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The yield, productivity and cost for the enzymatic hydrolysis of cellulose to glucose 
are crucial for the production of second generation ethanol. In the first study we 
have evaluated the activity of several commercial cellulolytic enzymes and a crude 
extract of a local strain of Trichoderma viride. The load used was 15 U of 
cellulase/gram cellulose and 90 U of cellobiase/gram cellulose. The hydrolysis was 
carried out at 50oC and pH 4,8 for 96 hours. The best cellulose hydrolysis yield of 
58% was obtained with the cocktail formed of crude cellulases from T. viride 
CMIT3.5 combined with Novozyme 188. This cocktail was used in the second study, 
when alkaline-steam pretreated wheat straw and corn stover where hydrolyzed at pH 
4,8 for 96 hours. The temperature was set at 50oC and 40oC. The hydrolysis at lower 
temperature was tested for a future experiment of simultaneous hydrolysis and 
fermentation. An enzymatic assay using glucose-6-phosphate dehydrogenase was 
used to determine exclusively glucose, instead of wide-range sugar DNS assay. 
Reporting to 100 grams of wet pretreated biomass, the following results were 
obtained: 14.4 g% glucose for corn stover at 50oC and 13,0 g% at 40oC; 13,1 g% 
glucose for wheat straw at 50oC and 10.3 g% at 40oC. Considering that wheat straw 
contain 36.6% glucose-based carbohydrates, the hydrolysis yields are between 
39.3% and 28.1%. Further studies, concerning the optimal parameters for cellulase 
cocktail will be made. 
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Introduction 

 
The urgency to replace fossil fuels by renewable fuels and food-to-fuel 

debates are the main driving forces leading the research around the world to the 
second generation of ethanol, from lignocellulosic biomass. The conversion of 
lignocellulose to ethanol is a three steps process: in the first step the carbohydrates 
are released from lignocellulosic complex; in the second step the carbohydrate 
biopolymers are hydrolyzed to simple sugars; and the final step consists of 
fermentation of sugar to ethanol. In Romania, millions of tons of lignocellulosic 
biomass, especially wheat straw and corn stover are generated yearly as residues 
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from agricultural activities. Although some of these materials can be used in many 
sectors of the economy, a large part of the lignocellulosic biomass is a surplus and 
is burned on the field or ends up as a pollutant. This surplus is a potential feedstock 
for biomass ethanol. However, irrespectively of the biomass availability, the yield, 
productivity and cost for the enzymatic hydrolysis of cellulose to glucose are 
crucial for the production of second generation ethanol. 

 
Materials and Methods 

 
In the first study we have evaluated the activity of several commercial cellulolytic 
enzymes and a crude extract of a local strain of Trichoderma viride. The enzymes 
are: Cellulase Onozuka from Merck, Zetalase and Hidrocell from a local provider, 
and the whole cellulolytic enzyme pool produced in laboratory by a culture of T. 
viride CMIT3.5 (other name: T. viride CMGB1, microorganism kindly donated by 
Dr. Săsărman Elena, from the University of Bucharest, Faculty of Biology). These 
enzymes were used individually or combined with cellobiase from Aspergillus 
niger – Novozyme 188 (Novo Industries) to hydrolyze cellulose Avicel. The load 
used was 15 U of cellulase/gram cellulose and 90 U of cellobiase/gram cellulose. 
Considering that the cellulases will be used in further experiments in simultaneous 
hydrolysis and fermentation systems, besides cellulose, nutrients for yeast cultures 
were added to the hydrolysis probes: cellulose 1%; yeast extract 1%; peptone 2%. 
The hydrolysis was carried out in sterile conditions at 50oC and pH 4,8 for 96 
hours. Every 24 hours probes were harvested in aseptic conditions, centrifuged and 
stored in the freezer. After four days of hydrolysis the dry weight of the remained 
cellulose, and the concentration in glucose in harvested probes was determined. An 
enzymatic assay using glucose-6-phosphate dehydrogenase, NAD, ATP and 
hexokinase was used to determine exclusively glucose, instead of DNS assay, 
which detect a wide range of reducing sugars. 
In the second study, using the results obtained in the first study, an enzyme 
cocktail was selected to hydrolyze lignocellulosic biomass resulted from 
agricultural activities (wheat straw and corn stover). The biomass was pretreated 
using alkaline method (NaOH 2%) combined with steam treatment (autoclave at 
150oC). After pretreatment, the biomass was washed with 12 volumes of HCl 10% 
and water until neutral pH. We applied the same hydrolysis conditions described in 
the first study, excepting temperature. The hydrolysis was carried out at 50oC - the 
optimal temperature for cellulolytic activity, and 40oC – temperature that will be 
applied in further studies for simultaneous hydrolysis and fermentation.  

 
Results and Discussion 

 
The cellulasic preparates where used to hydrolyze crystalline cellulose 

Avicel. The results in figure 1 indicates that the best cellulose hydrolysis yield has 
been obtained using the cocktail formed of the whole crude cellulolytic enzyme 
pool produced by T. viride CMIT3.5 combined with cellobiase from Aspergillus 
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niger. Even crude Trichoderma cellulases alone can produce more glucose than 
other commercial enzymes. As for the residual cellulose after hydrolysis, in the 
case of the above mentioned cocktail (T+C), only 42.5% of the cellulose was found 
unhydrolyzed, comparing with 100% of cellulose in the probe containing only 
Zetalase (Z). 
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Figure 1. Hydrolysis of crystalline cellulose Avicel with different cellulolytic enzymes: H 

= Hydrocell, O = Onozuka, T = cellulase localy produced with Trichoderma, Z = Zetalase, 
C = cellobiase from Aspergillus. 

 
After pretreatment of agriculture biomass with NaOH 2% and steam, the weight of 
the biomass has changed by water absorption during pretreatment and washing. 
From 10 grams of wheat straw and corn stover, 60 grams and 35 grams 
respectively of pretreated biomass was obtained. These are important data to be 
used in the calculation of process efficiency. 
Results in figure 2 indicates that the cocktail formed of cellulases from 
Trichoderma and cellobiase from Aspergillus gives the highest yield in glucose: 
14.4 grams of glucose from 100 grams of wet pretreated corn stover and 13.1 
grams of glucose from 100 grams of wet pretreated wheat straw.  
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Figure 2. Hydrolysis at 50oC. C = corn stover, CP1 = pretreated corn stover with cellulases 
from Trichoderma, CP2 = pretreated corn stover with cellulases and cellobiase. P = wheat 
straw, PP1 = pretreated wheat straw with cellulases from Trichoderma, PP2 = pretreated 

wheat straw with cellulases and cellobiase 
 

As for hydrolysis carried out at 40oC, results in figure 3 indicates that the highest 
yield in glucose was obtained again in corn stover with cellulases and collobiase: 
13 grams / 100 grams wet pretreated biomass. In the case of wheat straw, the 
hydrolysis efficiency decreased from 13.5 grams to 10.3 grams of glucose / 100 
grams of wet pretreated biomass. 
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Figure 3. Hydrolysis at 40oC 
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Conclusions 
 

Considering that wheat straw contain 38% glucose-based carbohydrates, the 
hydrolysis yields are between 34.5% and 27,1%. As for corn stover, whit 53% 
content in glucose-based carbohydrates, the hydrolysis yields are between 27.1% 
and 25,5%.The results obtained during this research can be used in two-phase 
hydrolysis and fermentation, ore simultaneous hydrolysis and fermentation of 
lignocellulose to ethanol. Further studies, concerning the optimal parameters for 
cellulase cocktail will be made. 
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