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Abstract: Bacillus licheniformis isolated from soil was determined as the most 
efficient xylanase producer, while the isolates from rice  and wheat samples did not 
produce this enzyme. Maximum xylanase production could be achieved in Liquid 
State Fermentation (LSF) with inoculum size of 1.5 ml and after an incubation period 
48 hours, at 40 ºC and pH 7. Birchwood xylan and yeast extract were found to be the 
best carbon and nitrogen sources respectively, for producing high level of xylanase. 
Solid state fermentation gave higher xylanase production in comparative with liquid 
state fermentation. Different fermentation conditions were standardized for xylanase 
production in Solid State Fermentation (SSF), the optimum being 72 hours growth at 
pH 6.0, cultivation temperature 50 ° C and substrate to moisture ration of 1:2 (w/v). 
Among different lignocelluloses substrates a mixture of wheat bran and corn bran 
was found to be the best substrate for xylanase production. The inoculum size of 2 ml 
resulted in maximum production of xylanase. 
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من قبل  endo–1, 4- beta–xylanaseانزيم  إلنتاجدراست مقارنت بين تخمزاث الحالت السائلت والصلبت 

 Bacillus licheniform بكتزيا

 
 ساهزة نصيف مسلم
 شذى علي شفيق
 محمذ فاضل خضيز

 

 الزايلةٌةةز فة  اًخايةةت زًةزين ةثةر كاةا كألا الوعزولت هي الخربةت Bacillus licheniformisحعذ بكخريا : الملخص

كاًةج يةةر هٌخ ةت ل ةالا االًةزينا حةن الحىة    لة  حةة   ؛والةر  تخرى الوعزولت هي الحٌطةهقارًت بالعزالث األ

سةا ت  84هة  وبوةذة حنةاً   1.5قى  اًخايةت الًزين الزايلةٌةز باسخخذام طريقت حخوراث الحالت السةاللت بح ةن ز

 لةة  زالكربةة ى وال ةةةذرويةي للحىةة    لةة  ادر فنةة  هىةةزو 7 هقةةذار ام ودالةةت حاهنةةةت  84ودريةةت حةةرارة 

 لة  زا ز طةج حخوةراث الحالةت الىةلبت اًخايةت ل الا االًزين  ٌذ اسخخذام  ايلةي خشب البخ ال وهسخخلص الخوةرة

اسخخذام اللقاح بح ةن  وبظروف حخور قةاسةت شولج ،اًخايةت الًزين الزايلةٌةز بالوقارًت هع حخوراث الحالت الساللت

 م وبٌسةبت رط بةت حراوحةج  °04ودريةت حةرارة  6سا ت و ٌذ دالةت حاهنةةت هقةذار ا  72حناًت  ه  وفخرة 2

خلةة  ًخالةةت  زفنة  هةةادة اسةات الًخايةةت اًةةزين الزيلةٌةةز  ٌةذ اسةةخخذامكوةا زه ةةرث الٌخةال   ،)و ى / ح ةن  2:2

 الوخخلاتا الو اد السلةل  يت الولكٌٌ  هي بةي ةالحٌطت وًخالت الالر

 
 احخوراث الحالت الىلبت والساللت ، Bacillus licheniformis ،: اًزين الزايلةٌةزتاحيتالكلماث المف
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1. Introduction 

The genus Bacillus is one of the most ubiquitous and diverse, with 
reprehensive found in the soil as well as associated water sources such as rivers, 
coastal waters and estuaries' (Dasilva et al., 2005). However, it was isolated from 
foods including meats, dairy products and cereals (Donnarumma et al., 2010). 
Bacillus licheniformis is found in most soils and dominate in nutrient poor soils such 
as moorland (Dasilva et al., 2005). Also they are common in foods including natural 
agricultural products such as cereals which it presumably colonizes from wind – 
blown dust and soil particles (Dasilva et al., 2005). Bacillus licheniformis is of special 
interest with respect to thermo stability as well as chemo stability of enzyme 
(Bergquist et al., 1987). Also the thermophilic Bacillus offer significant potential for 
biotechnological application α-amylase, protease xylanase (Nazina et al., 2000). 
Xylan is the second most abundant biopolymer after cellulose and the major 
hemicellulostic polysaccharide found in the plant cell wall (Timell, 1976). 

