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ABSTRACT

Lignocellulose represents the most abundant carbon-capturing substance that is convertible for biofuels and
bioproduction. Although biomass pretreatments have been broadly applied to reduce lignocellulose recalcitrance
for enhanced enzymatic saccharification, they mostly require strong conditions with potential secondary waste
release. By classifying all major types of pretreatments that have been recently conducted with different sources
of lignocellulose substrates, this study sorted out their distinct roles for wall polymer extraction and destruction,
leading to the optimal pretreatments evaluated for cost-effective biomass enzymatic saccharification to maximize
biofuel production. Notably, all undigestible lignocellulose residues are also aimed for effective conversion into
value-added bioproduction. Meanwhile, desired pretreatments were proposed for the generation of highly-
valuable nanomaterials such as cellulose nanocrystals, lignin nanoparticles, functional wood, carbon dots,
porous and graphitic nanocarbons. Therefore, this article has proposed a novel strategy that integrates cost-
effective and green-like pretreatments with desirable lignocellulose substrates for a full lignocellulose utiliza-
tion with zero-biomass-waste liberation.
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1. Introduction

Expanding consumption of finite fossil fuels becomes a potential
threat to economic sustainability and environmental safety (Tan and
Nielsen, 2022). As a promising solution, renewable biofuels are
considered as the perfect additive into petrol-fuels. By unique photo-
synthesis, plants capture atmospheric carbon to produce the most
abundant lignocelluloses on the earth (Dahmen et al., 2019; Flexas et al.,
2021). Although lignocellulose has been implemented for conversion
into biofuels and biochemicals, its natural recalcitrant inevitably de-
cides a costly biomass process with potential secondary waste liberate
into the environment (Zoghlami and Paes, 2019). Hence, advanced
technology for biomass pretreatments has been attempted to reduce
lignocellulose recalcitrance in bioenergy crops, which is not only aimed
for cost-effective biofuels and value-added biomaterials, but also for full
utilization of biomass resource with zero-biomass-waste release.

Lignocellulose recalcitrance arises from complicated structures and
diverse functions of plant cell walls (Wang et al., 2021). As the primary
target substrate of bioconversion, cellulose microfibrils are deposited as
highly-ordered crystalline scaffolding framework with alternated
amorphous cellulose chains that may deeply associate with hemi-
celluloses (Herburger et al., 2020; Wang et al., 2016c). Meanwhile,
hemicellulose works as an inter-linker for cellulose and lignin assembly
(Giummarella et al., 2019). As lignin is a major barrier against cellulose
enzymatic hydrolysis, the lignocellulose recalcitrance is therefore
accountable by cellulose crystallinity, hemicellulose interplay, and
lignin deposition in plant cell walls.

Provided that biomass pretreatment is effective to reduce lignocel-
lulose recalcitrance, the optimal pretreatment technology is funda-
mentally dependent on lignocellulose specificity and biomass resource
(Mankar et al., 2021; Wang et al., 2021). Thus, this review article firstly
elucidated the principle of biomass pretreatment process for improving
lignocellulose recalcitrance in major types of lignocellulose substrates of
both grassy crops and woody plants, which includes biomass feedstock
size reduction at microscale level, cell wall layer broken and de-
laminated at cellular level, lignocellulose matrix disruption at ultra-
structural level, and cell wall polymers destruction at molecular level
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(Fig. 1). Then, this study sorted out the optimal biomass pretreatments
selectable for near-complete enzymatic saccharification towards
maximum biofuel production. Furthermore, this study updated more-
recently-achieved technology about the pretreatments that enable to
generate highly-valuable nanomaterials. An applicable strategy is thus
raised for a full utilization of lignocellulose by co-producing biofuels and
nanomaterials under a cost-effective and green-like style.

2. Distinct pretreatments to reduce lignocellulose recalcitrance

Since various physical, chemical, and biological pretreatments have
been conducted with diverse lignocellulose substrates in bioenergy
crops, we initially attempted to classify all major pretreatments for their
distinct roles on lignocellulose recalcitrance by highlighting positive and
negative parameters of wall polymers as described below (Fig. 2).

2.1. Reduced biomass size and disrupted cell wall structure by physical
pretreatments

For collection of raw biomass materials, mature bioenergy crops
firstly require physical pretreatment to reduce particle size. The particle
size reduction could increase the specific surface area and heat transfer
capacity of lignocellulose substrates (Park et al., 2016). Particularly,
irradiation techniques are a group of promising alternatives for biomass
pretreatments such as microwave, ultrasonic and electron beam irradi-
ation (Zhou and Tian, 2022). As a typical non-ionizing electromagnetic
radiation, microwave induces explosions within the particles of biomass
materials and thus facilitates the disruption of recalcitrant structures (Li
et al., 2016a), whereas ultrasound is the acoustic energy that travels as
waves with frequencies over the hearing range and it could release high
temperatures and high pressure for biomass deconstruction (Luo et al.,
2014; Sun et al., 2022). Despite those physical pretreatments could
disrupt plant cell walls for enhanced biomass enzymatic saccharifica-
tion, concerns with cost, energy intensity, and practicality limit its
application as a viable pretreatment approach.

-

~

Bioenergy crops Biomass particles Cell walls Lignocelluloses Wall polymers
0.5-10 m 100-500 um 1-5 um 1-100 nm 1-100 nm
a. Cellulose depolymerization
Particle size Cell wall Lignocellulose b. Hemicellulose di iati
reduction destruction disruption c. Lignin destruction
d. Lignin repolymerization
’' 4
[ L d
4, -\
-
“m i J
A
E——— Cellulose f Hemicellulose ~ (., Lignin
< Q

/

Fig. 1. The principle of diverse biomass pretreatments for distinctively lessening lignocellulose recalcitrance.
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2.2. Deconstruction of lignin barrier by chemical and biological
pretreatments

As lignin provides strength and hydrophobicity in plant cell walls
(Zhang and Naebe, 2021), its deposition acts as a physical barrier
against enzyme accession and loading onto cellulose surface. To
deconstruct lignin barrier, chemical and biological pretreatments have
been applied by using alkaline, organosolv, deep eutectic solvents (DES)
and fungi invasion. In general, alkali pretreatment is effective to remove
lignin with partial hemicellulose co-extraction by using kraft (Na,S and
NaOH) (Crestini et al., 2017), sulfite (NaOH and NaySO3) (Aro and
Fatehi, 2017) and soda (NaOH alone). The alkali pretreatment mainly
distinguishes chemical linkages like ester bonds (Woiciechowski et al.,
2020) and hydrogen bonds (Si et al., 2015) between lignin and carbo-
hydrates, and meanwhile disrupts lignin structure. Although dilute so-
dium hydroxide pretreatment is also effective for feedstocks that are of
relatively low lignin levels, its cost-effectiveness has not been thor-
oughly evaluated (Woiciechowski et al., 2020; Zhu et al., 2020).

Organosolv pretreatment is like organosolv pulping, but the degree
of its delignification is limited. In some cases of those pretreatments, the
main components of biomass can be effectively fractionated with each
component potentially used for value-added products (Hassanpour
et al., 2020; Thoresen et al., 2020). In general, the alkaline organosolv
pretreatment is favored for lignin solubility to achieve higher cellulose
digestibility and less polysaccharides deconstruction (Yuan et al., 2018).
In particular, DES represents a new green solvent that selectively ex-
tracts high-purity lignin and enhances biomass digestibility (Guo et al.,
2019; Sai and Lee, 2019; Guo et al., 2020; Xu et al., 2020; Wang and Lee,
2021).

Most biological pretreatments utilize certain classes of lignin-
solubilizing microorganisms, being more amenable for enzymatic
saccharification than native biomass (Sharma et al., 2019a). Among
microorganisms, white-rot fungi have been well examined to produce
lignin-degrading enzymes (Kainthola et al., 2021). However, for bio-
logical pretreatment process, lignocellulose residue is inoculated with
appropriate fungal cultures for several weeks, and thus almost all
biomass pretreatments are time-consuming with limited lignocellulose
deconstruction.
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2.3. Disassociation of hemicellulose interplay by physical and chemical
pretreatments

As hemicellulose is covalently bound with lignin, and also cross-
linked with cellulose microfibrils (Tarasov et al., 2018), recent progress
suggests that the side chains of hemicellulose may be highly interacted
with amorphous cellulose chains to maintain plant cell wall integrity
(Wang et al., 2016c). Due to the bridging flexible structure, hemicellu-
lose is more susceptible to pretreatment processes. For example, dilute
acid pretreatment is one of the most applied biomass process technol-
ogies (Woiciechowski et al., 2020), and it generates protons that have a
quick diffusion through the amorphous parts of lignocellulose such as
hemicellulose and amorphous cellulose chains. Even though most dilute
acid pretreatments utilize sulfuric acid, the peracetic (Kundu et al.,
2021), ascorbic (Sheng et al., 2021) or citric acid (Qiao et al., 2019) has
recently been investigated as cost-effective acid pretreatment.

Steam explosion pretreatment has been practiced for nearly a cen-
tury to mainly extract hemicellulose of all lignocellulose substrates
examined (Sarker et al., 2021), but it also leads to releasing the organic
acids that are generated from acetyl functional groups associated with
hemicellulose for partial lignin co-extraction (Deng et al., 2020). Hence,
the addition of acid catalysts with steam explosion has improved the
yield of released carbohydrates by reducing sugar degradation (Wang
et al., 2016b). Another physical pretreatment such as liquid hot water
has been developed for raising hemicellulose hydrolysis at relatively low
temperatures and pressure (Sun et al., 2021), but cellulose hydrolysis
could be blocked by re-formed spherical lignin droplets (Ko et al., 2015).
Although co-supply with acid could enhance hemicellulose extraction by
adjusting pH value (Imman et al., 2021; Suriyachai et al., 2020), the
toxic compounds are raised that inhibit yeast fermentation from both
steam explosion and liquid hot water pretreatments.

2.4. Alteration of cellulose crystallinity and polymerization by all
pretreatments

Cellulose crystalline index (CrI) has been defined to account for
cellulose crystallinity, which is determined by cellulose degree of
polymerization (DP) and its interaction with other wall polymers. As the
most biomass pretreatments could extract partial wall polymers and/or
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Fig. 2. The hierarchy map accounting for lignocellulose rec

alcitrance reduction by distinct biomass pretreatments.
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disrupt polymer interlinkages, the cellulose Crl is applied as the key
parameter negatively accounting for biomass pretreatment effectiveness
and enzymatic digestibility (Wang et al., 2016¢). Moreover, both cel-
lulose CrI and DP values are increasingly applied as two correlated pa-
rameters to evaluate biomass pretreatments and to predict sequential
enzymatic saccharification.

