J. Korean Wood Sci. Technol. 2021, 49(4): 287~298 pISSN: 1017-0715 eISSN: 2233-7180

https://doi.org/10.5658/WOO0D.2021.49.4.287

Original Article

Soda Pulping of Torch Ginger Stem:
Promising Source of Nonwood-Based Cellulose'

Herman Marius ZENDRATO? + Yunita Shinta DEVI* -
Nanang MASRUCHIN® - Nyoman J. WISTARA®*'

ABSTRACT

Torch ginger (Etlingera elatior Jack) is a potential source of lignocellulose material for various derivative products.
This study aims to determine the chemical components, ratio of syringyl to guaiacyl units (S/G) in lignin, and crystallinity
of the biomass of torch ginger. The effects of soda pulping on the chemical characteristics of torch ginger pulp were
also studied. Pulping of the chips was conducted with active alkali of 15%, 20%, and 25% and a Liquor-to-Wood
(L/W) ratio of 4:1, 5:1, and 6:1. The impregnation and pulping times at maximum temperature (170C) were 120
and 90 min, respectively. To assess the effect of treatments on the properties of pulping, a two-factorial experimental
design was applied. Results showed that the content of « -cellulose and hemicellulose in the torch ginger was 48.48%
and 31.50%, respectively, with an S/G ratio of 0.70 in lignin. Soda pulping changed the crystalline structure of the
biomass from triclinic to monoclinic. Active alkali, L/W ratio, and interactions considerably influenced the observed
responses. The degree of delignification increased with an increase in the loading of active alkali, which lead to a decrease
in the kappa number of the pulp. An active alkali content of 25% and an L/W ratio of 6:1 resulted in the highest
delignification selectivity with a kappa number of 2.78 and a yield of 24%. Given its cellulose content and ease of
pulping, torch ginger can be a potential raw material for derivative products that require delignification as pretreatment.
However, the increase in cellulose crystallinity should be considered when converting torch ginger to bioethanol.
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1. INTRODUCTION

Lignocellulosic material is a versatile natural product
convertible to various derivatives such as biofuel, chemicals,
pulp and paper products, animal feedstocks, and composite
polymers (Igbal ef al., 2013). Wood is the primary source

of cellulose. However, their productions are insufficient
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to satisfy the increasing global demand. FAO (2009), for
example, predicted that in 2030, in Asia and the Pacific
alone, the consumption and production of sawn wood will
reach 113 million m’ and approximately 97 million nt,
respectively. Furthermore, approximately 747 million m’
of wood for paper and paperboard will be needed, with

only 743 million m® of production. It can be seen that
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the production capacity of wood tends to be lower than
that of the consumption. Wood production of Indonesia is
even worse, where during 2008 — 2018, only 5 — 7 million
m’ wood was produced from natural forest and in an average
of 27 million m® from plantation forest (APHI, 2019). Wood
production was far below the demand for structural, furniture,
and pulp and paper purposes. Therefore, endeavors for ex-
ploring new lignocellulosic sources are paramount, mainly
with the increasing trend of using environmentally friendly
renewable biobased products in the future. The effort of
using fast-growing wood species (Wistara et al., 2015),
short rotation coppice wood (Jo et al., 2019), and non-wood
plants such as mengkuang (Yanti ef al., 2019), kapok balsa
(Purnawati et al., 2018), and bamboos (Park et al., 2018)
as new sources of biomaterials have been carried out.

Among various lignocellulosic sources, torch ginger
(Etlingera elatior (Jack) RM Smith) grows well in many
areas of Indonesia. It is a native plant of Sumatra and
can be found in many South East Asia countries
(Maimulyanti and Prihadi, 2015). Torch ginger stem
is a good source of cellulose (Foster, 2011) and can
be utilized for a high-quality painting paper raw mate-
rial (Shafaei et al., 2011). The preparation of essential
oils (Jaafar et al., 2007), anticancer properties (Mai et
al., 2009), and flavonoids analysis (Chang et al., 2012)
of the leaves, stems, flowers, and rhizomes of the torch
ginger have also been studied. The extraction waste of
the torch ginger is a potential source of renewable
cellulose. Non-wood cellulose is currently getting a
more significant consideration for the production of
nano cellulose (Pennells et al., 2020), and bioethanol
due to sugary and starchy material bioethanol is con-
sidered very unsafe to food stock security (Busi¢ et
al., 2018). Therefore, exploration of cellulose sources
for the raw material of bioethanol is paramount, and
torch ginger can be a vital source of cellulose since
it can be cultivated through an agroforestry system un-
der the extensively develops plantation forests.