Xylanase (endo- 1,4- β –D- xylan xylanohydrolase ; EC 3.2.1.8 ) degrade the 
xylan backbone into small oligomers .This enzyme is required for many applications 
such as bleaching of Kraft pulp, increasing the brightness of pulp, improving the 
digestibility of animal feed and for clarification of fruit juices etc (Biely et al., 1985). 
About 30-40 % of the production cost of many industrial enzymes is accounted by 
the cost of growth substrate (Hinnman, 1994). The use of low cost substrates for the 
production of industrial enzymes is one of the ways to greatly reduce production 
costs. This can be achieved by using solid agricultural waste materials as substrates 
(Wizani et al., 1980). Solid state fermentation processes can be defined as the 
growth of microorganisms on moist solid materials in the absence of free flowing 
water (Cannel and Young, 1980). These processes have been used for the production 
of food, animal feed and both pharmaceutical and agricultural products (Young et 
al., 1998). Therefore this study aimed to isolate of Bacillus from soil, rice and wheat 
samples and comparison between liquid state fermentation and solid state 
fermentation for production xylanase enzymes.  

 

2. Material and Methods 

2.1. Collection of samples. 
     Thirty samples were collected from different sources in sterile containers (10 
samples of each soil, rice and wheat).  

2.2. Isolation of Bacillus spp. 
     One gram of each soil, rice and wheat were added separately to 9 ml of sterile 
water and shake to homogenize and heated to 80 ºC for 10 min in water bath, serial 
dilutions for each samples were set up by using sterile water from each dilution 0.1 
ml was spread on a nutrient agar plates, and incubated aerobically at 37 ° C for 24 
hours, morphological characteristic were used to identify Bacillus such as size, color, 
shape and margin of the colony as well as gram stain according to Lopez et al., 1998.  
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2.3. Xylanase production in LSF 
    The activated isolates were inoculated in liquid medium (0.5 % Birchwood xylan, 
0.2 % yeast extract 0.25 % NaCl, 1.5% KH2PO4, 0.5% NH4Cl and 0.025 % 
MgSO4.7H2O, pH 7.0 ) and then incubated at 37 ° C for 48 hours, and then the 
enzyme was separated by centrifugation at 8000 rpm for 20 min Roy and Rowshonul 
(2009).  

2.3.1. Determination of enzyme activity:  
The amount of the produced Xylanase was measured by using 1% Birchwood 
xylan as the substrate. Xylanase activity was assayed in 2 ml of reaction mixture 
containing 1 ml of crude extracellular enzyme source and 1 ml of 1% a birch wood 
xylan (prepared in 50 mM sodium acetate buffer, pH 5). The mixture was 
incubated at 60 ºC for 10 min, then the reaction was stopped by the addition of 3 
ml of 3,5-dinitrosalicylic acid (DNS) and the contents were boiled for 15 min. After 
cooling the color developed was read at 540 nm. The amount of reducing sugars 
liberated was quantified using xylose as standard .One unit of enzyme activity is 
defined as the amount of enzyme which releases 1 µmol of xylose in 1 min. under 
assay conditions (Miller, 1959). The protein content in the culture supernatant 
was determined according to the method described by Lowry et al. (1951) and 
performed by using bovine serum albumin as standard. 

 
2.3.2. Optimization of growth conditions in LSF medium. 

2.3.2.1. Effect of carbon sources: Liquid production medium was inoculated with 
selected isolate at different carbon sources (dextrose, xylems, mannose, lactose, 
sucrose, CM- cellulose, birch wood xylan, oat spelt xylan and fructose) and 
incubated at 37 ° C for 48 hours at pH 7. Then the specific activity was assayed as 
described above. 

