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ABSTRACT 

Xylanase is an industrially important enzyme having several applications for the hydrolysis of xylan – major hemicellulose 
in most plant species. The main objective of this research was to study submerged fermentation of cost-effective substrate 
derived from agricultural waste for production of xylanase from bacteria. Production and optimization of xylanase with 
respect to process parameters such as substrate, temperature, pH, nitrogen source, and metal ion effect have been 
undertaken here using one factor at a time approach using indigenously isolated Bacillus paralicheniformis (KJB3) 
identified using 16S rRNA sequencing. Optimized parameters for substrate, temperature, pH, substrate concentration, and 
nitrogen source were corn cob, 40 0C, pH 6, 2 g, and peptone, respectively. Additionally, study of metal ion revealed Ca2+, 
Cu2+, and Fe2+ enhanced activity of xylanase, whereas Co2+, and Mn2+ had an inhibitory effect and Zn2+ had no effect on 
xylanase activity.  Further, purification and characterization of xylanase have been carried out using column and gel 
electrophoresis (SDS-PAGE), and the molecular weight of xylanase was determined to be 30 KDa.       
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INTRODUCTION 
Xylanase (E.C 3.2.1.8) one of the non-starch polysaccharides (NSP) degrading enzyme, converts the 
backbone of the xylan polymeric chain, which is made up of xylose subunits, into xylo-oligosaccharides by 
hydrolyzing the β-1,4 glycosidic bond [1][2]. Industrial application of xylanases majorly includes those in 
the production of animal feed, food, and ethanol, pulp, textile, and paper industries, and waste treatment 
[3]. Owing to its wide applicability, xylanase, and studies pertaining to its efficient production, optimization, 
and characterization are attracting the interests of researchers [4]. Many microorganisms such as bacteria 
[5][6], actinomycetes [7][8], fungi [9][10], yeasts [11],[12] and algae [13][14] produce xylanases [15]. 
Amongst microbial xylanases, bacterial xylanases are majorly focused owing to rapid growth rate, 
relatively easy handling, and genetic engineering for enhanced production of xylanases [5]. Additionally, 
bacterial xylanases of high stability and effectiveness under varying extreme environmental conditions are 
reported [16], [17]. For instance, thermotolerant xylanases active at 60 -70 0C temperature range have been 
reported from Bacillus spp. [18], [19] Clostridium sp. [20], Stenotrophomonas maltophila [21] Thermotoga 
thermarum [22], and Rhodothermus marinus [23] whereas psychrophilic xylanases, although less reported, 
have been isolated from Clostridium sp. PXLY1 [24], Flavobacterium sp. MSY-2 and Psuedoalteromonas 
haloplanktis TAH3A [25]. Likewise, alkali stable xylanases have been produced by Bacillus spp.  [20], and 
Streptomyces althioticus LMZM [26]. The production of xylanase from microorganisms is affected by choice 
of substrate, fermentation process, and media components used [27]. These parameters need to be 
regulated for enhanced production of xylanase and for its application at large scale [28]. With respect to 
the cost of xylanase production, the substrate used for fermentation accounts for 30 to 40 % of the 
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manufacturing cost. For this reason, it is critical to discover low-cost alternatives to the currently used 
substrates for xylanase production and optimize the process for achieving enhanced production of xylanase 
[29]. Agricultural wastes are an attractive alternative to conventionally used substrates for xylanase 
production. In addition to being cost-effective, using agricultural waste offers other advantages, such as 
being environmentally friendly and easily available [30], [31]. The use of sugarcane bagasse [31], [32], corn 
cob [31], wheat bran, and wheat husk [1], [31], [33]  rice husk [34], rice bran [31], oat bran [34], coconut 
coir [35], wood pulp [35], [36], fruit and vegetable waste [37], and wood pulp [36], [37].The xylanase 
production with respect to the fermentation process has been majorly carried out under submerged 
fermentation (SmF) and solid state fermentation (SSF) [38]. The growth of bacteria requires a large amount 
of water, therefore, SmF is preferred [39]. Globally about 90% of total xylanase production is carried out 
using SmF. Advantages of SmF include homogeneous conditions in media, better biomass utilization, and 
easy scale-up [40]. It has been reported that SmF enables better biomass utilization and therefore results 
in higher xylanase production [28]. Therefore, considering the need to use SmF for production of xylanase, 
an attempt has been made to use agricultural waste as substrate using indigenously isolated B. 
paralicheniformis (KJB3) that has been shown to be efficient for xylanase production (data not presented 
here). The B. paralicheniformis was identified using 16S rRNA sequencing [41]. Further optimization to 
enhance the production of xylanase with respect to process parameters such as substrate, temperature, pH, 
nitrogen source, metal ion effect has been undertaken here using a one factor at a time approach [41]. 
Furthermore, purification and characterization of xylanase has been carried out using spin columns and gel 
electrophoresis [42] (Graphical abstract).   
 
