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Abstract 
Xylanase play important role in many industries because reduce using of chemicals and reduce the environment pollution, that 
caused by chemical compounds. Xylanase in this study produced by Bacillus tequilensis strain, which chosen from forty 
bacterial isolates isolated from Ain-Helwan spring water (hot) and soil. The Bacillus tequilensis strain was the most potent 
isolate that give large amount of xylanase so subjected to identification by 16s rRNA sequence analysis and more studies for 
detection of the optimum factors that make it give the highest xylanase production. To improve the production of xylanase, the 
optimum factors subjected to studying with Box-Behnken design resulted in the xylanase activity becoming (51.51 U/mL). The 
Bacillus tequilensis xylanase extracted from broth culture by precipitation with ammonium sulphate (60 %), then the enzyme 
enhanced with dialysis and purified with sephadex G-100 column chromatography. Purified xylanases had a 12-fold enrichment, 
with a specific activity of 76.83 U/mg and a molecular weight approximately 359.0 KDa. The amino acids content of xylanase 
obtained from Bacillus tequilensis were 16 amino acids, started with aspartic acid and finished with proline, from these amino 
acids found two amino acids with highest concentration arginine 1410 mg/L and glycine 900 mg/L. Xylanase produced by B. 
tequilensis strain used in biobleaching, where it gives the highest brightness (61.4 %), in case the control sample was (48 %), 
with increasing 13.4 % about the control sample. This xylanase used to bioleaching the waste paper as alternative of chemical 
compounds that used in the bleaching process. 
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1- Introduction 

Enzymes, a biological substance or biological 

macromolecule that catalysts a particular biochemical 

reaction, are capable of being produced by living 

organisms [1, 2]. Due to their capacity for most 

industrial processes, these enzymes are commonly 

referred to as "Biocatalysts" since they serve to 

accelerate biological/biochemical reactions both 

within and outside of cells, comparable to a chemical 

catalyst in a chemical reaction [3-6]. Xylanases are 

group of hemicelluloses enzymes which are the best 

interest area for researchers on their insightful 

investigation and prospective of industrial 

applications, especially in the production of 

fermentable sugars through biomass degradation [7]. 

Xylanases have been used in the feed industry to 

reduce the viscosity of food and improve the 

absorption of nutriment in the digestive tract of 

animals [8, 9], and they play important roles in many  

applications  such as biobleaching of paper pulp and 

production of starch, coffee and plant oil clarification 

of fruit juices and wines [10, 11]. Xylooligo-

saccharides (XOS) are a material that has been 

discovered and used in a number of industrial 

processes, particularly in the chemical and biofuel 

production industries [12, 13]. Whereas the full 

degradation of xylan releases the XOS, the process 

requires interaction between a number of enzymes, 

namely endoxylanases and β--xylosidase, as well as 

accessory enzymes [14, 15]. In some reactions, 

xylanases act as a catalyst. In one such reaction, it can 

catalyze the chemical reaction of the glycosidic 

linkage -1,4 of xylosides, producing an organic sugar 

compound and the corresponding free aglycone, a non-

sugar compound that remains after the organic 

compound is replaced by an atom [16, 17]. 

Xylooligosaccharides and xylose were produced by 

depolymerization action of b-D- xylosidase (1,4-b-

xylan xylohydrolase; EC 3.2.1.37) and endo-1,4-

xylanases (1,4-b-xylan xylanohydrolase; EC 3.2.1.8) 

through  changing in the polymeric substance [18, 19]. 

The shape of xylan is extended ribbon with twofold 

that bind with intra-chain hydrogen bonding which is 

stated to be springier than the twofold helix of b-(1–4) 

cellulose. A large variety of xylanases which  become 

a major group of industrial enzymes produced by 

microorganisms and are capable to degrade xylan to 

renewable fuels and chemicals [20, 21], in addition to 

their use in food, paper and pulp industries [22-24]. 

However, because of their significant negative impacts 
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on the environment and public health, developed 

countries now work to recycle solid wastes, 

particularly paper and paperboard products. Using the 

microbial enzymes decrease the using the chemicals 

which are harmful for human and environment. 

Microbial xylanases were discovered to be more beneficial 

than others [25, 26].  Extracellular xylanase production has 

several advantages over intracellular xylanase production, 

including ease of enzyme recovery and purification [27]. As 

a result, the aim of this paper was to isolate the 

thermotolerant bacteria from hot springs and 

producing xylanase from these bacteria. Additionally, 

the most potent factors for the best xylanase 

production and improving xylanase production 

utilizing Box-Behnken Design, which was defined by 

a number of characteristics. Finally, xylanase was 

added to the waste paper pulp to bio-bleaching. 

 

2- Materials & Methods  

1.1. Collection and Storage of Samples  

From water and soil of springs located in Ain 

Helwan spring lie in an area east of the Nile River 

and 25 Km South of Cairo between El-Maasara in 

the North and El-Tabbin in the south with Latitude 

N29°51', and Longitude E31°19', about 1 cm a top 

layer removed from the surface of soils during 

collection of soils samples. Samples were collected 

in sterilized falcon tubes and immediately 

transferred to the lab. The temperature and pH of 

these samples when measured the temperature was 

between 30 – 40 °C and the pH was 6 – 7 according 

to the site of location. The samples stored at 4 °C for 

conducting further experiments. 