2.3.2.2. Effect of nitrogen sources: Liquid production medium  was inoculated 
with selected isolate at different nitrogen sources (ammonium sulfate, 
ammonium nitrate, peptone, Treptone, urea, ammonium chloride, potassium 
nitrate and yeast extract) and incubated at 37 ° C for 8 hours at pH 7. Then the 
specific activity was assayed. 

2.3.2.3. Effect of incubation temperature: Liquid medium was incubated with 
selected isolate at different temperatures (50, 55, 60, 65) ° C for 48 hours, then 
the activity was measured. 

2.3.2.4. Effect of pH: Liquid medium was prepared at different pH values (2- 9) 
medium was inoculated and inoculated and incubated at 40 ºC for hours,  then 
the specific activity was assayed. 

2.3.2.5. Effect of incubation period: Liquid production medium was inoculated 
with selected isolate of inoculums ( 0.5, 1, 1.5, 2 and 2.5 ml of selected isolate and 
incubated at 40 ° C for 48 hours, and then the specific activity was assayed.  

 
2.4. Xylanase production in SSF. 

Ten gram of wheat bran as solid substrate was hydrate with 1: 1.5 (w/v) 
phosphate buffer (0.02 M at pH 7), after 48 hours of fermentation at 40 ° C, solid 



Comparative study between liquid state fermentation and solid state…  Sahira Muslim and Others 
 

 

 

134 

substrate was removed and suspended in the same buffer, vortex to extract the 
xylanase. The sample was filtrated through a type of cloth; the filtered was 
centrifuged at 8000 rpm for 20 min, for the supernatant. The specific activity was 
assayed (Abou- Dobara et al., 2011). 

2.4.1. Optimization of growth conditions in SSF medium:-  
2.4.1.1. Effect of various complex organic solid substances: Various solid 
substrates ( wheat bran, corn  bran and rice bran ) and mixed two substrates 
together in the same time were hydrated with 1: 1.5 (w/v) of phosphate buffer 
and inoculated with selected isolate then incubated at 40 ° C for 48 hours . The 
specific activity was measured. 

2.4.1.2. Effect of incubation temperature: The mixture of wheat bran and corn 
bran were hydrated with phosphate buffer at ratio 1:1.5 (w/v) and inoculated 
with 2 ml of isolate, then incubated at different temperatures (37, 40, 45, 50, 55, 
60) ° C for 48 hours, the specific activity was assayed. 

2.4.1.3. Effect of pH: The mixture of wheat bran and corn bran were hydrated 
with buffers at different pH values (4-9) including acetate buffer, phosphate 
buffer and glycine buffer at ratio 1: 1.5 (w/v) and incubated at 50°  c for 48 hours, 
and then the specific activity was assayed. 

2.4.1.4. Effect of incubation period: The mixture of wheat bran and corn bran 
was hydrated with phosphate buffer pH 6 at  ratio 1: 1.5 (w/v) and inoculated 
with 2 ml of  selected isolate, then incubated at 50 ° C for different periods  (24, 
48, 72, 96, 120) hours and the specific activity was assayed. 

2.4.1.5. Effect of moisture level: The mixture of wheat bran and corn bran was 
hydrated with phosphate buffer pH 6 at different ratios (1, 1:5, 1:2 and 1:3)  (w/v) 
and inoculated with 2 ml of  selected isolate, then incubated at 50 ° C for 72 
hours, and specific activity was assayed. 

2.4.1.6. Effect of inoculum size: The mixture of wheat bran and corn bran was 
hydrated with phosphate buffer pH 6 at ratio 1: 2 (w/v) and inoculated with  
different inoculum sizes (0.5, 1, 1.5, 2, 2.5 and 3) of selected isolate, incubated at 
50 ° C for 72 hours, the specific activity was assayed. 

