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solation, Purification and Characterization 
of Xylanase Enzyme from Bacillus sp
. in Solid State Fermentation
ABSTRACT
Aim: Xylanases are extensively applied in paper and pulp industries as well as during preparation of baked products to improve their quality. Additionally, it is also used in coffee, oil and starch industries in order to increase their nutritional values. 
Place and Duration of the Study: Azyme Biosciences Laboratory, Bangalore. Experiment conducted between January 2021 and June 2021. 

Methodology: In the present study, soil samples were collected near saw mills in various localities of Bangalore urban to isolate organisms for the production of xylanase using solid state fermentation. Six organisms were isolated using selective media based on their morphological characters. Among them one organism showed maximum production of xylanase enzyme identified as Bacillus sp based on their biochemical test and 16s RNA sequencing. Solid substrate fermentation was carried out using various agro wastes such as sugar cane bagasse, saw dust, paddy husk, wheat straw and orange peel powder. 
Results: In the results, production revealed that sugarcane bagasse showed maximum production of enzyme Bacillus sp compared to other substrates with different physical parameters such as pH 8, temperature at 35 ◦C after 72 hrs incubation. Trace element such as Mg++ enhances the production of enzyme more than 22% compared with other metal ions like Ca++, Mn++ and Fe++. After production, enzyme purified by using three step methods such ammonium sulphate precipitation, dialysis, ion exchange and gel filtration. Fold purification was increased up to 12 fold, yield 36% and molecular weight of enzyme was 62 KDa determined using SDS PAGE.
Conclusion: Bacillus sp shown in this experiment is capable of producing xylanase enzyme when subjected to different physical parameters.
Keywords: Fermentation, Ion exchange chromatography, SDS-PAGE, SSF, Xylanase.
1. INTRODUCTION
Xylan is the primary component of hemicellulose found in plant cell walls, making up to 35 % of the total dry weight of higher plants in tropical biomass [1]. It represents a significant and renewable source of biomass for biorefineries [2]. Additionally, hemicellulose accounts for approximately 10% to 12% of solid waste by dry weight [3]. The heterogeneous structure of xylan requires various types of enzymes to effectively degrade it, including those that cleave the backbone and sidechains. Xylanases are essential enzymes that facilitate the hydrolysis of xylan backbones
. They have a wide range of applications in industries such as animal feed, food production, bioethanol, detergents, and paper pulp [4]. The enzymatic process can be used for the degradation of these materials involving the use of microbial enzymes that are less polluting, environmental approachable, energy saving and subordinate disposal glitches. Microorganisms such as bacteria, fungi and actinomycetes are established to be the amusing cradles of xylanases [5]. Though many microorganisms have been isolated for enzyme production, there is silent requisite for novel strains accomplished in producing better pinnacles of enzyme [6]. β-1,4-Xylans are heterogeneous polysaccharides found in the cell walls of almost all plant parts. Hydrolysis of their characteristic backbone consisting of β-1,4-linked D-xylosyl residues, involves β-1,4-xylanases (1,4-p-D-xylan xylanohydrolase; EC 3.2.1.8) and β-xylosidases (1,4-p-D-xylan xylohydrolase; EC 3.2.1.37) [7]. 
Xylanase is a biocatalyst that degrades xylan into reducing sugars, such as xylose and xylobiose [8,9]. This enzyme is used in the paper manufacturing industry to bleach paper pulp and enhance the brightness of the pulp without relying on toxic and expensive chemicals [10]. Xylanase has numerous industrial applications, including in the paper, pulp, juice, bakery, and beer industries [11]. Additionally, xylanase is employed in the pre-treatment of lignocellulosic biomass for bioethanol production and in the processing of barley and wheat to improve the nutritional properties of animal feed [12]. This enzyme is produced by various bacteria and fungi, making it valuable for both industrial and environmental applications [13]. Industries that utilize xylanase include paper and pulp production, baking (to improve dough handling and the quality of baked goods), coffee extraction, plant oil processing, starch production, enhancement of nutritional properties in silage and grain, and in combination with pectinase and cellulase for fruit juice clarification. The textile industry also applies xylanase for the degumming of plant fibers, enhancing fiber quality [14,15]. The main sources of xylanase are microorganisms, particularly bacteria and fungi. Two of the most active strains identified are Streptomyces albus and Streptomyces chromofuscus [16]. A nonpathogenic and non-toxigenic wild type of Bacillus subtilis can serve as a host strain for development. Thermoalkalophilic Arthrobacter sp. produces extracellular xylanase when wheat bran, rice husk, rice bran, and sugarcane bagasse are used as carbon sources under solid-state fermentation (SSF) [17]. SSF is effective for producing xylanase from various lignocellulosic materials, including wheat bran, rice husk, rice bran, soya bran, ragi bran, and bagasse [18]. 
The fungal strain Aspergillus niger also contains xylanase. In some higher plants and agricultural wastes, xylan constitutes 20% to 40% of the dry weight. Therefore, wheat bran and rice husk can be sourced from local flour mills, while rice straw and sugarcane bagasse can serve as additional substrates. Research on xylanase has significantly increased due to its potential applications in various industries, including pulping and bleaching processes that use cellulose-free preparations, textile processes, enzymatic saccharification of lignocellulosic materials, and waste treatment. Interest in xylanases and other xylanolytic enzymes has surged in recent years, primarily because of their potential use in the pulp and paper industry, especially in bleaching processes. These applications require enzymes that are highly specific for the hydrolysis of hemicelluloses, as this helps preserve the cellulose structure during the biopulping process [19].
Xylanases are utilized as bleaching agents in the processing of chemical or thermomechanical pulps. It is essential for the enzyme to meet the requirements of the process rather than the process conforming to the enzyme's needs. Therefore, an ideal enzyme for a bleaching procedure should be robust at high temperatures and pH levels [20,21]. One of the main challenges faced by the pulp and paper industry when using enzyme treatments is the availability and cost of these enzymes. Approximately 30% to 40% of the production cost of many industrial enzymes is attributed to the cost of growth substrates [22]. One effective way to significantly reduce production costs is by utilizing low-cost substrates for enzyme production, such as solid agricultural waste materials. Most xylanase producers are isolated from soil. The isolation from soil requires screening of multiple soil samples and microorganisms [23-26], culture enrichment steps [27,28], and serial dilutions [29]. The aim of this research is to evaluate the potential of xylanase enzymes from soil samples collected from sawmills in Bangalore, India, and to isolate xylanolytic Bacillus species. Additionally, this study will determine the xylanase production levels of the isolates and partially characterize the enzyme. The experimental conditions assessed will include media pH, incubation period, temperature, and metal ion concentration.