 

1.2. Isolation and identification of xylanolytic 

bacteria 

From soil samples was measured aseptically one 

gram and transferred to 100-ml distilled water in 

250-ml flask and covered with aluminum foil. Was 

mad dilution for sample until the dilution became 10-

5 or 10-6, where these dilutions done by transferring 

one- milliliter of suspension stock solution was 

transferred into 9-ml sterilized distilled water in 

sterilized test tube and suspension was serially 

diluted until obtained dilution dilutions [28]. 

Inoculums used from dilution 10-5 or 10-6 for pour 

plating performed in a laminar air flow by using corn 

cob xylan-enriched (Solarbio Company with CAS 

NO: 9014-63-5) plat count agar supplemented with 

2 g xylan powder. The pH was adjusted, at 7.4 the 

medium was sterilized by autoclaving at 120 °C (1.5 

psi) for 20 min. Then the inoculated media incubated 

for 24 - 48 h at 50 °C. After 48 h incubation, the 

colonies showing clear zones upon flooding with 

Logule's iodine solution were confirmed as xylanase 

producers.   

 

 

1.2.1. Determination of bacterial xylanase activity 

and protein content determination  

Inculcation the xylanase production media which 

consist of (g/L): 5g NaNO3, 1g KH2PO4, 2g 

K2HPO4, 0.5g MgSO4.7H2O, 0.1g KCL, 0.01g 

CaCl2, 0.02g FeSO4.7H2O and supplemented with 2 

g/L xylan powder, the pH of this media was adjusted 

to 7.4 and inoculated with 0.5 ml of an overnight and 

incubation at 50 °C for 24 h after sterilizing this 

medium by autoclaving at 120 °C (1.5 psi) for 20 

min. Before assay the cells after incubation the 

inoculating media for 24 h at 50 °C, were separated 

by centrifugation at 5000 rpm, the clear supernatant 

used as crude enzyme. Then the supernatant 

separated carefully by using pipettes from pelts and 

used for preparing the mixture of the reaction for 

enzyme assay. The substrate solution prepared by 1 

% of corn cob xylan with phosphate buffer (0.1M) at 

pH 7, then take 1ml of substrate solution in test tube 

and add 1 ml of crude enzyme. The assaying tube 

containing mixture substance incubated for 15 min 

at 55 °C, then transferred 1 ml of mixture into test 

tube and added 1 ml DNS and boiled the test tube at 

100 °C for 5 min. The amount of reducing sugar 

produced from hydrolysis by bacterial supernatant 

was measured by UV-VIS Spectrophotometer at an 

absorbance value of 540 nm. Where 1 μMol of 

xylose liberated per milliliter of enzyme per 

minute equal one unite (IU) of xylanase enzyme. 

The enzyme activity assayed according to the 

reaction of control sample which prepared without 

bacterial supernatant (crude enzyme) and was 

measured according to DNS protocol for 

comparison with other samples. The soluble 

protein content was determined by Bradford 

method [29], where this procedure depend upon the 

using the protein reagent Coomassie Brilliant Blue 

G-250 that prepared by dissolving the CBB G-250 

in 50 ml of 95 % ethanol. 100 ml of o-phosphoric 

acid was added later and the whole reagent was 

diluted to 200 ml to make 5X concentrated dye, 

where the CBB G-250 bind to protein and the color 

of reaction change from light green to blue. The 

absorbance was read off a spectrophotometer at 

wavelength of 595 nm. 

 

1.2.2. Phenotypic characterization of xylanase-

degrading bacteria 

The morphological and biochemical studies were 

taken for phenotypic characterization. The 

morphological studies were carried through making 

Gram’s staining for the xylanolytic bacterium 

Bacillus tequilensis strain. The bacterium observed 

after staining and drying under a phase contrast 

microscope (× 100 objectives) for determination 

it’s size, shape and response to Gram stain (Gram-

positive or Gram-negative). 
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1.2.3. Biochemical characterization of xylanolytic 

bacteria  

This study depends upon biochemical tests as per 

Bergey’s Manual of Systematic Bacteriology. A 

number of biochemical tests such as catalase test, 

coagulase test, citrate utilization test, oxidase test, 

oxidation/fermentation test, methyl red test, 

carbohydrate metabolism test urease test, hydrogen 

sulfide (H2S) test, indole test, gelatin hydrolysis 

test, and voges-prausker test were performed. 

 

1.2.4. Molecular identification of xylanolytic 

bacteria 

The pure most potent xylanolytic strain Bacillus 

tequilensis strain was done by specific method that 

called 16s rRNA gene sequencing. In the first the 

Bacillus tequilensis strain DNA was extracted 

according to standard methods [30]. The 16s rRNA 

gene was amplified by PCR using universal 

primers. By using the BLAST database available at 

the GenBank database of the NCBI server was done 

compression Bacillus tequilensis strain 16s rRNA 

gene sequences and another homolog 16s rRNA 

gene sequences [31]. 

