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Graphical abstract Abstract
OH OH OH Lignin is the second most abundant component of lignocellulose
biomass after cellulose with annual production of 70 million tons. Lignin
= constitutes between 15 to 40 percent of its dry weight, with varying
composition in woody plants such as softwood (18-25%) and hardwood
(27-33%), and non-woody plant such as grass (17-24%). The polyphenolic
polymer is made up of three monolignols such as coniferyl alcohol,
OCH, HiCO OCH, sinapyl olcohclal,. and p—cqumoryl glcohol that later forms an oromotic
structure consisting of guaiacyl, syringyl, and p-hydroxyphenyl. The highly
OH oH OH branched three-dimensional structure is both complex and recalcitrant,
ﬂm’”' coniferyl alcohol Sirapyl aleohol hence making its utilization difficult. However, the polymeric lignin can

be exiracted by various methods such as physical, chemical and
biological. The extracted lignin has high potential fo be converted into
monomeric aromatic derivatives that could serve as a building block for
chemical synthesis, biomaterials, bio-oils, wastewater treatment and
food industry. The conversion involves several methods such as alkaline
nitrobenzene, pyrolysis, catalytic technology, combustion, gasification,
hydrocracking and oxidation.

Keywords: Lignocellulosic biomass, polyphenolic, cellulose, hemicellulose,
lignin, lignin derivatives, extraction

Abstrak

Lignin  merupakan komponen biojisim lignoselulosa yang kedua
terbanyak selepas selulosa dengan pengeluaran tahunan sebanyak 70
juta tan. Lignin mengandungi berat kering antara 15 — 40 peratus
dengan kepelbagaian komposisi dalam tumbuhan berkayu seperti
fumbuhan berkayu lembut (18-25%), tumbuhan berkayu keras (27-33%),
dan tumbuhan fidak berkayu seperti rumput (17-24%).Polimer polifenolik
terdiri daripada tiga monolignol iaitu alkohol koniferil, alkohol sinapil, dan
alkohol p-kumaril yang kemudiannya membentuk struktur aromatik yang
mengandungi guaiasil, siringil dan p-hidroksifenil. Struktur tiga-dimensi
bercabang yang kompleks dan rekalsitran menyebabkan ianya sukar
untuk dimanfaatkan. Walaubagaimanapun, lignin  polimerik  boleh
diekstrak dengan menggunakan pelbagai kaedah seperti kaedah fizikal,
kaedah kimia, dan kaedah biologi. Lignin yang felah diekstrak
mempunyai pofensi yang tinggi untuk ditukarkan kepada monomer
aromatik ferbitan yang boleh dijadikan sebagai bahan asas unfuk
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sinfesis kimia, bio-bahan, bio-minyak, rawatan air sisa, dan industri
makanan. Penukaran melibatkan beberapa kaedah antaranya
menggunakan nitrobenzena beralkali, pirolisis, teknologi mangkinan,
pembakaran, penggasan, proses hidrokrak, dan pengoksidaan.

Kata kunci: Biojisim lignoselulosa, polifenolik, selulosa, hemiselulosa, lignin,
lignin derivatif, pengekstrakan

© 2023 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

Various renewable energy sources have received
major attentions due to their inexpensiveness, and
abundant availability  worldwide. Among these,
lignocellulosic biomass is the most abundant and
renewable source in the world [1-3]. Approximately 2.2
x 10 M t of dry lignocellulosic biomass was estimated to
be produced per year but only 1.2 x 109t dry tons are
available on a sustainable basis [4, 5]. Lignocellulosic
biomass refers to woody and non-woody dry matters
that composed of three major components namely
cellulose (35-55%), hemicellulose (20-40%) and lignin
(15-30%). These three lignocellulose components are
chemically bounded to one another by covalent
bonds in plant cell walls [6, 7]. Among the three
biopolymers, lignin is the second most abundant
organic compound affer cellulose and is also the most
resistant component due to their hydrophobicity
properties. Carbohydrate polymers such as cellulose
and hemicellulose consist of different types of six and
five carbon sugars that are tightly bounded to lignin.
Generally, the composition of lignocellulosic biomass is
highly dependent on the types of biomass, locality,
climatic conditions and the soil where it grows [6, 8].

More than 70 million fons of lignin are produced
annually [?] and is the largest non-carbohydrate
fraction in lignocellulosic biomass [10]. Lignin can be
found as an industrial residue from pulping, paper
industry and biofuel production [11, 12]. However, it
remains as underutilized feedstock in different fields
such as pulping and paper industry [13-15]. The
processes widely used in the cumrent industry were
produced from ftwo types of lignin, lignosulfonate
(sulphite pulping process) and kraft lignin (kraft pulping
process) [16, 17]. However, only less than 2% of those
lignin was utilized while the rest was burned as a low-
value fuel for energy which might lead to
environmental pollution and waste of aromatic
resources [9]. Kraft lignin in the form of black liquor is
the primary source in industrial factory which
represents approximately 90% of the total amount of
lignin produced [18]. The composition products from
lignin extraction rely on the plant source, plant species
and generation of lignin  precursors in  plant
biosynthetic pathways.

The technical lignin consists of several functional
groups such as phenolic hydroxyl, carboxylic, carbonyl
and methoxyl groups [19]. The linkages of complex

polyphenolic lignin structures are divided into two
types which are ether linkages such as p-O-4 (aryl
ether), a-O-4 (aryl ether), and 4-O-5 (diaryl ether) and
condensed linkages such as p-5 (phenyl-coumaran), 5-
5 (biphenyl), B-1 (1,2-diarylpropane), and B-B (resinol)
[20, 21]. These chemical bonds highly depend on the
lignin source and delignification process to produce
the specific products. Most of the biorefinery schemes
focus on the usage of cellulose and hemicellulose
while lignin remains underutilized and considered as
waste. However, the chemical structure of polymeric
lignin could be an excellent source of valuable
chemicals and other beneficial products if it could be
break into smaller molecular units and useful
physicochemical properties.

Therefore, the main purpose of this review paper is
to clarify and provide short overview about the
applications of lignin and ifs derivatives from different
types of lignocellulosic biomass. In summary, this
review provides the extended insights on lignin
recovery, factors influencing the recovery of lignin
from different sources and the ufilization of lignin
derivatives in various fields such as metal ion removal
and bio-sorbent, antimicrobial and antioxidant in
texfile and food packaging, phenol-based resin,
corrosion inhibitor, aviation fuel, and vanillin flavour
production.