From the quality of its cellulose, torch ginger could

also be a potential raw material for nano cellu-
lose-based products and bioethanol production. In
nano cellulose production, the knowledge of the chem-
ical composition (cellulose, hemicellulose, and lignin)
and physical properties (crystallinity) of the biomass
is essential. Hemicellulose content was found to influ-
ence the mechanical extraction of nano cellulose
(Iwamoto et al., 2008), and lignin content influenced
the strength and flexibility properties of PLA-LCNF
based composites (Wang et al., 2018). Furthermore,
the crystalline nature of the lignocellulosic raw materi-
al is considered an essential influencing factor in pro-
ducing nano cellulose crystals (Moreno et al., 2018).
Biomass with a higher cellulose content potentially
produces a higher amount of ethanol (Kikas et al.,
2014) since cellulose is the source of glucose, a fer-
mentable reducing sugar. Even though some inves-
tigated fermenters tolerate the presence of hemi-
cellulose in bioethanol production (Ji ef al., 2012), it
must be removed in the preparation of nano cellulose
by acid hydrolysis processes (Moreno et al., 2018).
Despite its potential, the complex structure of ligno-
cellulosic materials leads to its recalcitrant nature to
chemical reaction and biological fermentation (Min et
al, 2013; Li et al, 2011) and become the main factor
influencing the efficiency of its conversion into bio-
ethanol (Hadar, 2013). The cellulose crystalline prop-
erties (Busi¢ et al., 2018) and the lignin structure (Li
et al., 2016) make the biomass recalcitrant when con-
verted into bioethanol and cellulose nanocrystal. Even
though all cellulose has the same polymer structure
at a molecular level, its supramolecular and morpho-
logical structure could vary depending on the sources.
Therefore, the structural analysis of cellulose from
various biomass sources needs to be done to convert
the cellulose into its derivative products properly.
Pretreatment on cellulose materials is usually required
before converting them into their derivative products.

Pretreatment removes part of lignin, reducing cellulose
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crystallinity and increasing biomass porosity (Maurya
et al., 2015). Alkaline pretreatment is the most com-
monly used for biomass pretreatment before conversion
into various derivative products. Alkali, mainly so-
dium hydroxide, is a suitable swelling agent for cellu-
lose and the principal delignifying agent in alkaline
pulping methods. The composition of syringyl and
guaiacyl lignin influence the ease of delignification
under alkaline condition (Xiao et al., 2012). Alkali
concentration is also considered in maximizing the de-
lignification and digestibility of biomass (Chen et al.,
2013). The conversion efficiency of corn stalk (Zhu et
al., 2010), bagasse (Maryana et al., 2014), and pine-
wood (Salehian et al., 2013) have been proven suc-
cessfully improved with alkaline (NaOH) pretreatment.

The present experiment was intended to identify the
chemical compositions, S/G lignin ratio, and crystal-
linity of the torch ginger stem. The influence of alka-
line pretreatment on the characteristic of torch ginger
pulp was also studied. The study is expected to pro-
vide information regarding the appropriate use of torch

ginger biomass for valuable derivative products.

2. MATERIALS and METHODS

The outline of the present research is depicted in
Fig. 1. The pseudostem of torch ginger was initially
chipped into 2-4 cm length with the thickness of 3

-5 mm and then air-dried. However, upon air-drying,

Torch ginger stem }—-{ Chipping I—-{ Soda pulping

milling

Torch ginger meal Yield, kappa
of 40 — 60 mesh number and
crystallinity

|

S/G lignin ratio,
crystallinity

Chemical component analysis:
Hollocellulose, a-cellulose,
hemicellulose, lignin and
extractives

Fig. 1. Experimental outline.

the pseudostem chips were naturally split into 2 =3 mm
layers. Therefore, the size of the chips during the pulp-
ing process was 2 — 3 mm thick and 2 - 4 cm long.
A portion of the air-dried chips was milled and sieved
to obtain a torch ginger meal of 40 — 60 mesh size
for chemical analysis. Sample preparation for the
chemical component analysis was carried out follow-
ing the standard procedure of TAPPI T 257 sp-14.

