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APRESENTAÇÃO

Avanços Científicos e Tecnológicos em Bioprocessos é uma obra que reúne 
vinte e três capítulos com temas em pesquisas científicas realizadas no campo da 
biotecnologia, e que envolve agentes biológicos e bioquímicos na geração de produtos 
ou processos. Nesta obra se concentram diversos avanços descritos nas metodologias 
e nos resultados, distribuídos em quatro tópicos principais, envolvendo: processos 
químicos e biotecnológicos no aproveitamento de resíduos; produção de metabólitos 
e enzimas; métodos analíticos e de simulação; e biotratamentos envolvidos na 
geração de energias. Esta obra foi escrita por jovens pesquisadores brasileiros que 
estão desenvolvendo suas teses e/ou dissertações em instituições nacionais. Por este 
motivo, os aspectos inovadores e o alcance dos resultados apresentados podem ser 
um grande estímulo para aqueles que visam conhecer com maior amplitude alguns 
dos aspectos biotecnológicos estudados em algumas das instituições de nosso país. 

Alberdan Silva Santos
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BIOTECHNOLOGICAL PRODUCTION OF ENZYMATIC 
EXTRACT WITH CELULOLYTICAL ACTIVITY FROM 

AGROINDUSTRY RESIDUES

CAPÍTULO 6

Ivanilton Almeida Nery
Instituto Federal de Educação, Ciência e 

Tecnologia do Rio de Janeiro, Campus Nilópolis
Nilópolis, Rio de Janeiro

Karine Belo Rocha de Lima
Instituto Federal de Educação, Ciência e 

Tecnologia do Rio de Janeiro, Campus Nilópolis
Nilópolis, Rio de Janeiro

Marlon Castro da Silva
Instituto Federal de Educação, Ciência e 

Tecnologia do Rio de Janeiro, Campus Nilópolis
Nilópolis, Rio de Janeiro

Edmir Fernandes Ferreira
Instituto Federal de Educação, Ciência e 

Tecnologia do Rio de Janeiro, Campus Nilópolis
Nilópolis, Rio de Janeiro

ABSTRACT: Beer consumption in Brazil has 
generated a great environmental problem due 
to the final destination of the malt bagasse. 
To minimize generation of this residue implies 
in the use of this bagasse in biotechnological 
researches of industrial interest, as production 
of enzymes, whose characteristics are their 
high specificity in catalytic action, high efficiency 
in moderate temperature, pressure and pH 
conditions and minimization of toxicological 
and environmental problems. This work aims 
to comparatively evaluate the production of 
exoglucanase among the filamentous fungi 

Aspergillus niger and Penicillium glabus from 
the malt bagasse moistened in semi-solid 
fermentation medium and water used to wash 
malt bagasse as substrate of submerged 
fermentation. In order to evaluate the production 
of exoglucanases, was produced a fermentation 
system of malt bagasse washed and moistened 
with water, a spore suspension with 7 days 
growth and spore numbers equal to 5x107 
spores / mL. Also, water used to wash crude malt 
bagasse was used as substrate to submerged 
fermentation of extracts with celulolytical activity, 
using same filamentous fungi. It is observed na 
interesting behavior of P. glabus in the washing 
water (0,32 μmol/min), obtaining the best 
production of cellulolytic activity in relation to the 
other conditions of fermentation.
KEYWORDS: Filamentous Fungi, Fermentation, 
Cellulolytical Activity

1 |  INTRODUCTION

Lignocellulosic materials from Brazilian 
agroindustry waste can be an  Interesting 
input to obtain products obtained by different 
routes that take advantage of their chemical or 
biotechnological energy (BON, 1993).

Enzymes are biomolecules (largely 
protein) specialized in the catalysis of biological 
reactions. They are among the most notable 
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biomolecules because of their extraordinary specificity and catalytic power, with 
efficiency comparable to synthetic catalysts, since virtually all reactions that characterize 
cellular metabolism are catalyzed by enzymes.

