
Pré-tratamento de materiais lignocelulósicos (cont.)

Sumário e objetivo da aula (2 aulas)

1. Qual a finalidade do prétratamento?

- Porque enzimas apresentam ação limitada na biomassa in natura?

2. Fundamentos e tipos de pré-tratamento

3. Eficiência de hidrólise após o pré-tratamento

4. Correlações entre remoção de componentes no pré-tratamentoe eficiência 

de hidrólise





Efeito combinado da remoção de componentes

remoção de hemicelulose

remoção de hemicellulose seguida de 
remoção de lignina



Table 1. Chemical composition and mass balance of sugarcane bagasse components after biotreatment with wood-decay fungi. 

Bagasse 

samples 

Bagasse components (g/100 g bagasse) Yield of 

residual 

solids (%) 

Mass balance for bagasse components after biotreatment 

(g/100 g untreated bagasse) 

 Glucan Hemicellulose Lignin Ethanol 

soluble 

fraction 

 Glucan Hemicellulose Lignin Ethanol 

soluble 

fraction 

  Xylan Arabinosyl Acetyl     Xylan Arabinosyl Acetyl   

Untreated 40.5 ±0.4 21.9 ±0.2 1.7 ±0.1 3.1 ±0.4 20.7 ±0.8 3.4 ±0.1 100 40.5 21.9 1.7 3.1 20.7 3.4 

Biotreated by L. sulfureus 

7 days 42.7 ± 0.2 22.4 ±0.1 1.7 ±0.1 3.7 ±0.1 20.9 ± 0.6 1.6 ±0.1 94.8 ± 2.6 40.5 21.2 1.6 3.5 19.9 1.5 

14 days 42.8 ± 0.2 22.6 ±0.1 1.5 ±0.1 3.5 ±0.4 20.6 ± 0.5 2.5 ±0.1 94.9 ± 0.6 40.7 21.4 1.5 3.3 19.6 2.4 

30 days 40.4 ±1.0 21.2 ±0.6 1.6 ±0.1 3.1 ±0.2 22.1 ± 0.6 3.9 ±0.1 90.4 ± 1.9 36.6 19.2 1.5 2.8 20.0 3.6 

60 days 41.4 ± 0.5 21.3 ±0.3 1.3 ±0.1 3.1 ±0.3 22.1 ± 0.7 2.2 ±0.1 88.9 ± 1.5 36.8 18.9 1.2 2.8 19.7 2.0 

Biotreated by P. ostreatus 

7 days 42.1 ± 0.6 23.1 ±0.3 2.0 ±0.1 3.2 ±0.2 21.0 ± 0.7 3.0 ±0.1 93.1 ± 1.0 39.2 21.5 1.9 3.0 19.6 2.8 

14 days 42.7 ± 0.9 23.4 ±0.5 2.1 ±0.1 3.5 ±0.3 20.4 ± 1.2 4.1 ±0.1 90.5 ± 2.3 38.6 21.2 1.9 3.2 18.5 3.7 

30 days 43.3 ± 0.6 22.2 ±0.1 1.9 ±0.1 3.4±0.1 20.5 ± 1.1 4.0 ±0.1 89.0 ± 0.2 38.5 19.8 1.7 3.0 18.3 3.5 

60 days 42.2 ±1.8 20.8 ±0.6 1.5 ±0.1 3.2 ±0.1 20.9 ± 0.4 1.8 ±0.3 87.9 ± 0.5 37.1 18.3 1.3 2.9 18.4 1.6 

Biotreated byC. subversmipora 

7 days 40.6 ± 0.6 22.2 ±0.5 1.5 ±0.1 3.1 ±0.2 21.8 ± 0.1 3.8 ±0.2 90.3 ± 1.6 36.6 20.0 1.4 2.8 19.7 3.5 

14 days 42.9 ± 0.2 21.1 ±0.3 1.5 ±0.2 3.0 ±0.2 20.9 ± 0.3 4.5 ±0.3 77.6 ± 1.2 33.4 16.4 1.1 2.4 16.2 3.5 

