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APRESENTACAO

Caro leitor,

As Ciéncias Biologicas € uma grande &rea de estudo que diz respeito a todos
0s seres vivos e suas especificidades; mas também faz intersecgdo com outras areas,
como a Educacéo, a &rea da Saude e a Biotecnologia. Nesta obra, “Producéo cientifica
em Ciéncias Biologicas 2”, nossa intencéo é mostrar ao longo de 18 capitulos o que vem
sendo produzido neste campo, com trabalhos originais ou de revisao que englobam saudde,
bioconservacdo, meio ambiente, pesquisa experimental, Microbiologia, aplicacbes na
industria farmacéutica e Educacéo.

Trabalho com anticorpos monoclonais para diagnostico, com antigenos plaquetarios,
ou avaliagédo de aspectos clinicos e epidemiologicos de doengas como anemia falciforme;
producdo de cosméticos, aplicagdo de biotecnolégica de micro-organismos na indistria,
conservagdo ambiental e registro de novas espécies animais; ou avaliagdo do tema
saude e curriculo escolar. Estes sdo alguns dos temas encontrados neste livro e mostram
a importancia da multidisciplinaridade e da interdisciplinaridade dentro das Ciéncias
Bioldgicas. E com certeza uma literatura necessaria para estudantes e profissionais.

Sempre prezando pela qualidade, a Atena Editora possui um corpo editorial formado
por mestres e doutores formados nas melhores universidades do Brasil, com o objetivo
de revisar suas obras. Isto garante que um trabalho de alta qualidade chegue até vocé.
Esperamos que vocé tenha uma étima leitura!

Daniela Reis Joaquim de Freitas
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ABSTRACT: The objective of this work is to study
how the state of operation, the concentration of
Total Reduced Sugars (TRS) and the previous
inversion of the sugarcane blackstrap molasses
are able to influence alcoholic fermentation
using yeast as fermentative agent with relation
to the rate of production and yield in ethanol.
Any improvement on alcoholic fermentation
would be very beneficial to sugarcane industry,
that movement billions of dollars annually. Fed-
batch essay showed better than batch in both
parameters. The high concentrations of TRS
ended to inhibit the rate of production of ethanol,
therefore becoming the fermentation slower.
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The yields in ethanol apparently were greater
with molasses previously inverted comparing
to molasses non-inverted, what indicate that
previous inversion would be a process that
would improve the fermentation on this important
parameter.

KEYWORDS: Alcoholic Fermentation, Molasses,
Yeast, Rate of Production, Yield.

INFLUENCIA DO REGIME DE OPERACAO
EM FERMENTACAO ALCOOLICA DE
MEL RICO INVERTIDO DE USINA
SUCROALCOOLEIRA EM ALTAS
CONCENTRACOES DE ACUCARES
REDUTORES TOTAIS

RESUMO: O objetivo deste trabalho & estudar
como o regime de operagdo, a concentragdo de
Acucares Redutores Totais (ART) e a inverséo
prévia do mel rico de usina sucroalcooleira séo
capazes de influenciar a fermentagéo alcodlica
usando fermento como agente fermentativo
com relacdo a velocidade de produgcédo e
rendimento em etanol. Qualquer melhoria na
fermentacdo alcodlica seria muito benéfica
a induastria sucroalcooleira, que movimenta
bilhdes de doblares anualmente. A batelada
alimentada se mostrou superior a batelada em
ambos os parametros. As altas concentragdes
de ART terminaram por inibir a velocidade
de producdo de etanol, tornando, portanto, a
fermentacdo mais lenta. Os rendimentos em
etanol foram aparentemente maiores com o mel
rico previamente invertido comparando com este
sem inverter, o que indica que a inversdo prévia
€ um processo que poderia de fato melhorar a
fermentagédo nesse importante parametro.
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PALAVRAS-CHAVE: Fermentacao Alcodlica, Mel Rico de Usina Sucroalcooleira, Fermento,
Velocidade de Producédo, Rendimento.

11 INTRODUCTION

Brazil is the world’s second greater producer of anhydrous and hydrated ethanol,
producing less only than United States. The world production of ethanol on 2017 was 26.7
billion of liters, being this quantity approximately 26% of the world production (RFA, 2018).
The raw material most commonly utilized on Brazil for the ethanol production is sugarcane,
while in the United States is most utilized corn. The ethanol production using sugarcane
as raw material is more attractive when compared to corn, because it requires less than
nine energy units for each litter of produced ethanol. The productivity per planted area of
sugarcane is also about two times greater than corn (Kohlhepp, 2010). Given the great
production and importance of this biofuel, any contribution that can be developed to improve
the alcoholic fermentation would be economically interesting for the sugarcane industry.