 

1.3. Optimization factors for xylanase production 

According to the standard composition of media 

which used for xylanase production from Bacillus 

tequilensis strain. Where the media composed of 

(g/L): 1 g KH2PO4, 2 g K2HPO4, 0.5 g MgSO4.7H2O, 

0.1 g KCL, 0.01 g CaCl2, 0.02 g FeSO4.7H2O, where 

this media was (50 ml), was poured in conical flasks 

separately and was inoculated   with 0.5 ml   of an 

overnight culture at 50 °C for 24 h after sterilizing 

this medium by autoclaving at 120 °C (1.5 psi) for 20 

min [32]. The different parameters used in this 

studying for obtaining the best xylanase production, 

were temperature (30 °C, 35 °C, 40 °C, 45 °C and 50 

°C), pH(6, 7, 8, 9 and 10), inoculum size (1 %, 2 %, 

3 % and 4 %), nitrogen source (NH4NO3, 

NH4H2PO4, NH4CL, Yeast extract, Urea and 

Peptone), incubation period (6 h, 12 h, 18 h, 24 h 

and 30 h) and xylan concentration (1 g/L, 2 g/L, 3 

g/L and 4 g/L). After checking the optimum time and 

temperature the other parameters were incubated 

with static conditions accordingly. Finally, after 

incubation the inoculated media were centrifuged at 

5000 rpm at 4 °C for 10 min. The supernatant which 

produced from centrifugation used for determination 

of xylanase activity by DNS method that measured 

the amount of reducing sugars produced from 

reaction. 

 

1.4. Optimization of xylanase enzyme production 

by Box-Behnken design 

In this study was used a Box-Behnken design for 

investigation of the combined effect of six variables 

such as temperature, pH, inoculum size, xylan 

concentration, bacterial incubation time and 

different nitrogen source. Table (1) show the three 

levels (- 1, 0, + 1) were used in the experimental 

design. The Box-Behnken design was used to get 

up higher- order response surfaces using fewer 

required runs than a normal factorial technique [33]. 

Also the Box-Behnken design used with widely 

shape for preparation of quadratic response surfaces 

and a second-degree polynomial model to analyze 

the pattern of enzyme production. According to the 

second-degree polynomial model the optimization 

process was carried out a set of experimental runs. 

To maintain the higher-order surface definition, the 

Box-Behnken design essentially suppresses 

selected runs in an attempt. This technique is 

(version 12, Stat-Ease Inc., Minneapolis, USA), 

where this design with statistical software used to 

obtain the best xylanase activity. The experimental 

design depend upon this equation N = k2 + k + Cp 

for seting up a number of runs(N), where k and Cp 

are the factor number and replications number in 

the present study. Through the second-degree 

polynomial equation, the predicted model using 

were 54 different experimental runs in the current 

work. In this study the factors that formed the Box-

Behnken design, were six factors vis. Temperature 

(A) [30 °C, 35 °°C, 40 °C, 45 °C and 50 °C], pH (B) 

[6, 7, 8, 9 and 10], inoculum size (C) [ 1 %, 2 %, 3 

% and 4 %], nitrogen source (D) [NH4NO3, 

NH4H2PO4, NH4CL, yeast extract, urea and 

peptone], incubation period (E) [6 h, 12 h, 18 h, 24 

h and 30 h] and xylan concentration (F) [1 g/L, 2 

g/L, 3 g/L and 4 g/L] further production of xylanase 

enzyme from xylanolytic bacteria Bacillus 

tequilensis strain. 

 

Table (1): Actual levels for the six variables Box-

Behnken design in response surface methodology 

of the xylanase enzyme extracted from the 

bacterium Bacillus tequilensis strain  

+1 0 -1 Units Symbol  Factor Name 

47 45 43 o C A Temperature 

7.5 7 6.5 - B pH 

1.5 1 0.5 % C 
Inoculum 

size 

7 5 3 g/L D Peptone 

28 24 20 h E 
Incubation 

period 

4 3 2 g/L F Xylan 

 

Xylanase extraction and purification and protein 

content detection 

The cultures after incubation were harvested and 

cells removed from crude enzymes through 

centrifugation at 5000 rpm for 10 min at 4 °C. Then 

made precipitation for enzyme by addition 

ammonium sulfate   with concentration 60 %, where 

the ammonium sulfate added to crude enzyme and 
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stirred continuously for 2 h until ammonium sulfate 

completely dissolved to aid precipitation of enzyme,  

then the precipitated enzyme dissolved in buffer 

phosphate at pH 7, then the enzyme undergone for 

further purification.  

 

1.5. Partially purification with Dialysis process 

 In this study the enzyme purified partially by dialysis 

into dialysis bag, where the precipitated enzyme that 

produced from purification with ammonium sulfate 

against distilled water for 3 h, then the dialysis bag was 

introduced against phosphate buffer at pH 7 overnight. 

The obtained xyllanase was concentrated by putting 

dialysis bag against crystals of sucrose and kept in the 

refrigerator at 5 °C for further purification. 

 

1.6.  Purification with Sephadex G-100 

Chromatography 

The completely purification of xylanase enzyme in the 

current study done by column matrix. The method was 

carried by using a gel filtration column. The Sephadex 

G-100 column material was soaked in phosphate 

buffer and add sodium azid to prevent sodium growth 

of microorganism, the soaking done for overnight at 4 

°C. After soaking the fines were taken off and it was 

loaded   into a column carefully to avoid any air 

bubble. The column was permitted to settle and by 50 

ml of phosphate buffer of pH 7, made washing away. 

The dialyzed enzyme which was 3 ml, it was loaded in 

the Sephadex column pre-equilibrated with the 

extraction buffer. The purified enzyme collected as 

fractions each fraction was 5ml. The collected fraction 

examined  for the eluted protein by measuring it’s 

absorbance at 595 nm, the xylanase activity by 

measuring the reducing sugars with DNS at 540 nm 

and the specific activity calculated though the values 

of protein content and xylanase activity. 