MATERIAL AND METHODS 
Procurement of substrates 
Several agricultural wastes such as carrot peels, coconut husk, corn cob, rice husk, sugarcane bagasse, and 
tea waste were bought from Ahmedabad's local market      Gujarat, India. Agricultural wastes were soaked 
in water, sundried for 24 hours, and crushed using a domestic kitchen mixer.  
Media preparation 
The nutrients employed for isolation were yeast extract, K2HPO4, MgSO4.7H2O, bacto agar and agricultural 
waste (2 %). Media were prepared and autoclaved as per standard protocols [43].      Bacterial strain 
In our previous work, twenty-five isolates were obtained from different soil samples collected from various 
regions in and around Kalol. KJB3, isolated from the soil of gaushala, Kalol, was found to be an efficient 
producer of xylanase and was identified as B. paralicheniformis by 16S rRNA analysis. The strain was 
maintained on nutrient agar slant and stored at 4 0C. Gram's staining and capsule staining of B. 
paralicheniformis carried out for studying cultural and morphological characteristics are presented here. 
Nutrient agar plates were used for the study of colony characteristics. 
Optimization of xylanase enzyme production  
Various parameters like pH (2–8), incubation temperature (20 to 50 0C), substrate concentration (0.5–
2.5%), and additional nitrogen supplementation (1%) (ammonium sulfate, peptone, yeast extract, urea, 
gelatin & glycine) and metal ions (500µg/ml) (ZnSO4, CaCl2, MnSO4, FeSO4, CoCl3, CuSO4) were optimized 
for enhanced production of xylanase. 
Purification and characterization of xylanase  
⮚ SLS One Stop Protein Purification miniprep protocol: 
⮚ The 10 ml supernatant after xylanase production was incubated at 37°C for 30 min and mixed with 
equal volume of precipitation and binding buffer. The system was incubated on ice for 2-5 min and then 
centrifuged for 10, 000 RPM for 5 min.  
⮚ The supernatant was removed and the pellet was resuspended in a 500μl re suspension buffer. The 
solution was transferred on SLS One-step protein Spin Column and centrifuge at 10,000 RPM for 1 min.  
⮚ The spin column was placed into a brand-new collecting tube and 100μl of elution buffer was added to 
it. The tube was incubated at room temperature for 1 minute. and then centrifuge at 10,000 RPM for 1 min. 
The eluted protein (1 ml) was collected for further analysis. 
 Molecular weight determination 
⮚ Molecular weight of xylanase was determined by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) using a 3 mm gel slab. Coomassie brilliant blue G-250 was used as a stain. 
Broad range molecular weight marker was used for molecular weight determination.  
 
RESULTS AND DISCUSSION 
Cultural and morphological characters of KJB3 
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Table 1. Colony characters of KJB3 

Shape Size Colony 
appearance  

Margin  Elevation  Texture Gram’s 
reaction  

Pigment  

Round Medium Smooth Entire Raised Moist Gram 
Positive 

Nil 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: - 1. Colony on the nutrient agar plate 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: - 2.Morphological characters of B. paralicheniformis. A. Gram staining, B. Capsule staining 
 
The KJB3 colony was smooth, elevated, round, and gram-positive, Table 1 and figure 21. It was butyrous 
and milky white. The edge had a wavy shape. Based on Bergey's Manual of Systematic Bacteriology [44], 
this suggested that the isolated KJB3 belonged to a category of rod, spore-forming aerobic/ facultative 
bacteria, figure 2.  
Molecular identification by 16s rRNA gene technology  
ABI 3730xl Genetic Analyzer was used to carry out the DNA sequencing reaction of the PCR amplicon with 
prime r27F using BDT v3.1 Cycle sequencing kit for molecular identification. The BLAST search of 16S rRNA 
gene sequence against sequences in the nucleotide database showed 100% homology with B. 
paralicheniformis strain KJ-16. Thus, the new indigenously isolated strain was identified as B. 
paralicheniformis, figure 3.  
    
