.68
	33.75±1.32
	120.75±2.25
	46.1±1.1
	164.64±2.28
	16.4±1.6
	58.57±2.10

	10%
	55.1±2.14
	196.78±2.25
	91.15±2.0
	325.53±1.23
	81.4±1.6
	290.71±3.75
	33.1±1.2
	118.21±2.61

	15%
	53.05±0.95
	189.46±1.98
	72±1.11
	257.14±2.36
	56.85±2.0
	203.03±3.83
	33.15±2.0
	118.39±1.43

	20%
	39.5±1.36
	141.07±3.32
	34.7±0.68
	123.92±2.84
	77.75±1.0
	277.67±2.66
	32.65±1.25
	116.6±1.65

	25%
	39.3±2.2
	140.35±2.86
	46.8±1.04
	167.14±1.63
	49.85±2.1
	178.03±3.32
	29.2±1.0
	104.28±3.11



RESULT – The relative yield of xylan from different agro-waste as substrate is shown [in table 1-4]. The optimized parameter for xylan extraction from their respective agro- waste are depicted [in table 5] and [figure-1].

              


   Table-5 Optimized parameters for xylan extraction from various agro-residues.


	

Sr. No.
	

Substrates
	
Optimized   Parameter
	
Relative Yield
(g)


	
	
	NaOH Conc. (%)
	Time (Min.)
	

	1
	Wheat Straw
	20
	40
	130.72

	2
	Rice Husk
	25
	50
	747.8

	3
	Rice Bran
	15
	20
	347.32

	4
	Sugarcane Bagasse
	10
	30
	325.53


















Figure 1: Optimized conditions for xylan production (Relative Yield) from various agro-waste

	Maximum yield of xylan (130.72±3.80 g) was obtained from Wheat straw when this substrate was pretreated with 20% w/v for 40 minutes. Maximum yield of xylan (747.8±3.16g) was obtained from Rice husk when this substrate was pretreated with 25% w/v NaOH for 50 minutes. Maximum yield of xylan (347.32±2.63g) was obtained from Rice bran when this substrate was pretreated with 15% w/v NaOH for 20 minutes. Maximum yield of xylan (325.53±1.23 g) was obtained from sugarcane bagasse when this substrate was pretreated with 10% w/v NaOH for 30 minutes. 
Discussion 
High relative yield of xylan (747.8±3.16g) with true yield 186.95±1.0% was obtained from Rice husk when this was pretreated with 25% w/v NaOH for 50 minutes, comparing the study with Khat‑udomkiri et al., (2018) true yield of xylan obtained from rice husk was 54.49±0.61, 44.39±3.42, and 48.55±2.12%, respectively for alkaline pretreatment with 12–18% of alkaline concentration, at temperature 110–120°C, and steaming time for 37.5–40 min, percentage of 25% w/v NaOH and Steaming time of 50min as optimizing condition proves to be better. According to the result of Kathiresan et al., (2021) the xylan has been steadily increased when incrementing of concentration up to 20% w/v of NaOH or KOH giving a true yield of 22% and 20% and relative yield of 86% and 78% respectively. By comparing the xylan yield among the alkali used, the maximum xylan yield was observed in 20% w/v NaOH combined with steam-treated sugarcane bagasse. In this research the true yield of xylan is 91.1±2.0% with relative yield of 325.53±1.23g on treating with 10% w/v NaOH for 30 min. All the tested agro-wastes in this research have proven to be potential source of xylan, which when further hydrolyzed by xylanases could potentially yield variety of oligosaccharides viz. oligobiose, oligotriose, oligotetrose, oligopentose etc. These oligosaccharides are committed prebiotics with enormous health benefits. Hence these agro-wastes can generate potential xylo-oligosaccharides. Xylan derived oligosaccharides is emerging agent in the promotion of human health and has been examined in treatment of numbers of chronic conditions.

Conclusion 
The investigated agro-waste in this study have potential source of xylan at its peak on treating with specific parameter. The treatment of rice husk with 25% w/v NaOH for 50 minutes has shown to be the most prominent condition in the study for producing xylan from the particular agro-waste. The chemical treatment, pH condition, temperature maintenance have a significant role in producing xylan. With less technical specification and cost-effective manner, higher result in true yield and relative yield in the study holds good. Xylan can be exploited for the further production of XOS. This xylan has many industrial applications, such as biofuel production, in food industries and for production of prebiotic and probiotics. 


 


References

1. Agamuthu, P. (2009). Challenges and opportunities in agro-waste management: An Asian perspective. Inaugural Meeting of First Regional 3R Forum in Asia, 11–12 November, Tokyo, 1–25.