2.0 LIGNOCELLULOSIC BIOMASS: TYPES AND
COMPOSITION

Plant cell wall mainly consist of three major
components, cellulose, hemicelluloses and lignin.
Table 1 compares the composition of lignocellulose
components in both woody and non-woody plants.
Woody plants consist of softwoods (gymnosperms) and
hardwoods (angiosperms), while non-woody plants
(herbaceous crops) such as grasses are angiosperms.
In general, cellulose consists of 40-50% of the dry
weight, hemicellulose consists around 25-35%, lignin
consists 15-30% and extractives 1-5% [8, 22, 23] (Table
1). The major component of lignocellulosic biomass is
cellulose, which consist  of B-1,4-linked glucose
molecules in a straight chain. The second most
abundant lignocellulose component is hemicellulose,
a branching structure comprised of both hexose (C-6)
and pentose (C-5) sugars such as arabinose, glucose,
mannose and xylose. The third component is lignin with
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a three-dimensional structure made up of phenolic composition of these lignocelluloses highly depends on
and non-phenolic components. Table 2 shows the its sources whether it was deriving from the hardwood,
cellulose, hemicellulose and lignin that further explain soffwood or grasses [24, 25].

the criteriac of these three lignobiomass. The

Table 1 Composition of cellulose, hemicelluloses and lignin contents (as weight percent of dry biomass) lignocellulosic materials

Types of Feedstock Cellulose (%)  Hemicellulose (%) Lignin (%) References

lignocellulose

Hardwoods Oil palm empty fruit 37-39 21-31 19-24 [26]
bunch
Oil palm frond 45.2 17.5 22.2 [27]
Oil palm frunk 45.81 17.74 24.49 [28]
Palm kernel shell 30.1 21.4 47.3 [29]
Oil palm fibre 42.7-65 17.1-33.5 13.2-25.31 [30]
Sawdust 17.4 4.2 61.8 [31]
Coconut husk 39.31 16.15 29.79 [32]
Arecanut husk 28.3 24.6 24.7 [33]
Hybrid Poplar 42-49 16-23 21.5-27.2 [34]
Pine 48.6 10.5 25.3 [35]
Eucalyptus 52 24 17 [36]
Red maple 37.7 22.1 26 [34]
Rapeseed (stem and 21.7 3.3 3.2 [37]
leaves)
Pea pod 26 20.5 3.92 [38]
Almond shell 36.3 12.1 47 .4 [39]1
Fir 38 30 24 [36]

Softwoods Rice straw 28 55 11 [40]
Rice husk 36-40 12-19 17-19 [41]
Sugarcane bagasse 36.4 20.1 29.9 [42]
Sweet sorghum bagasse  45.03 30.17 24.4 [43]
Wheat straw 29-35 26-32 16-21 [24]
Corn stover 38 26 19 [24]
Corn cobs 41.27 46 7.4 [45]
Corn straw 49.3 28.8 7.5 [46]
Coftton stalks 36 21 28 [47]1
Coffee husk 26.5 25.5 33.5 [48]
Sorghum straw 32-35 24-27 15-21 [25]
Barley straw 36-43 24-33 6.3-9.8 [25]
Barley hull 34 36 13.8-19 [25]
Sunflower stalks 54.5 9.7 13.9 [49]
Miscanthus 44 18 25.1 [50]
Pinus banksiana 38.8 23.6 20.4 [51]1
Brewer spent grain 17-25 25-35 8.0-28.0 [52]
Banana (Rachis) 26.1 11.2 10.8 [53]
Banana (Pseudostem) 20.1 9.6 10.1 [53]
Bamboo 47.2 23.9 25.3 [54]

Grass Lemongrass leaves 29.9-35 28.5-47 7-11 [55]
Grasses 25-40 25-50 10-30 [25]
Switchgrass 31-38 32 17-21 [50]
Wild rice grass 28.5 13 31 [56]
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Table 2 The criteria of cellulose, hemicellulose and lignin
Cellulose Hemicellulose Lignin References
Subunits Composed of Composed of Composed three types of [26]
repeated units pentoses (D- aromatic units , Guaiacyl (G),
of cellobiose xylose and D- Syringy! (S) and p-hydroxyphenyl
(two anhydrous arabinose), (H)
glucose rings) hexose (D-
mannose, D-
glucose and D-
galactose) and
sugar acids
Bonds between B-1,4-glycosidic B-1,4-glycosidic Variety of ether and carbon- [27]-1291]
the subunits bonds bonds in main carbon bonds. The predominant
chains; B-1,2-, B- linkage is B-O-4 linkages
1,2-, B-1,6-
glycosidic
bonds in side
chains
Degree of ~5000 - 15,000 ~ 70-200 Several hundred fo tens of [30]
polymerization thousands
Percentage of 40-60% 20-40% 10-30% [31], [32]
major
component
Polymer Three Three Inhomogeneous molecular with [33], [34]
morphology dimensional dimensional fightly packed and crystalline
linear molecular inhomogenous region
Composed of molecular with
the crystalline mainly
region and the amorphous
amorphous region
region

3.0 LIGNIN: STRUCTURE, EXTRACTION AND
FACTORS AFFECTING RECOVERY

Despite its abundance, lignin as a natural renewable
biopolymer is highly underutilized [35]. Lignin accounts
for 15-30% dry weight of lignocellulose. It is estimated
that around 3 x 10 " metric tons of lignin are produce
but, only 2 x 10" tons is actually being biosynthesized
per year [36]. However, this value is only an estimation
since there is no reliable statistics on lignin productions.
It is mostly being burnt to be utllized as fuels
immediately after pulping process [37]. The following
sub-section will review the chemical structure of lignin,
its extraction process and factors affecting its
recovery.

3.1 Chemical Structure

Lignin is a complex three-dimensional structure that
are formed from  dehydrogenative  radical
polymerization of p-hydroxycinnamyl, coniferyl and
synapyl alcohols. Each of these monolignols results in a
different types of lignin units called p-hydroxyphenyl
(H), guaiacyl (G), and syringyl (S) units, respectively
[38] (Figure 1). Guaiacyl lignin composed principally of
coniferyl alcohol units, while guaiacyl syringyl lignin
contains monomeric units from coniferyl and sinapyl
alcohol. The ratio of G: S: H units varies in between

soffwood and hardwood plants. In general, guaiacyl
lignin is found in softwoods (Figure 3) while guaiacyl-
syringyl lignin is present in hardwoods (Figure 4).
Different proportions of syringyl, guaiacyl or p-
hydroxycoumaryl units present contribute to the
variety of molecular weight of lignin [39].

