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ABSTRACT Solid state fermentation (SSF) has more potential for production of enzymes especially by fungi. The pre-
sent research work aimed at optimization of culture conditions for enhanced production of xylanase by 

Thermomyceslanuginosus by solid state fermentation. The maximum production was observed at 400C (145.64±4.56 
U/g solid) and least at 600C (10.50±2.15 U/g solid).Maximum xylanase production was observed after 96h of incuba-
tion (150.0±5.67 U/g solid) and at pH 6.5 (150.0±2.67 U/g solid) and at 1.5% wheat bran (165.10±3.10 U/g solid). 
Maximum xylanase production was observed on yeast extract (165.10±3.10 U/g solid) and least on potassium nitrate 
(30.24±3.12 U/g solid).Maximum xylanase production was observed on 1.5% yeast extract (180.10±3.10U/g solid). All 
additives and detergents decrease the activity of enzyme. Maximum decrease was observed when tween-80 was add-
ed (80.25±2.50 U/g solid).Ca2+ and Mn2+ were found to enhance xylanase production while Mg2+, Fe2+ and Cu2+ 
were found to decrease xylanase production.

1. Introduction
Xylanase hydrolyses β-1,4 glycosidic linkages between D-
xylanopyranose units of xylan, a heteropolysaccharide with 
substitutions like, acetylation at the C-2 or C-3 of the xy-
lose units; α-1,2- linked glucuronic or 4-O-methylglucuronic 
acid groups; α-1,3- linked arabinofuranose units and ferulic 
or coumaric acids esterified to C-5 of arabinose (Coughlan, 
1992).The complexity of hydrolysis of xylan, a heterogene-
ous substrate, to its constituent sugars is reflected by the 
synergistic action of complement of main-chain and side-
chain cleaving enzymes. Solid state fermentation is con-
sidered to be more advantageous as compared to sub-
merged fermentation like production of high concentration 
of products, requirement of simple equipment, cheaper in 
cost etc (Moo-Young, 1983; Raimbault, 1989; Doelleet al., 
1992; Miendalet al., 2011). Agro-residues like wheat bran, 
wheat straw, sugarcane bagasse, wheat flour, corn flour, 
mustard oil cake etc. serves as the best substrate for SSF. 
The substrates may sometime require pre or post treat-
ment to make them ideal for microbial growth (Cabello 
and Conde, 1985).The fungal cultures produce various 
hydrolytic enzymes to utilize the agro-residues for their 
growth. The present work was focused on optimization of 
culture conditions for enhanced production of xylanase, by 
Thermomyceslanuginosus which is a thermophilic mould, 
using solid state fermentation.

2. Materials and Methods
2.1 Inoculum
Thermomyceslanuginosus was cultured on Yeast phosphate 
soluble starch medium for 4days at 40±10C. Two agar discs 
(4.0mm diamter, 2.0 mm thick) were cut and used as in-
oculum for the flasks.

2.2 Solid –state fermentation (LSF)
Erlenmeyer flasks (250 ml) containing 10 g wheat bran and 
20 ml media (gl-1 MgSO4.7H2O, 0.5; K2HPO4, 1.0; yeast ex-
tract, 1.0 and peptone, 2.0) were inoculated with 2 discs 
(4.0 mm dia., 0.2 mm thick) of 4-day old fungal culture and 
incubated at 500C for different time interval ranging from 
24 h to 120 h. The flasks were intermittently tapped gently 
during incubation. 

2.3 Extraction of crude enzyme
Flasks were removed after every 24 h and 100 ml of phos-
phate buffer (0.1 M, pH 6.0) containing 0.1% Tween-80 
was added to the fermented mixture. Flasks were placed 
on rotary shaker for 1 h at 180 rpm and then left overnight 
under refrigeration to effect the release of any bound en-
zyme. The contents were centrifuged at 8000 rpm for 15 
min and the supernatant was used as crude enzyme.

2.4 Enzyme assay
Xylanase activity was determined using birchwoodxylan as 
substrate. The reaction mixture, containing 0.5 ml of 1% 
birchwoodxylan in sodium phosphate buffer (0.1 M, pH 
6.0) and 0.5 ml of crude enzyme, was incubated at 500C 
for 60 min in water bath. The liberated sugars were esti-
mated according to Miller (1959). The activity of enzyme 
was expressed as the amount of enzyme releasing 1 µ 
mole of xylose per ml per min.

2.5 Optimization of culture conditions for xylanase pro-
duction
Effect of temperature on xylanase production
The fungus was grown in XPM at different temperatures, 
ranging from 300C to 60 0C and xylanase production was 
monitored.

Effect of incubation period on xylanase production
The fungus was grown in XPM at 400C and xylanase pro-
duction was monitored at different time periods ranging 
from 0 to 120 h by withdrawing aliquots.