 

3. Result and Discussion 

3.1. Isolation and identification of Bacillus spp. 
Sixteen bacterial isolates were obtained and identified as Bacillus spp. as 

shown in figure (1). The result showed that the isolation percentage from soil 
samples which reached to 100%, while it was 30% of each wheat and rice samples. 
Watanabe and Hayano (1993) insured that Bacillus genera are wide spread among 
bacteria in soil. Moreover, Harwood (1989) mentioned that the common habit for 
Bacillus spp. is soil. 
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Figure (1): Bacillus spp. isolated from different sources 

3.2. Detection of xylanase producer isolates.   
The results showed that all the Soil Bacillus sp. isolates were able to produce 

xylanase with a range of specific activity starting from 12.7 to 35.6 U/mg, while all 
other rice and wheat samples did not produce this enzyme. Among the soil isolates 
Bacillus isolate (Bs8) was the most efficient xylanase producer with specific activity 
reached to 35.6 U/mg, Figure (2) shows the Specific activity of the bacterial isolates 
after incubation at 37 ° C for 48 hours.  

Based on that results, (Bs8) was selected to determine the optimization 
conditions of Xylanase production, and then the morphological and biochemical tests 
which performed showed that isolates is Bacillus lichenoformis according to Li et al., 
(2009).  

  

 

 

 

 

 

 

 

 

 

 

 

Figure (2): Production of xylanase by Bacillus isolates in liquid medium. 

3.3. Optimum conditions for xylanase production by (LSF). 
3.3.1. Effect of carbon source: Among all nine carbon sources which tested as a sole 
source for carbon and energy, the results revealed that the maximum production of 
xylanase achieved by using birch wood xylan as a sole source for carbon with specific 
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activity of Xylanase reached to 35.6 U/mg after incubation at 37 ° C for 48 hours, 
while all dextrose, sucrose and fructose were less effective as shown in figure (3). 
The carbon sources are considered as the most important factor for the bacteria 
which provide required energy for a growth and a production of enzyme (Ali, 2006). 
Kachlishvili et al., (2006) demonstrated that the selection of an appropriate carbon 
source was critical in xylanase production, since substrate induction and catabolite 
repression controlled it.  
  Irfan et al., (2012) indicated that selection of suitable medium and 
fermentation conditions plays a vital role in xylanase production and is a pre-
requisite to make the process cost effective. Xylanase is known to induce xylanase 
production. Mohamed et al., (2011) found that the best carbon source for xylanase 
production from Bacillus coagulans and Bacillus licheniformis was found to be xylan 
and the activity of xylanase is much lower in the presence of sugars compared with 
xylan. 

 
  

 

 
Figure (3): Xylanase production by Bs8 in liquid medium at different carbon sources. 

3.3.2. Effect of nitrogen source: Eight nitrogen sources were used to determine the 
optimum nitrogen source for xylanase production. The results showed a highest 
specific activity was recorded 35.6 U/mg protein when yeast extract was used as a 
sole source of nitrogen, on the other hands the activity of xylanase was lower in the 
presence of additive such as ammonium chloride and potassium nitrate as reported 
in figure (4). Nitrogen source is one of the important factors that affected bacterial 
growth due to the bacteria requires nitrogen to complete the metabolic pathways. 
Also nitrogen enhances and increases bacterial growth these increase in bacterial 
growth may be caused increasing in xylanase production (Nair et al., 2006). The 
result agreed with result showed by Rajashri et al. (2012) which reported that 
enzyme production by Bacillus sp. was stimulated by the addition of yeast extract 
and casein. Sindhu et al., (2006) reported that yeast extract, peptone and casein 
supported improvement in xylanse production by Bacillus megaterium, while 
ammonium chloride and ammonium nitrate markedly reduced xylanase production. 
Mohamed et al. (2011) found that peptone was the best nitrogen source for 
producing high level of xylanase by Bacillus licheniformis. 
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Figure (4): Xylanase production by Bs8 in liquid medium at different nitrogen 

sources.( Pepton, T: Trepton, U: Urea, Y: Yeast extract, P N: Potassium nitrate, A S: 
Ammonium sulfate, N: Nitrate, C: Chloride.) 