OH OH OH
P Vs F
OCHj H3CO OCH,3
OH OH OH
p-coumaryl

coniferyl alcohol Sinapyl alcohol

alcohol

Figure 1 Structures of the building block monomeric aromatic
precursors of lignin [40]
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Figure 2 The complex structure of lignin in plant [41]

The lignin  macromolecule contains  various
functional groups such as methoxyl groups (OCHs),
phenolic hydroxyl groups (OH), benzyl alcohol groups,
carbonyl groups (C=0) and some terminal aldehyde
groups in the side chain (Figure 2). Lignin are basically
connected with carbohydrates components (in
particular with hemicelluloses) by covalent bonds at
two different sites which are a-carbon and C-4 in the
benzene ring that forms lignin  carbohydrate
complexes (LCC). The most notable reaction site in
lignin is the OH group, which is the case for both
phenolic and alcoholic hydroxyl groups [26].

o4 p-Coumaryl alcohol
fragment

Coniferyl alcohol
fragment

Branching caused by
dibenzodioxocin linkage

Phenylcoumaran

Figure 3 Schematic representation of a softwood lignin
structure [42]

M7
o) oH
-0 O Ho O J
Spirodienone
P Yo o 0 0
I
0 fo O o4 o pCoumanyl alcohal
fragmen!
o 55
DH
e ‘6*( A 8
Coniferyl alcohol
fragment
Branching caused by

dibenzodioxocin linkage Pheny]coumaran

Figure 4 Schematic representation of a hardwood lignin
structure [42]

3.2 Types and Exiraction Process

The removal of lignin from lignocellulose biomass is
beneficial in various processes such as enzymatic
hydrolysis for sugar production. In enzymatic hydrolysis,
the presence of lignin would impede enzymatic
access to cellulose and hemicellulose. It widely
recognised that lignin acts as a cement that hold
carbohydrate material in plant cells together, hence
its removal is crucial. Various studies have explored
lignin exiraction by different methods involving
physical, chemical and enzymatic. The exiraction
process causes structural modifications fo the lignin
that converts it from solid biomass to the liquid phase
during the aqueous pre-tfreatments. Extraction of lignin
from lignocellulosic material are performed with at
least physical and chemical changes in the extracted
lignin, so that it can be utilize further and accepted as
representative of native lignin. The natural colour of
lignin is either colourless or pale yellow but it changes
to brown or dark brown when processed with acid or
alkali [43].

Some of the commonly used method of lignin
extraction are sulphuric acid pre-treatment, sodium
hydroxide pre-treatment, steam explosion [44]
,organosolv, alkaline-isolation, kraft process and ionic
liquids [39]. These methods are often incorporated as
part of the pre-treatment process of the ligocellulose
biomass. An efficient lignin exfraction would be able
to remove hemicelluloses and enable the
determination of biomass saccharification under
various types of alkaline and acidic pre-treatments
which leads to a significant alterafion of cellulose
crystallinity [45]. Different types of lignin exifracted from
different sources and different methods such as klason
method, ionic liquid method, organosolv method and
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cellulolytic enzyme method together with their benefit
and challenges are summarised in Table 3.

3.2.1 Klason Lignin

Klason method is one in all the method that are
applied frequently to determine the content of lignin.
The comparison study by using six types of
lignocellulosic biomass involving wheat straw, rice
husk, corn straw, sugarcane baggase, wood chips
and elephant grass were investigated to determine
the efficiency of lignin extracted by using two different
methods which are the Klason method (sulphuric acid,
H2S04) and the Willstatter method (hydrochloric acid,
HCI). They reported that lignin extraction from the
Klason method yielded higher recovery of lignin
compared to the Willstatter methods. This is due to the
lower pH used in the Klason method (pH 2), which is
considered more effective for hydrolysis than the
Willstatter method (pH 4).

In another study, lignin extracted from Moso
bamboo, Chinese tallow tree wood, switchgrass and
pine wood produced high Klason lignin content which
is greater than 75% and managed to maintain their
natural structure [46]. In the study, the exiracted lignin
was subjected to a novel delignification method using
microwave energy in a binary glycerol/methanol
solvent, and which were further applied in the
fabrication of polylactic acid [47]lignin composites.
The extraction efficiency highly depends on the target
products and the process can be stimulate by the
addition of acid, alkali, hydrogen peroxide or alcohol
[48].

Microwave-assisted extraction has been reported
as an effective technology in separating the
components of lignocelluloses because it can reduce
the energy requirements. This study successfully
extracted over 80% of lignin at 109°C in 60 minutes
while the prolonged fime to 120 minutes did not
induce any enhancement of the solubilisation rafe.
The increase of exiraction time and temperature
enhance the release of methoxy, OCHs groups in
lignin  which is mainly caused by demethylation
reaction under drastic conditions. Phenolic hydroxyl
content in lignin increased due to the cleavage of the
linkages between lignin units (mainly B-O-4 linkages)
during the exfraction process which formed new
phenolic end groups and af the same time increased
the phenolic hydroxyl content in the sample.
Microwave-assisted extraction is applied during the
mild acidolysis step, which severely cleaves lignin-
carbohydrate and results in a greater lignin yield and
purity [49].

Lignin removal from oil palm trunk by using
microwave-alkali method resulted as high as 22.38%
which is equivalent with 13.87 g/100 g compared with
17.87g / 100 g in raw oil palm trunk biomass. However,
the removal of lignin reported in this study is lower
since the trunk of oil palm trees contain higher lignin
percentage and thus require harsher conditions to
achieve higher lignin removal. The longer reaction
time did not give any significant difference in terms of

lignin contents, therefore shorter duration of treatment
and temperature play significant roles in achieving
maximum lignin removal in the sample [50]. From the
elemental analysis, no nitrogen was detected which
shows that the extracted lignin is not being
contaminated by profein. Molecular weight and
lignin bond carbohydrate also decreased when using
microwave technique [48].

The main drawback of klason lignin method is the
contamination by carbohydrates residues if not
performed well during the pH adjustment especially
for herbaceous samples. This is because, herbaceous
samples have higher lignin contents and appearance
of waxes from cutin when leafy materials were
proceeding for analysis especially in forage plants.
Therefore, one of the proposed studies found that
immature wood, will be pre-extracted with ethanol-
benzene prior to proteolytic enzyme treatment and
diluted sulphuric acid before using klason method to
obtain acid insoluble lignin residue [51]. Lignin residue
extracted after filtration process by using klason
method contained ash, which make their
quantifications harder compared to the gravimetric
method. However, klason lignin concentrations were
reported to be higher than those extracted in acetyl
bromide method. But, other plant materials such as
tannins and cutin might interfere with sulphuric acid
lignin values [52].

3.2.2 Ionic Liquid Lignin

lonic liquid pre-treatment is an eco-friendly method. Its
non-flammable capacity can enhance the
accessibility of cellulolytic enzymes to the biomass by
reducing the lignin content and the crystallinity. lonic
liquids have the ability to dissolve organic (polar and
non-polar), inorganic and polymer compounds either
completely or into individual fractions. lonic liquids
have the potential to dissolve cellulose which may
have a practical advantage for enzymatic hydrolysis
process of cellulose [53].

