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Abstract 

The main objective of this study was to evaluate the yields of fermentable sugars from 
Miscanthus giganteus using different cellulases and comparing with other types of agricultural 
biomass. Crude extract of Trichoderma viride and four commercial cellulases were tested for glucose 
yield from standard cellulose Avicel. Three from the total of five tested cellulases were used to 
hydrolyse pretreated and non-pretreated Miscanthus. The yield of total sugars was determined using 
DNS method. The yield of glucose was determined using two enzymatic methods. Next, the cellulase 
giving the best yield in the first part was applied to hydrolyze pretreated corn stover, Miscanthus, and 
wheat straw. The yields obtained from the three types of biomass are: total sugars: 360 mg/g, 422 mg/g, 
and 530 mg/g; glucose: 215 mg/g, 258 mg/g, and 280 mg/g for corn stover, Miscanthus and wheat 
straw respectively. 
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Introduction 
 

Production of ethanol from starch-based grains is facing high food-to-fuel debates and 
alternative feedstock is searched for production of fuel ethanol. Lignocellulosic biomass is an 
abundant, renewable, environmentally friendly, non-food feedstock that lately is used to 
produce ethanol as second generation biofuel. Although agricultural residues as wheat straw 
and corn stover are currently used and most likely will play a significant role in production of 
cellulosic ethanol, dedicated energy crops (as Miscanthus giganteus) must also be grown to 
produce large quantities of ethanol to cover increasing demand from the biofuel market. 
Agricultural lignocellulosic biomass is more suitable to saccharification than wood, because 
of their soft structure, low lignin content, and low cellulose crystallinity. Glucose and xylose 
are the main monosaccharides released from these lignocelluloses and can be fermented to 
ethanol by yeast [1,2], or the xylose can be converted to the sweetener xylitol [3]. 

In this study, the main objective is to evaluate the yields of fermentable sugars from 
Miscanthus giganteus using different cellulases and comparing with other types of 
agricultural biomass, such as wheat straw and corn stover. 
 
Materials and Methods 
 

1. Raw materials 
Dry wheat straw and corn stover were obtained from the didactic farm of University of 

Agricultural Science from Timisoara. Biomass consisting of the whole plant of Miscanthus 
giganteus, was provided by Barbu et al., from Lucian Blaga University, Sibiu. Miscanthus 
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was cultivated in Copsa Mica area, a chemically polluted area, reach in lead and cadmium, 
improper for other crops. The biomass was air-dried and milled with a hammer mill to a mesh 
sieve of 2 mm. As standard cellulose,  Avicel PH 101 has been used. 

2. Pretreatment of lignocelluloses 
The samples were pretreated using conditions that previous research [4,5] proved to be 

optimal for this type of biomass: in NaOH 2% solution, and autoclaving at 2 bar for 30 
minutes. The pretreated biomass was washed and neutralized. The amount of water used for 
washing was around 12 volumes of biomass volume. The reason for washing is to eliminate 
the inhibitors resulted after pretreatment (furfural, hydroxymethyl furfural, traces of acids, 
hydroxides, salts), and resulted glucose, due to its inhibiting effect for cellulases. All 
lignocellulosic materials which have undergone some aqueous pretreatment must never 
undergo any drying whatsoever prior to enzyme digestibility, since irreversible pore collapse 
can occur in the micro-structure of the biomass leading to decreased enzymatic release of 
glucose from the cellulose. Additionally, all frozen lignocellulosic materials which are to be 
subjected to digestibility tests cannot have been frozen for more than one month prior to 
analysis, since, depending on the environment, sublimation could have occurred, leading to 
possible irreversible collapse of micropores in the biomass [6]. 

3. Evaluation of enzymatic activity of cellulases 
The activity of several commercial cellulolytic enzymes and a crude extract of a local 

strain of Trichoderma viride have been evaluated. The enzymes are: Cellulase Onozuka, from 
Trichoderma viride (Merck 102321), Cellulase from A. niger (Fluka 22178), 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. The load of 
cellobiase was 6 units cellobiase/1 unit cellulase (after Lynd, 1996 [2]). 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% [6]. 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 of glucose in harvested probes were analyzed. 