2. MATERIALS AND METHODS
2.1 Screening of Culture and Growth Conditions
An augmentation procedure using xylan as the sole carbon source was employed to isolate xylan-degrading bacteria. This technique was applied to bacterial cultures obtained from thirty soil samples collected from various sawmills of different localities in Bangalore, India. Among these samples, one isolate that produced a significantly higher amount of extracellular xylanases was selected for the current study [19].
2.2 Isolation of Organism

Soil samples were collected from 10 cm depth from the surface in a sterile polythene bags to the laboratory for isolation [30]. In the isolation process 1 gm of soil is dissolved in 10 ml saline used as inoculum. 1 ml of inoculum was poured into the sterile petriplate, above that xylan modified media (Xylan 0.5%, NaCl 1%, Yeast extract 0.5% and Agar 2%) was added and allowed for solidification. After solidification, plates were incubated for 48 hrs at               37 ◦C, next based on morphological characters, organisms were sub cultured on xylan modified media slants. 

2.3 Screening the Organisms for Xylanase Production
Confirmation for the production of xylanase was carried out by zone of clearance method. In this process xylan modified media was poured into the sterile petriplate and allow it for solidification. After solidification, organisms were streaked on the media in zigzag manner and incubated for 48 hrs at 37 ◦C. Then xylanolytic activity was found after 1% of solution was poured on the media and clear zone was observed surrounding the organisms. 
2.4 Identification of Phenotypic Characteristics
The isolates showed maximum clear zone surrounding the organisms and more activity based on bioassay method. The pure isolates were characterized by means of conventional processes and isolates were identified on the basis of morphological, cultural, chemo-taxonomical characteristics [31] and 16S rRNA sequencing. Results were interpreted according to Bergey’s Manual of Determinative Bacteriology [32] and NCBI database.