Among all biomass pretreatments, the cellulose-dissolving solvents
such as ionic liquids (ILs) have been examined as the most effective
technology for reducing cellulose crystallinity (Li et al., 2017b; Usmani
et al., 2020; Alayoubi et al., 2020). Meanwhile, the acid pretreatment
has a strong level-off degree of polymerization effect of cellulose
amorphous chains, leading to significantly reduced cellulose DP exam-
ined (Alam et al., 2019). In addition, the cellulose DP is decreased to
some degree in the lignocellulose residues obtained from physical pre-
treatments such as steam explosion and liquid hot water (Deng et al.,
2020; Wu et al., 2019).

3. Optimal pretreatments for near-complete biomass enzymatic
saccharification

The biomass saccharification is defined by measuring hexose/
glucose yield (% cellulose) released from enzymatic hydrolysis of pre-
treated lignocellulose residue. Even though it remains a challenge to
achieve near-complete biomass enzymatic saccharification, recent
advance has provided a practical strategy for hexoses yields at>95 % by
integrating optimal pretreatments with desirable lignocellulose sub-
strates as described below.

Bioresource Technology 369 (2023) 128315
3.1. Classic chemical pretreatments

While lignocellulose recalcitrance is lessened in desirable bioenergy
crops, genetic mutants and transgenic plants, mild chemical pre-
treatments are sufficient for near-complete biomass enzymatic
saccharification as shown in Table 1. Notably, specific site-mutation of
genes involved in biosynthesis of plant cell walls could not only main-
tain plant normal growth and biomass yield, but also remarkably reduce
lignocellulose recalcitrance, which simply causes a near-complete
biomass enzymatic saccharification upon mild chemical pretreatment
(Li et al., 2017a). In addition, the transgenic rice straw overproducing
Trichoderma reesei p-1,4-p-glucosidase, or endo-p-1,4-glucanase is of
near-complete enzymatic saccharification due to significantly reduced
cellulose CrI and DP values (Li et al., 2018; Li et al., 20194d).

3.2. Green-like pretreatments

With the sustainable development trend on waste-to-energy nexus,
green-like pretreatments have been conducted with lignocelluloses in
major bioenergy crops (Sharma et al., 2020). These mainly include non-
chemical and chemical-recyclable pretreatments as shown in Table 1. As
typical non-chemical processes, steam explosion and liquid hot water
pretreatments remain high energy consumption and limited enhance-
ments for enzymatic hydrolyses. However, the pretreatment of 20 min
liquid hot water has been recently found to enable for near-complete
enzymatic saccharification with the desirable brittle stalk of corn
mutant (Wu et al., 2019). Furthermore, alkali chemicals such as CaO and

Table 1
Mild chemical and green-like pretreatments with common and desirable lignocelluloses for distinctively enhanced biomass saccharification and bioethanol
productivity.
Pretreatment Biomass type Condition Sugars and ethanol Assessment Reference
I: Classic mild pretreatments
NaOH Rice straw editing 1 % NaOH, 50 °C for 2 h Near-complete saccharification Effective, low temperature Zhang et al.,
OsCAD2 2021a
NaOH or H,SO4 Rice straw 1 % NaOH, 50 °C for 2 h; 1 Hexose yields of 100 %, ethanol yield of 21 and pressure, but cause Liet al.,
overexpressTrBGL % H2S04, 121 °C for 20 min ~ %; Hexose yields > 60 %, ethanol yield of secondary pollution 2018
18 %
NaOH Osfc16 mutant rice 4 % NaOH, 50 °C for 2 h Near-complete saccharification Lietal,
straw 2017a
NaOH MYB103 RNAI rice 1 % NaOH, 50 °C for 2 h Hexose yields of 95 % Wu et al.,
straw 2021
PHP Wheat straw PHP (H3PO4 + H,0,) Hexose yields of 100 % Wan et al.,
2019
H,S04 Wheat straw 0.4 % HySO4 with 10 g/L Glucose yield of 92.9 %; Glucose yield of Tang et al.,
humic acid; 0.4 % H,SO4 89.0 % 2021
II: Green-like pretreatments
Liquid hot Corn brittle stalk 200 °C, 20 min Glucose yield of 96 %, bioethanol yields of ~ No chemicals used and little Wu et al.,
water 19 % inhibitors generation, but needs high 2019
Dry explosion Hybrid pennisetum 200, 225, 250, 275 °C; 10, Enhanced fuel property energy input Cai et al.,
20 min 2020
Steam Miscanthus 2.5 MPa, 180 s Glucose yield of 77 % Sun et al.,
explosion 2017
NH3-H0 or Rice straw overexpress ~ 12.5 % NHs-H20 or 10 % Near-complete saccharification, ethanol > Cheap price but lower effective Aietal.,
CaO AtCesA6 CaO, 50 °C for 48 h 20 % 2021
Green liquor Miscanthus TTA 32.77 %, 150 °C, 23.18 Glucose yield of 87 %; bioethanol yield of Re-use industrial waste liquids Alam et al.,
min 17.1 % 2020
Sulfolane Willow Sulfolane/water (50:50), 4 Delignification yield of 94 % Renewability, low toxicity, and high Zhong et al.,
% NaOH thermos-chemical stability 2020
y-Valerolactone Hybrid poplar wood GVL/water (95:5), CHF of Glucose yield of 84.84 % Yang et al.,
54.99 2020
Cyrene Populus Cyrene/water (1:2), 120 °C, Almost-complete saccharification Meng et al.,
60 min 2020
DES Bamboo Choline chloride/LA (1:4) Glucose & xylose yields of 76.9 % & 81.3 % Less hazardous, biodegradable, and Lin et al.,
affordable 2020
ILs Rice straw 10 % [Emim]Cl, pH9,70°C  Reducing sugar yield of 87 % Non-flammable, recyclable, non- Maleki et al.,
volatile, but high cost 2022
White-rot fungi Corn cobs Trametes orientalis, 28 °C, Glucose yield of 83 % No pollution and energy input, but Wang et al.,
25 d; Fomitopsis pinicola, time-consuming 2017

28°C,7d
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NHj3-H»0 are also applied for green-like pretreatments (Ai et al., 2021),
due to being recyclable and simply collective, whereas green liquor
pretreatment often uses the alkali wastes derived from industry (Alam
etal., 2020). Despite such green-like pretreatments lead to relatively less
enhanced saccharification than that of classic chemical pretreatments,
they are applicable for the desirable lignocellulose substrates. For
example, desirable Miscanthus accessions are selectable for almost-
complete enzymatic saccharification even though under mild green-
like pretreatments conducted (Alam et al., 2020).

Recently, new organic reagents have been applied as green-like
pretreatments, due to being renewability, low toxicity, and high
thermos-chemical stability. For instances, by performing Sulfolane
pretreatment with willow biomass, a high rate of lignin extraction is
achieved (Wang et al., 2016a; Zhong et al., 2020). Moreover, y-Valer-
olactone (GVL) and Cyrene are two renewable organic solvents newly
used in lignin extraction (Meng et al., 2020; Yang et al., 2020), and
particularly, the GVL combined with p-TsOH is applicable to pretreat
hybrid poplar, resulting in lignin removal of 86 % and enzymatic di-
gestibility of 84 % (Yang et al., 2020). Ionic liquids have been identified
as promising green solvents due to being non-flammable, recyclable,
non-volatile and high boiling point, but the high cost and difficult syn-
thesis make them impractical for large-scale applications. However, DES
has been proposed as an alternatively green solvent, because it is less
hazardous and more biodegradable and affordable (Chen et al., 2019a;
Wang et al., 2020a). In addition, white-rot fungi invasion is usually
considered as the greenest biomass pretreatment, but almost all bio-
logical pretreatments are time-consuming and low-efficient (Wang et al.,
2017).

3.3. Integrated pretreatments

As cost-effective and green-like manner has been regarded as the
optimal biomass process to maximize biofuel production, integrating
different types of green-like pretreatments with desirable lignocellulose
substrates is one of the most promising solutions as shown in Table 2.
Two or more synergistic pretreatments are often conducting in a reactor
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to enhance enzymatic saccharification for maximum biofuel production.
For example, an effective ball milling activation mixed with metal salt
has been applied to pretreat sugarcane bagasse (Zhang et al., 2019b).
Furthermore, as physical pretreatment provides mechanical or irradia-
tion energy to disrupt cell wall matrix for raised porosity, it could
facilitate chemicals to extract and disrupt wall polymers. For instances,
while steam explosion is applied to extract hemicellulose-rich polymers,
the alkali chemical could effectively remove lignin and reduce cellulose
DP, leading to a synergistic enhancement on biomass enzymatic
saccharification (Mihiretu et al., 2019). Notably, the microwave-assisted
DES pretreatment leads to achieving sugar yields of 99 % glucose and 85
% xylose, being twice as much as conventional DES pretreatment (Isci
et al., 2020). In addition, ultrasound-induced cavitation could also assist
to accelerate chemical pretreatments involving acid (Rios-Gonzalez
etal., 2021), alkali (Li et al., 2016b), DES (Sharma et al., 2021) and ionic
liquids (Vishal et al., 2019; Wang et al., 2018), leading to maximizing
biomass enzymatic saccharification.

Sequential pretreatments, also known as two-step pretreatments,
usually include two-step processes conducted in different reactors, but
they could frequently combine the benefits of two independent green-
like pretreatments (Table 2). For the most cases, steam explosion pre-
treatment is first conducted to remove hemicellulose, and the sequential
alkali pretreatment is thus effective to extract lignin and remaining
hemicellulose by using CaO (Deng et al., 2020) or green liquids (Gao
et al., 2021), which enables to achieve near-complete biomass enzy-
matic saccharification. It is thus predictable that the second-step bio-
logical pretreatment should be more efficient and less time-consuming
once using the steam-exploded lignocellulose residues. Recent reports
have indicated that two-step liquid hot water and DES pretreatments
could lead to 90 % cellulose digestion of poplar lignocellulose (Xu et al.,
2021). In addition, two-step pretreatments by DES-HyO2 (Chen et al.,
2019b) or DES-bacterial (Liu et al., 2018) have shown effective lignin
removals for remarkably enhanced enzymatic saccharification. Thereby,
integrating two green-like pretreatments could also cause a near-
complete biomass enzymatic saccharification to achieve maximum
biofuel production.