4. Enzymatic hydrolysis of Miscanthus 
Using the results obtained in the previous part (evaluation of enzymatic activity of 

cellulases), three enzymes were selected and used to hydrolyze Miscanthus. The reason of this 
study is to select one cellulase (from the cellulases tested previously to hydrolyze pure 
cellulose) to be applied to hydrolyze pretreated lignocellulosic biomass. We applied the same 
hydrolysis conditions described in the previous paragraph. The hydrolysis was carried out in 
sterile conditions, in a thermostatic water bath with shaker. The samples were harvested and 
stored as described previously. 

5. Enzymatic hydrolysis of three types of lignocellulosic biomass 
The enzyme giving the best yield of glucose in the previous study (enzymatic 

hydrolysis of Miscanthus) is applied in this study to hydrolyze in the same conditions two 
more types of biomass from agriculture: wheat straw and corn stover. The reason of this study 
is to compare the sugar yields which can be obtained after pretreatment and enzymatic 
hydrolysis of Miscanthus (less studied) with yields obtained from wide-studied wheat straw 
and corn stover. 
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6. Analysis 
To quantify the fermentable sugars released after combined process of pretreatment 

and enzymatic hydrolysis, it is important to determine not only reducing sugars, but the 
fraction of glucose from the total of released reducing sugars. This is important because the 
conventional yeasts are able to ferment glucose to ethanol, but not xylose and arabinose. 
Xylose can represent a large fraction from reducing sugars released after hydrolysis of 
lignocellulose, which can be converted to ethanol or other chemicals only by some bacteria 
(like Clostridium thermocellum, Cl. acetobutilicum), or by genetically modified 
microorganisms. Hence, we applied the following methods of analysis: 

a. DNS assay, which detect the whole range of reducing sugars. The method consists of 
reading the absorption at 640 nm in a solution composed of the sample containing 
reducing sugars and DNS reagent. The intensity of the color is transformed in mg of 
sugars using a standard curve; 

b. An enzymatic assay using glucose-6-phosphate dehydrogenase, NAD, ATP and 
hexokinase to determine exclusively glucose. During this enzymatic reaction, the 
NAD is converted in NADH+H+: the more glucose is present in the sample, the more 
NADH+H+ will be produced. The method consists of quantifying the released 
NADH+H+ by reading the absorption at 340 nm. 

c. A laboratory equipment, Multiparametric analyzer EOS Bravo Forte, Hospitex 
Diagnostics, to determine exclusively glucose. Reactive used: phosphate buffer, 
phenol, GOD, POD, Amino-4-antipirine. The glucose is converted in a red quinonic 
complex; the absorption is read at 500 nm. 
The last two assays are both applied to quantify glucose. In this study we used two 

assays to determine the same parameter for a better precision of results and to verify the 
accuracy of the enzymatic assay (b) applied in our laboratory. By extracting the value 
obtained for glucose (assay b, c) from the value obtained for total sugars (assay a) we can find 
the quantity of the other reducing sugars (xylose and arabinose). 
 
Results and Discussion 
 
 During the pretreatment process, the weight of biomass increases because it retains 
water. The water retention capacity is different for each type of biomass (the weight of wheat 
straw increases more than six times, as the weight of corn stalks increases less than four times 
– see table 1). Because the pretreated biomass will be wet loaded in the hydrolysis flasks, as it 
is generated after pretreatment, it is important to know the parameters in table 1. In the 
process of enzymatic hydrolysis of three types of lignocellulosic biomass, the 100 ml liquid 
hydrolysis probes will contain the equivalent of wet pretreated biomass generated by 2 grams 
of raw biomass. For example, for Miscanthus, 2 grams of raw biomass generated 11.3 g of 
wet pretreated biomass (5.65 x 2) – this will be the quantity to be loaded in the hydrolysis 
probes, to have 2% raw biomass. The calculation is applied for the other two pretreated 
agricultural biomass. The pure cellulose Avicel does not need to be pretreated. 
Table 1. Weight and humidity of biomass after pretreatment 
 
Biomass 

Dry weight of raw 
biomass, % 

Increase in weight of 1 g 
of raw biomass after 
pretreatment (g) 

Dry weight of wet 
pretreated biomass, % 

Wheat straw 93 6.81 10.55 
Corn stalks 82 3.78 19.90 
Miscanthus 85 5.65 17.75 
Cellulose Avicel 97 no pretreatment - 
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 In the experiment of evaluation of enzymatic activity of cellulases, six types of 
cellulolytic enzymes where used to hydrolyze crystalline cellulose Avicel. The results in figure 
1 indicates that the best cellulose hydrolysis yield (59%), 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 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 20% of the cellulose was found 
unhydrolyzed, comparing with 80% of cellulose in the probe containing only Zetalase (Z). 