Lignin produced from ionic liquid treatment is
reported to have better properties and characteristics
than lignin obtained by conventional processes [54].
The ionic liquid can dissolve the biomass owing to the
stfrong hydrogen-bonding of certain ions such as
weakly solvated chloride anion in pure 1-butyl-3-
methylimidazolium chloride ([Bmim] Cl). These anions
can extensively disrupt the hydrogen-bonding present
in the three-dimensional network of lignocellulosics,
leading to either dissolution of wood or selected
individual components based on the nature of the
anion [55].

The characterization of extracted lignin from ionic
liquid method shows less structural changes and
degradations in P. nigra (Poplar), C. sempervirens
(Cypress) and Gramineae Saccharum officinarum L.
(baggase) compared to dioxane method. The
production of lignin from empty fruit bunch using 1-
butyl-3-methylimidazolium chloride ([Bmim]Cl) ionic
liquid in the presence of sulphuric acid, H2SO4 as a
catalyst was also reported by [56]. The exiraction of



49 Madihah Md Salleh et al. / Jurnal Teknologi (Sciences & Engineering) 85:3 (2023) 43-59

lignin from friticale, wheat straw and flax shives were
done using 1-ethyl-3-methylimidazolium acetate
(lemim]Ac) ionic liquid af various femperatures
between 70-150°C for 0.5 to 24 hours. The highest
extracted lignin was recovered by acid precipitation
from triticale straw was 52.7 %, and this was achieved
at 150°C after 0 minutes [57].

A common property of cellulose-dissolvable IL is
their ability to break down the extensive inter and
inframolecular hydrogen bonding network. With the
dissolution of cellulose, more and more lignin was
being exposed and became accessible fo the solvent
and thus dissolved, resulting in more efficient
extraction of lignin. IL with stronger capacity for lignin
extraction also provides higher cellulose digestibility of
the residue. Higher temperature increased the
solubility of cellulose and lignin in various IL including 1-
butyl-3-methylimidazolium chloride ([bmim]Cl), N, N-
dimethylethanolammonium formate, DMEF, N, N-
dimethylethanolammonium acetate, DMEAA, N, N-
dimethylethanolammonium glycolate, DMEAG, N, N-
dimethylethanolammonium succinate, DMEAS. It also
accelerated the diffusion of ILs into lignocelluloses,
resulting in more lignin dissolved in the ionic liquid and
provides a more efficient extraction of lignin.

The lignin extracted from different types of ionic
liquid were studied by [58] by using corn stalk as the
lignobiomass raw material including N-methyl-2-
pyrrolidonium  chloride  ([Hhmp]Cl),  N-methyl-2-
pyrrolidonium methane sulfonate ([Hnmp]CH3SOs), N-
methyl-2-pyrrolidonium hydrogen sulphate
(IHNMpP]HSO4) and N-methyl-2-pyrrolidonium
dihydrogen phosphate ([Hnmp]H2PO4). The lignin
extracted from ([Hnmp]Cl) and ([Hnmp]CH3SOs) at
90°C for 30 minutes were reported to be the highest
among the ionic liquid tested which are 85.94% and
56.02 % of the original lignin respectively. The yield of
lignin pre-treated with ionic liquid is higher than ionic
liquid/ water due to the decreased dissolution of lignin
when water was added. The presence of strong
hydrogen bond basicity in ionic liquid were weakened
by the hydrogen-bonding network of the polymer
chains apart from providing good solubility for lignin.
Anion CI- and CHsSOs made it more effective by
disrupting inter and infra-molecular hydrogen bonding
in polymers and the accelerated lignin solution.

The lignin extracted from ionic liquid methods has
little structural change, more uniform and larger
average molar mass compared to kraft lignin. Lignin
isolated from ionic liquid methods can be easily
recovered using centrifugation or simple filtration
which results in a lignin-free ionic liquid with lacks of
cellulosic residues and substantially depolymerized
lignin to be used in the valorisation process. Water
used as the solvent to wash lignin from ionic liquid can
avoid the higher operating expenses. The lignin
extracted was reported to comprised major units of
lignin such as syringyl, guaiacyl and p-coumarate
ester which can be further process to produce other
products [59]. However, the main drawback of the
ionic liquid is the cost recyclability issues which limit its
application at commercial scale. Another challenge

for ionic liquid is difficulties in separation of low
molecular weight of lignin than the precipitation of
high molecular weight of cellulose, hemicelluloses and
lignin due to the intrinsically higher solubility that
accompany low molecular weight of solutes [60].

3.2.3  Organosolv Lignin

Organosolv process involved many types of solvents
such as ethanol, acetone, ethylene glycol, acetic
acid, esters, soda-amine and ethanol alkali. The
convenfional non-organic based alkaline kraft and
acidic sulphite based on full chemical pulping will
cause the disastrous environmental pollutions. The
lignobiomass raw material is separated into three
fractions: cellulose rich-fractions, water soluble
fractions consisting of hemicelluloses degradation
products and a large fraction of dissolved sulphur-free
lignin during organosolv pulping. The major types of
bonding, B-aryl ether bonds are cleaved resulting in
the formation of phenolic hydroxyl groups in the lignin
macromolecule [61].

The different organosolv methods to evaluate the
extraction capacity, extraction efficiency and
anfioxidative property of lignin were studied by [62].
They used four different ratios of solvents to delignified
Acanthopanax senticosus remainder which contains a
large proportion of cellulose and lignin including
acetone-acetic acid-water, 1,4-butanediol-acetic
acid-water, ethanol-acetic acid-water and acetic
acid-water method. This study concludes that the
holocellulose and lignin content was in a significantly
inverse correlation. This is because acetic acid used to
delignify lignobiomass can penetrate into fibres which
cause the lignin removal and the degradation of
carbohydrate. Higher lignin yield was exiracted from
triticale straw by using 92% ethanol with 0.64N of
catalyst, H2SO4 at 148°C as reported by [63].

Microwave-assisted  organosolv  succeed  in
maintaining the content of lignin as integral as
possible  while degrading the cellulose and
hemicelluloses in lignobiomass materials.  [61]
investigated beech wood lignin by using 50:50 ethanol
water mixtures with a presence of sulphuric acid as a
catalyst and their obtained yields of fotal lignins were
between 91.4-94%. Organosolv (acetic acid/formic
acid) under acidic condition induced the
delignification by cleaving the bonds between lignin
and hemicelluloses in material waste (pine straw,
wheat straw, alfalfa and flax fiber) as reported in a
study by [64]. The presence of hydrogen peroxide as
an oxidizing agent and organic acid will enhance the
delignification by dissolving the lignin in formic
acid/acetic acid media. Hydroxonium ion, OH* is a
strong electrophilic agent produced in the exfraction
stage of peroxy acid in acidic medium and will react
with lignin during the delignification process.

