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Introduction
Bioethanol produced from organic raw materials is a renewable 

and clean energy source, which is used both as fuel for car engines 
and in chemical, cosmetic and pharmaceutical industries. The main 
source for the production of 1st generation of bioethanol is grains 
of cereals and maize, potatoes, sugar beet and others. However 
the use of these crops for bioenergy is controversial as it causes 
reductions on the cultivation area for food and feed production. 
Taking into account domestic climatic conditions, lignocellulosic 
plants such as sorghum and miscanthus can become an alternative 
for bioenergy production (Photo 1).

Sorghum, similarly to maize, sugar cane and proso millet is 
classiied in the Panicoideae family, Poaceae, in genus Sorghum [1]. 
Sorghum is an annual plant reaching the height of 4 m, tolerant 
to drought, and providing high yields of dry mass at the so called 
milk-wax phase of seed. Sorghum biomass contains high amounts 
of monosaccharides, what indicates its high usability for obtaining 
bioethanol [2]. Miscanthus, of Miscanthus sp. genus is a perennial tuft 
grass with low water-mineral needs, resistant to diseases and pests, 
which can be grown on poor grade soils. Again, it is characterized 
with high growth of biomass, what leads to possible improvement of 
the cost-eficiency of the production of 2nd generation biofuels [3]. 
Moreover, the actual species of Miscanthus giganteus is a hybrid bred 
from two other species i.e. diploid Miscanthus sinensis and tetraploid 
Miscanthus saccharilorus and this hybrid can grow to the height of 
3.5 m in one vegetation season [4].

Photo 1. Plantations of sorghum (left) and miscanthus (right)

Considering high energetic value of combustion of sorghum 

(15 MJ/kg) and miscanthus (14–17 MJ/kg) and high yield of dry biomass 
(sorghum 15–18 t/ha and miscanthus 25 t/ha) both plants can be used as 
raw material for production of biofuels – mainly of bioethanol.

It should be noted that lignocellulosic biomass is characterized with 
complexity of its chemical composition, as it contains in its structure 
a polymeric complex called lignocellulose, which is relatively dificult 
for biodegradation. The lignocellulosic complex found in cell walls of 
plants is composed of the following components [5]:

cellulose (glucose homopolymer) – the most useful fraction of • 
the biomass for the bioethanol production. However, despite 
the highest energy, due to being surrounded by fragments of 
hemicelluloses and lignin, its degradation and energy release is 
considerably inhibited,

hemicellulose (saccharide copolymer) – a fraction only partially • 
useful for bioethanol production,

lignin (phenol derivative polymer) – a fraction useless for bioethanol • 
production and inhibiting the processing of the biomass.

For bioethanol production raw material is as much important as 
optimal bioprocessing technology. The eficiency can be increased 
by optimization of technological parameters. Lignocellulosic material 
must be subjected to pre-treatment i.e. fragmentation, saturation 
with diluted acids and press evaporation. Processing of the material 
will allow for effective hydrolysis of the hemicellulose and will prepare 
cellulose for enzymatic treatment, what will ensure proper and eficient 
course of the following stages of bioethanol production i.e. enzymatic 
hydrolysis and fermentation.

The irst stage of the pre-treatment is mechanical processing 
involving fragmentation of the plant material, most commonly done 
by grinding, what allows for improvement of cellulose accessibility 
to cellulolytic enzymes and thus increase of monosaccharides that 
are further decomposed by distillation yeasts in fermentation process  
[6, 7]. Mechanical pre-treatment does not cause separation of speciic 
fragments of the lignocellulosic complex, but leads to decreasing 
the particle sizes and consequently to lowering the resistance of 
transported mass and heat, change in macro and microscopic structure 
of the biomass, what generally has positive effect on the eficiency of 
the whole process of biofuel production [8, 9]. Therefore, mechanical 
processing of the biomass is signiicant for the rate and degree of 
enzymatic hydrolysis of the cellulosic fraction.
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Moreover, it is advisable to take into account the economic aspect  
of mechanical processing, as optimization of physical processes, which 
are energy consuming in their nature, will contribute to reduction of 
costs of the production of 2nd generation biofuels.

Materials and methods
The aim of the study is determination of the eficiency of mechanical 

processing of sorghum and miscanthus biomass during preparation of 
the materials for production of bioethanol.

The materials used in the study were:
Sucrosorghum 506 – from Experimental Farm of INF&MP in • 
Sielec Stary
Miscantus Giganteus – from Institute of Plant Genetics of Polish • 
Academy of Sciences in Poznan.
Firstly, moisture of sorghum and miscanthus biomass was 

determined (according to standards PN-75/Z-04002/13), and also 
chemical components were evaluated i.e.: cellulose (according 
to standards PN-92/P-500920), hemicellulose – as the difference 
holocellulose measured according to standards PN-92/P-050092 and 
cellulose, and lignin (according to standards BN-86/7501–11).

In the next stage, the raw material was subjected to crushing on the 
crusher for branches, and then dried in the temperature 50°C for the 
period of 24 hours. The material prepared in that way was transferred 
for further processing on mills.