 
Figure 1. Hydrolysis of crystalline cellulose Avicel with different cellulolytic enzymes: H = Hydrocell, O = 
Onozuka (Merck 102321), F = Cellulase from A. niger (Fluka 22178), T = cellulase localy produced with 
Trichoderma, Z = Zetalase, C = cellobiase from Aspergillus. 

 
 Figure 1 shows high differences between the yields in glucose from pure cellulose 
obtained with different cellulases. In this experiment, the crude extract of cellulases from the 
local strain of T. viride CMIT3.5, seems to give the best glucose yield. The method applied to 
quantify the glucose was the assay b (see material and methods). The best three cellulolytic 
mixtures that gives the highest glucose yields (cellulase from T. viride CMIT3.5 + cellobiase, 
Onozuka+ cellobiase and cellulase from Fluka + cellobiase) will be used in the next step to 
hydrolyze Miscanthus. 
 

  
Figure 2. Hydrolysis of Miscanthus with the three cellulases. Total sugars yields (DNS assay): left –
unpretreated, right – pretreated.  

 
 Pretreated and unpretreated Miscanthus was hydrolyzed in the same conditions using 
the three cellulases mentioned above. In each case cellobiase from Aspergillus niger 
(Novozyme 188) was added. Figures 2, 3 and 4 shows the total sugars yields and glucose 
yields using the three enzymes: O = Onozuka+ cellobiase, F = cellulase from Fluka + 
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cellobiase, TV = cellulase from T. viride CMIT3.5 + cellobiase. Figure 2 shows the total 
sugars yields (obtained with DNS assay) in the case of hydrolysis of unpretreated (left chart) 
and pretreated Miscanthus (right chart). In the case of unpretreated Miscanthus, the highest 
concentration of sugars (279.8 g mg sugars/g biomass) was achieved with cellulase from 
Fluka. In the case of pretreated Miscanthus, the highest concentration of sugars (422.7 g mg 
sugars/g biomass) was achieved with Onozuka. Pretreatment of Miscanthus increased the 
productivity of cellulases by 51%. Surprisingly, cellulases from T. viride CMIT3.5 released 
the lowest amount of sugars (and lowest amount of glucose – see figure 3 and 4), even if in 
the first experiment, this enzyme achieved the highest glucose yield from cellulose Avicel. 
These results can be explained by decreasing of cellulase activity during the storage at +4oC. 
The crude cellulolytic extract from T. viride CMIT3.5 was not conditioned and the decreasing 
of enzymatic activity during the storage is a normal phenomenon in the unconditioned 
enzymatic preparations. 
 

  
Figure 3. Hydrolysis of unpretreated Miscanthus with the three cellulases. Glucose yields: right –obtained with 
assay b, left - obtained with assay c. 
 
 As mentioned before, two assays to quantify the released glucose were applied during 
hydrolysis. Figure 3 shows the results obtained in the case of the unpretreated material: the 
assay c (Multiparametric analyzer EOS Bravo Forte, Hospitex Diagnostics) indicates higher 
values of glucose than assay b (enzymatic reaction). The difference is maintained in the case 
of pretreated biomass as well. Taking into account the followings: the enzymes used in assay 
b can loose activity in time; small amounts of enzymes that has to be used in the assay can 
lead to errors; the analyzer used in assay c is a standardized, wide used, trusted equipment; we 
will consider the results obtained with assay c as the final results. Results in figures 2,3 and 4 
indicates that cellulases from Fluka are more active in the case of unpretreated biomass, as 
cellulase Onozuka release the highest amounts of sugars in pretreated biomass. The glucose 
yields in unpretreated biomass are 123.4 mg/g and 108,8 mg/g for cellulase from Fluka and 
Onozuka respectively. 
 