Table 2
Integrated green-like pretreatments to maximize enzymatic saccharification and biofuel production.
Biomass type Pretreatment I Pretreatment II Sugars and ethanol Reference
I: Synergistic pretreatments
Sugarcane bagasse Ball milling, 50 °C, 60 min AlCl3 Saccharification of 79.7 % Zhang et al.,
2019b

sugarcane trash and aspen Steam explosion: 204 °C, 10 min

wood
Pinus bungeana Zucc Microwave, 800 W, 8 min DES: ChCLLA (1:10)
Wheat straw Microwave, 360 W, 8 min DES: ChCLFA (1:3)

Impregnated with 5 % NaOH

Saccharification of 92 % and 81 %, Mihiretu et al.,
respectively 2019
Enzymatic conversion of 81.90 % Li et al., 2019a
Glucose yield of 99 %, xylose yield of 85 Isci et al., 2020
%

Eucalyptus sawdust
Rice straw
Eucalyptus sawdust
Sugarcane bagasse

Sugarcane bagasse

II: Sequential
pretreatments
Bamboo, One-year old

Rapeseed stalks

Rice straw
Switchgrass
Rice straw

Poplar wood
Grain stillage
Corn fiber

Microwave, 375 W, 6 min
Microwave, 400 W, 5 min
Ultrasound, 360 W, 30 min
Ultrasound, 100 W, 60 min

Ultrasound, 40 W, 20 min

Steam explosion, 213.3 °C, 2.5 Mpa,
5 min

Steam explosion, 213.3 °C, 2.5 Mpa,
5 min

DES ChCL:LA (1:5) 8 h, 120 °C

DES ChCL:LA (1:2) 30 min, 130 °C
0.02 M FeCl3, 1.5 M H,0, (25 °C, 2
h)

LHW, 180 °C, 30 min
Hydrothermal, 120 W, 3.5 min
LHW (25 % solids), 180 °C, 10 min

Ionic liquid: 12.5 % [TBA][OH]
Ionic liquid: [Bmim]Cl
Ionic liquid: 12.5 % [TBA][OH]
Tonic liquid: [Bmim]Cl

DES: ChCl/Glycerol (1:10)

Green-liquor: 31.01 % TTA 28.01 min
166.41 °C
5 % CaO, 50 °C, 48 h

Pandoraea sp. B-6, 30 °C, 3d
H30,, pH of 11.5, 60 °C, 3 h
Cupriavidus basilensis B-8

DES, [MEAHCI][MEA], 110 °C, 3 h
Phanerochaete chrysosporium, 6 d
Three cycles of disk milling

Sugar yield of 410.67 mg/g

Glucan conversion at 61.14 %
Reducing sugar yield of 426.61 mg/g
Reducing sugar yield of 254 mg/g

Reducing sugar yield of 277 mg/g

Near-complete saccharification,ethanol
of 20.3 %
Near-complete saccharification

Polysaccharide digestibility of 73.1 %
Glucose yield of 94.1 %
Reducing sugar yield of 442 mg/g

Cellulose digestibility of 90.4 %
Saccharification of 66.28 %
Glucose yield of 94.9 %

Hou et al., 2019
Sorn et al., 2019
Wang et al., 2018
Sharma et al.,
2019b

Sharma et al.,
2021

Gao et al., 2021
Deng et al., 2020

Liu et al., 2018
Chen et al., 2019b
Zhang et al., 2018

Xu et al., 2021
Ren et al., 2020
Juneja etal., 2021
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4. Selectable pretreatments for diverse bioproduction

Given the optimal pretreatments are sufficient for near-complete
biomass enzymatic saccharification in the desirable lignocellulose sub-
strates, undigested lignin-rich residues remain to explore for value-
added bioproducts. On the other hands, as most lignocellulose sub-
strates are not completely digestible even though under extreme pre-
treatment conditions, it thus proposes to generate functional
nanomaterials and highly-valuable nanocarbons by performing suitable
pretreatments as described below.

4.1. Cellulose nanocrystals

Nanomaterials scaled at less than 100 nm could be generated from
renewable lignocelluloses, which has much advantage for industriali-
zation due to large surface and high density. Cellulose nanocrystals
(CNCs) have been characterized as optimal intermediates for diverse
nanomaterial production as shown in Table 3. In principle, there are two
major steps for generation of CNCs from lignocellulose: delignification
as the initial step and sequential alkali or acid process for non-cellulosic
polymer removal and amorphous cellulose chain extraction. Although
sulfuric acid process is a commonly used method for CNCs production,
due to increased electrostatic stability of colloidal solution, other green-
like methods are increasingly explored by using mineral acids and
organic dicarboxylic acids such as maleic (Lin et al., 2021; Seta et al.,
2020) or oxalic acids (Jia and Liu, 2019). As high-quality CNCs are of
reduced sizes (Salazar et al., 2012), attempts have been made to explore
advanced technology by performing green-like pretreatments such as
electron beam irradiation (Lee et al., 2018), ball milling (Amin et al.,
2015), sonication (Zhou et al., 2018), and enzymatic hydrolyses (de
Aguiar et al., 2020). In addition, by using desirable lignocellulose sub-
strates from genetic mutants and transgenic lines, the green-like pre-
treatment under mild condition is often sufficient to generate high-
quality CNCs as described in Table 3.
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4.2. Cellulose nanofibrils

Cellulosic nanofibrils (CNFs) have micrometers’ length and a few
nanometers’ diameters with a high aspect ratio (Nechyporchuk et al.,
2016). Unlike the CNCs as described above, CNFs could maintain most
axial cellulose amorphous regions to stretch its flexible orientation. In
general, multiple mechanical shearing actions via homogenizer or
microfluidizer are often employed with crude cellulose suspension to
generate CNFs (Table 3; Noremylia et al., 2022). Due to the mechanical
pretreatment with high energy consumption, integrating mild chemical
pretreatment with sequential enzymatic hydrolysis has been used to
produce CNFs (do Nascimento et al., 2019; Bian et al., 2019). To further
reduce chemical cost and energy consumption, advanced technology is
employed to simultaneously generate CNFs and other value-added
products (Table 3). For examples, while solid dicarboxylic acids are
applied to produce CNC, the remained unhydrolyzed fibrous solid res-
idue can be mechanically fibrillated to carboxylate CNFs with much less
energy input. The acid-catalyzed alcohols have been recently used to
pretreat sugarcane bagasse to produce CNFs-containing lignin with
tailored properties such as hydrophilicity and dispersion stability (Liu
et al., 2022c). More recently, the desirable lignocellulose substrate of
rice mutant straw has been directly applied for high enzymatic
saccharification, and undigested lignocellulose is thus favor for high-
quality CNFs production (Peng et al., 2022).

4.3. Lignin nanoparticles

Lignin nanoparticles (LNPs) have emerged as highly-valuable and
green-like nanomaterials due to their non-toxicity, corrosion resistance,
UV resistance and other exceptional properties. Typically, the LNPs
possess a spheres or hollow spheres morphology with a hundred nano-
meters’ diameter (Chen et al., 2021). The production of LNP mainly
involve in two steps: crude lignin extraction and sequential nanoparticle
synthesis (Gao and Fatehi, 2019). The crude lignin extraction methods

Table 3
Diverse pretreatments selectable for producing nanomaterials and functional materials.
Biomass type Pretreatment Nanomaterials Performance Reference
Moso bamboo Ball milling; Maleic acid hydrolysis, 3 h, 110 °C CNGCs Length of 105.6-223.8 nm Seta et al.,
2020
Sugarcane bagasse Carboxylic acids (oxalic acid, citric acid, tartaric acid, CNCs Pure carboxylic CNCs with 60 % yield Luo et al.,
formic acid) with ultrasonication 2021
Sugarcane Ethanol: H,0 (1:1) 190 °C, 90 min LCNGCs Crystallinity from 65 % to 80 %; Aspect ratios Bilatto et al.,
from 18.0 to 30.1 2020
Hardwood DES: ChCl and carboxylic acid (lactic acid, formic acid, CNFs Yields of 72-88 % and DPs of 300-500; CNF- Liu et al.,
acetic acid, malonic acid, oxalic acid, citric acid) strengthened polylactic acid composites 2021a
Cypress wood 1 % NaClO, in 80 °C, 6 h CNFs Nanocomposites with high selectively separate ~ Zhang et al.,
water 2021b
Moso bamboo 60 % maleic acid, 120 °C, 3 h; acidified NaClO,, 75 °C, 1 CNFs and LCNFs Diameter of 2040 nm, higher hydrophobicity Zhang et al.,
h; 2% KOH, 90 °C, 2 h 2020
Softwood 1 % H,SO4 with KMnOy, 50 °C, 2 h CNFs High yield of 96 %; Transmittance above 80 %, Liu et al.,
haze reaching 97.45 % 2021b
Rice straw Ethanol-water (65:35, v/v) contained 0.5 % HCI; LNPs Highly monodisperse and stable Si et al., 2018
microwave 400 W, 10 min
Aspen, eucalyptus, LHW, steam pretreatment; DMSO, 4 h, 100 °C LNPs Yields from 17.5 to 29.4 %, sizes from 20 to Chen et al.,
lodgepole pine, corn 100 nm 2020c
stover
Poplar wood, pine wood, Hydrothermal; DES (ChCl and lactic acid) LCNFs and LNPs LCNFs: high aspect ratio of 150; LNSs: diameter Tian et al.,
moso bamboo of 223 nm 2022

Bamboo

Poplar wood

Norway spruce
Pine, birch, ash wood

Balsa wood

High-pressure steam (140 °C, 8 min); 2.5 M NaOH and
0.4 M NapSO3, 12 h

DES: ChCl and oxalic acid; 5 % NaClOy

Acetic:H,05 (1:1) 80 °C, 6 h

1 % NacClO, (pH 4.6), 80 °C

Na,SiO3, NaOH, MgS0,, diethylallyltriaminepenta acetic
acid, Hy0,, 70°C, 1 h

Lightweight strong
bamboo

Specific strength at 777 MPa cm® g ™!

Li et al., 2020

Lignocellulosic High tensile strength of 128 MPa, excellent Xia et al.,
bioplastic water stability, UV resistance & thermal 2021
stability
Laminate composite Tensile properties to 40 Gpa; 200 MPa in tensile ~ Frey et al.,
wood stiffness & strength 2021
Transparent Wood Transmittance of 83 %, haze of 75 % Li et al.,
2017c¢
Transparent Wood High optical transmittance & very low haze Hoglund
et al., 2020
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are dependent on lignocellulose composition and lignin types in raw
biomass, and the LNP synthesis is mainly determined by the amphiphilic
property of lignin, which comprises hydrophobic structures (aromatic
rings, aliphatic chains) and hydrophilic groups (hydroxyl, carboxyl
groups). The hydrophobic groups of lignin could self-assemble as the
core for LNPs formation, whereas the hydrophilic part should turn to-
wards their surface (Poursorkhabi et al., 2020). Due to largely varied
sizes, LNPs have wide applications in human care (10-200 nm), drug
delivery (70-250 nm) and other purposes (Schneider et al., 2021), but
smaller-size LNPs should be of higher quality and values (Wang et al.,
2019; Zhang et al., 2019a). In terms of the solvent consumption, envi-
ronmental safety and processing cost, advance technology is further
explored for LNPs synthesis by using green solvent (levulinic acid)
(Melro et al., 2020) and/or biological pretreatment such as fungi inva-
sion (Juikar and Vigneshwaran, 2017). For instance, two fungal lac-
cases, Trametes hirsuta and Melanocarpus albomyces are incubated to
reinforce LNPs dispersibility by laccase-catalyzed cross-linking reactions
(Mattinen et al., 2018). Therefore, the desirable lignocellulose sub-
strates should be of the advantage for size-reduced LNPs even though
under cost-effective and green-like process.