 

1.7. Detection of molecular weight by TLC mass 

In the current study the molecular weight of xylanase 

enzyme measured by Thin-Layer 

Chromatography/Mass Spectrometry, where this 

system is a planar chromatographic technique used to 

separate the components of a mixture by employing a 

thin stationary phase supported by an inert backing. It 

can used to monitor the progress of a reaction on the 

analytical scale. The technique is low cost, simplicity, 

relatively good sensitivity and speed of separation so 

it is widely used. TLC spotes are observed by UV or 

fluorescence light or by the use of chromogenic sprays 

that enhance detection. First make adjustment 

parameters with mode of fragmentation: typical. It's 

mass range from 100 to 1200, with mass type (ESI). 

N.B. Standard sulphadiazine (Mol. Wt = 250) was 

injected to assure the quality of analysis. A 2 µL 

aliquot of the enzyme reaction mixture from the stirred 

round – bottom flask was spotted onto TLC plate at a 

position 1 cm above the bottom of the plate.  Thirty 

milliliters of benzene was added to the developing 

chamber of a TLC plate at a depth of 0.5 cm. The 

spotted TLC plate was placed into the developing 

chamber and sealed with the glass lid. Separation was 

concluded when the development solvent front 

reached a position 1 cm from the top of the TLC plate. 

Then putting the TLC plate in oven at 80 °C for 5 min 

until drying. Under the UV light at 254 nm the 

separated spots were observed on TLC plate. 

 

1.8. Determination of amino acids sequencing of 

xylanase enzyme 

The amino acids of xylanase enzyme in this study were 

detected by Sykam Amino Acid Analyzer (Sykam 

GmbH, Germany) equipped with Solvent Delivery 

System S 2100 (Quaternary pump with flow range 

0.01 to 10.00 kl/min and maximum pressure up to 400 

bar), Autosampler S 5200, Amino Acid Reaction 

Module S 4300 (with built-in dual filter photometer 

between 440 and 570 nm with costant signal output 

and signal summary option) and Refrigerated Reagent 

Organizer S4130. Standard preparation, where the 

stock solution contains 18 amino acids (aspartic acid, 

threonine, serine, glutamic acid, proline, glycine, 

alanine, cystine, valine, methionine, isoleucine, 

leucine, tyrosine, phenylalanine, histadine, lysine, 

ammonia, arginine) all amino acids concentration are 

2.5 µMol/ml, except Cystine 1.25 µMol/ml, then 

dilute 60 µl in 1.5 ml vial with sample dilution buffer 

then filtered using 0.22 µm syringe filter then 100 µl 

was injected. Sample preparation; 1 gm of sample was 

mixed with 5ml hexane. The mixture was allowed to 

macerate for 24 h. Then, the mixture was filtered on 

whatman no. 1 filter paper and the residue was 

transferred into a test tube where it was incubated in 

an oven with 10 mL 6N HCl for 24 h at 110 °C. After 

the incubation, the sample was filtered on whatman no. 

1 filter paper, evaporated on rotary evaporator and 

dissolved completely in 20 ml dilution buffer, filtered 

using 0.22 µm syringe filter and 100 µl was injected.  

 

Instrument parameters; 

Column: LCA k06/ Na 

Mobile phase: Buffer A, Buffer B and Regeneration 

solution 

Mode of elution: Gradient 

Flow rate: 0.45 ml/min 

Temperature: Gradient 57 °C -74 °C  

Wavelength: 440 and 570 nm  
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Table (2): Buffers and solutions preparation 

Solutions 

preparation 

Buffe

r A 

Buffe

r B 

Column 

Regeneratio

n 

Solution 

Sample 

Dilutio

n 

buffer 

pH  Value 3.45 10.85 - 2.20 

Normality 0.12 0.20 0.50 0.12 

Tri-sodium 

citrare 

dihydrate 

11.8g 19.6g - 11.8g 

NaOH - 3.1g 20.0g - 

Citric acid 6.0g - - 6.0g 

Boric acid - 5.0g - - 

Methanol 65 ml - - - 

Thiodiglyco

l 
- - - 14 ml 

Hydrochlori

c acid 32% 

6.5 

ml 
- - 12 ml 

EDTA - 0.2 g - - 

Phenol 0.5 g - - 2.0 g 

Final 

volume 
1L 1L 1L 1L 

 

1.9. Application of xylanase on waste Paper  

This study explain the bleaching of paper by xylanase 

enzyme through taking two oldest  whatman filter 

papers were similar in the physical properties and 

shape, one of them was sample test and another was 

control. The sample filter paper treated with 3 ml of 

xylanase enzyme and incubated under optimal 

conditions at pH 7, temperature 45 °C, for 1.5 h. and 

the control filter paper treated with distilled water.  

The sample and the control after incubation 

investigated by TMI device for softness measurement, 

and Technobright device for measurement brightness 

and darkness. 

 

1.10. Statically analysis for optimal conation by 

Tukey HSD test 

All results presented in this study are the means of 

three independent replicates. Data were subjected to 

analysis of variance One-way ANOVA by a statistical 

package Minitab v19. The mean difference 

comparison between the treatments was analyzed by 

the Tukey HSD at p<0.05. 