21 MATHERIALS AND METHODS

It was utilized on the experiments as substrate sugarcane blackstrap molasses,
provided initially for the sugarcane industry with TRS (Sucrose, Glucose and Fructose)
concentration of 600 grams per liter, which was conveniently diluted and posteriorly inverted
for utilization on the fermentative essays. The fermentative medium was supplemented
with Urea on concentration of 0.5 grams per liter (Bueno Netto, 1982; Krauter et al,
1987; Carvalho et al, 1990; Echegaray et al, 2000) and Monopotassium Phosphate with
concentration of 1.17 grams per liter (Borzani et al, 1992). As fermentative agent was
utilized the micro-organism Saccharomyces cerevisiae, provided as fresh pressed yeast by
Itaiquara Alimentos S/A, sold on packings of 500 grams.

For the inversion of the sucrose on sugar blackstrap molasses was utilized Novo
Nordisk Invertase Enzyme on the proportion of 1 gram for each 5000 grams of maximum
sucrose possible and 5% of total volume of acetate buffer solution 1M pH 4.5. The solution
was stirred for two hours at 50°C until complete inversion of sucrose. The medium was then
sterilized at 121°C for 20 minutes. The solution was prepared on total volume of 1.42 liters
and with concentration of TRS of 352 grams per liter.

The fermentative essays were realized on a two-liter fermenter. The inoculum was
obtained suspending 100 grams of the pressed yeast on water until the volume of 0.56
liters. The inoculum was inserted on the fermenter and in sequence the substrate was also
inserted until the full volume of the fermenter. On the batch essay the substrate was inserted
all for once and on the fed-batch essay the substrate was inserted gradually for a centrifuge
bomb at constant rate of 0.341 liters per hour for a period of 4.2 hours.
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Samples were periodically withdrawn from the fermenter and were centrifuged
on Falcon tubes at 5000 rpm for 10 minutes, separating the yeast on the bottom and the
supernatant on the top of the tube. The supernatant was used to obtain: the residual TRS
concentration by DNS Method (Samner, 1921) modified as shown in the work of Bergamasco
et al, 2000; and the ethanol concentration, distilling 10 ml of supernatant and posteriorly
injecting 1 pl of the distilled on Varian 3300 gas chromatography, utilizing column Porapak
Q with heating ramp of 30°C until 90°C with retention time of ten minutes.

The Equations from (1) to (6) were utilized for analyze the data obtained with the
essays.

Batch:
Fed-Batch:
Batch:

Fed-Batch:

31 RESULTS AND DISCUSSION

The Figure (1) shows the results of variation of mass of TRS consumed and ethanol
produced with the time, obtained by the Equations from (1) to (4), and the angular and linear
coefficients adjusted according to Equation (5). The Figure (1) reveals production of ethanol
associated at the consume of substrate, what matches with the concept proposed for Gaden
Jr. (1955) for primary metabolites.

Figure 1. Variation of TRS Consumed and Ethanol Produced with the Time for the Batch Essay (at Left)
and for the Fed-Batch Essay (at Right).

The Table (1) shows the results of the ethanol production rate obtained with Equation
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(5) and yield in ethanol obtained with Equation (6).

. Ethanol Production Rate (r.) Yield in Ethanol (n.)

State of Operation (9.1h") P (%) P
Batch 4.64 84.0
Fed-Batch 6.25 88.4

Table 1. Productivity and Yield in Ethanol for Batch and Fed-Batch Essays.

The results on Table 1 shows that the fed-batch state presented greater ethanol
production rate than the batch state, what was waited due to diminution of substrate
inhibition on fed-batch state, giving more consistency at data obtained. The values of rate
of production of ethanol on the literature obtained (Bueno Netto, 1982; Krauter et al, 1987;
Carvalho et al, 1990; Borzani et al, 1992, Echegaray et al, 2000) utilizing approximately the
same cell concentration gave an average of rate of 10 g.I"'"h"', but the essays were executed
in the range of 150-200 g.I" of TRS against the 250 g.I" utilized in this article, what shows
that the higher concentration of TRS prejudiced partially the rate of fermentation. About the
yield in ethanol, the fed-batch provided greater value than the batch essays, what is positive
and not necessarily consensual on the literature. Comparing the results on the same other
articles, executed without the inversion of the molasses, the yield in ethanol observed on
these was around 78%, values lesser than observed on this article, what can indicate that
the inversion of the molasses can have improved the performance about this parameter.

41 CONCLUSION

The fermentation utilizing inverted sugarcane blackstrap molasses presents to
be a promising technology to be used in sugarcane industry, mostly due to higher yields
on ethanol achieved. The fed-batch state already widely used tends to be in fact more
interesting for alcoholic fermentation. About the higher concentrations of TRS, although
the rate of production of ethanol diminished, energetic economies on the distillery could
compensate this effect, so more analysis would be necessary to evaluate the use of this
higher concentrations of TRS on sugarcane industry.
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