Effect of pH on xylanase production 
Xylanase production was monitored at different pH of XPM 
ranging from 3.0 to 10.0.

Selection of best carbon source for enzyme production 
Various agro-residues viz., wheat bran, wheat straw, rice 
straw and sugarcane bagasse at 1% (w/v) level, were used 
to select the best carbon source for maximum xylanase 
production by the fungus.
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Effect of different levels of wheat bran on xylanase pro-
duction 
Varying amounts of wheat bran were incorporated in XPM 
and enzyme production was monitored. 

Selection of best nitrogen source for xylanase produc-
tion
Various organic and inorganic nitrogen sources were 
screened at 1% (w/v) to select the best source that sup-
ports maximum xylanase production. 

Effect of different levels of yeast extract on xylanase 
production 
Varying amounts of yeast extract were incorporated in 
XPM to monitor enhanced xylanase production.

Effect of additives and detergents on xylanase produc-
tion
Additives (EDTA, 0.01% w/v) and detergents (Tween-80, 
0.1% w/v; triton-X100, 0.02% w/v; SDS, 0.001% w/v) were 
used as supplements to xylanase production medium to 
evaluate their effect on enzyme production.

Effect of divalent cations on xylanase production
The divalent cations such as Mg2+, Fe2+, Mn2+, Cu2+ were 
added to XPM as MgSO4, FeSO4, MnSO4 and CuSO4 
(0.01% w/v) to study their effect on enzyme production.

3. Results
3.1 Effect of temperature on xylanase production
The maximum production was observed at 400C 
(145.64±4.56 U/g solid) and least at 600C (10.50±2.15 U/g 
solid).

Table 1: Effect of temperature on xylanase production 
by Thermomyceslanuginosus
Temperature (0C) Activity (U/g solid)
30 30.16±1.78
35 72.10±2.28
40 150.0±5.67
45 145.64±4.56
50 95.10±4.21
55 40.27±2.26
60 10.50±2.15

Incubation period- 96 h; pH- 6.5

3.2 Effect of incubation period on xylanase production
Maximum xylanase production was observed after 96h of 
incubation (150.0±5.67 U/g solid) and no production was 
observed after 12h of incubation.

Table 2: Effect of incubation period on xylanase produc-
tion by Thermomyceslanuginosus
Incubation period (h) Activity (U/ml)
12 -
24 15.52±2.96
36 35.08±3.05
48 55.91±3.31
60 76.48±2.26
72 100.19±1.98
84 125.49±2.98
96 150.0±5.67
108 100.54±2.56
120 85.32±2.98
 
Incubation pH- 6.5; temp.- 400C

3.3 Effect of pH on xylanase production
Maximum xylanase production was observed at pH 6.5 
(150.0±2.67 U/g solid) and no production was observed at 

pH 3.0, 3.5 and 10.0.

Table 3: Effect of pH on xylanase production by Ther-
momyceslanuginosus
pH Activity (U/g solid)
3.0 -
3.5 -
4.0 12.46±1.79
4.5 29.19±2.31
5.0 45.20±3.56
5.5 75.21±1.46
6.0 110.21±2.12
6.5 150.0±2.67
7.0 136.27±2.32
7.5 110.19±1.42
8.0 76.47±2.10
8.5 55.21±2.32
9.0 15.12±2.85
10.0 -

Incubation period- 96 h; temp.- 400C

3.4 Selection of best carbon source for enzyme produc-
tion 
Maximum production was observed when wheat bran was 
used as substrate (150.0±2.67 U/g solid) and least when 
rice straw was used as substrate (117.26±4.20 U/g solid).

Table4:Effect of carbon source on xylanase production 
by Thermomyceslanuginosus

Carbon Source Activity (U/g solid)
Wheat straw 124.56±2.67
Wheat bran 150.0±2.67
Sugarcane bagasse 135.67±3.10
Rice straw 117.26±4.20

Incubation temp.- 450C; period- 96 h; pH- 6.5

3.5 Effect of different levels of wheat bran on xylanase 
production 
Maximum xylanase production was observed at 1.5% 
wheat bran (165.10±3.10 U/g solid) and least at 3.0% 
wheat bran (95.12±2.10 U/g solid).

Table 5: Effect of different levels of wheat bran on xyla-
nase production by Thermomyceslanuginosus

Level (%) Activity (U/g solid)
0.5 121.12±3.12
1.0 150.0±2.67
1.5 165.10±3.10
2.0 140.35±2.20
2.5 110.13±3.10
3.0 95.12±2.10
 
Incubation temp.- 450C; period- 96 h; pH- 6.5

3.6 Selection of best nitrogen source for xylanase pro-
duction
Maximum xylanase production was observed on yeast ex-
tract (165.10±3.10 U/g solid ) and least on potassium ni-
trate (30.24±3.12  U/g solid).