2.5 Xylanase Production in Solid State Fermentation (SSF)
Selected strains subjected for the production of xylanase enzyme using various agro wastes such as sugar cane bagasse, saw dust, paddy husk, wheat straw and orange peel powder. In this process 25 gm of powder and 50 ml of minimal essential broth was taken in 500 ml conical flask and inoculated with 5 ml of culture, mixed thoroughly and incubated for 48 hrs at 35 ◦C. After incubation solid substrate was removed and suspended in 250 ml of 100 mM Tris HCL buffer (pH 7) and agitated thoroughly for 1 hr to extract xylanase enzyme. Media was centrifuged at 12000 rpm for 30 min at 4 ◦C. Supernatant was filtered through Whatman No. 1 filter paper and the clear filtrate was used as crude sample for the estimation of enzyme activity.  
2.6 Xylanase Enzyme Assay
Xylanase activity was measured by modified method [30]. 1 ml of 1% solubilized birch wood xylan solution and 3 ml 50 mM Tris HCL was added to a test tube and pre warm at 37 ◦C. 1 ml of enzyme (Crude sample) was added and incubated at 37 ◦C for 60 min. After incubation, 1 ml of DNS reagent was added and boil for 5 min, then allow to room temperature and absorbance was measured at 540 nm [31]. The reaction was terminated at zero time in the control tubes, the standard graph was prepared using 100-500 μg xylose. One unit of xylanase activity was defined as the amount of enzyme that liberates 1 μM of reducing sugars equivalent to xylose per minute under the assay conditions described. 
2.7 Effect of Physical Parameters for the Growth of Organism
Optimization of physical parameters such as incubation period, pH and temperature were carried out. During the process 25 gm agro waste, 25 gm of powder and 50 ml of minimal essential broth was taken in 500 ml conical flask and inoculated with 5 ml of culture, mixed thoroughly and incubated. For every 24 hrs, 5 gm of solid substrate was removed and subjected for xylanolytic activity, The effect of pH on enzyme activity was determined by incubating xylanase at various pH ranging from 6.0 to 11.0. To evaluate the stability of the enzyme at each pH, the purified enzyme was adjusted to SSF media incubated. Xylanolytic activity was measured spectrophotometrically after incubation. The optimum temperature for maximum xylanase activity was determined by the SSF media varying the reaction temperature from 25 ◦C to 45 ◦C [32].

2.8 Effect of Trace Element for the Production of Xylanase

Along with SSF media, 0.1 mg of various metal ions such as Mg++, Ca++, Mn++ and Fe++ were used for 1 hr at room temperature for the production of xylanase enzyme and in addition to this optimize the concentration of metal ions for the production [33]. 

2.9 Purification of Xylanase

The cell free media collected was subjected to different purification steps including ammonium sulphate (NH4)2SO4 precipitation, dialysis, gel filtration and DEAE-cellulose ion exchange chromatography by using gradient elution buffer [34].

2.10 Molecular Mass Determination by SDS-PAGE
Molecular weight of the purified xylanase was estimated by SDS-PAGE electrophoresis. SDS-PAGE was performed using 4% acrylamide stacking gel and 10% acrylamide separating gel to determine the molecular mass and protein purity, staining was carried out by Coomassie brilliant blue [35,36].

2.11 Statistical Analysis
The experiment was conducted in triplicates and the results were statistically analyzed. All the standards were calculated by regression correlation values and Pearson’s correlation is less than 0.05.

3. RESULTS AND DISCUSSION
3.1 Isolation of Organism
Xylan serves as a vital source of nutrition in media specially modified for promoting the growth of various organisms. Among these organisms, some possess the unique capability to break down xylan into xylose, which is one of the simplest sugar molecules and an important energy source. In our study, we isolated fifteen distinct organisms from soil samples, identified based on their morphology, as illustrated in Fig. 1. These isolated organisms were cultured on specialized screening media to confirm their xylan-degrading abilities. Notably, one organism produced a remarkably large clear zone surrounding its growth, indicating a significant xylanolytic activity compared to the others. This observation is further depicted in Fig. 2, showcasing the organism’s exceptional ability to utilize xylan as a carbon source.