Lignin removals from cornstalks were hydrolyzed
using organosolv method under atmospheric pressure
and low temperature without any catalyst. The
delignification of lignin from a solid lignin-rich industrial
waste (residue of enzymatically hydrolyzed cornstalks)
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reported after exiraction with 65-75% of ethanol-
water, 1,4-dioxane-water and tetrahydrofuran-water
was 34.5%, 41.8% and 53.7% respectively [65]. Higher
lignin yield extracted from air dried bioethanol residue
converted from steam exploded cornstalk using
benzyl alcohol, dioxane and ethanol was 71.55 %,
74.14% and 44% respectively [66].

The delignification parameter was determined
based on value differences between the Klason lignin
contained in initial material and lignin in the extracted
solid residue. They reported that the organic solvent
contained lower than 35% vol. in the exiraction media
resulted in low delignification (less than 10%). The
tefrahydrofuran-water mixtures led to the largest
hydrophobicity which disrupted most of the H-bonded
network of water. The findings from this study
conclude that the closer the Hildebrand solubility
parameter (delta-values of the organosolv mixed
solvent approached that of lignin) the greater
solubility of lignin was observed, thus leading to a
greater degree of delignification.

Lignin extracted from organosolv study composed
of mostly aromatic rings with various branching [64]
and has high purity. It also consists of a limited amount
of residual carbohydrates and minerals, sulphur-free
[67]. low molecular weight, and little ash [68]. In
comparison to kraft and sulphite lignin, organosolv
lignin is better since it is highly phenolic, highly
hydrophobic and contfains less contaminants
especially sulphur which can eacsily be eliminated
during heating [69]. In organosolv process, the residual
and dissolved lignin fractions after the pre-treatment
shows abundancy of phenols and carboxylic acids
but lower aliphatic carbon content which make lignin
suitable to be used as antioxidants. The structure of
the lignin produced is also close to those of the native
lignin.

However, the major drawback of the volatility and
harsh acidic conditions of this technique results in the
toxicity, corrosion and pollution. Liquid stream
containing lignin and hemicelluloses-derived products
produced after organosolv treatment needs fo
undergo purification step to recover a much higher
lignin value [70].

3.2.4  Cellulolytic Enzyme Lignin (CEL)

Cellulolytic enzyme lignin (CEL) refers to the lignin from
pretreated substrates which have been enzymatically
hydrolysed to remove remaining carbohydrates prior
to extraction of lignin-rich fraction by using aqueous
dioxane. Rate determining step for preparation of
cellulolytic enzyme lignin (CEL) depends on the
efficiency and accessibility of cellulase to the limited
adsorption sites on crystalline cellulose. It is shown that,
cellulase readily hydrolyses the more accessible
amorphous portion of cellulose but is proven less
effective in degrading the crystaline portions.
Therefore, higher crystallinity of cellulose shows higher
resistance to enzymatic hydrolysis. Decreasing the
crystallinity of cellulose is essential to contfrol more
efficient cellulase hydrolysis of lignocellulosic materials

in order to produce higher yield of cellulolytic enzyme
lignin (CEL) [71].

Cellulolytic enzyme lignin is reported as the
representative preparations from hardwood
lignocellulosic lignin as the S/G ratios in the CEL is
identical fo those in lignin in-situ. [72] reported that
the preparation of CEL by using Cellulysin, a crude
cellulase from Trichoderma viride which also contains
hemicellulase activities. Klason lignin obtained was
around 105 % indicating the presence of some
contaminants in their preparations. The main lignin
substructures reported from BSG samples include R-O-
4’ alkyl-aryl ethers (77-79% of all interunits linkages), p-
5' phenyl-coumarans (11-13%), B-B’ resinols (5-6%) and
5-5" dibenzodioxocins (3-5%). [71] also investigated the
isolation of cellulolytic enzyme lignin (CEL) from
Basswood (hardwood) and loblolly pine (softwood) by
using cellulysin cellulase (containing hemicellulase
activities) from Trichoderma viride. Klason lignin yield
remained from  DMSO/N-methylimidazole  after
enzymatic freatment with cellulase resulted in 45.8%
and 35.3 % for basswood and loblolly pine respectively
compared with untreated materials which only
resulted in 36.5 % and 30.5%.

Rate determining step for preparation of
cellulolytic enzyme lignin (CEL) depends on the
effectiveness and accessibility of cellulase to the
limited adsorption sites on crystalline cellulose prior to
the exiraction step by using aqueous dioxane
freatment. It is shown that, cellulase readily hydrolyses
the more accessible amorphous portion of cellulose
but proven less effective in degrading the crystalline
portions. Therefore, higher crystallinity of cellulose
shows higher resistance to enzymatic hydrolysis.
Decreasing the crystallinity of cellulose is required to
regulate more efficient cellulase hydrolysis of
lignocellulosic materials in order to obtain higher yield
of cellulolytic enzyme lignin (CEL) [71].

The enzymatic hydrolysis of lignobiomass substrates
for biochemical conversion of renewable biomass into
valuable products involves three types of interactions
which are electrostatic interactions, hydrophobic
interactions and hydrogen bonding between cellulase
and lignin.  Hydroxypropylation of free phenolic
hydroxyl groups on lignin plays an important role in
enzymatic hydrolysis process. The residual lignin and
softwood hydrolytic lignin had shown strong inhibition
on endoglucanase production but less inhibition on
xylanase and beta-glucosidase [73].

Lignin isolation by using enzymatic hydrolysis had
been used since 1981. The pulp carbohydrates were
depolymerised and dissolved by cellulose and
hemicellulase enzymes, leaving a lignin residue
behind. Enzymatic hydrolysis remains the linkages
between lignin and carbohydrates. Even though this
method produces high recovery of lignin, it has
disadvantages of containing significant amounts of
carbohydrates and some protein residues in their
fractions [74].

The lignin recovery from this types of isolation has
been structurally similar fo milled wood lignin (MWL)
with less degradation, lower amount of carbohydrates
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and higher yields (95% of acid insoluble lignin, AlL) as
reported by [75]. Cellulase has been absorbed by the

lignin via hydrophobic interactions, ionic bond

intferactions and hydrogen bond interactions.

Table 3 Non-biological and biological lignin recovery methods

Recovery methods Biomass Benefits Challenges Products References
Klason and Wood chips, rice Accurate and Does not represeni  Klason lignin, acid [52], [76]
Willstatter husk, sugarcane reproducible, the original lignin, soluble lignin,
baggase, comn sulphuric acid car protein
straw, elephant correcT. thq osh contamination carbohydrates
grass contamination in
sample
Organosolv Wheat straw, Pine  Low carbohydrate Require acidic Cellulose, [64] [77] [78]
straw, Alfalfa, Flax — and ash content, conditions for hemicellulose,
fiber sulphur-free and effective lignin, phenolic
high purity, low  delignification rate. compounds, Sugai
molecular weight
of lignin, lignin
produced has higr
pore volume whicl
enhances the
solubility in solvent
lonic liquid Triticale straw, Lignin is chemically IL has corrosive Cellulose, [56, 79, 80]
southern yellow unaltered properties and higt hemicellulose,
pine, Oil palm viscosity, Lignin has lignin, sugar
empty fruit bunch, little structural
Red oak change
Commercial Sweet gum, Lignin structure is Lignin contains Cellulose, [711, [72]. [75]
cellulase and Douglas-fir chips, similar to milled some hemicellulose,
Protease basswood wood lignin (MWL ) carbohydrates anc lignin, sugars
with less proteins impurities
degradation

3.3 Factors Affecting Lignin Recovery

There are several factors which affect the amount of
lignin extracted from lignocellulosic biomass. The
lignin recovery from different sources may be related
to their origin, methods and condition of extraction,
cycles of extraction, pH and types of solvent used
during the process.