2. Ajala, E., Ighalo, J., Ajala, M., Adeniyi, A., & Ayanshola, A. (2021). Sugarcane bagasse: A biomass sufficiently applied for improving global energy, environment and economic sustainability. Bioresources and Bioprocessing, 8(1), 1–25. https://doi.org/10.1186/s40643-021-00369-3

3. Areepak, C., Jiradechakorn, T., Chuetor, S., Phalakornkule, C., Sriariyanun, M., Raita, M., Champreda, V., & Laosiripojana, N. (2022). Improvement of lignocellulosic pretreatment efficiency by combined chemo-mechanical pretreatment for energy consumption reduction and biofuel production. Renewable Energy, 182, 1094–1102. https://doi.org/10.1016/j.renene.2021.11.002

4. Banu, J. R., Kavitha, S., Tyagi, V. K., Gunasekaran, M., Karthikeyan, O. P., & Kumar, G. (2021). Lignocellulosic biomass based biorefinery: A successful platform towards circular bioeconomy. Fuel, 302, Article 121086. https://doi.org/10.1016/j.fuel.2021.121086

5. Batista, G., Souza, R. B. A., Pratto, B., dos Santos-Rocha, M. S. R., & Cruz, A. J. G. (2019). Effect of severity factor on the hydrothermal pretreatment of sugarcane straw. Bioresource Technology, 275, 321–327. https://doi.org/10.1016/j.biortech.2018.12.073

6. Boerjan, W., Ralph, J., & Baucher, M. (2003). Lignin biosynthesis. Annual Review of Plant Biology, 54, 519–546. https://doi.org/10.1146/annurev.arplant.54.031902.134938

7. Bracco, S., Calicioglu, O., Juan, M. G., & Flammini, A. (2018). Assessing the contribution of bioeconomy to the total economy: A review of national frameworks. Sustainability, 10, 1698. https://doi.org/10.3390/su10051698

8. Chen, H. H., Chen, Y. K., Chang, H. C., & Lin, S. Y. (2012). Immunomodulatory effects of xylooligosaccharides. Food Science and Technology Research, 18(2), 195–199.

9. Chen, Y., Xie, Y., Ajuwon, K. M., Zhong, R., Li, T., Chen, L., Zhang, H., Beckers, Y., & Everaert, N. (2021). Xylo-oligosaccharides, preparation and application to human and animal health: A review. Frontiers in Nutrition, 8, 731930. https://doi.org/10.3389/fnut.2021.731930

10. Chitchanok, A., Thitirat, J., Santi, C., Chantaraporn, P., Malinee, S., Marisa, R., Verawat, C., & Navadol, L. (2022). Improvement of lignocellulosic pretreatment efficiency by combined chemo-mechanical pretreatment. Renewable Energy, 182, 1094–1102. https://doi.org/10.1016/j.renene.2021.11.002

11. Cosgrove, D., & Jarvis, M. (2012). Comparative structure and biomechanics of plant primary and secondary cell walls. Frontiers in Plant Science, 3, 204. https://doi.org/10.3389/fpls.2012.00204

12. Cruz-Guerrero, A., Gómez-Ruiz, L., & Guzmán-Rodríguez, F. (2022). Xylooligosaccharides (XOS). In S. M. Jafari, A. Rashidinejad, & J. Simal-Gandara (Eds.), Handbook of food bioactive ingredients (pp. 1–21). Springer. https://doi.org/10.1007/978-3-030-81404-5_30-1

13. Dimopoulou, M., & Kontogiorgos, V. (2020). Soluble dietary fibres from sugarcane bagasse. International Journal of Food Science and Technology, 55(5), 1943–1949. https://doi.org/10.1111/ijfs.14445

14. Ebringerová, A. (2005). Structural diversity and application potential of hemicelluloses. Macromolecular Symposia, 232, 1–12. https://doi.org/10.1002/masy.200551301

15. Ebringerová, A., Hromádková, Z., & Heinze, T. (2005). Hemicellulose. In T. Heinze, H. Barsett, & D. Klemm (Eds.), Polysaccharides: Structure, characterisation, and use (pp. 1–67). Springer.

16. Gupta, P. K., Agrawal, P., & Hedge, P. (2012). A review on xylooligosaccharide. International Research Journal of Pharmacy, 3, 71–74.