4.4. Functional woods

Given the green-like pretreatments are effective for generation of
highly-valuable nanomaterials as described above, they are restricted
for the lignocellulose substrates that are of great crystallinity and
lignification in woody plants. As wood-derived lignocellulose process
requires a complicated extraction procedure with much energy input,
advanced nanotechnology has been practiced to produce functional
materials (Table 3). For instance, while the in-situ delignification of bulk
wood is used by strong chemical pretreatment, it leads to exposure of
cellulose nanofibrils assembly of plant cell walls for much raised
biomass porosity and surface areas. A rubber-like elastic hydrogel wood
could be obtained to sustain a large compression and a substantially
repeated compression with negligible deformation (Chen et al., 2020a).
Meanwhile, a hot-pressing physical pretreatment could create high
mechanical tensile strength of woody materials by using superior spe-
cific pressures of 422 MPa-cm ™ >-g™! and 777 MPa-cm > g~! (Li et al.,
2020; Song et al., 2018). For complete delignification by extreme
physical and chemical pretreatments, the functional woody materials
could be generated for a transparency and haze tunable smart window
(Hoglund et al., 2020) or for extremely low thermal conductivity (Li
et al., 2019b) or for other exceptional applications (Table 3).

4.5. Carbon quantum dots

Carbon quantum dots (CQDs) are the new type of zero-dimensional
fluorescent nanomaterials with widespread applications in bioimaging,
biosensors, composite materials, and other fields (Fernando et al.,
2015). As a comparison with other fluorescent materials, the CQDs have
the advantages of better water solubility, higher fluorescence stability
and well biocompatibility. While the utilization of lignocellulose as a
precursor of CQDs provides a potential large-scale platform, advanced
pretreatments have been implemented with diverse lignocelluloses
including hydrothermal, microwave and chemical oxidation (Table 4).
Particularly, hydrothermal pretreatment is the most common method
for production of diverse CQDs as the green and simple technology
(Song et al., 2022). After the hydrothermal pretreatment is conducted
for CQDs production, the remaining residue could be further used to
generate high-value nanocellulose and other nanomaterials. As a further
comparison, the microwave-assisted hydrothermal pretreatment is more
efficient to generate CQDs with relatively higher yield of CQDs. More
recently, microwave-assisted CQDs preparation has been explored using
ionic liquids at 160, 200, and 250 °C, respectively, leading to the CQDs
yields of 23 % applicable for large-scale production (Liu et al., 2015). In
addition, CQDs are obtained by using hydrothermal carbonization with
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chemical oxidation (Peng and Travas-Sejdic, 2009). Overall, it remains
to explore desirable lignocellulose substrates to obtain high-yield and
high-quality CDQS by performing cost-effective and green-like pre-
treatments in near future.

4.6. Biomass-derived porous and graphitic nanocarbons

The lignocellulose substrates rich at carbon element have been
broadly applied for a scalable synthesis of carbon materials with
excellent properties such as high thermal and electrical conductivities
and well chemical and environmental stabilities (Lan et al., 2021).
Particularly, the porous and graphitic nanocarbons are mostly explored
due to their superperfect performances and huge applications. Over the
past years, a variety of approaches have been attempted to process
diverse lignocellulose substrates for generation of desired porous and
graphitic nanocarbons including pyrolysis, catalytic graphitization,
chemical activation and coupled activations (Table 4). However, due to
diversity of lignocellulose composition and structure, it remains a
technique difficulty to generate identical and high-quality nanocarbons.
As a promising solution, selection of identic lignocellulose is expected
for producing high-quality nanocarbons by using genetic mutants or
transgenic lines or specific germplasm accessions of bioenergy crops and
plants. With respect to the identic lignocellulose substrates, optimal
physical and chemicals pretreatments are thus required to separate three
major wall polymers, and sequential effective catalysis of carbonization
and graphitization also remains to explore for generation of highly-
porous and well-graphitic nanocarbons, which should have broad ap-
plications in environment remediation, energy storage and battery-
electrocatalysis. In particular, lignin is chemically inert for producing
nonporous carbon materials during pyrolysis process, whereas cellulose
and hemicellulose tend to breakdown quickly for generating micropores
(Deng et al., 2016; Han et al., 2017). In addition, the fermentable sugars
and soluble lignin obtained from the optimal pretreatments could be
further utilized for biofuels and biochemicals as a value-added process.

5. A full-chain lignocellulose utilization of major bioenergy
crops and woody plants

Based on recent advances for cost-effective biofuels and high-
valuable bioproducts under green-like biomass processes as described
above, this study proposed three major routes for a full lignocellulose
utilization in bioenergy grassy crops and woody plants (Fig. 3). (1)
Green-like pretreatments are considerable for woody plants or highly-
lignified grassy crop such as bamboo to effectively extract lignin in situ
by using DES and organosolv chemicals. The extracted lignin is appli-
cable for production of nanomaterials by consequentially performing
selectable green-like pretreatments, whereas the bulk wood and bamboo
could be modified for functional materials after appropriate chemical
modification and physical treatment. (2) Green-like pretreatments
under mild conditions are sufficient for near-complete biomass enzy-
matic saccharification to maximize bioethanol production using the
recalcitrance-reduced lignocellulose substrates of genetic-improved
bioenergy grassy crops and engineered yeast strain. Meanwhile, the
remaining lignin residues could be fully used for production of nano-
materials as described just. (3) Integrated green-like pretreatments are
selectable for effective enzymatic saccharification of the most lignocel-
lulose substrates towards high bioethanol production in desirable grassy
crops. The remaining lignocellulose residues are further treated with
green-like chemical to extract lignin, and all extracted lignin liquors are
thus combined for production of nanomaterials. Finally, the remaining
cellulose is applicable for valuable bioproduct.

6. Conclusions

Based on recent progress achieved about biomass process technology
under cost-effective and green-like manner, this study classifies major
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Table 4
Selectable pretreatments with undigested and desirable lignocelluloses to produce high-yield and high-quality carbon quantum dots and graphitic nanocarbon.
Biomass type Pretreatment Nanocarbon Performance Reference
Pristine wood DES: Choline chloride and oxalic acid, 8 h, 110°C ~ CQDs High crystallinity CQDs & PVA film with transmittance of 88  Tao et al.,
%, tensile strength of 39.7 MPa 2022
Corncob Hydrothermal, 3 h, 200 °C CQDs Fe30,4/BiOBr/CQDs photocatalyst remove rate of Xie et al.,
carbamazepine at 99.52 % within 120 min irradiation 2021
Cotton stalk Hydrothermal oxidative: mixed with water and Porous/graphitic Energy density increases by 30.31 % from 17.78 GJ- m~> to Xu et al., 2022
H,0,, 160-260 °C carbon 23.17 GJ-m~2 at 200 °C
Cotton stalk Collect torrefaction liquid & wash, 30 min, 250°C  Porous/graphitic Sger increases by 40.58 % from 134.63 m? g ! t0 189.27 m®  Chen et al.,
carbon gt 2017
Waste cotton textile Hydrothermal, 30-90 min, 300-340 °C Porous/graphitic Ip/1g value was 0.58 for 320 °C, 90 min Zhao et al.,
carbon 2022
Corn stover —52.1 °C, vacuum condition, 2 kw; 50 % Porous/graphitic Porosity of drying- and VFD-pretreated increased from 1.28 Meng et al.,
ultrasonic, 50 psi, 60 s, 20 kHz carbon m? g !1t01.61 m% g~ and 1.53 m? g! 2021
Eupatorium A. tubingensis, 28 °C, 7-21 d Porous/graphitic Pb(II) adsorption performance of 122.7 mg- g+ Liu et al.,
adenophorum carbon 2022a
Raw oil palm; 0.1-4.0 M HCI, room temperature, 24 h; 0.1-4.0 ~ Porous/graphitic Peak power density of 11.8 mW- cm™2 Jafri et al.,
mesocarp fiber M NaOH, 95 °C, 8 h carbon 2021
Corn cob 1 M formic acid, acetic acid, oxalic acid, and Porous/graphitic Specific surface area increases from 3.26 m g~ ! to 14.65 m> Liu et al.,
propionic acid, room temperature, 2 h carbon g 2022b
Walnut shell 0.1 M acetic acid, 0.1 M hydrochloric acid, room  Porous/graphitic Ip/Ig value less than 1, thermostability reached 448.78 °C Diao et al.,
temperature, 12 h carbon 2021
Yard waste 1 M H,S04, room temperature, 24 h Porous/graphitic Pretreated sample specific surface area of 316.7 m?.g ™" Heetal., 2021
carbon
Larch and oak 70 mM H3S04, 170 °C, 10 min Porous/graphitic Pretreated oak specific surface area of 543.59 mz-g’1 Ban et al.,
carbon 2022
Corn stover DES: ChCl and oxalic acid anhydride, formic acid, = Porous/graphitic 3D porous structure and high crystallinity Zhang et al.,
ethylene glycol carbon 2022
Sugarcane bagasse 2.4 % H3S04, 170 °C, 15 min; enzymatic Porous/graphitic Specific surface area of 1436.7 m?/g and specific capacitance ~ Wang et al.,
hydrolysis carbon of 185.5F g ! 2020b
Chestnut shell 2.5 M NaOH/0.4 M Na»S03,70 °C, 120 min Porous/graphitic Specific surface area of 2621 m?/g and appealing capacitance ~ Lietal., 2019¢
carbon of 393.1F g1
Corncob and Fungi etching Porous/graphitic Specific surface area of 3463 m?/g, effective sorption of Cl- Chen et al.,
cottonseed husk carbon VOCs of 716.9 mg g~ 2020b

Chemical modification High mechanical, transparent,

—>
energy storage wood

Bulk wood

Physical treatment

Green solvent/
fungi laccases
———————>

Woody plants
or Bamboo

in-situ delignification

e.g. DES, organosolv

LNPs

Hydrothermal

L Lignin CQDs

Pyrolysis .
Graphitic carbons

Cellulose,

A Near complete saccharification
hemicellulose >

Maximum bioethanol

Co-fermentation of hexoses and xylose

Mild and green-like pretreatment by engineered yeast strain

Genetic-improved
grassy crops

e.g. DES, organosolv separation

CNCs, CNFs, porous and

— Lignin —> LNPs, CQDs, and Graphitic carbons e
9 » CQDs, p graphitic nanocarbons
— High bioethanol T
Cellul Most
hemeict;fji’se saccharification Crude
Co-fermentation by cellulose
Desired grassy Integrated green-like pretreatments engineered yeast Lignocellulose Organosolv
crops —> i :
P e.g. Steam explosion + green-liquor/CaO, residues separation L_, Lignin
fungi/LHWs + DES,
Microwave/ultrasound + DES L 5

Lignin—— LNPs, CQDs, and graphitic carbons <«

Fig. 3. Flowchart of full lignocellulose utilization of bioenergy crops and woods.

types of biomass pretreatments that have been recently explored for
distinctively enhanced enzymatic saccharification in typical grassy
crops and woody plants. By sorting out the most important parameters
and factors that are accountable for lignocellulose recalcitrant proper-
ties, this work has further highlighted distinct mechanisms of major
pretreatments enabled for biomass conversion into low-cost biofuels and
high-value nanomaterials, thereby providing a novel strategy for a full

utilization of lignocellulose residues with zero-biomass-waste release
into environment in bioenergy crops and woody plants.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence



R. Zhang et al.

the work reported in this paper.
Data availability

No data was used for the research described in the article.
Acknowledgments

This work was supported by the National Natural Science Foundation
of China (32101701, 32100214), National 111 Project of Ministry of
Education of China (BP0820035, D17009) and Project of Hubei Uni-
versity of Arts & Science (XKQ2018006).