3.3.1 Origin

The chemical structure and yield of lignin extracted
from lignocellulosic biomass depends on several
factors including their botanical origin, biomass
resources, the environmental conditions of growth
and the conditions applied during the extraction and
purification processes during the freatment [81-84].
The variations occur in different species of plants with
respect to the generation of lignin precursors in plants
or free biosynthetic pathways [18]. [47] reported that
there are different monomers and distributions of
bond linkages present in the lignin extracted from
different types of coconut shells, walnut shells, peach
pits, and olive pits eventhough they were being
extracted by using the same formic acid procedure.
3.3.2 Method and Condition of Extraction
Application of different methods influence the
composition of lignin yield and the functional groups

presence in the structure [85]. Research by [48]
reported that the yield of lignin, molecular weight
and thermal stability were increased when
supplemented with acoustic energy and solvents
compared to the fraction without ulfrasonic
iradiation due to the intensification of mass fransfer,
improvement of the effect of penefration of solvent
info the plant fissue and capillary permeability.
Another study done by the same author mainly fo
investigate the influence of microwave radiation
fowards lignin yields. They proved that when applying
microwave radiation during the exiraction process,
the molecular weight of the lignin increased while
there are also decrement reported in bound
carbohydrate content. Various conditions applied by
researchers in different techniques of exiraction
could affect the molar mass, functionality, cross-
linking and denisity of the lignin obtained. The particle
size of biomass also influence the amount of lignin
extracted from lignobiomass. A smaller particle size of
biomass contributes to a more effective lignin
extraction as reported by [76]. The ability of solvent to
penetrate into the biomass structure is reduced when
the particle size is larger and the surface area is small
[86].
3.3.3  Extraction Cycle

The cycles of extraction process also influenced the
amount of lignin exiracted from the lignocellulosic



52 Madihah Md Salleh et al. / Jurnal Teknologi (Sciences & Engineering) 85:3 (2023) 43-59

biomass. Research done by [87] reported that, molar
mass lignin obtained from the first cycle of exiraction
was lower than at the end of the cycles. This is
supported by the fact that the small parts of the
molecule are easier to remove from the outer layer
of the wood particles.

3.3.4 pH Value

The pH value during the extraction also influence the
amount of lignin extracted. Lower pH used in the
hydrolysis produced higher lignin amount as proven
in the method used for Klason and Willstatter
approach. Klason method utilizes sulphuric acid
solvent at pH 2 while Willstatter method utilizes
hydrochloric acid at pH 4 during the hydrolysis. Lignin
extracted from Klason method shows a much higher
percentage than Willstatter method. The recovery of
lignin extracted from all types of biomass by different
methods is always significantly influenced by the
concenfration of catalyst either acidic or basic.
Increasing the concentration of base induced the
recovery of lignin extraction [88]. The average molar
mass of lignin extracted depends on the alkali
concentration used during the exiraction process.
However, the amount of lignin did not increase when
alkali neutralisation took place in the reaction [87].

3.3.5 Types of Solvent

Lignin yields also depends on the solvent used during
the extraction process. The concentration of alkali will
reduce the complexity and molecular size of
acetylated lignin by disrupting the chemical bonds
present in the lignin, cellulose and hemicelluloses
stfructures. The solvents used promote the
impregnation of vegetal tissue which leads to
solubilisation of lignin fragments. The intermediate
carbonium ions produced will react with an electron-
rich carbon to form stable carbon-carbon linkages
leading to the condensation of lignin [89].
Incomparable new solvent of ionic liquid which are
salts comprised of large organic cations and smaller
inorganic or organic anions give higher potential to
disrupt the strong linkages between cellulose,
hemicellulose and lignin by the formation of different
types of interactions such as hydrogen bond, dipole-
dipole and Van der Waals forces. These interactions
help treats lignocellulosic biomass to different
fractionation [90]. However, different types of ionic
liguid and species of wood influenced the formation
of functional groups for the regenerated lignin [?1].
Organic acid such as formic acid was studied [71]
using wheat straw. They reported that the yield of
lignin recovery increased when they applied higher
temperature and longer time of reaction. When the
extraction was induced by these two factors, lignin
was dissolved by acid-cleavage of a-aryl ether and
arylglycerol-p-ether in the lignin macromolecule
resulting in more cleavage of bonds throughout the
process. Hydrophilic groups, -OH and -CO and
hydrophobic groups, aromatic rings in lignin structure

influenced the good solvent for delignification
process [65]. Hydrolysis process to separate lignin and
monosaccharides needs low concenfration of
mineral acid, high temperature and high energy
loading to achieve successful separation process.

4.0 APPLICATION OF LIGNIN AND ITS
DERIVATIVES

Lignin has many different applications today and it is
slowly growing in our industrial market (Table 4). The
effort to transform lignin into valuable products for a
growing market is importantly needed. The variety of
inherent structural in biomass lignin made it useful for
the other applications which might brought the
structural  changes through various chemical
modifications for synthesizing different types of lignin
to suit the future wider applications [89]. Lignin has
been widely used in various industrial applications
such as metal ion removal and biosorbent, corrosion
inhibitor, antioxidant and antfimicrobial,
morphological effect, phenolic resin, aviation fuel,
and vanillin production.

4.1 Metal lon Removal and Biosorbent

Lignin can be used in assisting metal adsorption in
water pollutions tfreatment by hazardous metal ions
such as nickel (ll), cadmium (ll), plumbum (ll) and
Copper (ll). The presence of these types of metal ions
can cause numerous diseases and disorders to
human body such as lung cancer, chronic bronchitis,
pulmonary fibrosis besides having significant
carcinogenic properties. The presence of functional
groups on the lignin surface such as carboxylic and
phenolic groups results in a good combination of
precursors between oxide groups on the surface of
silica. A study by [92] reported that the innovation of
SiO2/lignin - hybrid  systems  (organic/inorganic
materials combination) have high surface areq,
thermal stability and mechanical strength which
have the potential to be use as the sorbents metal
ions.