 
 
 
 
 
 
 
 
 
 

     

B A 



ABR Vol Spl Issue 1, 2023                                                                           231 | P a g e                          © 2023 Author 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure: -3 Phylogenetic tree of Bacillus paralicheniformis 

 
Screening of substrate  
The ability of B. paralicheniformis to produce xylanase from various agricultural wastes, such as rice husk, 
carrot peel, coconut husk, tea waste, sugarcane bagasse, and corn cobs, was examined during SmF. Findings 
(figure 4) showed that the maximum sugar concentration was obtained by corn cob (450 μg/ml), followed 
by coconut husk (350 μg/ml), carrot peel (320 μg/ml), and sugarcane bagasse (300 μg/ml), in that order. 
Tea waste (250 μg/ml) and rice bran (210 μg/ml) produced the least amount of sugar. Owing to high cost 
of commercially available xylan substrate several researchers have focused on low-cost agricultural waste 
and other domestic and industrial organic waste to find alternatives to xylan substrate. Commonly used 
agricultural waste for xylanase production from Bacillus sp. include sugarcane bagasse [31], [32], [34], corn 
cob [31], wheat bran [1], [31], [33], wheat husk [31], [33], rice husk [34], rice bran [31], oat bran [34], 
coconut coir [35], wood pulp [35], [36], fruit and vegetable waste [37], wood pulp [36], [37] fruit and 
vegetable waste. Agro-waste typically consists of dry matter, crude protein, crude fiber and lignocellulosic 
content [45].  Production of xylanase varies with substrate. Therefore, it is essential to optimize the 
substrate for a given bacterial species.  

 
Figure: - 4. Screening of agricultural waste as substrate 
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Effect of temperature 
The effect of temperature in the range of 20 to 50 0C; studied for production of xylanase with Bacillus 
paralicheniformis using corn cob as a substrate is depicted in figure 5. In this investigation, the highest sugar 
concentration (368 μg/ml) was recorded at 40 0C whereas the lowest sugar concentration (150 μg/ml) was 
recorded at 50 0C (figure 5). Similar to our results, Kamble and Jadhav et al., 2012 report xylanase produced 
from B. arseniciselenatis DSM 15340 showed maximum activity at temperatures 30 0C and 40 0C [1]. 
Likewise, xylanase produced from B. subtilis BS04 and B. megaterium BM07 showed maximum activity at 
temperature of 35 0C and 40 0C, respectively [32]. On the other hand, xylanases produced from B. 
halodurans TSEV1 have reported maximum activity at higher temperature of 70 0C. Thermal stability of 
xylanase is due to intrinsic structural properties. Presence of salt bridge, amino acid, and divalent metal 
ions have been reported to influence thermal stability of xylanase enzyme [28].  
 

 
Figure: - 5. Effect of temperature on xylanase production 

 
Effect of pH 
Experiments with initial pH levels ranging from 2 to 8 were conducted to determine the ideal initial pH for 
the synthesis of xylanase using corn cob as substrate at an optimum temperature of 40 0C. Before 
sterilization, the pH of the medium was regulated with 0.1 N HCl/NaOH. From the experiments, it was found 
that the sugar concentration was higher at pH 6 (450 μg/ml), followed by pH 8 (400 μg/ml). The lowest 
sugar content was found at a pH value of 2 (80 μg/ml) (figure 6). Similar results have been reported by Roy 
and Habib, 2009, for xylanase produced from B. cereus. Likewise, Irfan et al., reported optimum pH of 8.0 
for B. subtilis BS04 and B. megaterium BM07 [32]. Kumar et al., 2014 reported optimum pH of 9.0 for 
xylanase production from B. pumilus VLK-1 [33]. Clearly, optimum initial pH varies from one bacterial 
strain to another and has an influence on growth and metabolism. pH stability of xylanase has been 
reported to be influenced by amino acid present near the catalytic surface [28].   
 