30 days 46.5 ± 0.6 19.4 ±0.2 1.1 ±0.1 2.7 ±0.1 18.5 ± 0.6 3.4 ±0.2 72.1 ± 1.1 33.5 14.0 0.8 1.9 13.4 2.5 

60 days 51.5 ± 0.4 17.4 ±0.2 1.0 ±0.1 2.4 ±0.1 15.9 ± 0.4 3.5 ±0.1 67.9 ± 0.6 35.0 11.8 0.7 1.7 10.8 2.4 

 

Exemplo sobre o balanço de massas dentro do processo de pré-tratamento
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Conversão enzimática de polissacarídeos expressa com base na
massa de componente presente no material pré-tratado



Conversão enzimática de polissacarídeos expressa com base no 
balanço de massas de componentes
(expressos com base na massa inicial de biomassa)



The concept of mild-high-yield pretreatment

>>> CTMP pulping

 

motor 
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CTMP pulping: available industrial facilities and 

technology

150 ton/day @ 

450 mL CSF



CTMP pulping at Lab scale

3 steps are necessary for wood chips

FibrillationCooking
Refining

For sugar cane bagasse, fibrillation is not necessary



High-yield CTMP pulping >> low level of delignification

High yield, but residual material 

also contains high lignin content

>> Plants with originally less lignin could take advantage of a 

mild-CTMP pretreatment
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NSSC 8.3% SO2

Sulfite based delignification is very selective up to 50% lignin 

removal – useful for pretreatment

It is not necessary to 

remove more than 50% 

of the initial lignin to 

promote efficient 

hydrolysis



Alkaline sulfite CTMP pretreatment of sugar cane for enzymatic 

hydrolysis – samples with reduced initial lignin contents

Mendes et al. , Biotechnol Progress, 2011



Untreated and RMP-treated mill sugar cane 

bagasse

Alkaline CTMP-treated mill sugar cane 

bagasse

Alkaline-sulfite CTMP-treated mill sugar 

cane bagasse

Before and after enzymatic treatment

Alkaline-

sulfite 

CTMP

Alkaline-

CTMP

RMP



Alkaline CTMP-treated mill sugar cane bagasse

Alkaline CTMP-treated experimental hybrid with 

reduced initial lignin content

Alkaline CTMP-treated sugar cane bagasse 

pre-delignified sample

Enzymatic hydrolysis of Alkaline-CTMP pretreated 

Samples with reduced initial lignin contents

Why enzymatic hydrolysis 

stop after 48h?

Unfilled symbols refer to a 

new load of enzymes in the 

reaction

>> Substrate seems to limit 

enzyme infiltration



Lee et al.., Biotechnol Bioeng, 2009

Selectively delignified Maple using ionic 

liquids

Masarin et al.., Biotechnol Biofuels, 2011

Sugarcane hybrids with varied lignin 

contents

Partial delignification is enough, but 
wood chips are not disrupted at this 
delignification level

>> However, for wood chips, a mechanical 
fibrillation is necessary

The concept of mild-high-yield 

pretreatment/CTMP pulping



The use of sulfite 
pulping as 
pretreatment







Tratamento Tempo de 

cozimento

Lignina (%) Grupos sulfônicos 

(mmol/kg)

5%NaOH e 10% sulfito 120 min 11.2 99 ± 3

3,75%NaOH e 7,5%sulfito 120 min 14.0 83 ± 1

2,5% NaOH e 5%sulfito 120 min 18.4 73 ± 3

Efeito da carga de sulfito alcalino no teor de lignina residual

Hidrólise
enzimática do 
material pré-
tratado
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Lignin removal and sulfonation
of residual lignin during CTMP 
treatment of sugar cane bagasse
(10% Na2SO3 and 5% NaOH

Enzymatic hydrolysis of 
pretreated samplesuntreated
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Tratamento mecânico associado ao pré-tratamento químico em meio
ácido
>> remoção intensa de hemicellulose leva ao colapso da parede
celular



Tratamento mecânico associado ao pré-tratamento químico em meio
ácido
>> corrosão dos discos feitos em aço comum é crítica (não ocorre em
meio alcalino)