2.1. Chemical component

Ethanol-benzene soluble extractives and Klason lignin
of the torch ginger stem were determined following TAPPI
T 204 om-88 and TAPPI T 222 om-88 standard proce-
dures, respectively. Holocellulose and « - cellulose were
determined following the procedure of Browning (1967).
Hemicellulose content was calculated by the difference

between holocellulose and « - cellulose content.

2.2. S/G lignin ratio

S/G lignin ratio was determined based on the FTIR
method developed by Faix et al.(1991) using Bucher
Tensor 37 FTIR Spectroscopy. S/G ratio was calculated
based on the ratio between spectrum peak area of sy-
ringyl lignin unit and guaiacyl lignin unit (wavenumber
of 1462 ¢cm'/1510 em™). FTIR spectra of the samples
were procured by the KBr method. In the method, 2
mg of torch ginger meal were thoroughly mixed with
200 mg KBr. The mixture was formed into a pellet
in a pellet die using 80 N of pressure for 2 min. The
pellet was then vacuumed for 5 min. The spectra were
collected from 32 scannings at the resolution of 4 cm’

in the wavenumber of 4000-400 cm™.

2.3. Crystallinity

The crystallinity of the torch ginger and its pulp were
determined using Shimadzu XRD 7000 X-Ray Diffractometer
Maxima X with the x-ray source of copper (Cu). The

- 289 -



Herman Marius ZENDRATO - Yunita Shinta DEVI - Nanang MASRUCHIN - Nyoman J. WISTARA

measurement was carried out at 40 kV and 30 mA elec-
tric current with scanning speed 2°min and scanning an-
gle of 10 — 40°. Crystallite structure was determined by
calculating the Z value following Wada and Okano
(2001), in which: Z = 1693 d, (nm) —902 d, (nm) —549
(Z = crystal structure, d; = peak distance of 0.59 - 0.62
nm, d,= peak distance of 0.52 — 0.55 nm.

2.4, Soda Pulping

Soda pulping of torch ginger stem was carried out
with different active alkali as indicated in Table 1. All
batches of the pulping process were performed with
an equal H-factor of 1300, the total cooking time of
210 min (120 min impregnation and 90 min at max-
imum temperature of 170 °C). The kappa number of
pulps was determined following TAPPI T236 OM-85.
The screened yield of pulping, the degree of delignifi-
cation, and the delignification selectivity were, re-

spectively, calculated following the formulae of:

Oven dry weight of pulp (g)
Oven dry weight of chips

Pulping yield = x 100 %

Total lignin in chips — residual lignin in pulp

0,
Total lignin in chips x100%

Delignification degree =

Carbohydrates content of pulp (g)

0,
Lignin content of pulp (g) x100%

Delignification selectivity =

Table 1. Soda pulping conditions of torch ginger stem

2.5. Data analysis

A factorial complete random design with two factors,
i.e., active alkali (with three levels of 15%, 20%, and
25%) and L/W ratio (with three levels of 4:1, 5:1, and
6:1), was used to analyze the resulting experimental
data. The data were procured in three replicates.
Duncan's multiple range test was further applied to ex-

amine the influence of treatments.

3. RESULTS and DISCUSSION

3.1. Chemical components

Results showed that the content of extractives,
Klason lignin, a-cellulose and hemicellulose of torch
ginger stem was 6.33 + 0.00%, 18.30 + 0.24%, 48.48
+ 0.65%, and 31.50 + 0.96%, respectively. Cellulose
content is an important parameter for using biomass
as the raw material of fiber and its derivative products.
Lignocellulosic material with higher than 34% cellu-
lose content is considered a promising raw material
of pulp and paper products (Nieschlag et al., 1960).
Therefore, torch ginger stem with 48% cellulose is a
potential raw material for pulp and paper production.
Pulping of torch ginger stem would result in a high
yield considering that, in general, the pulping yield is

positively correlated to the holocellulose and a-cellu-

Active alkali (%) L/W ratio Oven dry weight of chips (g) Maximum temperature (°C) Cooking time (min)
4:1 100 170 210
15 5:1 100 170 210
6:1 100 170 210
4:1 100 170 210
20 5:1 100 170 210
6:1 100 170 210
4:1 100 170 210
25 5:1 100 170 210
6:1 100 170 210
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lose content (Moradbak et al., 2016).

