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ABSTRACT In North America, biofuels are mostly produced from corn, which has been 
widely criticised around the world. The use of sweet pearl millet and sweet sorghum for 
ethanol production is an interesting alternative to corn because of their high biomass yield 
under a wide range of environmental conditions and high concentration of readily 
fermentable sugars. Also, coproducts (pressing residues) could be utilized to their 
maximum potential in different ways so nothing is lost in the process. However, the 
pressing process of this biomass has to be optimized for a better extraction of juice for 
ethanol production. Preliminary experiments were carried out on sweet pearl millet and 
sweet sorghum to optimize the juice extraction with two different presses, a screw press 
and a hydraulic press manually operated. Sweet pearl millet and sweet sorghum 
biomasses were either chopped finely or coarsely. They all have undergone various 
pressures with the hydraulic press. Results showed that, for both crops, the volume of 
extracted juice increases almost linearly with increasing the pressure. Sweet sorghum 
seems to be a better feedstock for ethanol production since it produces about 0.03 to 0.06 
litre of juice per kilogram of biomass more than sweet pearl millet. The use of the screw 
press resulted in a better juice extraction. However, only negligible difference was 
observed between the two chopping modes. The production of ethanol from sweet pearl 
millet and sweet sorghum is promising. Other experiments need to be made to improve 
the extraction of juice for ethanol production. 
 
Keywords:  Sweet pearl millet, Sweet sorghum, Biomass, Pressure, Juice extraction, 
Ethanol. 
 
INTRODUCTION In North America, biofuels are mostly produced from corn, which is 
widely criticised around the world. United States of America are the biggest ethanol 
producers with approximately 10,600 millions of gallons produced in 2009, mostly from 
corn (RFA, 2010). In Canada, 15 factories produce around 423 millions of gallons per 
year (Brodeur et al., 2008). Seven of them, located in the Canadian Prairies, use wheat 
and the other eight, located in Ontario and Quebec, use grain-corn. According to 
Chavanne and Frangi (2008), corn ethanol production needs more energy than it can 
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produce. Moreover, the huge production of bioethanol negatively affects the price of 
basic food products since 2005 (FAO, 2009). Efforts shall therefore be made to find 
better energetic crops that won’t widely affect the production of food for human and 
animal consumption.  

Sweet pearl millet and sweet sorghum are forage crops that present some advantages for 
energy production. They both have a high biomass yield under a wide range of 
environmental conditions. They are hardy drought-tolerant grasses and can both grow on 
marginal soils. Sweet sorghum can be easily grown in almost any type of soil. According 
to Andrews and Kumar (1992), sweet pearl millet is known to grow on acid and sandy 
soils. It also remains one of the best crops to grow in rotation to fight lesion nematodes 
(Bélair et al., 2005). Both crops can be used for ethanol production since they produce a 
high concentration of readily fermentable sugar. Co-products (pressing residues) can be 
used in multiple ways, in particular as forage for bovine alimentation (Clement and 
Vanasse, 2008). Sweet pearl millet and sweet sorghum represent therefore a good 
alternative to corn for biofuel production. 

The pressing process, however, needs to be optimized for a better extraction of juice for 
ethanol production. Preliminary experiments were carried out to extract juice from sweet 
pearl millet and sweet sorghum, at the beginning of fall 2009. Two different presses were 
used, a hydraulic H-frame vertical press and a screw press. The objective of this study 
was to investigate the effects of compressive force and chopping mode on the pressing of 
sweet pearl millet and sweet sorghum. A comparison between obtained results using the 
two presses was also carried out.   

METHODS Two experiments were carried out with different presses. The first 
experiment was done on September 24 and 25, 2009, with a typical vertical H-frame 
press modified for this purpose. This press was obtained from the Department of Soil 
Science and Agri-Food Engineering of Université Laval, Quebec, Canada. The second 
experiment was carried out on October 6, 2009 using a screw press (Model CP-4), rent 
from Vincent Corporation, Tampa, Florida, USA. 

Vertical press experiment The vertical press is an H-frame hydraulic press manually 
operated. A steel box, 48.5 x 61 x 43.2 cm, was made to fit on the press with a lid 
attached to the jack of the press. Several holes were made at the bottom of the box to 
allow juice flowing during the compression process. Juice was collected in a plastic plate 
placed under the box.  