 

2. Results & Discussion  

2.1. Isolation and identification of xylanolytic 

bacteria 

All collected samples undergone for serially dilution 

and screened for isolation of pure xylanase 

producing bacteria. Forty isolates grown on 

screening medium, from them 21 isolates give clear 

zone around the culture, and it took the isolate with 

the highest clear zone and selected as xylanase 

producers. The selected isolate was purified using 

repeated subculture by using plate count agar 

medium and made stock culture through maintaining 

in plate count agar slant [34]. Then the pure isolate 

was identified through studying the physiological, 

morphological, and biochemical characters as 

showing in Table (3). From this study the bacterial 

isolate has rod shape and was gram positive, spore 

former, facultative anaerobic, cannot grow at 20 °C, 

give heavy growth, and give weakly growth at 55 °C 

- 60 °C. Then the isolate identified by 16s rRNA as 

shown in   Figure (1). The isolate after 16s rRNA test 

was Bacillus tequilensis strain, but Paul, et al. 

isolated Pseudomonas mohnii which identified by 

16s rRNA, where this isolated was xylanlytic 

bacteria. 

 
Fig. (1): Phylogenetic analysis of the isolate Bacillus 

tequilensis strain. 

 

2.2. Effect of different parameters on xylanase 

production  

In this study, it was studied six factors to identify the 

best factor through it the Bacillus tequilensis strain has 

ability to produce the best xylanase production. In the 

first temperature was studied through incubation the 

Bacillus tequilensis strain at different temperature (30 

°C, 35 °C, 40 °C, 45 °C and 50 °C), and found the best 

temperature at it, the strain gives the best production 

was 45 oC. Where at this temperature By Tukey 

Method for temperature factor, the (45 °C) take 

symbol A that indicate the optimum pH as in Fig. (2), 

at it, the enzyme activity 16.12 U/mL. 

When the temperature increases or decrease the 

enzyme activity decreased. The optimum temperature 

of 45 °C found in this study is comparable to 

experiments conducted by Lawrence, et al., who found 

that 50 °C was the optimum temperature for producing 

xylanase from Bacillus pumilus. At temperatures 

above or below 50 °C, enzyme activity decreased [35]. 

Then the Bacillus tequilensis strain undergone for 

different pH for detection the optimum pH which at it, 

the Bacillus tequilensis strain give the best xylanase 

production, where the different carried out in this 

study were (6, 7, 8, 9 and 10). From this the optimum 

pH was 7. By Tukey Method for this factor the pH 7 

take symbol A that indicate the optimum pH as in Fig. 

(2), at it, the enzyme activity 16.0367 U/mL. 
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Table (3): A comparative study for the morphological, physiological and biochemical test of the most potent isolate, 

Bacillus tequilensis strain. 

Test Bacillus tequilensis strain Test Bacillus tequilensis strain 

Colour Yellowish 
 

 

Growth at different   

pH 

6 + 

Surface Smooth 7 ++ 

Cell Shape rod 8 + 

Gram stain G +ve 9 + 

Motility + 10 + 

KOH test - 

 

 

 

 

Hydrolysis 

Pectin + 

Anaerobic growth - Xylan + 

Methyl red + Starch + 

Nitrate Reduction + Lipid + 

Indole test + Cellulose + 

Vogase- proskauer - Gelatin + 

Citrate utilization + Casein + 

Fermentation 

Glucose + Catalase + 

Galactose + Oxidase + 

Fructose + 

Growth at different 

Temperatures 

15-25 - 

Xylose + 30-40 + 

Arabinose + 40-50 + 

Manitol - 50-60 + 

Lactose - 60-70 - 

Maltose + 
Oxidation 

fermentation (O/F) 
(O/F) Mannose + 

Starch + 

Symbols: (+) Positive; (-) Negative; (W) Weak reaction. (O/F) Oxidative fermentation. 

 

Above this pH 7 or below the xylanase activity. 

Then in the current study Bacillus tequilensis strain 

undergone to another parameter which is inoculum 

size, where in this parameter four different inoculum 

size (1 %, 2 %, 3 % and 4 %)  used to detection the 

best inoculum size which through it the Bacillus 

tequilensis strain give the best xylanase production. 

By applying Tukey Statistical Method on this factor, 

found the optimum inoculum size take Symbol (A), 

through it the enzyme activity was (41.19 U/mL) as in 

Fig. (2). When the inoculum size became 2 %, 3 % 

and 4 % the enzyme activity decreased gradually. 

Comparable to the work carried out by Marimuthu, et 

al., the optimum inoculum size was used in the current 

investigation.  

They observed that the various initial inoculum 

concentrations play a crucial role in determining the 

enzyme yield in production media. They examined 

different inoculum sizes from 1.5 % to 4.5 %. In order 

to get the best xylanase output from Bacillus subtilis, 

they determined the optimum inoculum size, which is 

3.5 % [36].  

In case of studying the best nitrogen source in 

the present study and with applying Tukey Statistical 

Method on the results obtained during studying the 

different nitrogen source effect on xylanase 

production from Bacillus tequilensis strain. From 

statistical Tukey method found the optimum nitrogen 

source that marked with symbol (A), was peptone 

where the enzyme activity at this factor was 51.50 

U/mL as in Fig. (2). When applying another nitrogen 

source such as (NH4NO3, NH4CL, NH4H2PO4, urea 

and beef extract) the xylanase activity decreased. 

According to Pual et al., the urea nitrogen source 

produced the most xylanase from Pseudomonus 

mohnii and had a maximum enzyme activity of 21.72 

IU/ml [37].  