  
Figure 4. Hydrolysis of pretreated Miscanthus with the three cellulases. Glucose yields: right –obtained with 
assay b, left - obtained with assay c. 
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 The highest amount of glucose released by hydrolyzing pretreated Miscanthus was 
258.6 mg/g biomass. The yield was achieved with cellulase Onozuka (see figure 4 – left chart). 
In this case, pretreatment of Miscanthus increased the amount of released glucose by 58%. As 
for the time necessary to hydrolyze the pretreated biomass, the results indicate that in 48 hours 
the majority of glucose is released (figure 4), as for total sugars, 72 hours are needed to release 
the main quantity of reducing sugars (figure 2). The differences between the amount of total 
sugars and the amount of glucose are represented by C5 sugars, mainly xylose and arabinose 
(422.7 mg total reducing sugars – 258.6 mg glucose = 164.1 mg of xylose and arabinose). 

 
Figure 5. Sugar yields from pretreated biomass 
 
 In the last part of this study hydrolysis was carried out of other two types of 
agricultural biomass - corn stover, and wheat straw - using cellulase Onozuka (Merck) 
combined with cellobiase Novozyme 188 (the enzymes that has released the highest amount 
of glucose in Miscanthus). The yields obtained from these types of biomass are: total sugars: 
360 mg/g, and 530 mg/g; glucose: 215 mg/g, and 280 mg/g for corn stover and wheat straw 
respectively. Glucose is the most important compound released after hydrolysis of 
lignocellulosic biomass (conventional yeasts are not able to ferment xylose and arabinose); 
and our results (see figure 5) indicates that although the total reducing sugars released from 
Miscanthus are lower than in wheat straw, the difference in amount of glucose released from 
the two biomass is very little. The percentages of glucose from total reducing sugars are: 
52.8%, 59.7%, and 61% in wheat straw, corn stover, and Miscanthus respectively. To further 
enhance the sugar yield, the enzymatic hydrolysis conditions must be investigated. 
 
Conclusions 
 
 In summary, this work shows the potential of producing fermentable sugars from 
agricultural residues, or from special crops for biomass production. There is a wide range of 
cellulases commercially available that can be applied for hydrolysis of lignocellulose. Price, 
enzymatic activity, stability and availability are the most important parameters to be 
considered in selecting a cellulolytic preparation to be used on large scale for hydrolysis of 
lignocellulose. High differences in glucose yields where found applying different cellulases. 
Although in the first part, the crude extract of cellulases from the local strain of T. viride 
CMIT3.5, released the highest amount of glucose, the preparation is not stable in time. These 
data allow us to conclude that even on-site cultures of Trichoderma can be considered in a 
biorefinery, for production of low cost cellulases. But, in implementation of a large-scale 
technological process, important data need to be considered, such as: if the crude extract can 
be concentrated; if it can be used immediately to hydrolyze lignocellulose (the storage of the 
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cellulolytic extract leads to important decrease of enzymatic activity); if the quantity of cellulase 
that can be daily produced on-site, can cover the production capacity of the biorefinery. 
However, it should be noted that a critical assessment of the costs and benefit analysis are 
needed because the initial capital investment and operation cost of on-site production of 
cellulase are not cheap. The assessment should consider solid state fermentation system as an 
alternative to produce low-cost and more concentrated cellulolytic preparations [7]. 
 This work also shows that cellulase from A. niger (Fluka 22178) is more active in 
unpretreated Miscanthus, but cellulase from T. viride - Onozuka (Merck) releases the highest 
amount of reducing sugars (422.7mg/g biomass), and implicit glucose (258.6mg/g biomass) 
from pretreated biomass. Comparing these yields with the yields achieved with other types of 
agricultural biomass, and sustained by other researches [8] Miscanthus can provide more 
fermentable sugars than corn stover and less than wheat straw, but the percentages of glucose 
from total reducing sugars are the highest in Miscanthus. Besides agricultural residues such as 
corn stover and wheat straw, cellulosic bioethanol production sector can rely on special crops, 
such as Miscanthus, a plant that can be cultivated in polluted area, or on low-quality arable 
land, improper for other crops. This work provides guidelines for determining the economic 
estimations in the viability of technological processes of conversion of lignocellulosic 
materials to ethanol and other biochemicals. 
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