[image: image4.png]14.2
10
8.6
7.8
6-5 I l

25

16

14
2
0
8
6
4
2
0

lw/n AyAnoy swhzuz

45

40

35

30

Temperature °C




[image: image5.png]


                                       

[image: image6.png]B e s ATCC HST 165 ol RNA (). .
Bl o s 215 145 ol RNA et
Bl ot s COM 01 165 ol RNA s .
s s s ATCC 5 165 shosorml RNA g
et seim NBRC 1558168 st RNA s, o
B e s A 12608 16 sl RNA g, .



[image: image7.jpg]



3.2 Identification of Organism
The organism showing more action confirmed through biological activity was identified by using 16S rRNA sequencing. The universal primers (27F´ and 1492R´) used for the amplification of 16S rRNA were able to amplify the region giving ~1.4 kb size fragment in isolated strain. Amplicons visualized on 1% agarose gel with 1X Tris-acetate EDTA buffer at constant voltage (80 V). The absorbance ratios (A 260/280) of the preparations were in range of 1.80-1.85 by spectrophotometer. Based on 16S rRNA sequenced data, BLAST search showed that Bacillus sp. is highly resembled Bacillus cereus up to 99 % with Bacillus cereus strain as reported in Fig.3. Differentiation is considered based on biochemical test in species level and 16S rRNA sequencing is one of the best advanced processes for identification of bacteria. New Bacillus species similar to Bacillus arseniciselenatis DSM 15340 was isolated from soil sample collected at coastal areas of Mandovi, Goa, India [37]. Bacillus arseniciselenatis DSM 15340 and Bacillus arsenicus were isolated and reported from a bore well located in the chakdah region of West Bengal, India [38]. A novel moderately thermophilic, gram positive, endospore forming, rod shaped, motile and alkaline active xylanase producing bacterial strain D1021T was isolated from Kaynarca hot spring in the province of Izmir, Turkey. The isolated bacterial strain was identified as Anoxybacillus kaynarcensis on the basis of phenotypic characteristics, rpoB analysis and 16S rRNA gene amplification [39]. The isolation of a cellulase-free xylanase producing bacterial strain was examined and identified as Cellulosimicrobium sp. on the basis of morphological, physiological, biochemical characteristics as well as 16S rRNA sequencing by Microbial Type Culture Collection (MTCC) and gene bank. The bacterial strain was deposited as Cellulosimicrobium sp. MTCC 10645. Xylanase activity of 4,962 U/gds was obtained after optimization of xylanase production in SSF [8]. Four xylanolytic bacterial strains were isolated from Soda Lake (pH 8.2, salt concentration 9.9%) on media encompassing xylan, categorized these on the basis of morphological, physiological, biochemical characters and the stain recognized belonging to Bacillus genus [40].
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Fig. 3. Phylogenetic tree of 16S rRNA sequences of Bacillus sp.