Additionally, Lawrence et al. reported that 

beef extract was the best nitrogen source for 

Bacillus pumilus to produce xylanase [35]. In 

applying Tukey Statistical Method on results obtained 

through studying the effect the of incubation period, 

found the optimum incubation period was 24 h at this 

factor the  Bacillus tequilensis strain give the highest 

xylanase activity (47.173 U/mL) as in Fig. (2), when 

the incubation period was 30 h or 18 h the xylanase 

activity decreased, so the factor 24 h take symbol (A) 

by Tukey method. Another study was conducted by 

Kumar et al., who looked at various incubation times 

for the synthesis of xylanase by Bacillus subtilis. They 

discovered that 72 h was the ideal incubation time, at 

which time the enzyme activity was 2.89 µg/ml [38].  

Finally, studying the effect of xylan 

concentration on xylanase production from Bacillus 

tequilensis strain, where the xylan concentration used 

in this study 1 g/L, 2 g/L, 3 g/L, and 4 g/L. By 

applying the Tukey Statistical Method on obtained 

results from this study.  
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Fig. (2): show the effect of different parameters that effect on xylanase production by Bacillus tequilensis strain, 

where (A) refer to temperature, (B) pH, (C) inoculum size, (D) nitrogen source, (E) incubation period and (F) 

refer to xylan concentration. 

Tukey give symbol (A) for the concentration 3 

g/L, where this concentration was the optimum 

concentration, at it the Bacillus tequilensis strain give 

the highest xylanase production and the xylanase 

activity was at this concentration (58.943 U/mL) as 

showed in Fig. (2). When using another concentration 

such as 4 g/L, 2 g/L or 1 g/L the enzyme activity 

decreased. Another investigation on the impact of 

substrate concentration on xylanase production was 

conducted by Lee and Choi, who looked at various 

xylan concentrations in order to produce xylanase 

from Bacillus species. According to the results of this 

investigation, the ideal xylan concentration was 0.5 

%, with a xylanase activity of 21.4 U/mL [39]. 

 

2.3. Optimization of growth factors through Box-

Behnken 

In the present study the optimum growth 

factors that obtained from pervious studying (effect 

of different parameters on xylanase production), the 

results obtained from this test undergone into studying 

with Box-Behnken design.  Where the number of runs 

obtained from Box-Behnken design were 54 runs used 

to determine the best xylanase production from 

Bacillus tequilensis strain. There are six independent 

variables factors such as temperature, pH, inoculum 

size, nitrogen source, incubation period and substrate 

concentration based on which the responses were 

calculated.  

The full experimental plan as per the designed 

parameters along with the response values are given 

in Table (4), and Fig. (3) Using multiple regression 

analyses, a second-order polynomial equation was 

developed which represents the relationship 

between enzyme activity, temperature, substrate 

concentration, incubation time, nitrogen source, 

pH, and inoculum size. The regression equation in 

uncoded units. 
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Bacillus tequilensis strain  xylanase 1= ( -2631 + 

87.1 temperature +152.8 pH + 8.8 peptone + 3.6 

inoculum size + 11.2 xylan conc. +15.67 incubation 

period – 0.940 temperature *temperature – 6.68 

pH*pH + 0.058 peptone*peptone – 9.72 inoculum 

size*inoculum size – 1.834 xylan conc.*xylan conc. – 

0.4717 incubation period*incubation period – 1.089 

temperature *pH – 0.090 temperature *peptone – 

0.449 temperature *inoculum size + 0.063 

temperature *xylan + 0.175 temperature *incubation 

period – 0.687 pH*peptone + 3.52 pH*inoculum size 

– 1.04 pH*xylan conc. – 0.212 pH*incubation period 

– 0.560 peptone*inoculum size + 0.182 

peptone*xylan conc. – 0.0499 peptone*incubation 

period + 3.68 inoculum size*xylan conc. + 0.159 

inoculum size*incubation period – 0.015 xylan 

conc.*incubation period). 

The significance of the second-order 

polynomial equation for xylanase activity was 

measured by the analysis of variance (ANOVA) 

[37]. According to this study, the ideal conditions 

for producing the most xylanase from the Bacillus 

tequilensis strain are 45 °C, pH 7, peptone 5 g/L, 

1% inoculum size, 3 g/L of xylan, and a 24-hour 

incubation time. At these conditions, the xylanase 

activity was 51.51 U/mL. However, Pual et al. 

discovered that when they used the Box-Behnken 

design to determine the best conditions for 

producing xylanase from Pseudomonus mohnii, the 

best conditions were 42.5 °C, pH 6, 0.5 % xylan, 

and a 36-hour incubation period. At these 

conditions, the xylanase activity was 152 U/mL 

[37]. 

 

2.4. Purification of xylanase enzyme 

From broth media which inoculated with 

Bacillus tequilensis strain and after incubation at 45 

°C for 24 h, the enzyme extracted from this media 

through centrifugation the broth media at 5000 rpm 

for 15min. then after that the xylanase enzyme 

precipitated by using ammonium sulphate  

(NH4)2SO4, but the concentration of ammonium 

sulphate which used for precipitation xylanase was the 

concentration that give the best xylanase precipitation 

through studying different 10 % - 80 % concentration 

of ammonium sulphate. 