References

Ai, Y.H., Feng, S.Q., Wang, Y.M., Lu, J., Sun, M.D., Hu, H.Z., Hu, Z., Zhang, R., Liu, P.,
Peng, H., Wang, Y.T., Cao, L.M., Xia, T., Peng, L.C., 2021. Integrated genetic and
chemical modification with rice straw for maximum bioethanol production. Ind.
Crop. Prod. 173, 114133.

Alam, A., Zhang, R., Liu, P., Huang, J.F., Wang, Y.T., Hu, Z., Madadi, M., Sun, D., Hu, R.
F., Ragauskas, A.J., Tu, Y.Y., Peng, L.C., 2019. A finalized determinant for complete
lignocellulose enzymatic saccharification potential to maximize bioethanol
production in bioenergy Miscanthus. Biotechnol. Biofuels 12, 99.

Alam, A., Wang, Y.M,, Liu, F., Kang, H., Tang, S.W., Wang, Y.T., Cai, Q.M., Wang, H.L.,
Peng, H., Li, Q., Zeng, Y.J.,, Tu, Y.Y., Xia, T., Peng, L.C., 2020. Modeling of optimal
green liquor pretreatment for enhanced biomass saccharification and delignification
by distinct alteration of wall polymer features and biomass porosity in Miscanthus.
Renew. Energ. 159, 1128-1138.

Alayoubi, R., Mehmood, N., Husson, E., Kouzayha, A., Tabcheh, M., Chaveriat, L.,
Sarazin, C., Gosselin, 1., 2020. Low temperature ionic liquid pretreatment of
lignocellulosic biomass to enhance bioethanol yield. Renew. Energ. 145, 1808-1816.

Amin, K.N.M., Annamalai, P.K., Morrow, 1.C., Martin, D., 2015. Production of cellulose
nanocrystals via a scalable mechanical method. RSC Adv. 5 (70), 57133-57140.

Aro, T., Fatehi, P., 2017. Production and application of lignosulfonates and sulfonated
lignin. ChemSusChem 10 (9), 1861-1877.

Ban, S.E., Lee, E.J., Lim, D.J., Kim, LS., Lee, J.W., 2022. Evaluation of sulfuric acid-
pretreated biomass-derived biochar characteristics and its diazinon adsorption
mechanism. Bioresour. Technol. 348, 126828.

Bian, H.Y., Dong, M.L., Chen, L.D., Zhou, X.L., Ni, S.Z., Fang, G.G., Dai, H.Q., 2019.
Comparison of mixed enzymatic pretreatment and post-treatment for enhancing the
cellulose nanofibrillation efficiency. Bioresour. Technol. 293, 122171.

Bilatto, S., Marconcini, J.M., Mattoso, L.H.C., Farinas, C.S., 2020. Lignocellulose
nanocrystals from sugarcane straw. Ind. Crop. Prod. 157, 112938.

Cai, C., Wang, L.Q., Wang, G.H., Hao, J., Bai, X.P., Wang, Z.Q., Wang, D.C., 2020. Effects
of dry explosion pretreatment on physicochemical and fuel properties of hybrid
pennisetum (Pennisetum americanum x P. purpureum). Bioresour. Technol. 297,
122508.

Chen, Y.Y., Jiang, Y.H., Tian, D., Hu, J.G., He, J.S., Yang, G., Luo, L., Xiao, Y.L., Deng, S.
H., Deng, O.P., Zhou, W., Shen, F., 2020c. Fabrication of spherical lignin
nanoparticles using acid-catalyzed condensed lignins. Int. J. Biol. Macromol. 164,
3038-3047.

Chen, D.Y., Mei, J.M.,, Li, H.P,, Li, Y.M., Lu, M.T., Ma, T.T., Ma, Z.Q., 2017. Combined
pretreatment with torrefaction and washing using torrefaction liquid products to
yield upgraded biomass and pyrolysis products. Bioresour. Technol. 228, 62-68.

Chen, C.J., Song, J.W., Cheng, J., Pang, Z.Q., Gan, W.T., Chen, G.G., Kuang, Y.D.,
Huang, H., Ray, U, Li, T., Hu, L.B., 2020a. Highly elastic hydrated cellulosic
materials with durable compressibility and tunable conductivity. ACS Nano 14 (12),
16723-16734.

Chen, Z., Sun, Y.S., Wan, C.X., 2019b. Effects of alkaline hydrogen peroxide treatment on
cellulose accessibility of switchgrass pretreated by acidic deep eutectic solvent.
Cellulose 26 (18), 9439-9446.

Chen, K., Wang, S.Y., Qi, Y.G., Guo, H., Guo, Y.Z., Li, H.M., 2021. State-of-the-art:
applications and industrialization of lignin micro/nano particles. ChemSusChem 14
(5), 1284-1294.

Chen, L., Yu, Q., Wang, Q., Wang, W., Qi, W., Zhuang, X.S., Wang, Z.M., Yuan, Z.H.,
2019a. A novel deep eutectic solvent from lignin-derived acids for improving the
enzymatic digestibility of herbal residues from cellulose. Cellulose 26 (3),
1947-1959.

Chen, G.Y., Yu, H.D., Lin, F.W., Zhang, Z.M., Yan, B.B., Song, Y.J., 2020b. Utilization of
edible fungi residues towards synthesis of high-performance porous carbon for
effective sorption of Cl-VOCs. Sci. Total Environ. 727, 138475.

Crestini, C., Lange, H., Sette, M., Argyropoulos, D.S., 2017. On the structure of softwood
kraft lignin. Green Chem. 19 (17), 4104-4121.

Dahmen, N., Lewandowski, ., Zibek, S., Weidtmann, A., 2019. Integrated lignocellulosic
value chains in a growing bioeconomy: status quo and perspectives. GCB Bioenergy
11 (1), 107-117.

de Aguiar, J., Bondancia, T.J., Claro, P.I.C., Mattoso, L.H.C., Farinas, C.S., Marconcini, J.
M., 2020. Enzymatic deconstruction of sugarcane bagasse and straw to obtain
cellulose nanomaterials. ACS Sustain. Chem. Eng. 8 (5), 2287-2299.

Deng, J., Xiong, T.Y., Wang, H.Y., Zheng, A.M., Wang, Y., 2016. Effects of cellulose,
hemicellulose, and lignin on the structure and morphology of porous carbons. ACS
Sustain. Chem. Eng. 4 (7), 3750-3756.

Bioresource Technology 369 (2023) 128315

Deng, J., Zhu, X.B., Chen, P., He, B.Y., Tang, S.W., Zhao, W.Y., Li, X.L., Zhang, R., Lv, Z.
Y., Kang, H., Yu, L., Peng, L.C., 2020. Mechanism of lignocellulose modification and
enzyme disadsorption for complete biomass saccharification to maximize bioethanol
yield in rapeseed stalks. Sustain. Energ. Fuels 4 (2), 607-618.

Diao, R., Sun, M.C., Huang, Y.T., Zhu, X.F., 2021. Synergistic effect of washing
pretreatment and co-pyrolysis on physicochemical property evolution of biochar
derived from bio-oil distillation residue and walnut shell. J. Anal. Appl. Pyrolysis
155, 105034.

do Nascimento, E.S., Pereira, A.L.S., Barros, M.D., Barroso, M.K.D., Lima, H.L.S., Borges,
M.D., Feitosa, J.P.D., de Azeredo, H.M.C., Rosa, M.D., 2019. TEMPO oxidation and
high-speed blending as a combined approach to disassemble bacterial cellulose.
Cellulose 26(4), 2291-2302.

Fernando, K.A.S., Sahu, S., Liu, Y.M., Lewis, W.K., Guliants, E.A., Jafariyan, A., Wang, P.,
Bunker, C.E., Sun, Y.P., 2015. Carbon quantum dots and applications in
photocatalytic energy conversion. ACS Appl. Mater. Interfaces 7 (16), 8363-8376.

Flexas, J., Clemente-Moreno, M.J., Bota, J., Brodribb, T.J., Gago, J., Mizokami, Y.,
Nadal, M., Perera-Castro, A.V., Roig-Oliver, M., Sugiura, D., Xiong, D.L.,

Carriqui, M., 2021. Cell wall thickness and composition are involved in
photosynthetic limitation. J. Exp. Bot. 72 (11), 3971-3986.

Frey, M., Schneider, L., Razi, H., Trachsel, E., Faude, E., Koch, S.M., Masania, K.,
Fratzl, P., Keplinger, T., Burgert, 1., 2021. High-performance all-bio-based laminates
derived from delignified wood. ACS Sustain. Chem. Eng. 9 (29), 9638-9646.

Gao, W.J., Fatehi, P., 2019. Lignin for polymer and nanoparticle production: Current
status and challenges. Can. J. Chem. Eng. 97 (11), 2827-2842.

Gao, H.R., Wang, Y.T., Yang, Q.M., Peng, H., Li, Y.Q., Zhan, D., Wei, H.T., Lu, HW.,
Bakr, M.M.A., Ei-Sheekh, M.M., Qi, Z., Peng, L.C., Lin, X.C., 2021. Combined steam
explosion and optimized green-liquor pretreatments are effective for complete
saccharification to maximize bioethanol production by reducing lignocellulose
recalcitrance in one-year-old bamboo. Renew. Energ. 175, 1069-1079.

Giummarella, N., Pu, Y.Q., Ragauskas, A.J., Lawoko, M., 2019. A critical review on the
analysis of lignin carbohydrate bonds. Green Chem. 21 (7), 1573-1595.

