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ABSTRACT 

Sweet sorghum and sweet pearl millet are promising energy crops in Canada since they both have 
minimal fertilizer and water requirements and their stalks are rich in readily fermentable sugars. 
These species are a good alternative to corn and wheat for bioethanol production. However, the 
extraction of their sugary juice in-field is not yet optimized. The objective of this study was to 
improve soluble sugars extraction from the biomass of sweet sorghum and sweet pearl millet. For 
each crop, the juice was extracted with a hydraulic press from finely chopped biomass. Thereafter, 
a second pressing was conducted on the bagasse (residual biomass) after being impregnated 
either with water or with the first pressing juice during 0, 30 or 60 min. Our results showed that the 
impregnation duration had no effect on the sugars extraction rate. Regarding the impregnation 
mode, water was more efficient than first pressing juice in extracting residual sugars from the 
biomass. Around 37.6% and 32% of residual fructose and glucose were extracted from sweet 
sorghum biomass, respectively, against only 22.5% and 30.5% from sweet pearl millet biomass. 
Sucrose extraction was improved by the pressing process only for sweet pearl millet. Overall, 36% 
and 47.5% of total soluble sugars were extracted from sweet sorghum and sweet pearl millet 
biomass, respectively, when the bagasse was impregnated with water against only 28% and 41% 
when recycling the first pressing juice. The use of water for a second pressing of the biomass is 
highly valuable in extracting additional sugars from the bagasse. 

Keywords: sweet sorghum, sweet pearl millet, water, juice, impregnation, extraction, residual 

sugars. 
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INTRODUCTION 

Bioethanol represents a good alternative to gasoline while the fossil fuel resources are witnessing a 
severe decline. In Canada, fifteen plants for bioethanol production are already operational using 
corn and wheat as main feedstocks (RFA, 2016; CRFA, 2015). However, the use of these food-
crops to produce bioethanol has raised many controversies regarding the increase of crop prices 
and the competition for arable lands (Brodeur et al., 2008). Sweet sorghum (Sorghum bicolor) and 
sweet pearl millet (Pennisetum glaucum) represent an excellent potential for bioethanol production 
since their stalks abounds with a sugary juice which can be extracted and fermented.  

Sweet sorghum and sweet pearl millet are two C4 crops that can tolerate severe environmental 
stress. They are both drought resistant and have low nutrient requirements compared to sugarcane 
and corn (Reddy et al., 2005; Wu et al., 2010; Andrews et Kumar, 1992). Sweet sorghum can be 
grown on soils ranging from heavy clay to light sand and sweet pearl millet performs well on sandy 
to loamy sandy soils (Mask and Moris, 1991; AERC, 2005). Under the climatic conditions of 
Quebec, the two crops grow well and produce high yields of soluble sugars varying from 1.6 to 
4.3 t ha–1 for sweet sorghum, and 1.6 to 2.6 t ha-1 for sweet pearl millet (Chamberland, 1976; 
Bouchard et al., 2011). 

During this decade, many studies concerning the pressing process have been carried out in the 
province of Québec (Université Laval). Crépeau et al. (2013), succeeded in extracting around 30% 
to 57% of total soluble sugars (TSS) from sweet sorghum biomass against only 22% to 38% from 
sweet pearl millet biomass using a screw press. With the same type of press, about 107 and 77 
g kg-1 DM of TSS were retained by the bagasse of sweet sorghum and sweet pearl millet, 
respectively, which represents about 46% and 64% of initial TSS (231 and 121 g kg-1 DM, 
respectively) (dos Passos Bernardes et al., 2015). According to these studies, the pressing process 
needs to be optimized to minimize the amount of residual sugars in the bagasse. The objective of 
this study was to improve the extraction of soluble sugars from the biomass of sweet sorghum and 
sweet pearl millet by impregnating the bagasse and pressing it a second time with a hydraulic 
press. The effect of impregnation mode and duration on soluble sugars extraction was investigated. 