17. Iwuozor, K. O., Emenike, E. C., Ighalo, J. O., Omoarukhe, F. O., Omuku, P. E., & Adeniyi, A. G. (2022). A review on the thermochemical conversion of sugarcane bagasse into biochar. Cleaner Materials, 6, 100162. https://doi.org/10.1016/j.clema.2022.100162

18. Kathiresan, N., Gopal, L., Karuppiah, D., Naveenethan, R., Abraham, D., & Thangavel, K. (2021). Utilization of agricultural waste for the production of xylooligosaccharides using response surface methodology and their in vitro prebiotic efficacy. Research Square. https://doi.org/10.21203/rs.3.rs-748907/v2

19. Khat-udomkiri, N., Sivamaruthi, B. S., Sirilun, S., et al. (2018). Optimization of alkaline pretreatment and enzymatic hydrolysis for the extraction of xylooligosaccharide from rice husk. AMB Express, 8, 115. https://doi.org/10.1186/s13568-018-0645-9

20. Koul, B., Yakoob, M., & Shah, M. P. (2022). Agricultural waste management strategies for environmental sustainability. Environmental Research, 206, 112285. https://doi.org/10.1016/j.envres.2021.112285

21. Linares-Pasten, J. A., Aronsson, A., & Karlsson, N. E. (2018). Structural considerations on the use of endo-xylanases for the production of prebiotic xylooligosaccharides from biomass. Current Protein & Peptide Science, 19, 48–67. https://doi.org/10.2174/1389203717666160923155209

22. Manisseri, C., & Gudipati, M. (2010). Bioactive xylooligosaccharides from wheat bran soluble polysaccharides. LWT - Food Science and Technology, 43(1), 421–430. https://doi.org/10.1016/j.lwt.2009.08.010

23. Qing, Q., Li, H., Kumar, R., & Wyman, C. E. (2013). Xylooligosaccharides production, quantification, and characterization in context of lignocellulosic biomass pretreatment. In C. E. Wyman (Ed.), Aqueous pretreatment of plant biomass for biological and chemical conversion to fuels and chemicals (pp. 245–266). Wiley.

24. Rashid, R., & Sohail, M. (2021). Xylanolytic Bacillus species for xylooligosaccharides production: A critical review. Bioresources and Bioprocessing, 8, Article 16. https://doi.org/10.1186/s40643-021-00369-3

25. Saha, B. C. (2003). Hemicellulose bioconversion. Journal of Industrial Microbiology and Biotechnology, 30(5), 279–291. https://doi.org/10.1007/s10295-003-0049-x

26. Samanta, A. K., Jayapal, N., Kolte, A. P., Senani, S., Sridhar, M., Dhali, A., Suresh, K. P., Jayaram, C., & Prasad, C. S. (2014). Process for enzymatic production of xylooligosaccharides from the xylan of corn cobs. Journal of Food Processing and Preservation, 39, 729–736.

27. Samanta, A. K., Jayapal, N., Kolte, A. P., Senani, S., Sridhar, M., Suresh, K. P., & Sampath, K. T. (2012). Enzymatic production of xylooligosaccharides from alkali solubilized xylan of natural grass (Sehima nervosum). Bioresource Technology, 112, 199–205. https://doi.org/10.1016/j.biortech.2012.02.051

28. Shahbandeh, M. (2024). Global wheat production from 1990/1991 to 2023/2024 (in million metric tons). Statista. https://www.statista.com/statistics/267268/production-of-wheat-worldwide-since-1990/

29. Siddika, A., Al Mamun, M. A., Alyousef, R., & Mohammadhosseini, H. (2021). State-of-the-art-review on rice husk ash: A supplementary cementitious material in concrete. Journal of King Saud University - Engineering Sciences, 33, 294–307. https://doi.org/10.1016/j.jksues.2020.10.006

30. Singh, N., Singhania, R. R., Nigam, P. S., Dong, C.-D., Patel, A. K., & Puri, M. (2022). Global status of lignocellulosic biorefinery: Challenges and perspectives. Bioresource Technology, 344, Article 126415. https://doi.org/10.1016/j.biortech.2021.126415

31. USDA Economic Research Service. (2022). Rice yearbook dataset, 1985/86–2021/22; USDA, World Agricultural Research Outlook Board, World Agricultural Supply and Demand Estimates, 2022/23–2024/25.

32. Vajiram & Ravi. (2024). What is rice bran? Vajiramandravi.com. https://vajiramandravi.com/upsc-daily-current-affairs/prelims-pointers/rice-bran/

33. Yu, B., Liu, X., Ji, C., & Sun, H. (2023). Greenhouse gas mitigation strategies and decision support for the utilization of agricultural waste systems: A case study of Jiangxi Province, China. Energy, 265, Article 126380. https://doi.org/10.1016/j.energy.2022.126380




Optimized Parameter	NaOH Conc. (%)	
Wheat Straw	Rice Husk	Rice Bran	Sugarcane Bagasse	20	25	15	10	Optimized Parameter	Time	(Min.)	
Wheat Straw	Rice Husk	Rice Bran	Sugarcane Bagasse	40	50	20	30	Relative Yield (gram)	
Wheat Straw	Rice Husk	Rice Bran	Sugarcane Bagasse	130.72	747.8	347.32	325.52999999999997	





