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Gao et al., 2008; Singh et al., 2009; Longwei et al., 
2014). In the fermentation process, it is also important to 
consider the cost of nitrogen and other macronutrient 
sources (Su et al., 2011) because, it is very important to 
find alternatives of using inexpensive mineral nutrients to 
the culture media. The fermentation parameters such as 
pH, temperature, moisture, aeration and incubation time 
influence the expression and secretion of the enzymes 
significantly affecting the targeted product (Lakshmia et 
al., 2009).  

The heat released by the microbial activity during the 
fermentation process causes increase of the temperature 
of the system requiring cooling of the bioreactor. The use 
of thermophilic fungus in SSF has been very promising 
since they can adapt to variations in temperature during 
the process and do not require cooling (Gomes et al., 
2009).  

This study aimed to evaluate the conditions of xylanase 
and cellulase production searching an inexpensive 
fermentative process to make them viable for future 
industrial application. The strategy used was to cultivate 
the thermophilic fungus Myceliophthora thermophila 
M.7.7 in SSF using inexpensive agro-industrial waste as 
carbon sources and commercial agricultural fertilizer as 
nutrients sources. In addition, the effect of various 
physico-chemical conditions was evaluated on enzyme 
production.  
 
 
MATERIALS AND METHODS 
 
Microorganism and effect of temperature on fungal growth 
 
The strain M. thermophila M.7.7 used in this study was isolated 
from decaying sugarcane bagasse piles and identified by the data 
derived from BLASTn results using the ITS-rDNA region as a 
molecular marker which had 99% sequence identity with M. 
thermophila strain ATCC 42464 (Moretti et al., 2012). The culture 
was maintained on slanted Sabouraud agar (g/L: 40.0 dextrose, 
10.0 peptone, 20.0 agar and pH 5.6) under water and mineral oil, at 
room-temperature (25 ± 2°C) and by spores immersed in 20% 
glycerol at -80°C.  

In order to investigate the performance of the strain at various 
temperatures, mycelia from pure cultures were spotted on agar 
plates and incubated at 37, 40, 45, 50 and 55°C. The diameters of 
the colonies were measured at 12 h intervals. All experiments were 
performed in replicates of three. 
 
 
Enzyme production under solid state fermentation (SSF) on 
different agricultural wastes and mineral nutrients 
 
The effect of lignocellulosic wastes (mixtures of corn straw, 
sugarcane bagasse or straw with wheat bran, w/w 1:1) on enzyme 
production was studied according Moretti et al. (2012). The dried 
substrates were ground to particles of 3 mm and 5 g of the 
substrate mixture was placed in polypropylene bags (size 12 x 20 
cm). The chemical composition of substrates were (% w/w): corn 
straw was cellulose 28%, hemicellulose 15% and lignin 19%; 
sugarcane bagasse was cellulose 47%, hemicellulose 16% and 
lignin 27%; sugarcane straw was cellulose 43%, hemicellulose 15% 
and lignin 23%.  

The nitrogen sources urea, calcium nitrate, ammonium sulphate, 

 
 
 
 
yeast extract, agricultural fertilizer NPK (20:05:20 -Heringer) and 
ammonium sulphate fertilizer grade were tested. Additionally, 
nutrient solutions were composed of (g/L) 3.0 KH2PO4, 0.5 
MgSO4.7H2O, 0.5 CaCl2 and Tween 80 (0.1%), pH 5.0 (modified 
Mandels and Sternberg, 1976 method) and of a solution formulated 
with agricultural fertilizer containing (g/L) 10.0 ammonium sulphate, 
3.0 mono-ammonium phosphate (MAP) (9% nitrogen and 48% 
phosphorus) and 2.0 potassium chloride (Heringer), 0.5 
MgSO4.7H2O, 0.5 CaCl2 and Tween 80.  

The substrates containing nutrient solution were autoclaved at 
121°C for 30 min. The inoculum consisted of 2 x 107 spores/g 

substrate and the final moisture content of the medium was 80%. 
After inoculation, the material was incubated at 45°C for 10 days 
and samples were collected at 48 h intervals. Crude enzyme 
solutions were obtained using suspensions of the fermented 
material in 100 mL distilled water. The filtrate was centrifuged at 
10000 ×g for 15 min at 10°C and the supernatant liquid was used 
as crude enzyme. 
 
 
Enzyme assays 
 
Xylanase and endoglucanase activities were assayed in reaction 
mixtures containing 0.1 mL of crude enzyme and 0.9 mL of sodium 
acetate buffer solution at 0.1 M, pH 5.0 added xylan (birchwood) 
(10.0 g/L) or carboxymethylcellulose (CMC) (40.0 g/L), which were 
then incubated at 60°C for 10 min. The free xylose and glucose 
units produced as a result of xylanase and endoglucanse activity, 
respectively; react with 1.0 mL of 3-5 dinitrosalicylic acid (DNS) 
reagent (Miller, 1959). This final reaction forms a colored complex 
that was measured by spectrophotometer at 540 nm. The enzyme 
activity was defined in International Units (U), as the amount of 
enzyme required to release 1 µmol of product per 1 min in the 
assay conditions.  

The β-glucosidase activity was determined according to Leite et 
al. (2008) in a reaction mixture composed of 0.050 mL of crude 
enzyme solution, 0.250 mL of sodium acetate buffer (0.1 M; pH 5.0) 
and 0.250 mL of 4-nitrophenyl-β-D-glucopyranoside (4 mM), 
(PNPG, Sigma) incubated at 60°C for 10 min. The reaction was 
stopped by the addition of 2.0 mL of Na2CO3 (2 M) and was 
measured at 410 nm. One unit of enzyme activity (U) was defined 
as the amount of enzyme required to release 1 µmol of p-
nitrophenol per 1 min in the assay conditions.  
 
 
Effect of incubation temperature, initial pH and moisture on 
enzyme production  
 
To evaluate the effect of incubation temperature, the two substrate 
and nutrient supplements which had high enzyme activity in the 
previous assay were used. The inoculated substrates were 
incubated at 40, 45, 50°C for 10 days. In all the experiments, the 
pH and moisture content were maintained as previously described 
(Gautam et al., 2011).  

The effect of initial pH of the media on enzyme production was 
evaluated at pH 5.0, 5.5, 6.0, using a substrate at 80% of moisture 
under a temperature that allowed high enzyme activity, for 10 days. 
The effect of substrate moisture was studied for 60, 70 and 80% 
using the best substrate and nutrient conditions. For the enzyme 
extraction, distilled water was added to fermented material at 
proportions of 1:10 (w/v).  
 
 
Evaluation of the amount of eluent and use of buffer and 
surfactant in the enzyme extraction  
 
The fermented material was mixed and divided into five equal parts. 
Three were used to evaluate the proportion of eluent (1:10, 1:20  
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