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The malting in brewing process develops enzymes that are required to 
hydrolyze the complex starch in grain into simple fermentable sugars. These 
proceed the three following steps: Steeping encourages germination to start, 
germination prepares the conversion of the starch to sugars, and kilning stops 
the germination.

In this study, a method for bioethanol production from rye grain was developed 
by utilizing the inherent amylase activity from germination of the seed. Grain 
germination was performed in two steps (steeping, germination) under 
different conditions, where the effect of temperature, duration and humidity 
was examined on amylase activity and final ethanol yield. Commercial enzymes 
were used for reference experiments.

Simultaneous Saccharification and Fermentation (SSF) was performed to 
reduce end-product inhibition of the amylases during ethanol fermentation. 
Using cheap nutrient source (cheese whey) minimized the use of water and 
chemicals with reducing process costs. Whey is a by-product from the dairy 
industry, which represents a disposal problem. However it containing valuable 
sugars (lactose) which can be used for bioethanol production. Thermotolerant 
Kluyveromyces marxianus DSMZ 7239 was used in the SSF process since it is able 
to convert all C6 sugars including lactose to ethanol, 

The process was proved successfully. The results showed that germination 
phase was strongly affecting the final ethanol yield, which could be increased 
with up to >90% of theoretical. Contaminated grains which can not be used 
either as food or feed were also involved in our research. 
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Nowadays, there is a great interest in the development of technologies for 
ethanol production as an alternative combustible, since it can be used instead 
of petrol or to blend with petrol, reducing the country’s dependence on oil 
and imported fuel. It is known that the ethanol production by fermentation 
is influenced by several process conditions such as pH, temperature, medium 
composition, oxygen availability, among others. Determining the most suitable 
fermentation conditions is of large importance for the establishment of a 
successful technology. In the present work, the influence of oxygen transfer 
volumetric rate (KLa) on xylose to ethanol bioconversion by the yeast Pichia 
stipitis NRRL Y-7124 was evaluated using a semi-defined fermentation medium 
containing 90 g/l xylose. The assays were carried out in a bioreactor at 30°C, 
under different aeration conditions (0.5, 1.0, and 1.5 vvm) and stirring rates 
(200, 300 and 400 rpm) which resulted in KLa values of 2.3, 18.7 and 65.8 h-1 

respectively. According to the results, the bioconversion was dependent 
on the aeration rate employed, the highest ethanol production (27.1 g/l) 
being achieved when using a KLa of 2.3 h-1. The increase of this parameter 
to 18.7 and 65.8 h-1 promoted decreases of 52% and 100% on ethanol 
production, respectively. By using a KLa of 65.8 h-1 the ethanol production was 
totally deviated to biomass production. Such results are of interest for the 
development of a suitable technology for ethanol production by Pichia stipitis. 
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Cashew apple, source high concentrations of reducing sugars, is a common 
pseudofruit in the Northeast of Brazil. However, only 12% of the total peduncle 
is processed and it does not play an important role to the economy of the state. 
Therefore, ethanol production from cashew apple represents an alternative for 
this residue. Cell immobilization improves productivity and provides a physical 
protection to the yeasts. In this work, cashew apple bagasse (CAB) was used for 
Saccharomyces cerevisiae immobilization. The support was prepared through a 
treatment with a solution of HCl 3% (v/v) at for 2.5 hours. Then this mixture was 
washed until neutral pH and dried. Deslignification with NaOH 2%(p/v), at 120 
rpm, for 24 h was also conducted. Afterwards, the support was washed with 
water until neutral pH and dried at. Ten consecutive fermentations of cashew 
apple juice for ethanol production were carried out using immobilized yeasts. 
Before each cycle, samples were taken before inoculation and after 6 hours 
of fermentation. After that time, fermentation process was stopped and the 
support containing immobilized cells was washed with water and reused. A 
Neubauer-counting chamber was used to quantify the yeasts immobilized in 
CAB and optical density (OD, λ=660nm), to identify free cells growth. Reducing 
sugars consumption and ethanol production was analyzed by HPLC. High 
ethanol productivity was observed from the second fermentation assay until 
the tenth fermentation. Results showed that cashew apple bagasse was an 
efficient support for cell immobilization aiming at ethanol production. 
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A model that predicts the changes of temperature in a pilot plant anaerobic 
digester was developed. The pilot plant, working under thermophilic 
conditions, was previously described by our research team (Espinosa-Solares 
et al., App. Biochem. Biotechnol. (129-132):959-968, 2006). Mass and energy 
balances under steady and unsteady conditions were applied to develop the 
model, which was parameterized based on data obtained from bioreactor 
actual operation routines conducted under different heating strategies. To 
validate the model new experimental routines were applied for different 
feed-loading frequencies and also process was simulated by solving equations 
numerically. The comparable simulated and experimental data allowed 
accepting the validity of the model. A sensitivity analysis established that the 
most important causes of the cooling of the mass inside the tank were the 
heating of the feed and the exit of the effluent. 
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Overall heat transfer coefficient. 