The presence of plentiful hydroxyl groups and
unique three-dimensional structure of lignin make it
an ideal precursor for biosorbent application.
Cationization of soffwood kraft lignin using glycidyl-
frimethylammonium chloride (GTMAC) was used fo
coagulate and flocculate the negative charged of
dyes molecules [93]. This new finding might be used
to replace the inorganic coagulants such as ferric
chloride, aluminium sulphate and poly aluminium
salfs  which  were previously wused in high
concentrations thus resulting a large volume of
sludge. These situations can pose harm to human
health. The increase of cationic lignin concentration
exceeding the opfimal amount overcharged the
dyes particles presence in solutions. This exira
charged density repels the dyes particles and re-
stabilized them in the solutions and later decreased
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the amount. In another study, sulfomethylated and
oxidized softwood kraft lignin was reported as an
anionic flocculant for dye solutions which is highly
effected by its charged density. Products with higher
charged density performed better than those with
lower charged density in removing dyes in solution
[94].

Mesoporous lignin-based biosorbent  was
produced through a sulphur ftrioxide (SOs) micro-
thermal-explosion process of rice straw which has
special structure with the presence of sulfonic
functional groups on the surface and large surface
area. They provide better diffusion, dispersion and
mass transfer behaviour in the field of metal-ions
removals such as lead for wastewater tfreatment [95].
Lignin microspheres was produced by an inverse
suspension copolymerization method which provides
better adsorption capacity towards lead, Pb (ll) in
water. A strong binding tendency between basic
amine and acidic metal ions are formed due to the
presence of abundant functional groups in its
structure [96].

Carbon nanotubes (CNTs) have unique properties
as sorbents to adsorb different types of pollutants
and contaminations in water. However, CNTs is not
soluble in water and can easily agglomerate due the
presence of strong Van der Waals forces between
CNTs bundles and lack of functional groups.
Therefore, lignin was chosen as other alternative for
the hybridization with CNTs as new nanocomposite
and was expected to create large surface area with
abundant adsorption active sites by infroducing high
content of oxygen-containing functional groups that
will bind strongly with the contaminants [97]. Besides
that, lignin-based hydrogels can also be used as
nanocomposites for the same solutions fo overcome
the toxic pollution. The properties of hydrogels
especially their flexibility, elasticity, permeability and
ability to absorb huge quantity of water gained the
attention of many researchers in order to remove
toxic metals from water and wastewater [98].

High density polyethylene (HDPE) was exposed fo
the degradation process during all stages of its life
cycle, starting from the synthesis process, storage
and processing to the end. Phenolic compounds
present in lignin polyphenols can act as an
antfioxidant agent fo prevent the oxidative
degradation in polymers as reported by [99]. They
used kraft lignin extracted from black liquor by using
three types of acids, hydrochloric acid, HCI,
phosphoric acid, HsPO4 and acetic acid, CHsCOOH
for lignin isolation. Precipitation of lignin by using HCI
shows similar characteristics with  the Aldrich
commercial lignin. They concluded that lignin shows
lower antioxidant capacity as compared to the
commercial antioxidant. It has higher molecular
weight yet sfill retains its anfioxidant behaviour.
Behaviour temperature of inifial temperature might
influenced the product formation.

The addition of lignin extracted from Moso
bamboo, Chinese tallow tree wood and switchgrass
was reported by [46]. The tensile strength, tensile

modulus and tensile strain of falbrication of polylactic
acid (PCA) lignin composites were improved when
modified lignin was used compared to the
commercial lignin. Acetylation of lignin would modify
its surface and thus resulting in the increment of
affinity and dispersion of biopolymer which attributes
fo the higher mechanical propertfies of bio-based
materials.

4.2 Corrosion Inhibitor

The presence of myriads of functional groups in lignin
such as phenolic, hydroxyl, carboxyl, benzyl alcohols,
methoxyl and aldehyde provide active centres in
physical and chemical interactions. The content of
oxygen atoms and multiple bonds in alkaline lignin
extracted from maple wood adsorbs on the metal
surface and forms the barrier between the metal and
corrosive environment [100]. Smaller fragments of
modified lignin from Elaeis guineensis with high
phenolic -OH content (low average molecular
weight),  anfioxidant  acftivity and  solubility
characteristics shows the improved inhibition process
which physically adsorbed onto the mild steel surface
[101]. [102] used soda lignin and kraft lignin extracted
from oil palm empty fruit bunch to reduce the rust
components on the surface of steel formed by ferric-
lignin compounds. The oxygen-electron donating
groups present in polyphenolic monomers in lignin is
expected to adsorb onto the metal surface via the
adsorption modes in the media. The lignin efficiency
as corrosion inhibitor is related with the number of
active sites, molecular sizes, the presence of
functional groups and the electron density.

4.3 Antioxidant and Antimicrobial

As a complex phenolic polymer, lignin possesses
anfimicrobial properties which is highly needed in
fabric and textiles industry. The lignin extracted was
coated on fabric to be used as potential additional
fabric in a sanitary mask. Among the potential used
of lignin from sugarcane bagasse is to inhibit and
prevent the formation of bacteria, Staphylococcus
epidermis, the most frequent cause of nosocomial
infections on fabric. It is also closely related with skin
disorders such as acne vulgaris [103].

[104] reported the potential of lignin as a natural
anfioxidant additive in food packaging. Polylactic
[47] was chosen as its matrix and was blended with
lignin by twin screw exfrusion and thermos
compression. Two types of lignin which contain
different phenolic monomer were wused, lignin
PROTOBIND 100 (extracted from alkali process from a
mix of wheat straw and sugarcane) composed 8.0
mg g-1 of phenolic monomers and lignin SARKANDA
(extracted from sugarcane) contained 0.5 mg g-1 of
phenolic monomers. The immersion of PLA films into
the fatty food reflects yielded migration of radical
scavengers info the solution by using free radical test,
DPPH. Primary radicals from oxygen exist originally in
the atmosphere. However, those radicals can be
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stimulated either by thermal processing or during the
radiation of packaging and food. Those radicals can
initiate the lipid oxidation in food. Therefore,
antiradical activity of PLA-lignin blend can serve as
other alternative to eliminate those radicals.

4.4 Phenolic Resin

Lignin consists many benzene rings resulfing in the
highest char yield. Its depolymerisation process also
leads to the formation of various phenols. Production
of value-added chemical such as phenol from lignin
produced from enzymatic, weak acid hydrolysis and
stfrong acid hydrolysis process was reported by [105].
[106] used softwood kraft lignin microwave-pyrolysis
oil to produce phenol by using switchable
hydrophilicity solvents (SHS) method which can be
further used in various fields as antioxidants, gasoline
additives, food additives, pesticides and colorants.
[107] utilized enzymatic hydrolysis (EH) lignin obtained
from bio-ethanol production of steam-exploded corn
stalk and reported that 50% of phenol in resin was
successfully replaced by EH lignin while maintaining
the bonding strength of the adhesive. However, the
increase of the replacement up to 60% caused the
bonding strength to be weaker and failed to meet
the Chinese National Standard.