The best concentration that used was at 60 % 

ammonium sulphate, at this concentration the enzyme 

activity was the highest enzyme activity (62.33 U/mL) 

as in Fig. (4), when increasing the concentration of 

(NH4)2SO4 the xylanase activity decreased. But the 

protein content increased with increasing the 

concentration of (NH4)2SO4, where the protein 

precipitated when the concentration of ammonium 

sulphate 80 %, was 2.98 mg/ml. Sharma and Chand 

[40], studied the different concentration of ammonium 

sulphate from 10 % - 100 % for xylanase production, 

where they found the enzyme activity increased with 

increasing the concentration of ammonium sulphate 

until to 80 %, they found the highest enzyme activity 

(31.3 U/mL). After that the precipitated xylanase 

enzyme subjected to dialysis with dialysis page 

against sucrose. The xylanase activity increased to be 

(73.22 U/mL).  

The concentrated xylanase subjected to 

completely purification by using Sephadex G-100, 

where the obtained xaylanase from dialysis loaded on 

Sephadex G-100 resulted purified xylanase collected 

as fractions each fraction 5 ml, where each fraction 

subjected to total protein and xylanase activity 

measurements as showed in Table (5). Gessesse and 

Mamo [41] reported, the xylanase enzyme which 

produced by Micrococcus sp AR-135, the xylanase 

activity after DEAE-cellulose chromatography was 

(500 U), the specific activity (42.5 U/mg), and the 

protein content was (13.5 mg), also they reported the 

specific activity after purification with Gel filtration 

was (111.7 U/mg), and the total protein (3.3 mg). 

 

 
Fig. (3): Contour plots showing interactive effect of 

six factors with six levels on xylanase production by 

Bacillus tequilensis    strain. 

 
 4SO2)4(NHShow effect of concentration of Fig. (4): 

on xylanase activity and protein content that obtained 

strain Bacillus tequilensis 
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Table (4) Result of Box-Behnken design for xylanase production by Bacillus tequilensis strain                   
Run Temp PH PEP IS           Xylan Period Enzyme activity (U/mL) Predicted 

1 45 7 3 1.5 3 20 43.21 46.2019 

2 47 6.5 5 0.5 3 24 36.54 41.3137 

3 43 7 3 1 3 20 47.99 48.6319 

4 43 7 5 0.5 2 24 49.19 48.0321 

5 47 7 3 1 3 28 37.30 37.7756 

6 45 7.5 5 1 2 28 37.37 38.9031 

7 45 7 5 1 3 24 51.51 51.5100 

8 45 7 5 1 3 24 51.51 51.5100 

9 45 7.5 3 1 4 24 50.14 50.4419 

10 45 7.5 7 1 2 24 49.45 47.5048 

11 47 7.5 5 1.5 3 24 38.83 41.1321 

12 47 7 7 1 3 20 38.64 37.2765 

13 43 7.5 5 0.5 3 24 46.54 47.4696 

14 45 6.5 5 1 4 28 36.75 37.3048 

15 45 7 7 0.5 3 28 37.88 37.0144 

16 47 7.5 5 0.5 3 24 39.49 39.5704 

17 43 7 5 1.5 4 24 49.66 49.2421 

18 45 7 3 0.5 3 20 46.61 45.0202 

19 45 7.5 5 1 2 20 45.76 45.3865 

20 43 7 7 1 3 28 37.37 38.0610 

21 47 7 5 0.5 4 24 39.54 38.4962 

22 45 7 5 1 3 24 51.51 51.5100 

23 43 7 7 1 3 20 45.76 47.4106 

24 45 7.5 5 1 4 20 43.65 44.3285 

25 43 7.5 5 1.5 3 24 56.82 50.8262 

26 45 7 3 1.5 3 28 45.94 41.8823 

27 45 6.5 5 1 2 20 43.47 41.2985 

28 45 6.5 5 1 2 28 37.37 36.5102 

29 45 7.5 7 1 4 24 48.07 47.0594 

30 45 7 5 1 3 24 51.51 51.5100 

31 45 7 5 1 3 24 51.51 51.5100 

32 47 6.5 5 1.5 3 24 39.06 39.3504 

33 45 6.5 3 1 4 24 46.15 47.9140 

34 43 6.5 5 1.5 3 24 45.99 44.6896 

35 45 7 7 0.5 3 20 42.27 44.2015 

36 45 7 7 1.5 3 20 41.37 43.1431 

37 47 7 5 0.5 2 24 40.42 42.0579 

38 45 6.5 3 1 2 24 46.54 47.7319 

39 45 7.5 3 1 2 24 50.84 52.3473 

40 45 7 3 0.5 3 28 43.33 39.4306 

41 47 7 5 1.5 4 24 42.04 41.9779 

42 47 7 5 1.5 2 24 39.68 38.1746 

43 43 7 5 1.5 2 24 43.68 45.9437 

44 43 6.5 5 0.5 3 24 45.94 44.8579 

45 47 7 3 1 3 20 42.75 39.9327 

46 43 7 5 0.5 4 24 43.68 43.9654 

47 45 6.5 7 1 2 24 45.76 45.6394 

48 43 7 3 1 3 28 37.39 40.8798 

49 45 6.5 5 1 4 20 43.68 42.3281 

50 45 7 5 1 3 24 51.51 51.5100 

51 45 6.5 7 1 4 24 48.97 47.2815 

52 45 7.5 5 1 4 28 35.62 37.6102 

53 47 7 7 1 3 28 36.29 33.5219 

54 45 7 7 1.5 3 28 33.51 37.2260 

 

