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APRESENTAÇÃO

Caro leitor,
As Ciências Biológicas é uma grande área de estudo que diz respeito a todos 

os seres vivos e suas especificidades; mas também faz intersecção com outras áreas, 
como a Educação, a área da Saúde e a Biotecnologia. Nesta obra, “Produção científica 
em Ciências Biológicas 2”, nossa intenção é mostrar ao longo de 18 capítulos o que vem 
sendo produzido neste campo, com trabalhos originais ou de revisão que englobam saúde, 
bioconservação, meio ambiente, pesquisa experimental, Microbiologia, aplicações na 
indústria farmacêutica e Educação.

Trabalho com anticorpos monoclonais para diagnóstico, com antígenos plaquetários, 
ou avaliação de aspectos clínicos e epidemiológicos de doenças como anemia falciforme; 
produção de cosméticos, aplicação de biotecnológica de micro-organismos na indústria, 
conservação ambiental e registro de novas espécies animais; ou avaliação do tema 
saúde e currículo escolar. Estes são alguns dos temas encontrados neste livro e mostram 
a importância da multidisciplinaridade e da interdisciplinaridade dentro das Ciências 
Biológicas. É com certeza uma literatura necessária 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 você. 
Esperamos que você tenha uma ótima 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. 

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.

INFLUÊNCIA DO REGIME DE OPERAÇÃO 
EM FERMENTAÇÃO ALCOÓLICA DE 

MEL RICO INVERTIDO DE USINA 
SUCROALCOOLEIRA EM ALTAS 

CONCENTRAÇÕES DE AÇÚCARES 
REDUTORES TOTAIS

RESUMO: O objetivo deste trabalho é estudar 
como o regime de operação, a concentração de 
Açúcares Redutores Totais (ART) e a inversão 
prévia do mel rico de usina sucroalcooleira são 
capazes de influenciar a fermentação alcoólica 
usando fermento como agente fermentativo 
com relação a velocidade de produção e 
rendimento em etanol. Qualquer melhoria na 
fermentação alcoólica seria muito benéfica 
a indústria sucroalcooleira, que movimenta 
bilhões de dólares anualmente. A batelada 
alimentada se mostrou superior a batelada em 
ambos os parâmetros. As altas concentrações 
de ART terminaram por inibir a velocidade 
de produção de etanol, tornando, portanto, a 
fermentação 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 inversão prévia 
é um processo que poderia de fato melhorar a 
fermentação nesse importante parâmetro.
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PALAVRAS-CHAVE: Fermentação Alcoólica, Mel Rico de Usina Sucroalcooleira, Fermento, 
Velocidade de Produção, Rendimento.

1 |  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.

2 |  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 50oC until complete inversion of sucrose. The medium was then 
sterilized at 121oC 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 μl of the distilled on Varian 3300 gas chromatography, utilizing column Porapak 
Q with heating ramp of 30oC until 90oC 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: 

3 |  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).

State of Operation Ethanol Production Rate  (rP) 
(g.l-1h-1)

Yield in Ethanol (ηP)                     
(%)

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.l-1h-1, but the essays were executed 
in the range of 150-200 g.l-1 of TRS against the 250 g.l-1 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.

4 |  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.

REFERENCES
BERGAMASCO, R.; BASSETI, F.; MORAES, F. F.; ZANIN, G. M., Characterization of Free and 
Immobilized Invertase Regarding Activity and Energy of Activation. Brazilian Journal of Chemical 
Engineering (Impresss), Brazil, v.17, n.4-7, p. 873-880, 2000.

BORZANI, W.; GERAB, A.; DE LA HIGUERA, G. A.; PIRES, M. H.; PIPLOVIC, R.; Batch Ethanol 
Fermentation of Molasses: A Correlation Between the Time Necessary to Complete the 
Fermentation and the Initial Concentrations of Sugar and Yeast Cells. World Journal of 
Microbiology and Biotechnology, v.9, p.265-268, 1992.



 
Produção científica em ciências biológicas 2 Capítulo 13 126

BUENO NETTO, C. L., Influência da Concentração Inicial de Células e do Tempo de Enchimento 
da Dorna no Processo Descontínuo Alimentado de Fermentação Alcoólica de Mosto de Melaço 
de Cana de Açúcar. 1982. Dissertação (Mestrado), Universidade de São Paulo, São Paulo, 1982.

CARVALHO, J. C. M.; AQUARONE, E.; SATO, S.; BRAZZACH M. L.; ALMEIDA, K. A.; BORZANI, W.; 
Influence of Exponentially Decreasing Feeding Rates on Fed-Batch Ethanol Fermentation of 
Sugar Cane Blackstrap Molasses. Biotechnology Letters, v.12, n.10, p.77-82, 1990.