Guo, Z.W., Zhang, Q.L., You, T.T., Ji, Z., Zhang, X., Qin, Y.L., Xu, F., 2019. Heteropoly
acids enhanced neutral deep eutectic solvent pretreatment for enzymatic hydrolysis
and ethanol fermentation of Miscanthus x giganteus under mild conditions. Bioresour.
Technol. 293, 122036.

Guo, Z.W., Li, D.Q., You, T.T., Zhang, X., Xu, F., Zhang, X.M., Yang, Y.Q., 2020. New
lignin streams derived from heteropoly acids enhanced neutral deep eutectic solvent
fractionation: toward structural elucidation and antioxidant performance. ACS
Sustain. Chem. Eng. 8 (32), 12110-12119.

Han, J., Kwon, J.H., Lee, J.W., Lee, J.H., Roh, K.C., 2017. An effective approach to
preparing partially graphitic activated carbon derived from structurally separated
pitch pine biomass. Carbon 118, 431-437.

Hassanpour, M., Abbasabadi, M., Moghaddam, L., Sun, F.F., Gebbie, L., Te’o, V.S.J.,
O’Hara, .M., Zhang, Z.Y., 2020. Mild fractionation of sugarcane bagasse into
fermentable sugars and beta-O-4 linkage-rich lignin based on acid-catalysed crude
glycerol pretreatment. Bioresour. Technol. 318, 124059.

He, M.J., Xu, Z.B., Sun, Y.Q., Chan, P.S., Lui, L., Tsang, D.C.W., 2021. Critical impacts of
pyrolysis conditions and activation methods on application-oriented production of
wood waste-derived biochar. Bioresour. Technol. 341, 125811.

Herburger, K., Frankov4, L., Picmanova, M., Loh, J.W., Valenzuela-Ortega, M.,
Meulewaeter, F., Hudson, A.D., French, C.E., Fry, S.C., 2020. Hetero-trans-
p-glucanase produces cellulose-xyloglucan covalent bonds in the cell walls of
structural plant tissues and is stimulated by expansin. Mol. Plant 13 (7), 1047-1062.

Hoglund, M., Johansson, M., Sychugov, 1., Berglund, L.A., 2020. Transparent wood
biocomposites by fast UV-curing for reduced light-scattering through wood/thiol-ene
interface design. ACS Appl. Mater. Interfaces 12 (41), 46914-46922.

Hou, X.F., Wang, Z.N., Sun, J., Li, M., Wang, S.J., Chen, K., Gao, Z.Z., 2019.

A microwave-assisted aqueous ionic liquid pretreatment to enhance enzymatic
hydrolysis of Eucalyptus and its mechanism. Bioresour. Technol. 272, 99-104.

Imman, S., Kreetachat, T., Khongchamnan, P., Laosiripojana, N., Champreda, V.,
Suwannahong, K., Sakulthaew, C., Chokejaroenrat, C., Suriyachai, N., 2021.
Optimization of sugar recovery from pineapple leaves by acid-catalyzed liquid hot
water pretreatment for bioethanol production. Energy Rep. 7, 6945-6954.

Isci, A., Erdem, G.M., Elmaci, S.B., Sakiyan, O., Lamp, A., Kaltschmitt, M., 2020. Effect of
microwave-assisted deep eutectic solvent pretreatment on lignocellulosic structure
and bioconversion of wheat straw. Cellulose 27 (15), 8949-8962.

Jafri, N., Wong, W.Y., Yoon, L.W., Cheah, K.H., 2021. Pretreated mesocarp fibre biochars
as carbon fuel for direct carbon fuel cells. Int. J. Hydrog. Energy 46 (31),
16762-16775.

Jia, W, Liu, Y., 2019. Two characteristic cellulose nanocrystals (CNCs) obtained from
oxalic acid and sulfuric acid processing. Cellulose 26 (15), 8351-8365.

Juikar, S.J., Vigneshwaran, N., 2017. Extraction of nanolignin from coconut fibers by
controlled microbial hydrolysis. Ind. Crop. Prod. 109, 420-425.

Juneja, A., Noordam, B., Pel, H., Basu, R., Appeldoorn, M., Singh, V., 2021. Optimization
of two-stage pretreatment for maximizing ethanol production in 1.5G technology.
Bioresour. Technol. 320, 124380.

Kainthola, J., Podder, A., Fechner, M., Goel, R., 2021. An overview of fungal
pretreatment processes for anaerobic digestion: applications, bottlenecks and future
needs. Bioresour. Technol. 321, 124397.

Ko, J.K., Kim, Y., Ximenes, E., Ladisch, M.R., 2015. Effect of liquid hot water
pretreatment severity on properties of hardwood lignin and enzymatic hydrolysis of
cellulose. Biotechnol. Bioeng. 112 (2), 252-262.

Kundu, C., Samudrala, S.P., Kibria, M.A., Bhattacharya, S., 2021. One-step peracetic acid
pretreatment of hardwood and softwood biomass for platform chemicals production.
Sci. Rep-UK 11 (1), 1-11.


http://refhub.elsevier.com/S0960-8524(22)01648-0/h0005
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0005
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0005
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0005
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0010
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0010
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0010
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0010
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0015
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0015
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0015
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0015
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0015
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0020
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0020
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0020
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0025
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0025
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0030
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0030
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0035
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0035
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0035
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0040
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0040
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0040
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0045
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0045
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0050
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0050
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0050
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0050
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0055
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0055
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0055
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0055
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0060
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0060
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0060
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0065
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0065
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0065
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0065
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0070
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0070
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0070
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0075
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0075
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0075
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0080
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0080
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0080
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0080
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0085
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0085
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0085
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0090
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0090
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0095
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0095
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0095
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0100
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0100
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0100
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0105
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0105
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0105
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0110
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0110
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0110
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0110
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0115
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0115
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0115
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0115
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0125
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0125
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0125
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0130
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0130
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0130
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0130
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0135
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0135
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0135
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0140
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0140
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0145
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0145
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0145
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0145
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0145
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0150
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0150
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0155
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0155
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0155
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0155
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0160
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0160
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0160
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0160
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0165
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0165
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0165
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0170
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0170
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0170
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0170
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0175
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0175
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0175
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0180
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0180
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0180
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0180
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0185
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0185
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0185
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0190
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0190
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0190
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0195
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0195
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0195
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0195
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0200
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0200
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0200
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0205
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0205
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0205
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0210
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0210
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0215
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0215
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0220
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0220
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0220
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0225
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0225
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0225
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0230
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0230
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0230
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0235
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0235
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0235

R. Zhang et al.

Lan, G.J., Yang, J., Ye, R.P., Boyjoo, Y., Liang, J., Liu, X.Y., Li, Y., Liu, J., Qian, K., 2021.
Sustainable carbon materials toward emerging applications. Small Methods 5 (5),
2001250.

Lee, M., Heo, M.H,, Lee, H., Lee, H.H., Jeong, H., Kim, Y.W., Shin, J., 2018. Facile and
eco-friendly extraction of cellulose nanocrystals via electron beam irradiation
followed by high-pressure homogenization. Green Chem. 20 (11), 2596-2610.

Li, Z.H., Chen, C.J., Mi, R.Y., Gan, W.T., Dai, J.Q., Jiao, M.L., Xie, H., Yao, Y.G., Xiao, S.
L., Hu, L.B., 2020. A strong, tough, and scalable structural material from fast-
growing bamboo. Adv. Mater. 32 (10), 1906308.

Li, Y.Y., Fu, Q.L., Rojas, R., Yan, M., Lawoko, M., Berglund, L., 2017c. Lignin-retaining
transparent wood. ChemSusChem 10 (17), 3445-3451.

Li, Y., Liu, X.M., Zhang, Y.Q., Jiang, K., Wang, J.J., Zhang, S.J., 2017b. Why only ionic
liquids with unsaturated heterocyclic cations can dissolve cellulose: a simulation
study. ACS Sustain. Chem. Eng. 5 (4), 3417-3428.

Li, Y., Liu, P., Huang, J.F., Zhang, R., Hu, Z., Feng, S.Q., Wang, Y.T., Wang, L.Q., Xia, T.,
Peng, L.C., 2018. Mild chemical pretreatments are sufficient for bioethanol
production in transgenic rice straws overproducing glucosidase. Green Chem. 20 (9),
2047-2056.

Li, Y., Mou, B.S,, Liang, Y.R., Dong, H.W., Zheng, M.T., Xiao, Y., Liu, Y.L., 2019c.
Component degradation-enabled preparation of biomass-based highly porous carbon
materials for energy storage. ACS Sustain. Chem. Eng. 7 (18), 15259-15266.

Li, H.Q., Qu, Y.S., Yang, Y.Q., Chang, S.L., Xu, J., 2016a. Microwave irradiation - a green
and efficient way to pretreat biomass. Bioresour. Technol. 199, 34-41.

Li, Y., Sun, H.Y., Fan, C.F., Hu, H.Z., Wu, L.M., Jin, X.H., Lv, Z.Y., Wang, Y.T., Feng, S.Q.,
Chen, P., Peng, L.C., 2019d. Overproduction of fungal endo-f-1,4-glucanase leads to
characteristic lignocellulose modification for considerably enhanced biomass
enzymatic saccharification and bioethanol production in transgenic rice straw.
Cellulose 26 (15), 8249-8261.

Li, F, Xie, G., Huang, J., Zhang, R., Li, Y., Zhang, M., Wang, Y., Li, A,, Li, X., Xia, T.,
Qu, C., Hu, F., Ragauskas, A.J., Peng, L., 2017a. OsCESA9 conserved-site mutation
leads to largely enhanced plant lodging resistance and biomass enzymatic
saccharification by reducing cellulose DP and crystallinity in rice. Plant Biotechnol.
J. 15 (9), 1093-1104.

Li, S.Y., Yang, X., Zhang, Y.Y., Ma, H.L., Liang, Q.F., Qu, W.J., He, R.H., Zhou, C.S.,
Mahunu, G.K., 2016b. Effects of ultrasound and ultrasound assisted alkaline
pretreatments on the enzymolysis and structural characteristics of rice protein.
Ultrason. Sonochem. 31, 20-28.

Li, T., Zhai, Y., He, S.M., Gan, W.T., Wei, Z.Y., Heidarinejad, M., Dalgo, D., Mi, R.Y.,
Zhao, X.P., Song, J.W., Dai, J.Q., Chen, C.J., Aili, A., Vellore, A., Martini, A., Yang, R.
G., Srebric, J., Yin, X.B., Hu, L.B., 2019b. A radiative cooling structural material.
Science 364 (6442), 760-763.

Li, P.Y., Zhang, Q.L., Zhang, X., Zhang, X.M., Pan, X.J., Xu, F., 2019a. Subcellular
dissolution of xylan and lignin for enhancing enzymatic hydrolysis of microwave
assisted deep eutectic solvent pretreated Pinus bungeana Zucc. Bioresour. Technol.
288, 121475.

