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Conversion of Lignocellulosic Sugarcane Bagasse
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The article explores a novel way towards effective utilization of solid waste generated
from sugarcane bagasse towards maximum energy extraction. Adopting acid treatment coupled
with steam explosion deconstructed the hemicelluloses and lignocellulosic material maximizing
the fermentable sugar production. The pretreatment of bagasse was optimized with respect to
sulphuric acid dosage and steam explosion period. Sugarcane bagasse being source of second
generation feedstock proved its capability in bioethanol production based on the effectiveness
of pretreatment process. The fermentation of bagasse was carried out at an initial pH 4.5 using
indigenous yeast strain isolated from the bagasse. The results showed that pretreated bagasses
produced a fermentable sugar of 74+ 3 g/l. The bioethanol production was found to be 34+2 g/
during a fermentation period of 36 h. Steam exploded acid bagasse led to the efficient breakage
of hemicelluloses and lignocellulosic matrix, thus paving the way for scaling-up towards

bioethanol production at industrial level.
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The second generation energy derived
from waste biomass serves as a bio-based economy
towards a carbon neutral'?. Renewable energy
seems to be a potential candidature in meeting the
energy deficit due to decline in fossil fuel deposit
and to curb environmental pollution by reducing by
30-85% of greenhouse gas emissions. Recycling
of lignocellulosic biomass residue towards biofuel
production has garnered greater attraction as it
offers solid waste treatment coupled with energy
production. More explicitly bioethanol serves
as a petrol additive that can be produced from
various cellulosic biomass reserves like food crops,
herbaceous and woody plants, agricultural and

forestry residues. Though bioethanol was initially
produced using food crop like corn, wheat and
sugar beet, it was later shifted towards residual
lignocellulosic substrate. Among the members of
highest cultivator of sugarcane, India has a place for
itself along with Brazil and China. The sugarcane
lignocellulosic residue (bagasse) obtained after
extraction of sugarcane juice, served as the raw
material for bioethanol production 3.

On an average for every ton of sugarcane
processed in the extraction of cane juice leaves
23-25% as residue which accounts for 60-
80% carbohydrate. The bagasse residues can
be composted or their burnt ashes finds use in
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agriculture for soil amendment else as a fuel
in boilers. In the above stated applications the
energy available in residue are not utilized to the
maximum extent. Thus fermentation of bagasse
yields bioethanol along with the digested residue
as agricultural resource ®.

Pretreatment of lignocelluloses seems to
be an important step for the release of fermentable
sugars from the lignocellulosic matrix. Different
pretreatment methods incorporating physical,
biological, chemical, and physicochemical were
analyzed inorder to rupture the lignocellulosic
matrix’. Various schemes have been devised for
pre-treatment processing which includes acidic,
alkali, steam explosion, microwave, wet oxidation
and a combination of the above said process.
Pretreatment methods are devised to loosen the
lignocelluloses matrix, reduce inhibitory products
and to minimize carbohydrate degradation.
Cellulose, hemicelluloses and lignin are the
fraction present in sugarcane bagasse. Cellulose
being a linear a(1’!4)-linked D-glucose units
generates crystalline regions and consequently
increases resistance to the hydrolytic process.
Hemicelluloses and lignin encloses the cellulose
matrix thus resisting the act due to enzymatic and
chemical process'.

Hence it is essential to hydrolyze
the cellulose and hemicelluloses inorder to
obtain fermentable sugars and decrease the
recalcitrant nature. The acid used during the
hydrolysis of lignocellulosic biomass served
as a catalyst in breaking down the heterocyclic
ether bonds between sugar monomers in the
polymeric chain. High concentrated acids causes
corrosion and necessitate addition chemicals for
pH neutralization. The pre-treated and hydrolysed
substrates can undergo fermentation using
microbial species including bacteria, fungi, yeast
and enzymes in bioethanol produced'-'2. Earlier
studies had shown that hydrolysis of pretreated
bagasse using acid was found to be economic on
comparison with enzymatic hydrolysis®.