Sweet pearl millet and sweet sorghum biomasses were either finely chopped, about 0.5 to 
1.3 cm long, with a silage corn harvester, or coarsely chopped, about 7.5 to 13 cm long, 
using a crop chopper from New-Holland. Once chopped, each kind of biomass was 
weight with a high capacity balance, then the box of the press was completely filled and 
the remaining biomass was weight again. This allowed determining more precisely the 
weight of the biomass used to fill the box. The biomass was then compressed under 
various pressure forces: 200, 333, 466, 599, and 733 kPa. Each time, the pressure was 
applied until no more juice was dropping, then the pressure was released. The volume of 
the collected juice was measured with a graduated cylinder. The Brix degree was 
evaluated from both pressed and canopy juices using a refractometer. Each test was 
replicated three times. At the end of every test, the weight of pressing residues was 
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computed and samples of both fresh and compressed biomass were taken for further 
analysis. Samples of juice were also taken after every compressive force.  

CP-4 Screw press experiment The first trials made with coarsely chopped biomass 
overheated the electric motor. Consequently, only tests with sweet pearl millet and sweet 
sorghum biomasses finely chopped were carried out with the CP-4 press. For every test, 
15 kg of biomass were used. First, biomass was weighted, and then all the biomass was 
carefully put into the press to avoid plugging. The juice was gradually collected into a 
graduated cylinder placed under the press. Pressing residues were weighted when all 
possible juice was extracted. Samples of fresh and compressed biomass as well as juice 
were also taken. Each test was replicated three times.  

Juice extraction measurement As the weight of biomass before compression and the 
volume of juice collected are known, it is possible to compute the volume of juice per 
kilogram of biomass compressed for both chopping types and presses. This gives a good 
idea about how much juice can be extracted. However, it does not tell exactly what the 
amounts of juice are before and after compression of the biomass. One crop could contain 
more juice than the other but its juice extraction could be more difficult. To know if the 
extraction is efficient, it is necessary to look at the rate of water extracted from the 
samples.  

Biomass samples In every experiment, samples of fresh and compressed biomasses were 
placed into “cryovacs” bags. Every bag was weighted and then placed in a dryer to dry 
the biomass. Thereafter, the bag was weighted again. The difference in masses between 
fresh and dry biomasses gives the mass of water extracted during the drying process. The 
rate of moisture extracted from the samples during compression was then calculated. 
Knowing this rate, it’s possible to extrapolate it to the entire mass of biomass which has 
been compressed during the experiment to compute the water extraction rate from the 
biomass, as shown in equations 1, 2, and 3. This extraction rate is the percentage of 
moisture contained in the biomass which was extracted during compression. 

   sRWEBW ×= 11  (1) 

   sRWEBW ×= 22  (2) 

   100
W

 W-W

1

21 ×=RWE  (3) 

B1= Weight of biomass before compression, (kg) 
B2= Weight of biomass after compression, (kg) 
W1= Weight of water before compressing the biomass, (kg) 
W2 = Weight of water after compressing the biomass, (kg) 
RWEs= Rate of water extracted from the samples, (%) 
RWE= Rate of water extracted from the entire biomass, (%) 
 

The rate of extracted water gives a better idea of how juice can be easily extracted from 
the biomass. Moreover, by knowing the mass of extracted water, it is possible to 
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determine the rate of residue content in the juice as the entire mass of extracted juice is 
also known. The residues could be soluble, like sugar and minerals, or not. Non-soluble 
or solid residues are usually visible and would normally need to be filtrated to get a clean 
juice.  

RESULTS  

Vertical H-Frame hydraulic press At first sight, juice extracted with the vertical press 
was very clear and clean. Therefore, no further filtration was necessary. 

Compressive force and chopping effects Compressive forces significantly affected the 
juice extraction. As we can see on figure 1, the volume of extracted juice increases almost 
linearly with increasing the compressive force. More juice was however extracted from 
sweet sorghum than from sweet pearl millet, for approximately a same volume of 
feedstock.  
 

 

Figure 1. Juice extraction from a same volume of sweet pearl millet and sweet sorghum 
biomass finely and coarsely chopped, under different compressive forces. 

Fine chopping seems to result on a better juice extraction than the coarse one. This is not 
the case based on unit mass of compressed biomass. Figure 2 shows that the chopping 
mode (coarse or fine) does not have any effect on the juice extraction as only a negligible 
difference was observed (0.01 L/kg for sweet pearl millet and 0.02L/kg for sweet 
sorghum). Overall, results show that sweet sorghum produces between 0.03 and 0.06 
L/kg more juice than sweet pearl millet.  
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Figure 2.  Volume of juice extracted per kilogram of sweet pearl millet and sweet 
sorghum biomasses under two chopping modes. 

Juice extraction As the juice extracted from the vertical press was very clear, no solid 
residues were found. The principal component of the extracted juice is water. The rate of 
extracted water is a very important factor that has to be taken into consideration as it 
indicates which crop is more suitable for extraction. As shown in table 1, water is 
extracted more easily from sweet sorghum than from sweet pearl millet. Also, it seems 
easier to extract water from a fine chopping biomass. Results from coarse sweet pearl 
millet are not shown because they are not representative. 

