
Bio-delignification and consolidated bioprocessing of
Napier grass (Pennisetum perpureum) for bioethanol 

production by filamentous fungi

Marco Lao

MS Energy Engineering

1



BACKGROUND

2



 Sucrose-containing

 Starchy materials

 Lignocellulosics

http://www.juntadeandalucia.es/agriculturaypesca/raif/reglamentos/reglamentoPI.html
http://auto.howstuffworks.com/fuel-efficiency/biofuels/sweet-sorghum-fuel.htm
http://www.livestrong.com/article/506695-side-effects-of-sugar-cane-extract/
http://www.nebraskacorn.org/issues-initiatives/your-food/field-corn-vs-food-corn/
http://www.weightzonefactor.com/blog/why-whole-wheat-bread-is-not-healthier-than-white/
http://www.foodofy.com/barley.html
http://rachel.golearn.us/modules/en-infonet/export/default$ct$295$biodiversity.html
http://www.mtnsideview.com/howto/h2index.php
http://biothekecologic.com/energy-crops-for-biofuels/?lang=en
http://cellulose.org/GreenestInsulation/2015/08/25/cellulose-insulation-can-help-epa-landfill-reduction-plan/

TYPES OF FEEDSTOCK
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LIGNOCELLULOSE

https://www.pinterest.com/pin/540783867729698836/
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Typical Biomass Composition

Sun, Y., & Cheng, J. (2002). Hydrolysis of lignocellulosic materials for ethanol production : a review q, 83, 1–11 5



NAPIER GRASS

 Perennial tropical grass
 Low water and nutrient 

requirements
 High dry mass yield (45 tons/ha-yr)*

*Somerville, C., Youngs, H., Taylor, C., Davis, S. C., & Long, S. P. (2010). Feedstocks for lignocellulosic biofuels. Science (New York, N.Y.), 329(5993), 790–2. doi:10.1126/science.1189268

http://www.bbsrc.ac.uk/engagement/exhibitions/gb-bioscience-festival/food-
environment-energy-grass-secures-future/

Lignin
16%

Glucan
38%

Xylan
23%

Others
23%

% Composition of extractive-free Napier 
grass
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Ethanol Production from Lignocellulose

LIGNOCELLULOSE

Pretreatment
Enzymatic 
Hydrolysis

Fermentation

Enzymatic 
Production

Product 
Recovery

SHF

SSF

CBP

Microorganism

Bioethanol

Adapted from Dogaris, I., Mamma, D., & Kekos, D. (2013). Biotechnological production of ethanol from renewable resources by Neurospora crassa: an alternative to conventional yeast fermentations? Applied Microbiology and Biotechnology, 97(4), 1457–1473. 
doi:10.1007/s00253-012-4655-2 7



Consolidated Bioprocessing (CBP)

• Low cost

• No need for ex-situ enzyme production

• Reduced diversion of substrate

• More compatible enzyme and fermentation system

• Candidates: Fusarium, Trichoderma, Aspergillus, Rhizopus, Neurospora, 

Monilia, White rot fungi
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Enzymatic 
Hydrolysis

Fermentation

Enzymatic 
Production

Bio-delignification and CBP

Lignocellulosic
biomass

Pretreatment
Product 

Recovery

Microorganism

Bioethanol

Delignification (aerobic)

hydrolysis

Fermentation (anaerobic)
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Produce ethanol directly from Napier grass 
(Pennisetum purpureum) via bio-delignification and 

consolidated bioprocessing

Investigate what are the 
necessary conditions for 

the process 

Screen locally available 
filamentous fungi

Produce ethanol at high 
productivities

1
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OBJECTIVES
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METHODOLOGY
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Screening of Filamentous Fungi

Time Profile Bio-delignification & CBP

Process Intensification

Research Roadmap
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Screening of ethanol-producing filamentous fungi

GLUCOSE

XYLOSE CELLULOSE

XYLAN

NAPIER 
GRASS

(extractive-free)

GLUCOSE

XYLOSE

NAPIER 
GRASS

(extractive-free)
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Screening using glucose and xylose

7-day old

Five 5mm 
mycelial discs

5 / 10 days anaerobic 
condition

28 oC

Ethanol Analysis

Component Amount (g/L)

Glucose or Xylose 20

Yeast Extract 5

KH2PO4 10

Mg2SO4·7H2O 0.5

CaCl2·2H2O 0.5

Fe2SO4·H2O 0.005

CoCl2 0.005

ZnSO4·7H2O 0.005

CuSO4 0.005

MnSO4 0.005

Tween 80 1

Resazurin 0.010

MacroNutrients

MicroNutrients

20 g/L Glucose or Xylose
pH 6 Surfactant

Indicator
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Ethanol
Glucose
Xylose

Lignin
Glucan
Xylan

2 g extractive-free NG
75% moisture

pH 6

Five 5mm 
mycelial discs

7-day old 14 / 28 days aerobic 
condition

14 / 28 days anaerobic 
condition

28 oC 28 oC

supernatant

Residual NG

Bio-delignification and CDP of Napier grass
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RESULTS & DISCUSSION