 

MATERIELS AND METHODS  

Experimental Design 

On June 2014, hybrids of sweet pearl millet (CSSPM 7) and sweet sorghum (BMR) were seeded at 
a rate of 10 kg ha-1 at the Université Laval experimental station in Saint-Augustin-de-Desmaures, 
Quebec, Canada. Just before sowing, plots received 40 kg ha-1 of N, 40 kg ha-1 of phosphorus, and 
40 kg ha-1 of potassium. At the stage of five leaves, the plots received another 40 kg ha-1 of N. On 
September, the crops were harvested and the biomass was finely chopped with a corn chopper. 
For each replication, the chopped biomass of each crop was split into six plastic containers. A 
hydraulic press designed and built at the Department of Soils and Agri-Food Engineering of 
Université Laval was used for the juice extraction (Crépeau et al., 2016). 

The content of each container has been pressed twice. Regarding the first pressing (P1), the 
biomass was weighed and then pressed for 1 min. The extracted juice was collected and the 
residue (bagasse) was retrieved and weighed again. Thereafter, the bagasse was impregnated 
either with the first pressing juice or with water at a water/bagasse ratio of 1/1 (w/v) (Badalov, 
2008). The impregnated bagasse was pressed a second time (P2) immediately, after 30 min or 
after 60 min. The bagasse of the second pressing was then weighed. A split-plot experimental 
design was used with the humidification mode (first pressing juice or water) as main plot and the 
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humidification duration (0, 30, or 60 min) as sub-plot. The pressing (P0, P1, and P2) was 
considered as a repeated measurement. Each treatment was replicated three times. 

Sampling and sugars analysis 

Samples of 250 g of biomass (P0) and bagasse (after P1 and P2) were taken, heated for 2 min in a 
microwave oven and then dried at 55°C for three days in a forced-air oven (Pelletier et al., 2013). 
The dried samples were weighed to determine the dry matter (DM) content and then ground to 
1 mm using a cutting mill (model SM2000, Retsch GmbH & CO. KG, Haan, Germany). Sugars 
concentration in biomass and bagasse samples were analyzed using high-pressure liquid 
chromatography (HPLC). Soluble sugars (glucose, fructose, and sucrose) were first extracted in 
deionised water and then the supernatant was separated on a HPX-87P column (Bio-Rad) eluted 
isocratically. Soluble sugars were detected on a Waters 2410 refractive index detector. Peak 
identity and quantity of glucose, fructose, and sucrose were determined by comparison to 
standards. Total soluble sugars (TSS) concentration was determined by summing glucose, 
fructose, and sucrose concentrations. 

Statistical analysis 

Data were analysed using the MIXED procedure of the SAS software program, version 9.3. Data 
normality was assessed using the software’s UNIVARIATE procedure and Shapiro-Wilk tests, and 
homogeneity of variance was verified through the analysis of residuals. Statistical significance was 
postulated at p<0.05. 

 

RESULTS AND DISCUSSION 

Sweet sorghum 

The biomass of sweet sorghum had a DM concentration of about 17.5% before pressing (P0). The 
impregnation duration had no effect on soluble sugars concentration (Table 1). Regarding the 
sucrose, the impregnation mode and pressing had also no effect on its concentration and its 
extraction rate was about 13%. Unlike sucrose, an interaction between impregnation mode and 
pressing was observed for glucose, fructose, and TSS (Table 1). After the second pressing, the 
bagasse contains less fructose and glucose when the water was used for impregnation than when 
recycling the first pressing juice (Fig. 1a, b). No difference in glucose and fructose concentrations 
was noticed between the bagasses generated from the first and the second pressing when the 
bagasse was impregnated with the first pressing juice. However, the concentration in glucose and 
fructose of the bagasse generated from the first pressing was significantly higher than its 
concentration after the second pressing when water was used for impregnation (Fig. 1a, b). This 
decrease is equivalent to the extraction of 32% and 37.6% of the residual glucose and fructose, 
respectively. The same trend as glucose and fructose was noticed for TSS concentration. In fact, 
recycling the first pressing juice did not have any effect on the bagasse concentration in glucose 
and fructose. However, a significant difference was observed between the first and the second 
pressing when the bagasse was impregnated with water (Fig. 1c) as about 29% of total residual 
sugars were extracted. 