Table 1. Rate of water extracted from the compressed biomass with the vertical press 

  Chopping mode 
Biomass  Fine Coarse 

Sweet pearl millet 34.52 % - 
Sweet sorghum 41.50 % 38.15 % 

 

As juice extracted using the vertical press contained no solid residues, it is possible to 
conclude that juice components, besides water, are soluble residues which may contain 
sugar and minerals (Table 2). However, as some biomass could have been lost during the 
transport between the balance and the press, the rate of computed residues could therefore 
be affected. As expected, sweet sorghum juice contained more soluble residues than 
sweet pearl millet. Sweet pearl millet had a Brix of about 9 to 11 compared to 11 to 
13°Brix for sweet sorghum. 
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Table 2. Juice components of biomass finely chopped extracted with the vertical press 

 Biomass Water  
% 

Residues    
% 

Sweet pearl millet 92.25 7.75 
Sweet sorghum 88.20 11.80 

 

Screw press Compared to the vertical press, the juice extracted using the screw press 
contains a lot of solid residues. This required additional filtration. With the screw press, 
only fine chopping has been considered. Obtained results also show that sweet sorghum 
contains more juice than sweet pearl millet.  

About 0.39 and 0.5 litres of juice per kilogram of compressed biomass were extracted 
from sweet pearl millet and sweet sorghum, respectively. This represents 0.13 and 
0.18 L/kg more juice than that obtained with the vertical press. Moreover, the screw press 
allowed extracting 51.5 and 62.7% of the water contained in the biomass from sweet 
pearl millet and sweet sorghum, respectively (Figure 3). This is about 17 and 21% better 
than those obtained with the vertical press. However, a higher rate of residues was found 
in the juice extracted by the screw press than the vertical press (Table 3).  

 

 

Figure 3. Rates of water extracted from sweet pearl millet and sweet sorghum biomasses 
using two different presses. 
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Table 3. Juice components of biomass finely chopped extracted with the screw press 

Biomass  Water%  Residues    
% 

Sweet pearl millet 88.20 11.80 
Sweet sorghum 84.92 15.08 

 

DISCUSSION 

Compressive force and chopping effects As expected, juice extraction is easier with 
higher compressive forces. The volume of extracted juice increases, almost linearly, with 
increasing the compression force. Juice content quality has to be analysed after every 
extraction trial in order to determine the most appropriate compressive force. 

Fine chopping seems to be more adequate for better juice extraction. This is not the case 
based on the rate of extracted juice per unit mass of compressed biomass. Indeed, 
comparable rates of extracted juice per kilogram of biomass were obtained from sweet 
sorghum and sweat pearl millet for both chopping modes (fine and coarse).  

Juice extraction and press performances Overall, obtained results show that sweet 
sorghum is a better feedstock for ethanol production than sweet pearl millet as it produces 
more juice per kilogram of biomass than sweet pearl millet regardless of the kind of the 
press.  

Based on the rate of extracted water, the screw press seems to result on a better 
performance than the vertical press. Results clearly show that water is extracted more 
easily with the screw press. It is therefore expected that soluble content of the juice, like 
sugar, would be easier to extract too. The vertical press was however better in terms of 
quality of extracted juice as almost no non-soluble residue was found in the juice. The 
main problem with this press is that it is manually operated. The trials were time 
consuming and required a lot of physical efforts from the operator. To remedy to this 
problem, the press has to be motorized. The juice extracted with the screw press was of a 
poor quality as it contains a lot of unwanted residues. Additional filtration was therefore 
required. Adding another step to the extraction process would require precious time and 
efforts, which is not desirable.  

CONCLUSIONS Overall, rates of extracted juice from sweet sorghum and sweet pearl 
millet confirm that these energy crops are adequate for biofuel production. Since the 
purpose of this study is to extract juice for ethanol production, more efforts have to be 
made to find the most appropriate process resulting in a better quality of juice. Sweet 
sorghum seems to contain more juice and more sugar than sweet pearl millet. The 
chopping mode needs to be further investigated to determine its effect on the juice 
extraction. Compared to the vertical press, the use of the screw press resulted on a better 
juice extraction. Both presses need however to be improved for a better quality of 
extracted juice (screw press) and easier operating (vertical press). 

As this was a preliminary investigation into the pressing process of sweet pearl millet and 
sweet sorghum, obtained results are highly valuable in planning and carrying out the 
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upcoming experiments as they enlightened us on many aspects of this project. Great 
hopes are made on sweet pearl millet and sweet sorghum to replace other less energetic 
and environment friendly crops, and it seems to be promising.    
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