Lin, C.X,, Chen, B.Q., Liu, Y.S., Chen, Y.T., Liu, M.H., Zhu, J.Y., 2021. Carboxylated
cellulose nanocrystals with chiral nematic property from cotton by dicarboxylic acid
hydrolysis. Carbohyd. Polym. 264, 118039.

Lin, W.Q., Xing, S., Jin, Y.C., Lu, X.M., Huang, C.X., Yong, Q., 2020. Insight into
understanding the performance of deep eutectic solvent pretreatment on improving
enzymatic digestibility of bamboo residues. Bioresour. Technol. 306, 123163.

Liu, W., Du, H.S., Liu, K., Liu, H.Y., Xie, H.X., Si, C.A.L., Pang, B., Zhang, X.Y., 2021a.
Sustainable preparation of cellulose nanofibrils via choline chloride-citric acid deep
eutectic solvent pretreatment combined with high-pressure homogenization.
Carbohydr. Polym. 267, 118220.

Liu, R.L., Gao, M.P., Zhang, J., Li, Z.L., Chen, J.Y., Liu, P., Wu, D.Q., 2015. An ionic liquid
promoted microwave-hydrothermal route towards highly photoluminescent carbon
dots for sensitive and selective detection of iron(IIl). Rsc Adv. 5 (31), 24205-24209.

Liu, D.D., Hao, Z.K., Chen, D.Q., Jiang, L.P., Li, T.Q., Luo, Y., Yan, C.P., Tian, B., Jia, B.Y.,
Chen, G., 2022a. Hierarchical porous biochar fabricated by Aspergillus tubingensis
pretreatment coupling with chemical activation for Pb (II) removal. Micropor.
Mesopor. Mat. 335, 111861.

Liu, S.J., He, Z.S., Dong, Q., Zhao, A., Huang, F.P., Bi, D.M., 2022b. Comparative
assessment of water and organic acid washing pretreatment for nitrogen-rich
pyrolysis: characteristics and distribution of bio-oil and biochar. Biomass Bioenerg.
161, 106480.

Liu, Y.T., Li, W., Li, K., Annamalai, P.K., Pratt, S., Hassanpour, M., Lu, H.Q., Zhang, Z.Y.,
2022c. Tailored production of lignin-containing cellulose nanofibrils from sugarcane
bagasse pretreated by acid-catalyzed alcohol solutions. Carbohydr. Polym. 291,
119602.

Liu, D., Yan, X., Zhuo, S.N., Si, M.Y, Liu, M.R., Wang, S., Ren, L.L., Chai, L.Y., Shi, Y.,
2018. Pandoraea sp. B-6 assists the deep eutectic solvent pretreatment of rice straw
via promoting lignin depolymerization. Bioresour. Technol. 257, 62-68.

Liu, Y.L., Zhang, S.F., Lin, R., Li, L., Li, M., Du, M., Tang, R.H., 2021b. Potassium
permanganate oxidation as a carboxylation and defibrillation method for extracting
cellulose nanofibrils to fabricate films with high transmittance and haze. Green
Chem. 23 (20), 8069-8078.

Luo, J., Fang, Z., Smith, R.L., 2014. Ultrasound-enhanced conversion of biomass to
biofuels. Prog. Energ. Combust. 41, 56-93.

Luo, Y.C., Song, T., Ji, H., Qi, H.S., Xiang, Z.Y., Xiong, H.P., Cen, Y., Chen, G., Han, T.T.,
Pranovich, A., 2021. Preliminary investigations of the mechanisms involved in the
ultrasonication-assisted production of carboxylic cellulose nanocrystals with
different structural carboxylic acids. ACS Sustain. Chem. Eng. 9 (12), 4531-4542.

Maleki, M., Ariaeenejad, S., Salekdeh, G.H., 2022. Efficient saccharification of ionic
liquid-pretreated rice straw in a one-pot system using novel metagenomics derived
cellulases. Bioresour. Technol. 345, 126536.

10

Bioresource Technology 369 (2023) 128315

Mankar, A.R., Pandey, A., Modak, A., Pant, K.K., 2021. Pretreatment of lignocellulosic
biomass: a review on recent advances. Bioresour. Technol. 334, 125235.

Mattinen, M.L., Valle-Delgado, J.J., Leskinen, T., Anttila, T., Riviere, G., Sipponen, M.,
Paananen, A., Lintinen, K., Kostiainen, M., Osterberg, M., 2018. Enzymatically and
chemically oxidized lignin nanoparticles for biomaterial applications. Enzyme
Microb. Techl. 111, 48-56.

Melro, E., Filipe, A., Valente, A.J.M., Antunes, F.E., Romano, A., Norgren, M.,
Medronho, B., 2020. Levulinic acid: a novel sustainable solvent for lignin
dissolution. Int. J. Biol. Macromal. 164, 3454-3461.

Meng, X.Z., Pu, Y.Q., Li, M., Ragauskas, A.J., 2020. A biomass pretreatment using
cellulose-derived solvent Cyrene. Green Chem. 22 (9), 2862-2872.

Meng, F.B., Wang, D.H., Zhang, M., 2021. Effects of different pretreatment methods on
biochar properties from pyrolysis of corn stover. J. Energy Inst. 98, 294-302.

Mihiretu, G.T., Chimphango, A.F., Gorgens, J.F., 2019. Steam explosion pre-treatment of
alkali-impregnated lignocelluloses for hemicelluloses extraction and improved
digestibility. Bioresour. Technol. 294, 122121.

Nechyporchuk, O., Belgacem, M.N., Bras, J., 2016. Production of cellulose nanofibrils: A
review of recent advances. Ind. Crop. Prod. 93, 2-25.

Noremylia, M.B., Hassan, M.Z., Ismail, Z., 2022. Recent advancement in isolation,
processing, characterization and applications of emerging nanocellulose: a review.
Int. J. Biol. Macromol. 206, 954-976.

Park, J., Jones, B., Koo, B., Chen, X., Tucker, M., Yu, J.H., Pschorn, T., Venditti, R.,
Park, S., 2016. Use of mechanical refining to improve the production of low-cost
sugars from lignocellulosic biomass. Bioresour. Technol. 199, 59-67.

Peng, H., Travas-Sejdic, J., 2009. Simple aqueous solution route to luminescent
carbogenic dots from carbohydrates. Chem. Mater. 21 (23), 5563-5565.

Peng, H., Zhao, W., Liu, J., Liu, P., Yu, H., Deng, J., Yang, Q., Zhang, R., Hu, Z., Liu, S.,
Sun, D., Peng, L., Wang, Y., 2022. Distinct cellulose nanofibrils generated for
improved Pickering emulsions and lignocellulose-degradation enzyme secretion
coupled with high bioethanol production in natural rice mutants. Green Chem. 24
(7), 2975-2987.

Poursorkhabi, V., Abdelwahab, M.A., Misra, M., Khalil, H., Gharabaghi, B., Mohanty, A.
K., 2020. Processing, carbonization, and characterization of lignin based electrospun
carbon fibers: a Review. Front. Energy Res. 8, 208.

Qiao, H., Cui, J.Z., Ouyang, S.P., Shi, J.J., Ouyang, J., 2019. Comparison of dilute
organic acid pretreatment and a comprehensive exploration of citric acid
pretreatment on corn cob. J. Renew. Mater. 7 (11), 1197-1207.

Ren, H.W., Sun, W.L., Wang, Z.Y., Fu, S.F., Zheng, Y., Song, B., Li, Z.Z., Peng, Z.P., 2020.
Enhancing the enzymatic saccharification of grain stillage by combining microwave-
assisted hydrothermal irradiation and fungal pretreatment. ACS Omega 5 (22),
12603-12614.

Rios-Gonzalez, L.J., Medina-Morales, M.A., Rodriguez-De la Garza, J.A., Romero-
Galarza, A., Medina, D.D., Morales-Martinez, T.K., 2021. Comparison of dilute acid
pretreatment of agave assisted by microwave versus ultrasound to enhance
enzymatic hydrolysis. Bioresour. Technol. 319, 124099.

Sai, Y.W., Lee, K.M., 2019. Enhanced cellulase accessibility using acid-based deep
eutectic solvent in pretreatment of empty fruit bunches. Cellulose 26 (18),
9517-9528.

Salazar, J., Ghanem, A., Muller, R.H., Moschwitzer, J.P., 2012. Nanocrystals:
Comparison of the size reduction effectiveness of a novel combinative method with
conventional top-down approaches. Eur. J. Pharm. Biopharm. 81 (1), 82-90.

Sarker, T.R., Pattnaik, F., Nanda, S., Dalai, A.K., Meda, V., Naik, S., 2021. Hydrothermal
pretreatment technologies for lignocellulosic biomass: a review of steam explosion
and subcritical water hydrolysis. Chemosphere 284, 131372.

Schneider, W.D.H., Dillon, A.J.P., Camassola, M., 2021. Lignin nanoparticles enter the
scene: a promising versatile green tool for multiple applications. Biotechnol. Adv.
47, 107685.

Seta, F.T., An, X.Y., Liu, L.Q., Zhang, H., Yang, J., Zhang, W., Nie, S.X., Yao, S.Q., Cao, H.
B., Xu, Q.L., Buy, Y.F., Liu, H.B., 2020. Preparation and characterization of high yield
cellulose nanocrystals (CNC) derived from ball mill pretreatment and maleic acid
hydrolysis. Carbohyd. Polym. 1234, 115942.

Sharma, S., Basu, S., Shetti, N.P., Kamali, M., Walvekar, P., Aminabhavi, T.M., 2020.
Waste-to-energy nexus: a sustainable development. Environ. Pollut. 267, 115501.

Sharma, V., Nargotra, P., Bajaj, B.K., 2019b. Ultrasound and surfactant assisted ionic
liquid pretreatment of sugarcane bagasse for enhancing saccharification using
enzymes from an ionic liquid tolerant Aspergillus assiutensis VS34. Bioresour.
Technol. 285, 121319.

Sharma, V., Nargotra, P., Sharma, S., Bajaj, B.K., 2021. Efficacy and functional
mechanisms of a novel combinatorial pretreatment approach based on deep eutectic
solvent and ultrasonic waves for bioconversion of sugarcane bagasse. Renew. Energ.
163, 1910-1922.

Sharma, H.K., Xu, C.B., Qin, W.S., 2019a. Biological pretreatment of lignocellulosic
biomass for biofuels and bioproducts: an overview. Waste Biomass Valori. 10 (2),
235-251.

Sheng, Y.Q., Tan, X., Gu, Y.J., Zhou, X., Tu, M.B., Xu, Y., 2021. Effect of ascorbic acid
assisted dilute acid pretreatment on lignin removal and enzyme digestibility of
agricultural residues. Renew. Energ. 163, 732-739.