Concentration of acid-catalysed
pretreatment technologies dictates the release of
chemicals from biomass, which includes furans,
phenols, organic acids and cinnamic acid. These
products exhibits inhibitory effect on enzymatic
hydrolysis and fermentation, depending on their

concentration in biomass hydrolysates. The various
products formed during acid pretreatment process
were found to be correlated to the reaction condition
and catalyst concentration'*'>. Sugarcane bagasse
contains arabinoxylans as the main hemicellulose
component, but this fraction is normally lost after
exposure to acid pretreatments such as diluted
acid hydrolysis for cellulosic ethanol production.
However, when acid pretreatments such as steam
explosion are carried out at lower intensity
such as in the absence of an added catalyst, the
pretreated materials retain as much as 50% of their
original hemicellulose content. The efficiency of
pretreatment depends on the glucose and xylose
released'®.

Steam explosion is carried out by
exposing the biomass to high-pressure saturated
steam for required time interval, followed by
sudden release of pressure. During this operation
structure and composition of the lignocellulosic
material is changed. The hydrolysis process
converted hemicelluloses into monomeric and
oligomeric sugars, with the release of acetic and
organic acids'’.

Robak, K., Balcerek, M. Current state-of-
the-art in ethanol production from lignocellulosic
feedstocks. Microbiol.l Res., 2020; doi: https://doi.
org/10.1016/j.micres.2020.126534

The objectives of the present investigation
were to optimize the operating parameters based on
pH, temperature and reaction time on bioethanol
production. The effectiveness of acid treatment,
steam explosion and their combined effect were
also investigated on the sugarcane bagasse in-order
to break the lignocellulosic matrix to produce
fermentable sugar. The potential of indigenous
yeast strain belonging to Sccharomyces species
isolated from the sugarcane bagasse was tested
for its fermentable capacity towards bioethanol
production.

MATERIAL AND METHODS

Analytical Methods

The cellulose, hemicelluloses,
lignocelluloses and ash content of the sugarcane
bagasse was measured as per NREL LAP Method'®:
Total reducing sugar content was measured
by dinitrosalicylic acid (DNS) method'. The
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bioethanol yield was estimated using dichromate by
spectrophotometric method®®. The characteristics
of sugarcane bagasse are as shown in Table 1.
Isolation of yeast cultures

Bagasse samples were collected from
sugarcane juice crushing unit. The yeast was
isolated using malt agar media from the bagasse
samples. The isolated yeast was investigated
morphologically through microscope and tested
for its fermentation capability using glucose as
substrate towards bioethanol production.
Pretreatment of sugarcane bagasse

Bagasse lignocelluloses material was
collected freshly from the sugarcane juice crushing
unit. Physical treatment of sugarcane bagasse was
carried out by shredding to a length of 300 mm. The
effect of pretreatment on the release of reducing
sugar was investigated using 250 g of shredded
bagasse with various methods like acid hydrolysis,
steam explosion and combined effect of steam
exploded acid hydrolysis. The acid hydrolysis was

Table 1. Composition of sugarcane bagasse

carried out using a final volume of 150 ml with
varying dosage of concentrated sulphuric acid 3, 5,
10 and 15 % for 12, 24, 36 and 48 h respectively.
The steam explosion of sugarcane bagasse was
carried out at 121°C at 15 psi for varying duration
viz: 10, 20, 30, 40 and 50 min. Steam explosion
of acid treated sugarcane bagasse was carried out
using the optimized value of acid hydrolysis and
steam explosion.
Fermentation media for ethanol production
250 gm of bagasse was acid treated using
150 ml of 10% sulphuric acid for a hydrolysis period
of 36 h. This was followed by steam explosion at
121°C and 15 psi for 40 min. Analysis of the filtrate
showed a reducing sugar concentration of 7.4 + 0.3
g/1. The batch anaerobic fermentation was carried
in 1 litre fermentor using the filtrate obtained from
pretreatment process. The initial pH of the broth
was adjusted to pH 4.5 using phosphate buffer and
the fermentation period was carried out for 48 h
using 5% yeast culture obtained from overnight
culture broth.

RESULTS AND DISCUSSION

The preliminary experiments were

Parameter Characteristics (%)
Cellulose 39+0.7 conducted using the isolated yeast from the bagasse
Hemicellulose 20+0.9 on ethanol production using glucose as substrate.
Lignin 13+0.4 The fermentation broth was adjusted in the ratio
Reducing sugar 7.4%0.3 C:N:P of 100:2.5:1. The initial experiments were
Ash 1.8+0.2 conducted using 10 g/l of glucose, 0.25 g/l urea and
40
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Fig. 1. Effect of acid hydrolysis period versus total reducing sugar concentration
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0.1 g/l potassium dihydrogen phosphate. During
the fermentation period samples were drawn at
regular interval viz 24, 36 and 48 h, which resulted
in a bioethanol concentration of 28, 37 and 42 g/L
respectively.