 
3.3.2. Effect of incubation temperature: The results which reported in figure (5) 
showed that maximum production of xylanase observed at 40 °C when the specific 
activity reached 37.3 U/mg, while the higher temperatures were not suitable for 
enzyme production, the specific activity decreased to 2.6 U/mg at 65 °C. The 
temperature is imported effect on enzyme stability and production, the high 
temperature affect the metabolism of living cells including protein synthesis (Bull 
and Bushneh, 1976). Bacillus licheniformis produced xylanase at 50 °C with maximum 
activity (Mohamed et al., 2011). The enzyme production by Bacillus sp. was better at 
temperature close to 40 ºC (Wahyuntari et al., 2009,), in contrast John et al., (2006) 
reported that xylanase production by Bacillus subtilis 168 was best at 37 °C . 
 
 

 
 
 
 
 
 
 
 
 
 
Figure (5): Xylanase production by Bs8 in liquid medium at different incubation 
temperatures. 

 
3.3.3. Effect of pH value.: The results showed that the maximum xylanase 
production obtained when pH the value of the production medium adjusted to 7. 
The specific activity was reaching to 37.4 U/mg, reduction in enzyme activity was 
observed at pH lower or higher than pH 7 as shown in figure (6). 
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Figure (6): Xylanase production by Bs8 in liquid medium at different pH values  at 40 

°C for 48 hours. 

Many researchers reported that pH represents one of the most factors 
influencing xylanase production, Ashger et al. (2007) showed that among the 
physical parameters, the pH of the growth medium plays an important role in 
inducing morphological changes in the organism and in enzyme secretion. Any 
change in pH affect the protein structure and causes decline in enzyme activity and 
do affect the affinity of enzyme for substrate, especially whenever active site has 
been altered (Battestin and Macedo, 2007). Growth and enzyme production 
condition of most Bacillus subtilis was reported at pH 6-8 and temperature 37-70 °C 
(Oakley et al., 2003). Also Bacillus pumilus produced xylanase with demonstrating 
maximal activity at pH 7 (Monisha et al., 2009). 

3.3.4. Effect of incubation period: The results showed that the enzyme production 
was initiated after 24 hours of incubation with gradual increasing in productivity with 
increasing in incubation period figure (7). The specific activity reached the maximum 
37.3 U/mg after 48 hours incubation, followed by decline in specific activity reached 
3.3 U/mg after 120 hours incubation at 40 °C.  
 

 

 

 

 

 

 

 

 
 

Figure (7): Xylanase production by Bs8 in liquid medium after incubation at 40 °C for 
different periods.. 

This decline was probably due to denaturation or decomposition of the 
substrate as a result of interactions with other components in the medium (Soares et 
al., 1999). Maximum xylanase production could be achieved after an incubation 
period of 48 hours for Bacillus coagulans and after an incubation period of 60 hours 
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for Bacillus licheniformis (Mohamed et al., 2007). In addition, Bacillus 
arseniciselenatis produced xylanase after 48 hours of incubation (Kamble and 
Jadhav, 2011).  

3.3.5. Effect of inoculum size: The results showed that xylanase production by 
Bacillus licheniformis Bs8 was variable at different inoculum sizes. Xylanase activity 
slightly increased with the increase of the inoculum size until 1.5 ml with specific 
activity reached to 38.4 U/ mg, and then decreased to 15.2 U/mg with increase in 
inoculum size to 2.5 ml as illustrated in figure (8). The lowest enzyme production at 
lower inoculum level might be due of less number of viable cells in the production 
medium require more time to grow to an optimum number to utilize the nutrients in 
substrate and for enzyme production (Kashyap et al.,2002) . In addition, less enzyme 
production at higher inoculum size might be due to either decrease nutrient 
availability for the large number of viable cells, or rapid accumulation of toxic 
metabolites (Zhang et al., 2002). 

 

 

 

 

 

 

 

 

 

 
Figure (8): Xylanase production by Bs8 in liquid medium and different sizes of 

inoculum after incubation at 40 °C for 48 hours at pH. 