ECHEGARAY, O. F.; CARVALHO, J. C. M.; FERNANDES, A. N. R.; SATO, S.; AQUARONE, E.; 
VITOLO, M.; Fed-Batch Culture of Sacchoromyces cerevisiae in Sugar-Cane Blackstrap Molasses 
- Invertase Activity of Intact Cells in Ethanol Fermentation. Biomass and Bioenergy, v.19, p.39-50, 
2000.

GADEN Jr., E. L.; Fermentation Kinetics and Productivity. Chemistry and Industry, February, 12, p. 
154-9, 1955.

KOHLHEEP, P, G. Análise da situação da produção de etanol e biodiesel no Brasil. Estud. av., São 
Paulo, v. 24, n. 68, p. 223-253, 2010.

KRAUTER, M.; AQUARONE, E.; SATO, S.; PEREGO Jr., L.; BORZANI, W.; Influence of Linearly 
Decreasing Feeding Rates on Fed-Batch Ethanol Fermentation of Sugar-Cane Blackstrap 
Molasses. Biotechnology Letters, v.9 n.9, p.647-650, 1987.

RFA – Renewable Fuels Association. World Fuel Ethanol Production. Disponível em: <http://www.
ethanolrfa.org/resources/industry/statistics/#1454099103927-61e598f7-7643>. Recuperado em 15 Mar 
2018.

SUMNER, J. B. Dinitrosalicylic Acid: A Reagent for the Estimation of Sugar in Normal and 
Diabetic Urine. The Journal of Biological Chemistry, v. 47, p. 5-9, 1921.



 
Produção científica em ciências biológicas 2 184Índice Remissivo

ÍNDICE REMISSIVO

A

Açúcares redutores totais  122

Análise sensorial  34, 36, 37, 39, 44, 45

Anticorpos monoclonais  1, 3

Antígenos plaquetários humanos  6, 8, 10, 14

Atividade antibacteriana  101, 105

Atividades anticancerígenas  80

B

Backcrossing  158, 161

Biodisponibilidade  73, 74

Bioetimuladores de colágeno  47

Biofortificação  72, 73, 74, 75, 76, 77

Biorremediação  92, 94, 99, 104

Biossurfactantes  101, 103, 104

Bracelete de Mel  62

C

Características morfométricas  134

Cicatrização  30, 62

Cosmético  34, 36, 37, 39, 40, 44, 45, 51

Costões rochosos  79, 80, 81, 87

D

Descoloração  92, 94, 95, 96, 97, 98, 99

Doença falciforme  17, 18, 21, 22, 23, 24, 25, 26, 27

Doenças infecciosas  13, 111, 112, 178, 179

E

Educação física  171, 172, 175, 176, 180, 182

Efluentes têxteis  92, 93

Espécies florestais  134, 135, 142

Estudos de associação genética  7



 
Produção científica em ciências biológicas 2 185Índice Remissivo

F

Fermentação alcoólica  122, 123, 126

Fisiopatologia  6, 29, 30, 31, 33

Fringillidae  158, 159, 160, 161, 163

Fungos  3, 4, 92, 94, 97, 111, 112, 113, 114, 116, 117, 118, 120, 121

G

Germinação  134, 136, 137, 138, 139, 142, 143, 144, 145

H

Hemoglobina S  17, 19, 26

Hipomelanose  29, 31

I

Imunodiagnóstico  2

Intercorrência  47

M

Magellanic Tapaculo  146, 147, 148, 149

Malt base type Pilsen  127

Massa seca  134, 135, 137, 138, 140, 141, 143

Melaleuca armillaris  61, 62, 63, 65, 66, 67, 69, 70

Mel rico  122, 123

Merkwelt  158, 159, 160, 161, 162

Micoses  112, 113, 114, 115, 118

Micronutrientes  73, 74, 75, 76, 77

Morbimortalidade  17, 19, 171, 172, 175, 176, 177, 181

N

Nanotecnologia  34, 36, 44, 45

P

Paracoccidioidomicose  1, 2, 115, 119

Patógenos avícolas  101

Periodontite  7

Pleurotus ostreatus  92, 93, 94, 95, 98, 99, 100

Produtos naturais marinhos  80, 81, 87



 
Produção científica em ciências biológicas 2 186Índice Remissivo

Proposta curricular  171, 172, 177, 181

Q

Quilombolas  17, 18, 19, 20, 22, 23, 24, 25, 26, 27, 28

R

Rhinocryptidae  146, 147, 148, 150, 151, 152

Roasted malt  127, 128, 129, 130, 131, 132

S

Saccharification temperature  127

Saúde coletiva  27, 171, 177

Saúde estética  47, 48, 49, 55

Scytalopus  146, 147, 148, 149, 150, 151, 152, 154, 157

Soforolipídios  101, 102, 103, 104, 105, 106

T

Tratamento de feridas  62

V

Valor nutricional  73, 75, 76

Vitiligo  29, 30, 31, 32, 33