Overall, the extraction rates of initial glucose, fructose, and TSS were 40.4%, 48%, and 36%, 
respectively, when the bagasse was impregnated with water against only 27.5%, 36%, and 28%, 
respectively, when recycling the first pressing juice. When impregnating the bagasse with water, 
the TSS extraction rate from sweet sorghum biomass was slightly higher than that reported by 
Crépeau et al. (2013) using a single pressing with a screw press (30%). However, Badalov (2008) 
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succeeded to extract up to 95% following a second pressing of the sweet sorghum bagasse 
impregnated with water using a screw press. 

 

 

Table 1. Sugars concentration of sweet sorghum biomass as affected by impregnation mode, 
impregnation duration, and pressing 

 

Sugars concentration (g kg
-1 

DM) 

Fructose Glucose    Sucrose TSS 

Impregnation mode
[a] 

    

 Juice 35.77a 44.73a 1.71a 108.99a 

 Water 35.29a 45.40a 1.71a 106.86a 

Impregnation duration
[a]

     

 0 min 34.83a 44.29a 27.97a 107.09a 

 30 min 35.66a 45.46a 27.75a 108.86a 

 60 min 36.10a 45.44a 26.29a 107.83a 

Pressing
[a], [b]

     

 P0 45.47a 54.70a 29.22a 129.39a 

 P1 34.77b 44.35b 27.43a 106.55b 

 P2 26.35c 36.13c 25.36a 87.84c 

p-Values
[c]

     

 Impregnation mode (IM) NS NS NS NS 

 Impregnation duration (ID) NS NS NS NS 

 IM × ID NS NS NS NS 

 Pressing (P) <0.0001 <0.0001 NS <0.0001 

 IM × P <0.0001 <0.0001 NS <0.0001 

 ID × P NS NS NS NS 

 IM × ID × P NS NS NS NS 
[a]

 Within a column and a main treatment effect, mean values followed by the same letter are 
not significantly different at p<0.05. 

[b]
 P0: before pressing, P1: first pressing, P2: second pressing. 

[c] 
NS= not significant. 
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Sweet pearl millet 

Before pressing (P0), the DM concentration of sweet pearl millet biomass was approximately 22%. 
The sucrose concentration was only affected by pressing but there was no significant difference 
between the two pressings (P1 and P2) (Table 2) and its extraction rate was 33.5%. Regarding the 
fructose, an interaction between pressing and impregnation duration was noticed (Table 2). After 
the second pressing, no significant difference was observed between the bagasses subjected to 
different impregnation durations (0, 30, and 60 min) (Fig. 2a). Consequently, pressing was 
significant whatever the impregnation mode and its duration (Table 2). The fructose concentration 
in the bagasse decreased from 27.08 g kg-1 DM after the first pressing (P1) to 21 g kg-1 DM after the 
second pressing (P2) which represents an extraction rate of 35% and 50% of initial fructose (P0), 
respectively. Regarding glucose and TSS, an interaction between pressing and impregnation mode 

Figure 1. Concentrations of glucose (a), fructose (b), and TSS (c) in the biomass of sweet sorghum 
as a function of pressing (before pressing, P0, first pressing, P1, second pressing, P2) under two 
impregnation modes (first pressing juice, water). Mean values with the same letter are not 
significantly different at p<0.05. Vertical bars represent standard deviation of the means. 
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was observed (Table 2). Following the second pressing, less residual glucose and TSS remained in 
the bagasse impregnated with water than in that impregnated with the first pressing juice (Fig. 2b, 
c). Compared to the first pressing, glucose and TSS concentrations of biomass decreased 
significantly following the second pressing and this decrease was more important for the biomass 
impregnated with water than that impregnated with the first pressing juice (Fig. 2b,c). About 30.5% 
and 28% of residual glucose and TSS, respectively, were extracted when using water as 
impregnation mode against only 13% and 9%, respectively, when the first pressing juice was 
recycled.  