 

3.4. Optimum conditions for xylanase production by SSF. 
3.4.1. Effect of various complex organic solid substrates: Agricultural waste including 

wheat bran, rice bran, and corn bran were used as solid substrate. The enzyme 
gave highest specific activity 64.8 U/mg in media containing mixed of wheat 
bran and corn bran as substrate in SSF as shown in figure (9). Whereas   the 
media containing corn and rice gave the lowest specific activity of xylanase 
39.9 U/mg. This suggested xylan degradation, stimulating xylanase synthesis 
and xylose production, took place by adding complex carbon sources wheat 
bran and corn bran. Agricultural residues have been reported to induce 
xylanase synthesis efficiently (Pandey, 2003). The wheat bran and corn bran 
contained xylan and protein, which were served as substrates as well as carbon 
and nitrogen sources for microorganisms respectively (Kamble and Jadhav, 
2012). The results of (Thiago and Kellaway, 1982) were reported for xylanase 
production from Bacillus species used wheat and corn as the best substrates 
and gave optimum enzyme activity . Other study showed a high level of 
xylanase production from Bacillus licheniformis using corn as substrate (Gupta 
and Kar, 2009; Gupta and Kar, 2008). 
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Figure (9): Production of xylanase by Bs8 with various organic solid substrates  at 

ratio 1:1.5 (w/v), at pH 7, at 40 °C for 48 hours. 

 
3.4.2. Effect of incubation temperature: The results showed that the optimum 

temperature for xylanase production was 50 °C then the production of enzyme 
was decreases with increasing of incubation temperature to reach 38.2 U/mg 
at 60 °C (Figure (10)). The fermentation temperature is very important for SSF 
since growth and production of enzymes or metabolites are usually sensitive to 
temperature (El-Ahwanya and Youssef, 2007). SSF temperature increases as a 
consequence of the metabolic activity when the heat removed is not enough. 
This affects directly spores germination, growth and product formation. The 
temperature level reached a function of the type of microorganism, the 
porosity, the particle diameter and the depth of the substrate (Sodhi et al., 
2005). Similar findings have been reported with Bacillus licheniformis and 
Bacillus coagulans where enzyme production reached maximum level at 50° c 
(Mohamed et al., 2011). While Gevais and Molin (2003) revealed that the 
maximum xylanase production by Bacillus sp. was obtained at incubation 
temperature ranging from 55 to 60 °C. 

 

 

 

 

 

 

 

 

 

 

 
Figure (10): Production of xylanase by Bs8 in SSF, hydrated at ratio 1:1.5 (w/v), at pH 

7, at different incubation temperatures for 48 hours . 
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3.4.3. Effect of pH value: The results illustrated in figure (11) showed that the 
maximum production obtained when the pH value of the production medium 
adjusted to 6 at this level, the specific activity was 74.8 U/ mg. The pH of 
growth medium plays an important role by inducing morphological changes 
microbes and in enzyme secretion. The pH level changes observed during 
growth of microorganism also affect the products stability in the medium 
(Hiremath and Patil, 2011). Gupta and Kar (2009) determined that optimum 
xylanase production from Bacillus sp. was observed at pH 6. While Gupta et al., 
(2003) reported that the maximum activity was achieved, when Bacillus sp. 
was grown on synthetic medium of pH 10 at 45 °C.  

 

 

 

 

 

 

 

 

 

 

 
Figure (11): Production of xylanase Bs8 under SSF, hydrated at ratio 1:1.5 (w/v), with 

different  pH values at 50 °C for 48 hours . 