Table 6: Effect of nitrogen source on xylanase produc-
tion by Thermomyceslanuginosus
Nitrogen source (%) Activity (U/g solid)
Yeast extract 165.10±3.10
L-asparagine 150.21±2.11
Peptone 145.23±3.13
Tryptone 120.12±3.22
Beef extract 115.24±2.50
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Casein 35.46±3.45
Malt extract 46.42±2.35
(NH4)2HPO4 116.55±3.20
(NH4)2SO4 115.55±3.20
KNO3 30.24±3.12
 
Incubation temp.- 450C; period- 96 h; pH- 6.5; wheat bran 
(1.5%)

3.7 Effect of different levels of yeast extract on xyla-
nase production 
Maximum xylanase production was observed on 1.5% 
yeast extract (180.10±3.10U/g solid) and least on 3% 
(86.37±2.21 U/g solid).

Table 7: Effect of different levels of yeast extract on xy-
lanaseby Thermomyceslanuginosus

Level (%) Activity (U/g solid)
0.5 120.45±2.12
1.0 165.10±3.10
1.5 180.10±3.10
2.0 150.24±4.23
2.5 105.13±3.10
3.0 86.37±2.21

Incubation temp.- 450C; period-96 h; pH- 6.5; Wheat bran-
1.5%

3.8 Effect of additives and detergents on xylanase pro-
duction
All additives and detergents decrease the activity of en-
zyme. Maximum decrease was observed when tween-80 
was added (80.25±2.50 U/g solid).

Table 8: Effect of additives and detergents on xylanase 
production by Thermomyceslanuginosus

Supplement Activity (U/g solid)
Control 180.10±3.10
Tween-80 (0.1%) 80.25±2.50
Triton X-100 (0.02%) 100.45±3.50
SDS (0.001%) 120.10±2.20
EDTA (0.01%) 150.25±3.20

Incubation temp.- 450C; period-96 h; pH- 6.5

3.9 Effect of divalent cations on xylanase production
Ca2+ and Mn2+ were found to enhance xylanase production 
while Mg2+, Fe2+ and Cu2+ were found to decrease xyla-
nase production. Maximum production was observed when 
Ca2+ was supplemented into the medium (195.08±2.56 U/g 
solid) and least when Cu2+ was added (114.16±2.20 U/g 
solid).

Table9: Effect of divalent cations on xylanase produc-
tion by Thermomyceslanuginosus

Supplement (0.01%) Activity (U/g solid)

Control 180.10±3.10
Ca2+ 195.08±2.56
Mn2+ 190.23±3.20
Mg2+ 140.32± 2.16
Fe2+ 126.24± 3.20
Cu2+ 114.16±2.20
 
4. Discussion
Xylanase production is affected by the type of xylan, par-
ticularly the extent of branching, the type and frequency of 
side groups on the xylan backbone and the degree of po-
lymerization of the xylan molecule (Jain, 1995) while crude 
lignocellulosics serve as cheap and effective substrate but 

co-production of cellulases makes it difficult to realisecel-
lulase-free xylanase. Higher enzyme production in SSF than 
LSF appears to be on account of a more natural environ-
ment for growth of compost isolates besides the produc-
tion of heat generated in SSF which would support good 
growth of thermophilic moulds(Jain, 1995).

Wheat bran and sugarcane baggase both possess high 
hemicellulose content. Wheat bran has been found to 
support xylanase production without other carbon and/or 
nitrogen supplementation, but there are instances where 
this substrate was not effective, viz., Sporotrichum sp. and 
Myceliophthorathermophilum (Dubey and Johri, 1987; 
Gaffney et al., 2009; Simoeset al., 2009). The available nu-
trients in wheat bran remain surrounded by firm cell. Thus 
fungal hyphae that fail to penetrate deep inside would 
not able to draw up the nutrients. Though, wheat and rice 
straw contain similar proportion of hemicellulose but latter 
supported least production due to lignin and silica content 
which masks the hemicellulose, thereby decreasing acces-
sibility of xylan.

A 2% level of wheat bran supported maximal xylanase pro-
duction (49.85 U) and yield (12.58 U mg-1protein). The im-
proved synthesis of xylanase is affected by the type and 
concentration of the nitrogen source. Yeast extract at 1% 
level served as the best nitrogen source; 2% level signifi-
cantly increased the yield comparable to that supportd 
by 1.5% wheat bran. Yeast extract has always been a uni-
versal choice along with wheat bran for maximal xylanase 
production (Rawat and Johri, In Press). Supplementation 
of Ca2+ enhanced the enzyme production while tween-80, 
triton X-100, SDS and EDTA was either ineffective or in-
hibited enzyme production. Reports of strong inhibition of 
xylanase activity by CuSO4, EDTA and SDS are available in 
literature (Gomes et al., 1994).

Thus this work yields the optimized conditions for maxi-
mum production of xylanase by Thermomyceslanugino-
susby SSF.
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