Bacillus sp was isolated from soil sample from Rajshahi university campus. The isolated bacterium was an aerobic, gram-positive, spore forming, rod-shaped organism and was recognised as Bacillus cereus on the basis of 16S rRNA gene amplification, morphological properties and taxonomic characteristics [41]. The production of xylanase from Bacillus pumilus strain B20 was extensively explored using DeMeo’s fractional factorial design, which allowed for a systematic investigation of various factors influencing enzyme yield. Remarkably, the production of xylanase improved significantly, achieving an increase of up to 3.4-fold when an optimized culture medium was utilized. This medium comprised specific components, including K2HPO, sodium chloride (NaCl), peptone, yeast extract, and wheat bran. Among the different variables assessed during the optimization process, it was found that wheat bran had a notably positive impact on xylanase production in the initial optimization phase. In contrast, the addition of magnesium sulfate heptahydrate (MgSO4·7H2O) and calcium chloride dihydrate (CaCl2·2H2O) exhibited a detrimental effect on enzyme yield [42]. 
Furthermore, solid-state fermentation (SSF) conditions were rigorously optimized to achieve maximum xylanase production from B. pumilus [43]. This was accomplished by employing paddy husk that was moistened with a liquid fermentation medium containing specific concentrations of substrates: xylan at 20.0 g/L, peptone at 2.0 g/L, yeast extract at 2.5 g/L, K2HPO at 1.0 g/L, sodium chloride at 0.1 g/L, ammonium sulfate ((NH4)2SO4) at 2.0 g/L, calcium chloride at 0.005 g/L, magnesium chloride hexahydrate (MgCl2·6H2O) at 0.005 g/L, and iron chloride (FeCl3) at 0.005 g/L, all adjusted to a pH of 9.0. Under these optimized conditions, the highest xylanase activity was recorded following an incubation period of six days at a temperature of 30 °C. The optimal ratio of paddy husk to the liquid fermentation medium was determined to be 2:9. Additionally, it was observed that certain carbohydrates influenced xylanase production [44]. The presence of sucrose, fructose, and arabinose significantly enhanced xylanase yield, while glucose, galactose, and lactose tended to reduce the enzyme production. Separately, another species, Streptomyces sp. QG-11-3, was also investigated for its capacity to produce thermostable and cellulase-free xylanase through SSF, utilizing wheat bran and eucalyptus kraft pulp as solid substrates [45]. The solid substrates were thoroughly mixed with a mineral salts solution containing the following concentrations (g/l): potassium dihydrogen phosphate (KH2PO4) at 1 g, sodium chloride (NaCl) at 2.5 g, magnesium sulfate heptahydrate (MgSO4·7H2O) at 0.1 g, ammonium sulfate ((NH4)2SO4) at 1 g, calcium chloride (CaCl2) at 0.1 g, and 2 mL (v/v) of soil extract, with the pH adjusted to 8.0. The maximum xylanase yields obtained from these two types of substrates were unusually high, achieving 2360 U/g for wheat bran and 1200 U/g for eucalyptus kraft pulp at substrate to moisture ratios of 1:3 and 1:2.5, respectively [46].

3.3 Xylanase Production in Solid State Fermentation (SSF)
Agricultural waste materials, such as vegetable remnants, dairy byproducts, and crop residues, are abundant sources of polysaccharides, including hemicellulose, pectin, lignin, and xylan. The degradation of these complex compounds poses significant challenges
. However, certain microorganisms possess the remarkable capability to break these down by producing hydrolytic enzymes, one of the most notable being xylanase. Numerous studies have highlighted the effectiveness of various agricultural residues for the production of xylanase through solid-state fermentation (SSF). Specifically, materials such as sugarcane bagasse, sawdust, paddy husk, wheat bran, and orange peel powder have been identified as promising substrates for this purpose. Commercially available wheat bran is particularly rich in polysaccharides, comprising approximately 30% cellulose, 27% hemicellulose, 21% lignin, and 8% ash content [47,48]. In experiments comparing the enzyme production capabilities of different substrates, sugarcane bagasse demonstrated superior enzyme activity compared to sawdust, paddy husk, wheat straw, and orange peel powder, as illustrated in Fig. 4. In a more focused study, xylanase production was optimized using the bacterium Arthrobacter sp. MTCC 5214 in SSF, with wheat bran serving as the primary carbon source. The bacterial cultures utilized were isolated from xylan-rich sediment samples collected from the Mandovi estuary along the West Coast of India. Among the various bacterial isolates, Arthrobacter sp. MTCC 5214 emerged as the most efficient xylanase producer. This strain exhibited peak enzyme activity at a temperature of 30 °C, utilizing wheat bran as the substrate with a moisture ratio of 1:3, and achieving maximum production after a 7-day incubation period [49].
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Fig. 4. Enzyme activity of different solid substrate

3.4 Effect of Physical Parameters for the Growth of Organism
The physical parameters of an environment are crucial for the growth of organisms, as they significantly influence metabolic processes and overall development. The rate of organism multiplication varies over time, which in turn leads to the production of specific metabolites that are essential at different stages of growth. Enzymes, which are vital for biochemical reactions, exhibit peak activity under optimal conditions; any deviation from these ideal conditions can result in a noticeable decline in their effectiveness [50]. For instance, as illustrated in Fig. 5, the production of xylanase reaches its maximum level after 72 hrs, highlighting the importance of timing and conditions for enzyme activity and metabolite production.