The lignin content of torch ginger stem (18.30%)
was relatively lower than those commonly found in
woody biomass (Wistara et al., 2015; Ruiz-Aquino et
al., 2019; Jo et al., 2019). Delignification in the pulp-
ing process requires a high amount of energy and
chemicals (Ververis et al., 2004). Thus lignin is an
undesirable chemical component mainly in chemical
pulp production. However, at a lignin content of below
20%, high reducing sugar yield can be achieved from
the hydrolysis process without pretreating the biomass
(Studer et al., 2011). Even though Jang et al.(2017)
found that mechanical means used in the preparation
of nano cellulose are independent of the lignin content,
carboxylated nano cellulose can only tolerate lignin
content below 24% (Khanjanzadeh and Park 2020).

3.2. S/G lignin ratio

S/G lignin ratio was determined based on the FTIR
method, and the measurement results are listed in
Table 2. Studer et al.(2011) classified the S/G ratio
as low when the value is less than two and high for
the S/G ratio of 2 or higher. The S/G ratio of torch
ginger stem was 0.70, higher than the S/G ratio of its
pulp. At lower alkali charge (15% active alkali), the
increase of L/W ratio tended to increase the S/G ratio.
Meanwhile, at higher alkali charges (20% and 25%

Table 2. The S/G lignin ratio of torch ginger stem

active alkali), increasing the L/W ratio decreased the
S/G ratio. Bulk delignification at a low alkali charge
decreases the alkali concentration at the end of cook-
ing, and with a high alkali charge, a better alkali
profiling (alkali concentration nearly constant at all
stage of cooking) is achieved (Gustavsson 2007).
Therefore, the increase and decrease of S/G ratio, re-
spectively, at low and high alkali charge with increas-
ing the L/W ratio were related to the liquor's alkali
concentration. The decrease of the S/G ratio with in-
creasing alkali charge could be problematic when al-
kali pretreatment is carried out for bioethanol
production. The increase of the S/G ratio decreases the
reducing sugar production of Populus trichocarpa
wood (Yoo et al., 2017).

The higher rate of syringyl lignin degradation com-
pared to guaiacyl lignin brought about the decrease
of the S/G ratio of pulps by increasing the active alkali
charge. It can be seen from the change in syringyl and
guaiacyl units lignin upon the change of L/W ratio
shown by Table 2. At 15% active alkali, with the L/W
ratio of 4:1 and 6:1, syringyl lignin reduction reached
the value of 64% and 39%, respectively. Meanwhile,
the guaiacyl lignin unit at L/W ratio of 4:1 and 6:1
was only reduced 5% and even increased about 15%,
respectively. The increase of guaiacyl unit lignin has
not been understood yet. With a higher alkali charge
(e.g., 25% active alkali), either using an L/W ratio of

Treatment
Syringyl unit Guaiacyl unit S/G ratio
Active alkali (%) L/W ratio

Control (torch ginger stem) 0.2722 0.3875 0.70
4:1 0.0969 0.3680 0.26

" 6:1 0.1663 0.4472 0.37

4:1 0.0867 0.3522 0.25

20 6:1 0.0621 0.2694 0.23

4:1 0.0256 0.2009 0.13

= 6:1 0.0232 0.2041 0.11
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4:1 or 6:1, the syringyl lignin unit reduced 91%.
Moreover, a 48% and 47% reduction in guaiacyl lignin
unit was found, respectively, for the L/W ratio of 4:1
and 6:1. These data indicated that the syringyl lignin
unit was much more susceptible to alkaline than the
guaiacy! lignin unit. The present finding was in agree-
ment with the statement of Marques et a/.(2010) that
delignification proceeds better at higher syringyl con-
tent due to the syringyl lignin is relatively less
branched and having a lower condensation degree com-
pared to that of guaiacyl lignin. Furthermore, syringyl
lignin contains higher amounts of 3-O-4 linkages that
are simpler to be cleaved than those present in guaiac-
yl lignin (Tsutsumi et al., 1995). As a result, pulping
of woody biomass with a higher amount of syringyl
lignin requires fewer chemicals and possibly capable
of preventing fiber degradation for better pulp strength
(Santos et al., 2013).