3.4.4. Effect of incubation period: The results showed that the production of enzyme 
increased with increasing the incubation period till 72 hours. The maximum 
level reached 85.2 U/ mg (figure (12)), and then decreasing of production was 
observed at 12 U/mg after 120 hours. It can be concluded that enzyme 
production begins in early stage of bacterial growth and continuous during the 
period of incubation, also the production of enzyme during the early stag may 
help the bacteria in degradation of polysaccharide xylan to oligosaccharide 
which are utilize as carbon source for the growth of bacteria (Kumar et al., 
2011). The reduction in xylanase yield after optimum period was probably due 
to the depletion of nutrients available to the microorganism or due to 
proteolysis (Ramesh and Lonsane, 1990). Similar observations have been 
reported with Bacillus licheniformis where enzyme production maximum level 
of enzyme production after 72 hours in wheat bran medium (Mohamed et al., 
2011). In contrast (Flores et al., 1997) revealed that maximum xylanase 
production by Bacillus subitlis was recorded in stationary phase 36 hours of the 
culture. 
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Figure (12): Production of xylanase by Bs8 under SSF, hydrated at ratio 1:1.5 (w/v), 
with different incubation time at 50 °C. 

3.4.5. Effect of moisture level.  
Mixture of wheat bran and corn bran was hydrated with different ratio to determine 
the optimum hydration ratio for enzyme production. The results revealed that the 
optimum hydration ratio was 1: 2 (w/v). The specific activity reached 94.7 U/mg, 
while it decreased to 57.3 U/mg when the hydration ratio increased to 1:3 (w/v) 
(figure (13)). Moisture is one of the most important parameters in SSF that 
influences the organism and thereby enzyme production .Moreover, higher moisture 
level decreases porosity, promotes development of stickiness, altering particle 
structure, increase the change of contamination and resulting in low oxygen transfer 
rate (Annamalai et al., 2009). Previous studies provided production of xylanase by 
Bacillus licheniformis and Bacillus coagulans with 1:2 (w/v), however, the optimum 
condition for the production of xylanse by Bacillus megaterium 1:1.5 (w/v) (Francis 
et al., 2003 Francis).  

 

 

 

 

 

 

 

 

 

 
Figure (13): Production of xylanase by Bs8 under SSF, hydrated wth different ratios of 

phosphate buffer   pH 6, at 50 °C c for 72 hours . 

3.4.6. Effect of inoculum size.  
From results that shown in figure (14), the optimum inoculum size for xylanase 
production was 2 ml with specific activity 95 U/mg, while it decreased 23.1 U/mg 
when the inoculum size reached to 3 ml. The decrease in the enzyme production at 
lower inoculum level less than 2 ml might because of less number of viable cells in 
the production medium require more time to grow up an optimum number to utilize 
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the nutrients in substrate and for enzyme production (Mohamed et al., 2011). 
Francis et al., (2003) revealed that the highest xylanase production by Bacillus 
megaterium was observed at inoculum level of 10 % size. 

 

 

 

 

 

 

  

 

 

 
Figure (14): Production of xylanase by Bs8 under SSF, hydrated at ratio 1:2 (w/v) at 
pH 6, inoculated with different inoculum size of bacterial suspension at 50 °C for 72 

hours. 

3.5. Comparison between SSF and LSF medium for the production of xylanase 
enzyme. 

LSF medium in the optimum conditions was compared with SSF medium. The results 
showed that SSF was more efficient in xylanase production than LSF. The highest 
specific activity (56.8 U/mg) was obtained when used SSF technique, while highest 
specific activity with LSF was 38.5 U/mg. The solid substrate in SSF provides a rich 
and complex source of nutrient that may be sufficient or sometimes insufficient and 
compete with respect to the overall nutritional requirement of that particular 
microorganism which is cultivated on the substrate (Pandey et al., 2001). SSF 
preferred to LSF because of simple technique, low capital investment, lower levels of 
catabolic repression and end product inhibition, low waste output, better product 
recovery, and high quality production (Mrudula and Kokila, 2010). The solid 
substrate acts as a source of carbon, nitrogen, minerals and growth factors and has a 
capacity to absorb water, necessary for microbial growth. Also the microorganisms in 
SSF are growing under conditions similar to their natural habitats; they may be able 
to produce certain enzymes and metabolites more efficiently than in submerged 
fermentation (Pandey, 2003). According to previous results SSF medium was 
selected instead of LSF medium for xylanase production by Bacillus licheniformis Bs8. 
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