The pH level emerged as the most significant factor influencing enzyme activity. Xylanase derived from Bacillus sp. exhibited a remarkable level of enzymatic activity at a pH of 8.0, despite its optimal performance being recorded at pH 5.5, as illustrated in Fig. 6. Even at elevated pH levels, the enzyme maintained an impressive 95 % activity. In terms of stability, xylanase demonstrated consistent act, retaining 100 % activity across all pH values tested over 1 hr duration. Additionally, two distinct xylanases, identified as xylanase N and xylanase A, were successfully purified from Bacillus sp. No. C-125. Among these, xylanase N displayed full activity within a pH range of 6.0 to 7.0, while xylanase A was notably vigorous, exhibiting robust enzymatic activity across a broader pH range from 6.0 to 10.0 and even maintaining some activity at an alkaline pH of 12.0 [51].



Temperature plays a crucial role in regulating the physiological processes within living cells, serving as a key environmental factor that governs growth, microbial activity, and the normal function of enzymes [31]. 


Research into the thermodynamic stability of enzymes has demonstrated that they remain stable at temperatures up to 40 °C. This temperature appears to represent the peak for enzyme production; both higher and lower temperatures result in diminished enzyme activity and output. As illustrated in Fig. 7, deviations from this optimal temperature range lead to a notable decrease in enzyme production, emphasizing the delicate balance required for optimal enzymatic function.
Several forms of xylanases were successfully purified from the bacterium Aeromonas sp., and the properties of three distinct xylanases were thoroughly characterized in detail [52]. It was noted that these particular xylanases exhibited their peak enzymatic activity at temperatures ranging from 50 °C to 60 °C, showcasing their suitability for industrial applications that require elevated temperatures [53]. Among these, two xylanases stood out due to their exceptional activity and relative stability when subjected to a temperature of 50 °C, leading to significant interest in their potential applications [54]. Moreover, xylanase production was significantly enhanced from the strain B. pumilus SV-85S through solid-state fermentation (SSF) utilizing wheat bran as a substrate. This optimization phase resulted in a remarkable increase in enzyme production levels, soaring from an initial measurement of 5,300 IU/g to a staggering 73,000 IU/g [55]. The conditions for maximum enzyme yield were identified as an incubation period of 48 hrs at a stable temperature of 30 °C, utilizing a 1:3 ratio of substrate to moistening agent, and incorporating an inoculum level of 15%. Wheat bran served as the primary carbon source for this fermentation process [56]. In a further investigation, xylanase production was optimized from an alkalophilic strain of B. subtilis using cost-effective agricultural residues. Among the various agro-residues tested, wheat bran emerged as the most superior substrate, yielding the highest enzyme activity of 8,964 U/g after a 72-hrs incubation period at 37 °C. The optimal substrate-to-moisture ratio was determined to be 1:2 (w/v), coupled with a 15% inoculum level, which led to maximum xylanase production. Additionally, the introduction of nutrients such as yeast extract, peptone, and beef extract was found to further stimulate enzyme production. Conversely, the addition of simple sugars like glucose and xylose was observed to repress xylanase production, indicating a delicate balance in nutrient management for optimal enzyme yield [57].
3.5 Effect of Metal Ions for the Production of Xylanase

Fig. 8. Effect of metal ions for the production of xylanase

Metal ions serve as essential cofactors in various enzymes that facilitate metabolic processes. Their presence significantly boosts the growth of organisms and promotes the production of enzymes. Studies have demonstrated that the incorporation of magnesium ions (Mg++) can lead to a remarkable increase in enzyme production, with enhancements reaching up to 22% when compared to control conditions, as illustrated in Fig. 8. In this context, the bacterial strain B. circulans AB 16 was uniquely isolated from a garbage dump located in Delhi, India. This strain has shown impressive capabilities, producing an extracellular thermophilic xylanase at a concentration of 19.28 µ/ml when cultivated in a specialized basal medium. This growth medium comprised 0.1% KH2PO4, 0.1% K2HPO4, 0.05% MgSO4, 0.1% NaCl, and 0.3% oat spelt xylan, providing an optimal environment for enzyme production. The enzyme itself performs best at a pH range of 6.0 to 7.0, but intriguing stability is exhibited across a broader pH spectrum of 5.0 to 9.0. Furthermore, the enzyme thrives at elevated temperatures, showcasing its optimum activity at a striking 80 °C, making it a valuable asset for various industrial applications [58,59].
3.6 Purification of the Enzyme
Following the production phase, the cell-free media underwent a 70% ammonium sulfate precipitation process. This treatment resulted in a notable increase in specific activity, reaching up to 36%, with a corresponding fold purification factor of 12, as detailed in Table 1. Comparable findings were noted in a study where xylanase was purified from Bacillus sp, achieving a 3.06-fold increase in purity and a specific activity of 299.25 U/mg [60]. Additionally, xylanase produced by Bacillus pumilus exhibited a specific activity of 298 U/mg [57].