Cellulose, among polymer biomolecules, is one of the most abundant  biopolymers 
in the world and can be hydrolyzed with acids to form glucose. The microbial degradation 
of cellulose is total and specific and has stimulated the use of cellulolytic fermentation 
processes by man. In nature, these processes represent the largest source of carbon 
to the soil. The hydrolysis of cellulose by celulases results in the final production of 
glucose. Some alternatives for the production of cellulases are through Submerged 
Fermentation (SF), which consists of the fermentation in aqueous medium, and Solid 
Substrate Fermentation (SSF), which can be defined as a process in which a porous 
solid matrix (substrate) Is put in contact with a culture of microorganisms, containing 
sufficient amount of water that guarantees the growth and the metabolic activities of 
the cells, without the capacity of water retention by the porous matrix being exceeded. 
This technique has several advantages, such as ease of handling, low operating 
costs and the obtaining of enzymes from the reuse of various types of agro-industrial 
lignocellulosic residues, which present low acquisition costs and in many cases 
are considered environmental problems. In this way, Fermentation in solid medium 
contributes to the reduction of solid pollutants, transforming them into products of high 
added value, such as: enzymes, polysaccharides, antibiotics, among others. In solid-
medium fermentation, the enzyme complex is produced in a more concentrated form 
and the cellulose present in the malt bag induces the improvement of the enzymatic 
production.

In this context, this work seeks to obtain enzymatic extracts with celulolytical 
activity, from solid substrate fermentation (using brewing malt bagass as substrate) 
submerged fermentation (using as substrate residual malt bagass washing water), 
without complements or previous treatment, using, as fermentation agent, strains of 
Aspergillus niger and Penicilium glabus.

2 |  MATERIAL AND METHODS

Microorganism (Penicillium glabus and Aspergillus niger) - From test tubes 
containing the microorganisms, in the Laboratory of Microbiology. Filamentous fungi 
are part of the Microbiology Laboratory of the IFRJ Campus Nilópolis.

Substrates
Liquid Substrate: Liquid substrate to Submerged Fermentation were collected 

from washing of brewing malt bagasse with water until absence of reducting sugars on 
last washing (DNS qualitative test).

Solid Substrate: washed and dry malt bagasse were used as substrate in 
proportion of 1:1 with water, as described below.
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Fermentation Solid Substrate Fermentation - Tubes with filamentous fungi will 
be used to obtain spore suspension, counting by means of microscopy in a Neubauer 
chamber. 125 ml vials containing 10g of substrate (5g of humid malt bagasse with 5ml 
of water) and 5x107 cells / ml of the microorganisms will be prepared. After sterilization, 
the vials was inoculated with a suspension of 107 spores of microorganisms and 
incubated for 7 days at 25 ° C.

Submerged Fermentation-Washing water from malt bagasse (without 
complement) was autoclaved in conic flasks of 125 mL, innoculed with a suspension of 
107 spores of microorganisms and incubated for 7 days at 25 ° C.

Enzyme extract and Celulolytical activity - After the extraction period, after 
fermentation, 50 ml of distilled water will be added to the fermenter, which was 
homogenized on a shaker table with a rotation of 80rpm in a period of one hour. Vacuum 
filtration was done using Millipore 0.2μm Ф 47 ± 0.5mm membrane, thus obtaining 
the enzymatic extract. Carboxy methyl cellulose (CMC) solution diluted in 0.01 mol 
/ L acetate buffer under pH 5.0 was used to verify cellulolytic activity, using the DNS 
(3,5-Dinitrosaliciliate) technique for the determination of sugars Reducers. Absorbance 
was read in a spectrophotometer at 570nm.

3 |  RESULTS AND DISCUSSION

Figure 1 shows results of cellulolytic activity of the enzymatic extracts from the 
submerged and solid fermentations of the filamentous fungi A. niger and P. glabus. It 
is observed an interesting behavior of P. glabus in the washing water, obtaining the 
best production of cellulolytic activity (0,32 μmol/min) in relation to the other conditions 
of fermentation. The reducing sugars of the washing water were quantified, obtaining 
0.12% of residual sugars. These residual sugars from the washing water, as well as 
the presence of residual material from the bagasse itself, such as colloids and residual 
lignocellulosic material, may have stimulated the higher production of cellulolytic activity 
in relation to the others. The best performance of Aspergilus niger was also observed 
against growth conditions in malt bagasse (0,25 μmol/min).



Avanços Científicos e Tecnológicos em Bioprocessos Capítulo 6 40

Figure 1 – Celulolytical activity of enzimatic extracts from different substrates and different 
filamentous fungi (AN sub -Aspergillus niger in submerged fermentation; PG sub – Pennicillium 
glabus in submerged fermentation; AN SSF – Aspergillus niger in Solid Substrate Fermentation, 

PG SSF – Penicilliun glabus in Solid Substrate Fermentation)
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