3.3. The crystallinity of torch ginger stem
and pulps

The crystallinity of torch ginger stem was 41.72%,
lower than the crystallinity of pulps that tended to in-
crease with increasing active alkali (Table 3). The same
trend has been reported by Abraham et al.(2011), Jiao
and Xiong (2014), and Suryanto et al.(2014), respectively,

for the pulping of banana leaves, ramie, and bamboo.

Degradation of amorphous components (such as lignin
and hemicellulose) during pulping is the origin of in-
creasing crystallinity (Rahnama et al., 2013). However,
redeposition of the degradations products of the amor-
phous component at a lower L/W ratio (Gustavsson
2007) could otherwise reduce the crystallinity of the
pulps. Redeposition of the degradation products is
avoided in a higher L/W ratio. Therefore, pulp crystal-
linity increased when pulping is carried out at a higher
active alkali and L/W ratio. In alkaline pulping, in-
creasing the crystallinity of pulps could also occur by
random hydrolysis and peeling reaction of the less or-
dered cellulose (Giimiiskaya et al., 2003). Following
the present results, where at lower active alkali and
L/W ratio, lower crystallinity of pulp was obtained.
Meanwhile, higher active alkali (25%) and higher L/W
ratio resulted in a higher pulp crystallinity.

Table 3 indicates that the torch ginger stem retained
a triclinic crystal structure (I,) Except for pulping with
15% active alkali at L/'W of 4:1 and active alkali of
20% at L/W of 6:1, the crystal structure was trans-
formed into a monoclinic (Is ) upon pulping processes.
The heating process transforms the triclinic structure
into the monoclinic structure (Matthews, 2011). The
triclinic structure is thermodynamically more stable
(Wada et al, 2010) and more reactive to hydrolysis
(Isroi et al, 2012).

Table 3. The crystallinity of torch ginger stem and its pulps

Treatment Crystallinity (%) All h struct
stallini z omo structure
Active alkali L/W ratio R e P
Control (torch ginger stem) 41.72 3.0982 I,
4:1 50.56 19.7927 I,
15%
6:1 54.59 -69.4079 I
4:1 62.41 -56.5069 I
20%
6:1 59.62 11.0735 I,
4:1 58.84 -47.4957 I
25%
6:1 62.53 -62.9924 I

Note: I, = Triclinic, Iz = Monoclinic.
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3.4. Alkaline pulping of the torch ginger
stem

Table 4 indicates the influence of active alkali and
L/W ratio on the pulping yield, kappa number of pulps,
Klason lignin, delignification degree, and delignification
selectivity. It shows that the interaction between active
alkali and L/W ratio very significantly influenced the
kappa number of pulps, pulping yield, degree of deligni-
fication, Klason lignin, and delignification selectivity.

3.5. The degree of delignification and
Kappa number

The degree of delignification increased with in-

creasing active alkali (Fig. 2). It was pulping with 25%

Table 4. The ANOVA summary of the pulping data

Factors

Response Active alkali L/W ratio Interaction of

(A) (B) A and B
Kappa number 0.000%* 0.014* 0.000%**
Degree of 0.000%*  0.014*  0.000%*
delignification
Klason lignin 0.000** 0.015* 0.000**
Delignification  jy0e6 00005 0.000%
selectivity
Pulping yield 0.000%*  0.000%*  0.000%*

Note: *: significant and
**: strongly significant at the confident level of 95%

-
o
o

7z LW = 4:1 h
TLW=51 e E
sLw=61 g d

o

00 © ©
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Delignification degree (%)
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~
wi

15 20 25
Active alkali (%)

active alkali at an L/W ratio of 6:1 resulted in the
highest degree of delignification. Active alkali is re-
lated to the hydroxide ion concentration in the pulping
solution. Lignin degradation increases at a higher hy-
droxide ion concentration. Sodium hydroxide is an ex-
cellent swelling agent for lignocellulosic materials that
facilitates the penetration of pulping liquor into the
chips (Li et al, 2014).

Delignification degree influences the residual lignin
in pulp measured as kappa number. An increasing de-
gree of delignification tends to decrease the kappa
number, e.g., as found in the case of jabon wood pulp-
ing (Wistara et al., 2015). At lower alkaline concen-
tration (15%), the degree of delignification decreased
with increasing L/W ratio, which was in contrast to
using a higher alkaline concentration (25%). At 25%
active alkali, increasing the L/W ratio increased the
degree of delignification and decreased the kappa num-
ber of pulps. At an L/W ratio of 6:1, a low kappa
number of 2.78 was obtained. Abdel-Aal (2013) found a
6% increase in active alkali capable of decreasing a

seven-point kappa number.