 
Figure- 6. Effect of pH on xylanase production 
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Effect of substrate concentration 
By varying the quantity of the chosen substrate (corn cob) in a 500 ml flask (Erlyenmer) from 0.5 to 2.5 g 
at 40 0C and pH 6, the optimal substrate concentration for xylanase synthesis was also investigated. Out of 
all these examined substrate concentrations, 2 g of corn cob in a 500 ml flask demonstrated the highest 
sugar concentration for the best enzyme production (415 µg/ml), Table 2. Quantity of the substrate has 
been known to influence xylanase production. As can be seen, with increase in substrate concentration to 
2 g, xylanase activity is enhanced. However, further increase of substrate concentration led to decrease in 
activity of xylanase which may be due to end product inhibition [28] 
 

Table 2: Effect of substrate concentration on xylanase production  

Corn cob (g) Sugar concentration (µg/ml) 

0.5 160 

1.0 280 

1.5 335 

2.0 415 

2.5 400 
 
Effect of various nitrogen source 
Influence of different organic and inorganic nitrogen sources at a concentration of 0.5% was investigated 
individually for optimum production of xylanase with 2 g corn cob as substrate at 40 ̊ C and pH 6 (figure 7).  
As can be seen, peptone (615μg/ml) and ammonium sulfate (575 μg/ml) enhanced the xylanase activity 
whereas gelatin (230 μg/ml) and glycine (235 μg/ml) inhibited the activity of xylanase and urea (425 
μg/ml) and yeast extract ((430 μg/ml) has no significant effect in comparison to control, figure 8. Prakash 
et al., reported peptone for significant promotion of xylanase activity of B. halodurans PPKS-2 [46]. 
Likewise, Irfan et al., 2016 reported ammonium sulfate and potassium nitrate as inorganic nitrogen sources 
and tryptone and malt extract as organic nitrogen sources that positively influenced the xylanase activity 
of B. subtilis and B. megaterium respectively [32]. Nitrogen is an essential element required for optimum 
growth and several metabolic activities including enzyme production in Bacillus sp. The optimum nitrogen 
source varies as per individual species and strain of Bacillus sp. [28].  
 

 
Figure: 7. Effect of various nitrogen sources on xylanase production 

 
Effect of metal ions 
Effect of several metal ions on enzyme function was evaluated at a concentration of 0.5 µg/ml      for each 
metal ion individually (figure 8). The experiment was carried out with optimized parameters for each 
component as discussed above. As can be seen, Ca2+, Cu2+ and Fe2+ enhanced the activity of xylanase, 
whereas Co2+, and Mn2+ had an inhibitory effect and Zn2+ had no effect on xylanase activity.  In the literature, 
positive effects of Ca2+ [47], Cu2+, and Fe2+ [48] have been reported on xylanase activity by Bacillus sp. 
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Likewise, Prakash et al., 2011 reported strong inhibition by Mn2+ ion on xylanase production by B. 
halodurans PPKS-2 and attributed the negative effect on interaction of Mn2+ with cysteine [46].   

 
Figure:  8. Effect of various metal ions on xylanase production 

 
Purification and Characterization of Xylanase.  
Xylanase was purified using the SLS one-stop nontagged protein purification column per standard protocol. 
The column is specifically designed with a combination of immobilized metal affinity chromatography and 
boronic acid based resins for efficient protein purification.   
Molecular weight of xylanase enzyme was determined using SDS-PAGE. Xylanase displayed a single protein 
band. Figure 9 shows that the molecular mass of denatured xylanase was 30 kDa as measured by the 
comparative movement of proteins on SDS-PAGE. Mittal et al., 2013 reported 27 kDa xylanase from Bacillus 
sp. SV-34S [47]. Luo et al., 2015 reported 31.75 kDa xylanase from Streptomyces althioticus LMZM [26].  

 
Figure: 9. SDS PAGE for Xylanase. 

 
CONCLUSION  
KJB3 is a Gram-positive rod with capsule. KJB3 isolate was identified as B. paralicheniformis based on 16S 
rRNA gene sequencing data. This research demonstrated that B. paralicheniformis can synthesize xylanase 
utilizing corn cob as a substrate. For KJB3, the ideal pH, temperature, and substrate concentration were 6 
(470µg/ml), 40 0C (385µg/ml), and 2 g (415 µg/ml), respectively. In our study, nitrogen sources like 
peptone, and ammonium sulfate at a concentration of 0.5% enhanced xylanase activity by more than 30%. 
Likewise, trace amounts (0.5 µg/ml) of metal ions like calcium and copper had a positive effect on xylanase 
activity. Under optimum conditions (as per our study) total sugar production increased by 49.3% (618 
µg/ml) after 48 hours. Molecular weight of xylanase was determined to be 30 KDa using SDS PAGE. Our 
study investigated production, optimization, and purification of valuable enzyme xylanase from 
indigenously isolated B. paralicheniformis that can be further upscaled and explored for application. 
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