Physical treatment of sugarcane bagasse
was carried out by shredding to a length of 300
mm. Decrease in bagasse size lead to increase in
surface area which helps to reduce the cellulose
crystallinity and polymerization. Size reduction
helps to hydrolyse the cellulose and hemicelluloses.
Earlier studies showed that delignification resulted
in increased production of ethanol?'.

Figure 1 shows the effect of pretreatment
when of bagasse was hydrolyzed with sulphuric
acid, steam exploded and steam explosion of acid
hydrolysed bagasse. The results showed that using
acid treatment at varying dosage viz 3, 5, 10 and 15
%, the reducing sugar concentrations at 36 h were
found to be 12, 19, 28 and 31 g/L respectively. In
the pretreatment stage the sugarcane bagasse gets
digested to yield fermentable sugar. During the
acid treatment, hydrolysis takes place due to the
penetration of acid in lignin. The release of sugar
molecule occurs due to the break of cellulose and
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Fig. 2. Effect of steam explosion period versus total reducing sugar concentration
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hemicelluloses polymers. Acidic hydrolysis at
lower temperatures below 90°C are less effective
in hydrolysing hemicelluloses compared to
higher temperature (180°C). Hydrolysis at higher
temperature results in the formation of furfural and
5-hydroxymethyl-furfural as the hemicelluloses
decomposes?. Earlier researcher had used a dilute
acid at a concentration of 1.8-10% at 100— 120 °C
for 40—-120 min®?,

In the case of steam explosion at 121°C
at 15 psi for varying duration viz: 10, 20, 30, 40
and 50 min, the corresponding value of reducing
sugar were found to be 7, 16, 31, 34 and 37 g/L
respectively. Earlier researcher had studied steam
explosion at 0.6-4.8 MPa at 160-260°C for 15
min25,26.
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The combined of effect of steam explosion
of acid hydrolysed bagasse at an optimized acid
dosage of 10% sulphuric acid and 40 minutes steam
explosion resulted in reducing sugar of 34, 47, 57,
74 and 77 g/L respectively as shown in Figure 2.
Earlier researcher had stated that H,SO,, CO, and
SO, when served as a catalyst in the recovery of
hemicelluloses sugar accompanied with minimal
inhibitory products. In the pretreatment stage
the sugarcane bagasse gets digested to yield

40

563

fermentable sugar?’. Steam explosion technique
helps to deconstruction the hemicellulose and
lignocellulosic matrix due the acid hydrolysis
coupled with temperature and pressure®. Figure
3 shows the effect of different pretreatment
techniques in realising the reducing sugar. The
results showed that on acid hydrolysis, steam
explosion and steam explosion of acid treated
bagasse resulted in a reducing sugar yield of 28,
37 and 74 respectively.
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Bioethanol production from sugarcane
bagasse was carried out using steam exploded
acid hydrolysed bagasse. The batch fermentation
bagasse was at different fermentation temperatures
viz: 25, 30, 35 and 40°C under intermittent agitated
state. The experiments were carried out for 48
h, and samples were drawn at 24, 36 and 48 h.
During the fermentation period pH and ethanol
production was monitored. The results showed
that fermentation at a reactor temperature of 25,
30, 35 and 40°C for a hydraulic retention time of
36 h, the ethanol production were found to be 15,,
25, 30 and 34 g/L respectively as shown in Figure
4. The fermentation broth was found to be rising
from an initial pH value of 4.5 till pH 4.9 as shown
in Figure 5.

CONCLUSION

Deriving alternate energy from solid waste
helps to reduce the burden on fossil fuel dependence
and environmental degradation. The major
bottlenecks in gaining energy from lignocellulosic
waste like bagasse are associated with breaking the
recalcitrant matrix of hemicelluloses and lignin
associated with the fibre. Due to complexity of
the lignocellulosic substrate various pretreatment
techniques have been investigated with varying
degree of success depending on the extent of
reduction of crystalline into amorphous cellulose.
In the present study steam explosion of acid treated
lignocelluloses proved to a best option towards the
unlocking of lignocellulosic linkage and to reduce
the crystalline nature of cellulose. The indigenous
yeast isolated from bagasse yielded 32 g/l of
bioethanol during a fermentation period of 36 h.
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