Table 1. Purification of Xylanase Enzyme
	Steps
	Total Volume (ml)
	Total Activity (U)
	Total Protein (mg)
	Specific Activity (U/mg)
	Fold Purification

	Crude Enzyme
	200
	216
	60
	3.6
	100

	Ammonium Sulphate Precipitation
	25
	176
	12
	14.6
	40

	Ion Exchange
	10
	132
	8
	16.5
	17

	Gel Filtration
	10
	86
	2
	38
	12


3.7 Molecular Weight Determination by SDS Page
A distinct band of monomeric protein was observed upon electrophoresis of the sample on a 13% SDS-PAGE gel. The molecular weight of the denatured xylanase, determined by analyzing the relative mobility of proteins on the gel, was estimated to be approximately 62 kDa, as illustrated in Fig. 9. These findings are consistent with previous research in the field. For instance, xylanase produced by Bacillus sp. strain BP-23 was reported to have a molecular weight of 32 kDa, indicating significant variability among xylanases derived from different strains [60].

Fig. 9. SDS-PAGE analysis

of purified xylanases from Bacillus sp.
Similarly, xylanase extracted from Bacillus firmus exhibited a higher molecular weight of 45 kDa [61]. Additionally, previous studies identified an enzyme derived from the fungus Plectosphaerella cucumerina, which had a notably smaller molecular weight of just 19 kDa [62]. These variations highlight the diversity of xylanase proteins across different species and strains.
4. CONCLUSION
Xylanases play a crucial role in the degradation of biomass, requiring both high catalytic efficiency and remarkable thermostability to be effective. Soil samples have been identified as a promising reservoir for xylanolytic microorganisms, providing a valuable resource for the isolation and study of these enzymes. Among various sources, Bacillus species have emerged as exceptional producers of xylanase enzymes, particularly when cultivated on affordable agro-waste substrates such as sugar cane bagasse. Additionally, metal ions, particularly magnesium ions (Mg++), have been found to significantly enhance xylanase production. The purified xylanase exhibits a robust capability to degrade xylan, a key component of plant cell walls. Following comprehensive characterization of these enzymes, they can be effectively utilized across a wide array of applications in industries such as paper and pulp, textiles, food processing, and animal feed production. Given the extensive range of applications, the isolation of novel xylanase-producing microorganisms is of considerable importance for both academic researchers and industrial stakeholders. This approach not only meets current demands but also paves the way for large-scale production processes that can effectively harness these valuable biocatalysts.
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Fig. 1. Isolation of organisms





Fig. 2. Screening the organisms


for xylanase production





Fig. 5. Effect of incubation time on xylanase activity 





Fig. 6. Effect of pH on xylanase activity 





Fig. 7. Effect of temperature on xylanase activity 








�Production physical optimization and purification of xylanase from Bacillus cereus by solid-state fermentation


�There is no characterization of xylanase in the paper, but only production optimization


�Cereus


�I suggest moving this paragraph with the chemical composition description paragraph where reference 7


�Suggest to delete same duplicate xylan applications in the introduction section.


�Figure 1 does not contain only 15 microorganisms, and figure 2 also contains only 3 microorganisms, so the text must be modified to describe figures or figures must be modified to fit the text description.


�This paragraph is moved under the following title: Xylanase Production in Solid State Fermentation (SSF)


�It is suggested to place each figure directly after the text of the current results described for it, and to place the discussion and citation of previous studies after the figure, and this applies to all manuscript.
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