Phenolic resin is a synthetic polymer resulting from
the reaction between phenol or substituted phenol
with formaldehyde. Lignin can be used to partly
replaced phenols in resins production. The used of
Jatropha circus seed husk lignin which has high
quantity of lignin as partial substitute of phenol in
phenolic resins shows no changes to their
physicochemical properties. However, [108] reported
that the substitution of lignin not more than 50% of
lignin based on the fractures physical evidence even
though it shows the good incorporation in the lignin
maftrix and best mechanical properties.

Acetosolv  process to extract lignin  from
sugarcane bagasse shows higher thermal stability,
low molar mass, constitute major proportion of p-
hydroxyphenyl, higher relative phenolic and hydroxyl
content, and lower relative methoxyl content
compared to kraft lignin. [109] reported on the
capability of Japanese cedar (cryptomeria
japonica) and eucalyptus (eucalypfus globulus) to
produce lignin-based phenolic resin. The removal of
cellulose and hemicellulose were achieved by using
the saccharification with formic acid in order to
obtain ligninrich  fraction and improve the
depolymerization of lignin into phenolic-resin.

Similar application of lignin was studied by [110].
The number of sites in lignin is the vital factor for them
to be incorporated with formaldehyde in order to
form lignin  formaldehyde instead of phenol
formaldehyde. Kraft lignin concentration reported in
this study is up to 90% which has higher number of
activated sites than the other types of lignin. Other
than that, kraft lignin composed greater content of
phenolic  hydroxyl groups even though its

unsubstituted 3- and 5- positions to react with
formaldehyde are moderate.

Different types of lignin were reported by [111].
They applied organosolv lignin to replace the phenol
incorporated with formaldehyde resin which can be
used as an adhesive in the production of
particleboard. Unique structure of lignin  which
consists of many aromatic rings and highly cross-
linked structure shows similarity to the network of
phenol formaldehyde resins. This intervention may
reduce the cost of phenol formaldehyde resins
formation since the price of phenol is high apart from
being toxic. Besides, organosolv lignin from bamboo
(Phyllosatachys heterocycle) was also reported by
[112]. They reported the successful performance of
organosolv lignin from acidic and alkaline of up to
50% substitution of phenol formaldehyde resins
synthesis. However, the presence of extractives
significantly influenced the synthesis of resin thus the
purification step is necessary prior to lignin
application. Similar application of lignin-phenol-
formaldehyde in plywood was reported by [113] by
using lignin extracted from industrial steam exploded
wheat straw. Organosolv wheat straw lignin was
reported by [114] as a substitution for 50 to 70% of the
phenol in a phenol formaldehyde-resol resin and was
applied in a plywood manufacturing. The aim to
replace the petroleum-derived phenols with phenol-
formaldehyde resin  from lignocellulosic  biomass
resources was reported by [115].

4.5 Aviation Fuel

Aviation fuel is a petroleum based-fuel which is
produced specifically for powering aircraft. It has
special additive fuels compared fo less crifical
applications like heating or road transport fo reduce
the risk of explosion or icing during the high
temperature and different weather. Therefore,
application of lignin from renewable biomass in the
production of cycloparaffins and aromatics which
are partly components in jet fuel production are
necessary to reduce our dependence and demand
on the fossil energy. [116] used sulphur-free lignin
powder derived from wheat straw by catalytic
depolymerisation process of lignin which results in Cé-
C8 aromatics compounds and further converted to
C8-C15 aromatics with the alkylation process using
ionic liguid. Normally, the commercial and military jet
fuels composed of three major components which
are paraffin, cycloalkanes and aromatics and the
ratio involved in the production process depends on
the different types of jets such as Jet-Al, Jet A and
JP-8.

Fast pyrolysis of lignin  process successfully
converted lignocellulosic  biomass info  bio-oils.
However, lignin-derived bio-oils are unable to be
directly used as fuel and need to be upgraded to
meet the requirement as a jet fuel. One of the
approach method reported by [117] is by using
Hydrodeoxygenation (HDO) process which produce
cyclohexanone as the intermediate lignin-derived
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bio-oil and is directly converted info aromatics in the
range of jet fuel hydrocarbons. [118] reviewed the
production of bio jet fuel from renewable
hydrocarbons which has similar properties to jet fuel
but more advantages because it contains less
sulphur and produces lower carbon dioxide emission.

4.6 Vanillin Production

Serving as the highest volume flavouring agent in
food industry, vanillin (4-hydroxy-3-
methoxybenzaldehyde) is a major component of
natural orchid plant, Vanilla planifolia. The expensive
price and high time consumption in producing the
natural vanillin from orchid plants contribute to the
application of renewable resource such as lignin as a
substrate to fulfil the higher demand from the

consumer. The lignin oxidation reaction with
additional oxygen as the oxidant in batch reactor
was reported by [119]. Different types of oxidants
were used fo produce vanilin from lignin such as
nitrobenzene [120, 121], oxygen [121-124], copper
oxide [125] copper sulfate [15] and hydrogen
peroxide [126]. Lignin was degraded and oxidized,
producing vanillin with several types of by-products.
The cleavage of the aryl-ether linkages in lignin
produced unstable and highly reactive free radicals
of low molecular weight products through the
rearrangement, electron abstraction and radical-
radical interaction. High temperature application
around 200-275°C able to degrade the lignin
polymeric resulting in formations of aromatic
compounds with phenolic groups.

Table 4 Examples of lignin applications

Principle usage

Applications

References

Metal- ion removal and Biosorbent

The presence of sulfonic functional group and
large surface area of mesoporous lignin-based-
biosorbent allowed befter diffusion and better
mass transfer behaviour

[46], [92], [93]. [95]. [96]. [98]. [99]

Corrosion inhibitor

metal surface and lignin as the inhibitor

Antioxidant and antimicrobial

protect packed food from light or oxygen

Phenol-based resin

various types of phenol

Aviation fuel

Vanillin production

The presence of varieties of functional groups [100]-[102]]
provide the active site in the interactions between
Antimicrobial properties of lignin prevent and [103], [104]
inhibit bacteria, Staphylococcus epidermis which
cause nosocomial infections on falbrics, poly-lactic
lignin blend will act as anfioxidant in order to
Replace phenol or substituted phenol in resin  [105], [108]-[110], [112], [113],
production, presence of active site in lignin shows [115]
similarity to the network of phenol formaldehyde
resin. Presence of benzene ring in lignin structure
leads to the depolymerisation process to produce
Used as part of components production of [116]-[118]]
cycloparaffins and aromatics in jet fuel production

[M191-11271]

Vanilin can be obtained through the oxidation
and degradation of lignin

5.0 CONCLUSION
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