Overall, 50% and 47% of initial glucose and TSS, respectively, were extracted from the biomass 
impregnated with water against only 43% and 41%, respectively, when using the first pressing juice 
as impregnation mode. Crépeau et al. (2013) reported an extraction of 22% of TSS from sweet 
pearl millet biomass with a single pressing using a screw press. 

 

Table 2. Sugars concentration of sweet pearl millet biomass as affected by impregnation mode, 
impregnation duration, and pressing 

 

Sugars concentration (g kg
-1 

DM) 

Fructose Glucose Sucrose WSC 

Impregnation mode
[a]

     

 Juice 31.04a 27.00a 27.49a 85.53a 

 Water 28.90a 25.14a 22.48a 76.52a 

Impregnation duration
[a]

     

 0 min 32.39a 27.85a 24.94a 85.17a 

 30 min 30.44a 26.68a 24.96a 82.07a 

 60 min 27.08b 23.69b 25.05a 75.82a 

Pressing
[a], [b]

     

 P0 41.84a 35.20a 31.05a 108.09a 

 P1 27.08b 24.13b 23.25b 74.46b 

 P2 20.99c 18.89c 20.64b 60.52c 

p-Values
[c]

     

 Impregnation mode (IM) NS NS NS NS 

 Impregnation duration (ID) 0.0018 0.0112 NS NS 

 IM × ID NS NS NS NS 

 Pressing (P) <0.0001 <0.0001 0.0021 <0.0001 

 IM × P NS 0.0436 NS 0.0031 

 ID × P 0.0276 NS NS NS 

 IM × ID × P NS NS NS NS 
[a]

 Within a column and a main treatment effect, mean values followed by the same letter are 
not significantly different at p<0.05. 

[b]
 P0: before pressing, P1: first pressing, P2: second pressing. 

[c] 
NS= not significant. 
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Figure 2. Sweet pearl millet biomass concentrations of fructose as a function of impregnation 
duration (a), and glucose (b) and WSC (c) as a function of pressing (before pressing, P0, first 
pressing, P1, and second pressing, P2) under two impregnation modes (first juice pressing, water). 
Mean values with the same letter are not significantly different at p<0.05. Vertical bars represent 
standard deviation of the means. 

 

Regarding the use of water to impregnate the bagasse, the extraction yield of TSS was six and 
three times higher than that obtained using the first pressing juice for sweet sorghum and sweet 
pearl millet, respectively. Based on these results, it is clear that impregnating the bagasse with 
water is more efficient in extracting residual sugars than with the first pressing juice for sweet 
sorghum and sweet pearl millet biomass. Since the chopped biomass of sweet sorghum and sweet 
pearl millet is rich in fibers which are insoluble sugars (cellulose, hemicellulose, and lignin), a 
significant amount of juice rich in sugars remains retained by the fibers forming the residual sugars 
in the bagasse following a single pressing. This has been demonstrated by Bryan et al. (1985) who 
found a negative linear correlation between the juice yield and the content of sweet sorghum in 
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fibers. When using the first pressing juice, the low rate of residual sugars extraction could be 
explained by the high concentration of the sugars in this juice. When this latter enters in contact 
with the bagasse, the sugars exchange between the bagasse and the juice is therefore limited. 
However, the addition of water allows leaching the bagasse fibers by extracting residual sugars by 
diffusion resulting therefore in better residual sugars extraction. 

 

CONCLUSION 

The impregnation mode (first pressing juice or water) had a significant effect on sugars 
concentration of sweet sorghum and sweet pearl millet bagasse. It was obvious that recycling the 
first pressing juice is useless since it has little or no effect on residual sugars extraction. On the 
other hand, the use of water for impregnation resulted in lower sugars concentration in the bagasse 
and consequently in higher sugars concentration in the juice. Obtained results also proved that it is 
unnecessary to impregnate the bagasse for a long time since the impregnation duration did not 
have any significant effect on the concentration of residual sugars for both crops. 

Based on these results, it is recommended to press the bagasse immediately after impregnating it 
with water. This makes the pressing process simpler since it does not require any storage 
equipment supply which would highly reduce the amount of biomass treated per day. For a better 
bioethanol production, more research is needed to optimize the water to bagasse ratio which allows 
extracting more residual sugars. 
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