3.6. Delignification selectivity

Results showed that the delignification selectivity of
torch ginger stem soda pulping increased with the ac-

tive alkali concentration. Duncan's multiple range test

25

h BL/W = 4:1

20

15

10

Kappa number

15 20 25
Active alkali (%)

Fig. 2. The effect of active alkali and L/W ratio on the degree of delignification and kappa number (different
letter = significantly different; the same letter = insignificantly different).
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indicated that the highest delignification selectivity
was obtained from pulping with active alkali of 25%
at an L/W ratio of 6:1 (Fig. 3). At a lower alkaline
charge, increasing the L/W ratio decreased the deligni-
fication selectivity, probably due to the relatively fast-
er depletion of hydroxide ions in the pulping liquor.
Meanwhile, at higher alkali concentration, the hydrox-
yl ion concentration in pulping liquor was relatively
constant, thus preventing the peeling reaction of cellu-
lose from proceeding. Baptista et al.(2008) found that
delignification selectivity reaches a maximum at par-
ticular active alkali and decreases with further alkaline
charge. In soda-oxygen pulping of bagasse with the
alkaline charge of 22 — 24%, Yue et al.(2016) found

w
o
S

=

OL/W=4:1 BL/W=51 BL/W=6:1

f
e e
| d
b a
Ll
15 20

Active alkali (%)

= = N N
o u o v
S =} S =}

Delignification selectivity (%)

%]
o

25

Fig. 3. The effect of active alkali and L/W ratio on
the delignification selectivity (different letter = significantly
different; the same letter = insignificantly different).

50 8 BUW =51
40

30

Yield (%)

20

15

20 25
Active alkali (%)

Fig. 4. The effect of active alkali and L/W ratio on the
pulping yield of torch ginger stem (different letter =
significantly different; the same letter = insignificantly
different).

that the highest delignification selectivity was obtained

at an alkaline charge of 23%.

3.7. Pulping yield

Pulping yields revealed in Fig. 4 are the screened
yield, which was calculated based on the oven-dry
weight of pulp and chips. Except for the pulping with
15% active alkali, it can be seen that the yield of pulp-
ing tends to decrease with increasing active alkali. The
inconsistency of yield trend of pulping at 15% active
alkali by varying the L/W ratio could be brought about
by the possibility of redeposition of the degradation
products of pulping reaction unto the pulp.
Gustavssson (2007) concluded that redeposition of
pulping reaction product occurred when using low
L/W ratio at low alkali concentration. The decrease
of yield has been well known to be brought about by
the degradation of lignin and part of the carbohydrates
(Ma et al., 2012). The present results showed that ac-
tive alkali, L/W ratio, and both treatments' interaction
significantly influenced pulping yield. Further, Duncan's
multiple range test indicated that the highest yield
(48%) was obtained from pulping with active alkali
of 15% and L/W ratio of 5:1, and the lowest (21%)
was with active alkali of 25% and L/W ratio of 6:1.
A high concentration of alkali in pulping liquor accel-
erates the delignification; however, it is also accom-
panied by increasing carbohydrates degradation (Santos
et al., 2013), leading to the decreasing yield.

4, CONCLUSION

Torch ginger stem could be an excellent raw materi-
al for cellulose-based products, considering its high
cellulose content (48.5%). Its low lignin content (18.3%)
is promising for easy extraction of its cellulose, al-
though the low S/G lignin ratio (0.70) needs to be con-
sidered in determining an appropriate pulping process.

The decrease of the S/G ratio upon pulping could also
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complicate the bleaching process when a high pulp
brightness is required. Selective delignification of torch
ginger stem occurred by using soda pulping with ac-
tive alkali of 20 — 25% at an L/W ratio of 6:1, result-
ing in pulp with a low kappa number of 5.11 - 2.78
and a relatively moderate pulping yield. As indicated
by the low kappa number obtained, the ease of torch
ginger pulping could indicate that torch ginger a po-
tential raw material for derivative products requiring
delignification as pretreatments, such as bioethanol
and nano cellulose. Simultaneously, the increase of its
crystallinity after pulping could also complicate its
conversion into bioethanol but could be an advantage

for the production of nano cellulose.
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