2.5. Molecular weight and amino acids contents of 

xylanase  

The molecular weight of xylanase obtained from 

Bacillus tequilensis strain in the present study was 

359.0 KDa Fig. (5A). This molecular weight is 

comparable with the molecular weight that obtained 

by Amoresano, et al. [42], where they reported that the 

xylanase obtained from psychrophilic yeast by mass 
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spectrometry was 39508.4 KDa. In the present study, 

the amino acids sequencing of xylanase produced by 

Bacillus tequilensis strain were 16 amino acids started 

with aspartic acid forward with Serine, glutamic, 

proline, glycine, cystine, valine, methionine, 

isoleucine, lucine, tyrosine, phenyalanine, histidine, 

lysine, arginine and finally proline as Fig. (5B). In 

another study done by Rashad, et al. [43], they studied 

the amino acid  composition of Bacillius 

amyloliquefaciens pure xylanase enzyme was 17 

amino acids consistently rich in glutamic acid (31.54 

%) followed by tyrosine (12.83 %), alanine (9.54 %), 

glycine (9.36 %), serine (5.85 %), phenylalanine (5.06 

%) and threonine (4.27 %). Leucine, lysine, cystine, 

histidine and aspartic acid represented (2.45 – 3.80 %). 

 

2.6. Bio-bleaching of waste paper by xylanase 

enzyme  

In some countries have more than 81 paper and 

industries. Every year these industries  in these 

countries continues to increase, where this increasing 

can cause more pollution that affected on the 

enviromentes in these countries because of the 

unavoidable use of chemicales [44]. Removing of 

lignin from pulp and paper  by using of chemicales is 

one of the steps to obtain pulp with a more perfect 

brightness. The bleaching process is usually carried 

out in stage: the chlorination, extraction and addition 

of chlorine dioxide. Because of diffeculty degredation 

of these compoundes chemically or biologically so 

that they can last long on the earth’s surface and have 

serious impact on the enviroment through possibly can 

enter into food and will accumlate in the human body 

or animals that are carcinogenic [45]. So found 

alternative method used for bleaching by using 

enzymes to reduce impact caused by the use of 

chlorine, and increase the strength of pulp and paper 

[46]. One enzyme that is used in biobleaching of pepar 

and pulp, where it used in the early stages of bleaching 

paper pulp.  

 

Table (5):  Show the xylanase activity, protein content 

and specific enzyme activity of purification profile 

fractions of xylanase obtained Bacillus tequilensis 

strain. 
Specific 

enzyme 

activity 

(U/mg ) 

Protein 

Content(mg/mL 

) 

Xylanase 

activity 

(U/mL) 

Fraction 

No. 

0 0 0 1 

0.27 11.13 3.05 2 

3.05 6.34 19.34 3 

16.25 3.09 50.21 4 

71.34 1.25 89.18 5 

113.78 0.88 100.13 6 

101.61 0.69 70.11 7 

70.41 0.42 29.57 8 

38.29 0.21 8.04 9 

8.21 0.14 1.15 10 

Xylanase produced by  Bacillus tequilensis strain used 

in biobleaching, where it give the highest brightness 

(61.4 %), in case the control sample was (48 %), with 

increasing 13.4 % about the control sample as Table 

(6). Isabela, et al. [47] when they studied the 

brightness on paper pulp after treatment with xylanase 

obtained Bacillus sp TC-DT13. They found the 

increasing amount of brightness was about 5 %. 

 

 
Fig. (5): Molecular weight of xylanase (A) and 

amino acids peaks (B) from Bacillus tequilensis 

strain. 

Table 6. Physical properties of wastepaper after 

treatment with thermotolerant xylanase enzyme as 

compared with untreated sample (control).  

Physical 

properties 
Unit 

Wastepaper 

treated with 

xylanase 

Untreated 

wastepaper 

(control) 

Whiteness % 61.4 48 

Whiteness 

index 
% 27.92 - 

Darkness % 93.6 86.9 

Softness m/s 1669 1416 

 

3. Conclusion 

In the current, Bacillus tequilensis strain isolated from 

Ain-Helwan springs and identified by biochemical test 

and by 16s rRNA. Bacillus tequilensis strain have 

ability to produce extracellular xylanase through 

making clear zone around colony growth. Then the 

Bacillus tequilensis strain subjected to optimization 

for detection of the optimum parameters that give the 

best xylanase production. The optimum parameters 

were temperature 40 °C, the incubation period was 24 

h, and the xylan concentration used for xylanase 

production 3 g/L, inoculum size 1 %, the best nitrogen 

source was peptone and the best pH 7. After that these 
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results subjected to Tukey HSD at p < 0.05. Also in 

this study the Box-Behnken design was utilized to find 

the best conditions for producing huge amounts of the 

xylanase enzyme. The results of this investigation can 

be used to improve settings for future fermenter scale-

up experiments and to determine the economization of 

the xylanase enzyme manufacturing process. The 

obtained xylanase have 16 amino acids and molecular 

weight 359.0 KDa through characterization by amino 

acids analyzer and TLC mass. The xylanase in this 

study have the ability to brightness the waste paper, 

where the amount of increasing in brightness about 

13.4 % about control sample resulting in improvement 

the quality of paper. This suggests that xylanase is 

appropriate for industrial usage, particularly in the 

bleaching process, because it lowers the use of toxic 

chemicals and is economically safe. 
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