Screening of ethanol-producing filamentous fungi 
from glucose and xylose
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Screening from Glucose
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Screening from Xylose
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RESULTS and DISCUSSION

Bio-delignification and CBP by
F. oxysproum and F. moniliforme
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F. oxysporum

F. oxysporum

F. oxysporum

F. moniliforme

F. moniliforme

F. moniliforme

Bio-delignification and CBP by F. oxysproum and F. moniliforme
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Composition profile for 14 days bio-delignification and 
14 days CBP of NG by F. oxysporum. 
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Composition profile for 28 days bio-delignification and 14 days CBP of 
NG by F. oxysporum. 

Lignin Xylan Glucan Ethanol Xylose Glucose

Bio-delignification and CBP by F. oxysporum

18 mg EtOH /
g NG

6 mg EtOH /
g NG
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Composition profile for 14 days bio-delignification and 
14 days CBP of NG by F. moniliforme. 
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0.32 0.26 0.27 0.26

0.47

0.31 0.30
0.19

0.76

0.50 0.48

0.38

0

2

4

6

8

10

12

14

16

18

20

0 14 28 42

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

C
o

n
ce

n
tr

at
io

n
 in

 s
u

p
er

n
at

an
t 

(g
/L

)

DAYS
A

m
o

u
n

t 
in

 N
G

 r
es

id
u

e 
(g

 /
 2

g 
N

G
)

Composition profile for 28 days bio-delignification and 14 days CBP of 
NG by F. moniliforme. 

Lignin Xylan Glucan Ethanol Xylose Glucose

Bio-delignification and CBP by F. moniliforme
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% Reduction of NG components
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Sutherland, J. B., Pometto III, A. L., & Crawford, D. L. (1983). 
Lignocellulose degradation by Fusarium species. Botany, 61(4), 1194–
1198. doi:10.1139/b83-126
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Chang, A. J., Fan, J., & Wen, X. (2012). Screening of fungi capable of highly selective degradation of lignin in rice straw. International Biodeterioration & Biodegradation, 72(June), 26–30. 
doi:10.1016/j.ibiod.2012.04.013

Fungi Treatment % Lignin Loss

F. oxysporum d14 c0 8.29

d14 c14 8.67

d28 c0 12.77

d28 c14 7.36

F. moniliforme d14 c0 17.65

d14 c14 27.63

d28 c0 16.39

d28 c14 17.13

Present Work
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de Almeida, M. N., Guimarães, V. M., Falkoski, D. L., Visser, E. M., Siqueira, G. A., Milagres, A. M. F., & de Rezende, S. T. (2013). Direct ethanol production from 

glucose, xylose and sugarcane bagasse by the corn endophytic fungi Fusarium verticillioides and Acremonium zeae. Journal of Biotechnology, 168(1), 71–

77. doi:10.1016/j.jbiotec.2013.07.032

Enzyme production and products formation by Fusarium verticillioides from 40 g/L pretreated sugarcane bagasse 
(de Almeida, 2013).

Ethanol Yield =
150 mg EtOH / g pretreated wheat straw

Composition of Pretreated
Sugarcane Bagasse:

Glucan = 51.8%;
Xylan = 25.9%;

Arabinan =2.3%;
Lignin = 7.7%

Growth phase
(aerobic)

Production phase
(anaerobic)
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F. oxysporum Napier grass 75% MC (SSF) Glucose, xylose 0.02 Present work

F. moniliforme Napier grass 75% MC (SSF) Glucose, xylose 0.04 Present work

Maximum Theoretical Yield = 0.336 g EtOH / g biomass
% Yield = 11.73 %

de Almeida (2013)
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Strategies for productivity improvement / process intensification

Bio-delignification (aerobic)Substrate

Microorganism

H2OMedium

Bioethanol

Operating Condition

CBP (anaerobic)

O2

Q Q

Intermediate 
products

By-products

Operating Condition

H2O
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Strategies for productivity improvement / process intensification

Bio-delignification (aerobic)Substrate

Microorganism

H2OMedium

Bioethanol

Operating 
Condition

CBP (anaerobic)

O2

Q Q

Intermediate 
products

By-products

Operating 
Condition

Pretreatment of substrate

Optimization of Medium Composition
[N source], [Cu2+], [Mn2+], [Fe2+], 

[Ca2+], [Mg2+], [Zn2+], [Tween80] 
Balanced Solids-
to-Liquid Ratio

Cost 
effective 
O2

feeding

1. Screening of other microorganisms
2. Co-culturing
3. Genetic Engineering

H2O

1. Optimization of temperature for enzyme production, 
delignification, enzyme hydrolysis and fermentation

2. Optimized time shift from aerobic to anaerobic 
conditions

Process design
Kinetics
Transfer Limitations
Reactor Design

Upscale
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Thank you!
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