The following kinds of mills were used:
percussive type – the function of grinders is fulilled by the shield • 
with hammers embedded movably around the periphery and with 
sieves of the mesh size: 1, 1.8, 3 and 4 mm
bullet type – the function grinders fulilled by the bullet made • 
from hard high-density material – the agate, with the size of the 
bullet at 50 mm.
The measurement of the electrical energy consumption on the 

percussive mill was performed on samples of crushed the sorghum 
and miscanthus biomass of 200 g each, on every sieve, at the use of 
the analyser of the electric horsepower, and in case of the bullet mill 
on samples 5g each with the use of energy calculator.

Furthermore, sieve analysis of the sorghum and miscanthus biomass 
ground on the percussive mill was made for every sieve – 1, 1.8, 3 and 
4 mm, and in case of the biomass ground on the bullet mill the analysis 
was made with the use of rotary laboratory shaker with the use of the 
sieve set of mesh diameters at: 5, 4, 3, 2, 1, 0.5 and 0.1 mm.

A determinant of the eficiency of the mechanical processing 
of the sorghum and miscanthus biomass is the content of released 
reducing sugars determined according to the Miller’s method with 
3, 5-dinitrosalicylic acid (DNS) in the enzymatic hydrolysis test [10]. 
The hydrolytic test was performed with the use of the enzymatic 
preparation CELLUCLAST 1.5L (Novozymes) which cellulolytic activity 
is at 700 EGU/g. The vegetable raw material was incubated at 40°C in 
0.05 M the citrate buffer of pH 4.8 during 2 hours. Then, absorbance 
measurement was made against reference sample at the wavelength 
530 nm. The reading of the values of the reducing sugars concentration 
was done from the reference absorbance curve for glucose (Fig. 1).

Fig. 1. Reference absorbance curve for glucose

The selection of the suitable method of the fragmentation of 
the sorghum and miscanthus biomass will have a bearing on the 
eficiency of the entire process of the energy production from these 
raw materials.

Results
As result of the irst stage of the study the moisture and 

chemical composition of the sorghum and miscanthus biomass were 
measured (Tab. 1)

Table 1

The chemical constitution the sorghum and miscanthus

Raw material Sorghum Miscanthus

Moisture, % 11.5 5.0

Cellulose, % 26.2 42.1

Hemicellulose, % 25.9 36.7

Lignin, % 16.9 22.4

On the basis of the results it can be observed that:
the miscanthus biomass is characterized with the lower moisture • 
than the sorghum biomass, what undoubtedly results from later 
harvesting of miscanthus from the ield than the sorghum
the miscanthus biomass has considerably higher cellulose content • 
(42.1 %) in comparison with the sorghum biomass (26.2 %), that 
is the component desirable in the production
the miscanthus biomass has higher content of hemicelluloses • 
(36.7 %) – the fraction also useful for the bioethanol production 
– than sorghum (25.9 %)
the sorghum biomass has lower lignin content (16.9 %) than the • 
miscanthus biomass (22.4 %), what undoubtedly is an advantage 
of the sorghum, in terms of the biofuel production.
In the following stage of the study, the raw materials were subjected 

to the fragmentation both on the percussive (mesh size – 1, 1.8, 3 and 
4 mm) mill, and on bullet mills (there bullets of the diameter 50 mm) 
and then electrical energy consumption was measured. The values 
of the electrical energy used for fragmentation of raw materials for 
speciic mesh sizes are presented in Figure 2.

Fig. 2. The electrical energy consumption of the raw material on the 
percussive mill with mesh sizes – 1, 1.8, 3 and 4 mm

The average consumption of electrical energy per 100 g of the raw 
material in case of the percussive mill amounted to 0.0075 kWh, and 
for the bullet mill it was 3.24 kWh. The mean duration of fragmentation 
of the sample was: for the percussive mill about 2 minutes, while 
for the bullet mill it was a few hours. For the sorghum biomass, the 
demand for energy is linearly decreasing in time, depending on the 
mesh size and ranges between 0.023 kWh (the mesh – 1 mm) and 
0.014 kWh (the mesh – 4 mms). In case of miscanthus the lowest 
energy consumption occurred for the biomass ground with the use 
of the sieve with mesh size at 1 mm and it amounted to 0.008 kWh.  
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The percussive mill, due to very time-consuming processing and 
high energy consumption, turned out to be undoubtedly a too 
expensive option for pre-treatment of the lignocellulosic biomass in 
the production of 2nd generation biofuels.

Furthermore, the study included the sieve analysis of the 
sorghum and miscanthus biomass, fragmented both with the 
percussive (for every mesh size – 1, 1.8, 3 and 4 mm) mill, and the 
bullet mill. The results of the sieve analysis are presented in Table 2,  
and also in Figures 3÷5.

Table2
The sieve analysis of the sorghum and miscanthus biomass

The sieve analysis of the sorghum and miscanthus permitted the 
comparison of the decomposition of individual fractions of the biomass, 
what is an important element in the choice of the method of mechanical 
pre-treatment. In terms of further processing the best particles are as 
small as possible with homogenous size.

The obtained results allow for observing that:
the distribution of speciic fractions of sorghum and miscanthus is • 
similar for the percussive mill, whereas it varies greatly in case of 
the bullet mill
in case of the percussive mill the highest amount of fractions at • 
0.1–0.5 mm and 0.5–1 mm was found for mesh sizes at 1, 1.8 and 

3 mm, while for the mesh diameter 4 mm the distribution of speciic 
fractions was similar – at about 30 % in fractions: 0.1–0.5 mm, 
0.5–1 mm and 1–2 mm
for the bullet mill, the highest amounts were observed for the • 
fraction 0.1–0.5 mm.

Fig. 3. The sieve analysis of the sorghum biomass -the percussive 
(mesh 1, 1.8, 3 and 4 mm) mill

Fig. 4. The sieve analysis of the miscanthus biomass -the percussive 
(mesh 1, 1.8; 3 and 4 mm) mill

Fig. 5. The sieve analysis of the sorghum and miscanthus biomass 

– the bullet mill

In order to determine the eficiency of the mechanical 
processing of the sorghum and miscanthus biomass, the content 
of released reducing sugars was measured by Miller’s method 
in the enzymatic hydrolysis test of the fractions obtained after 
fragmentation of raw materials on the percussive mill for every mesh 

size – 1, 1.8, 3 and 4 mm.
Figures 6÷7 present obtained quantities of released reducing 

sugars in the sorghum and miscanthus biomass depending on 

the mesh size.

Fig. 6. The content of reducing sugars in sorghum for mesh 

sizes – 1, 1.8, 3 and 4 mm

Fig. 7. The content of reducing sugars in miscanthus for mesh 

sizes – 1, 1.8, 3 and 4 mm

Table 3 presents differences among the quantity of released 
reducing sugars in tests on the sorghum and miscanthus biomass 
subjected to action of the enzymatic preparation CELLUCLAST 1.5L 
and in control tests – without the use of the enzyme.
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Table 3
The content of reducing sugars in the sorghum and miscanthus, 

for mesh sizes – 1, 1.8, 3 and 4 mm

Raw material
Mesh size, 

mms

The content of reducing sugars, mg/g

Enzyme Control Difference

Sorghum

1 58.9 31.6 27.3

1.8 74.3 32.8 41.5

3 76.4 45.0 31,4

4 76.9 53.9 23.0

Miscanthus

1 18.9 2.4 16.5

1.8 24.4 9.0 15.4

3 18.3 5.8 12.5

4 19.0 6.6 12.4

The values of the released reducing sugars in tests on the sorghum 
and miscanthus biomass ground on the percussive mill with sieves 
– 1, 1.8, 3 and 4 mms, obtained as the difference of the content of 
sugars determined in tests with the use of the CELLUCLAST 1.5L 
enzyme and control tests – without the use of the enzyme, allowed 
for selection of the optimum fractions of the raw materials. For the 
sorghum biomass, it was the fraction ground on the sieve with mesh 
size at 1.8 mm (the difference in sugar content of 41.5 mg/g), and for 
the miscanthus biomass it was the fraction obtained with mesh size of 
1 mm (the difference in sugar content of 16.5 mg/g). The differences 
in the reducing sugars quantity in these fractions suggest that the raw 
material received in this way is most susceptible to the enzymatic 
hydrolysis. This is an important factor as the fraction size of the raw 
material will inluence signiicantly further stages of the pre-treatment 
i.e. during treatment with acids and the pressure evaporation, because 
it will permit the more effective loosening of the lignocellulosic 
structure and thus more effective preparation of the raw material for 
the enzymatic treatment.

Furthermore, it is notable that the selected fractions are 
characterized with the lowest energy consumption during their 
fragmentation and this will contribute to the costs of the mechanical 
pre-treatment of the sorghum and miscanthus biomass.

Conclusions
the eficiency of the mechanical pre-treatment of the • 
lignocellulosic biomass from sorghum and miscanthus depends 
on the type, the eficiency, and also energy consumption of the 
grinding devices – mills
the use of the bullet mill should be abandoned because of the • 
time consuming character of the processing and too high energy 
consumption during the fragmentation of the raw material
the use of the percussive mill , due to the time, eficiency and energy • 
consumption is advisable and allows for analysing fragmentation 
with sieves of different mesh sizes – 1, 1.8, 3 and 4 mm, what leads 
to differentiation of the electrical energy consumption needed both 
for fragmentation of sorghum and miscanthus
the content of reducing sugars determined with the Miller’s • 
method in ground sorghum and miscanthus biomass showed 
that an effective method of the fragmentation of raw materials 
was grinding on the percussive mill: for sorghum with mesh 
at – 1.8 mms, and for miscanthus with mesh at 1 mm, what is 
justiied also from the economic point, because it requires the 
lowest energy consumption for the process.
The study was realized within the framework of the project 

NCBiR No. PBS1/A8/9/2012. The development of the innovative 
production technology for 2nd generation bioethanol from sorghum 
(Sorghum sp.) and miscanthus (Miscanthus sp.) biomass”
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