Si, S.L., Chen, Y., Fan, C.F., Hu, H.Z., Li, Y., Huang, J.F., Liao, H.F., Hao, B., Li, Q.,
Peng, L.C,, Tu, Y.Y., 2015. Lignin extraction distinctively enhances biomass
enzymatic saccharification in hemicelluloses-rich Miscanthus species under various
alkali and acid pretreatments. Bioresour. Technol. 183, 248-254.

Si, M.Y., Zhang, J., He, Y.Y., Yang, Z.Q., Yan, X., Liu, M.R., Zhuo, S.N., Wang, S., Min, X.
B., Gao, C.J., Chai, L.Y., Shi, Y., 2018. Synchronous and rapid preparation of lignin
nanoparticles and carbon quantum dots from natural lignocellulose. Green Chem. 20
(15), 3414-3419.


http://refhub.elsevier.com/S0960-8524(22)01648-0/h0240
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0240
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0240
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0245
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0245
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0245
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0250
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0250
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0250
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0255
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0255
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0260
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0260
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0260
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0265
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0265
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0265
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0265
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0270
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0270
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0270
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0275
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0275
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0280
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0280
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0280
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0280
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0280
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0285
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0285
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0285
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0285
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0285
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0290
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0290
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0290
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0290
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0295
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0295
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0295
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0295
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0300
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0300
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0300
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0300
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0305
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0305
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0305
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0310
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0310
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0310
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0315
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0315
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0315
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0315
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0320
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0320
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0320
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0325
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0325
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0325
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0325
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0330
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0330
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0330
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0330
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0335
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0335
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0335
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0335
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0340
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0340
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0340
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0345
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0345
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0345
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0345
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0350
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0350
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0355
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0355
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0355
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0355
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0360
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0360
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0360
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0365
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0365
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0370
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0370
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0370
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0370
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0375
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0375
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0375
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0380
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0380
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0385
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0385
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0390
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0390
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0390
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0395
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0395
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0400
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0400
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0400
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0405
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0405
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0405
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0410
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0410
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0415
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0415
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0415
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0415
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0415
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0420
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0420
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0420
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0425
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0425
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0425
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0430
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0430
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0430
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0430
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0435
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0435
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0435
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0435
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0440
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0440
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0440
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0445
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0445
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0445
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0450
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0450
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0450
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0455
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0455
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0455
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0460
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0460
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0460
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0460
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0465
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0465
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0470
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0470
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0470
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0470
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0475
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0475
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0475
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0475
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0480
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0480
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0480
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0485
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0485
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0485
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0490
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0490
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0490
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0490
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0495
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0495
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0495
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0495

R. Zhang et al.

Song, J.W., Chen, C.J., Zhu, S.Z., Zhu, M.W., Dai, J.Q., Ray, U,, Li, Y.J., Kuang, Y.D.,
Li, Y.F., Quispe, N., Yao, Y.G., Gong, A., Leiste, U.H., Bruck, H.A., Zhu, J.Y.,
Vellore, A., Li, H., Minus, M.L., Jia, Z., Martini, A., Li, T., Hu, L.B., 2018. Processing
bulk natural wood into a high-performance structural material. Nature 554 (7691),
224-228.

Song, X.P., Zhao, S.Y., Xu, Y., Chen, X.R., Wang, S.F., Zhao, P.T., Pu, Y.Q., Ragauskas, A.
J., 2022. Preparation, properties, and application of lignocellulosic-based
fluorescent carbon dots. ChemSusChem 15 (8), e202102486.

Sorn, V., Chang, K.L., Phitsuwan, P., Ratanakhanokchai, K., Dong, C.D., 2019. Effect of
microwave-assisted ionic liquid/acidic ionic liquid pretreatment on the morphology,
structure, and enhanced delignification of rice straw. Bioresour. Technol. 293,
121929.

Sun, D., Alam, A., Tu, Y.Y., Zhou, S.G., Wang, Y.T., Xia, T., Huang, J.F., Li, Y., Zahoor,
Wei, X.Y., Hao, B., Peng, L.C., 2017. Steam-exploded biomass saccharification is
predominately affected by lignocellulose porosity and largely enhanced by Tween-80
in Miscanthus. Bioresour. Technol. 239, 74-81.

Sun, Q., Chen, W.J., Pang, B., Sun, Z.H., Lam, S.S., Sonne, C., Yuan, T.Q., 2021.
Ultrastructural change in lignocellulosic biomass during hydrothermal pretreatment.
Bioresour. Technol. 341, 125807.

Sun, X., Liu, S., Zhang, X.Y., Tao, Y., Boczkaj, G., Yoon, J.Y., Xuan, X.X., 2022. Recent
advances in hydrodynamic cavitation-based pretreatments of lignocellulosic biomass
for valorization. Bioresour. Technol. 345, 126251.

Suriyachai, N., Weerasai, K., Upajak, S., Khongchamnan, P., Wanmolee, W.,
Laosiripojana, N., Champreda, V., Suwannahong, K., Imman, S., 2020. Efficiency of
catalytic liquid hot water pretreatment for conversion of corn stover to bioethanol.
ACS Omega 5 (46), 29872-29881.

Tan, X.Y., Nielsen, J., 2022. The integration of bio-catalysis and electrocatalysis to
produce fuels and chemicals from carbon dioxide. Chem. Soc. Rev. 51 (11),
4763-4785.

Tang, W., Wu, X.X., Huang, C.X., Ling, Z., Lai, C.H., Yong, Q., 2021. Natural surfactant-
aided dilute sulfuric acid pretreatment of waste wheat straw to enhance enzymatic
hydrolysis efficiency. Bioresour. Technol. 324, 124651.

Tao, X.Y., Liao, M., Wu, F.X., Jiang, Y.H., Sun, J.P., Shi, S.H., 2022. Designing of
biomass-derived carbon quantum dots@polyvinyl alcohol film with excellent
fluorescent performance and pH-responsiveness for intelligent detection. Chem. Eng.
J. 443, 136442.

Tarasov, D., Leitch, M., Fatehi, P., 2018. Lignin-carbohydrate complexes: properties,
applications, analyses, and methods of extraction: a review. Biotechnol. Biofuels 11
(1), 1-28.

Thoresen, P.P., Matsakas, L., Rova, U., Christakopoulos, P., 2020. Recent advances in
organosolv fractionation: towards biomass fractionation technology of the future.
Bioresour. Technol. 306, 123189.

Tian, D., Shen, F.Y., Hu, J.G., Huang, M., Zhao, L., He, J.S., Li, Q.Y., Zhang, S.B., Shen, F.,
2022. Complete conversion of lignocellulosic biomass into three high-value
nanomaterials through a versatile integrated technical platform. Chem. Eng. J. 428,
131373.

Usmani, Z., Sharma, M., Gupta, P., Karpichev, Y., Gathergood, N., Bhat, R., Gupta, V.K.,
2020. Ionic liquid based pretreatment of lignocellulosic biomass for enhanced
bioconversion. Bioresour. Technol. 304, 123003.

Vishal, S., Parushi, N., Kumar Bajaj, B., 2019. Ultrasound and surfactant assisted ionic
liquid pretreatment of sugarcane bagasse for enhancing saccharification using
enzymes from an ionic liquid tolerant Aspergillus assiutensis VS34. Bioresour.
Technol. 285, 121319.

Wan, X., Yao, F.P., Tian, D., Shen, F., Huy, J.G., Zeng, Y.M., Yang, G., Zhang, Y.Z., Deng, S.
H., 2019. Pretreatment of wheat straw with phosphoric acid and hydrogen peroxide
to simultaneously facilitate cellulose digestibility and modify lignin as adsorbents.
Biomolecules 9 (12), 844.

Wang, X.X., Cao, L., Lewis, R., Hreid, T., Zhang, Z.Y., Wang, H.X., 2020a. Biorefining of
sugarcane bagasse to fermentable sugars and surface oxygen group-rich hierarchical
porous carbon for supercapacitors. Renew. Energ. 162, 2306-2317.

Wang, Y.T., Fan, C.F., Hu, H.Z., Li, Y., Sun, D., Wang, Y.M., Peng, L.C., 2016c¢. Genetic
modification of plant cell walls to enhance biomass yield and biofuel production in
bioenergy crops. Biotechnol. Adv. 34 (5), 997-1017.

Wang, Z.N., Hou, X.F., Sun, J., Li, M., Chen, Z.Y., Gao, Z.Z., 2018. Comparison of
ultrasound-assisted ionic liquid and alkaline pretreatment of Eucalyptus for
enhancing enzymatic saccharification. Bioresour. Technol. 254, 145-150.

Wang, W., Lee, D.J., 2021. Lignocellulosic biomass pretreatment by deep eutectic
solvents on lignin extraction and saccharification enhancement: a review. Bioresour.
Technol. 339, 125587.

Wang, Y.M., Liu, P., Zhang, G.F., Yang, Q.M., Lu, J., Xia, T., Peng, L.C., Wang, Y.T., 2021.
Cascading of engineered bioenergy plants and fungi sustainable for low-cost
bioethanol and high-value biomaterials under green-like biomass processing. Renew.
Sust. Energ. Rev. 137, 110586.

Wang, Y.X., Meng, X.Z., Jeong, K., Li, S.Y., Leem, G., Kim, K.H., Pu, Y.Q., Ragauskas, A.
J., Yoo, C.G., 2020b. Investigation of a lignin-based deep eutectic solvent using p-
hydroxybenzoic acid for efficient woody biomass conversion. Acs Sustain. Chem.
Eng. 8 (33), 12542-12553.

Wang, S.J., Ouyang, X.H., Wang, W.Y., Yuan, Q.P., Yan, A.X., 2016b. Comparison of
ultrasound-assisted Fenton reaction and dilute acid-catalysed steam explosion
pretreatment of corncobs: cellulose characteristics and enzymatic saccharification.
Rsc Adv. 6 (80), 76848-76854.

Wang, B., Sun, D., Wang, H.M., Yuan, T.Q., Sun, R.C., 2019. Green and facile preparation
of regular lignin nanoparticles with high yield and their natural broad-spectrum
sunscreens. Acs Sustain. Chem. Eng. 7 (2), 2658-2666.

Wang, K., Xie, X.F., Jiang, J.C., Wang, J.X., 2016a. Sulfolane pretreatment of shrub
willow to improve enzymatic saccharification. Cellulose 23 (2), 1153-1163.

11

Bioresource Technology 369 (2023) 128315

Wang, R.Z., You, T.T., Yang, G.H., Xu, F., 2017. Efficient short time white rot brown-rot
fungal pretreatments for the enhancement of enzymatic saccharification of corn
cobs. Acs Sustain. Chem. Eng. 5 (11), 10849-10857.

Woiciechowski, A.L., Neto, C.J.D., de Souza Vandenberghe, L.P., de Carvalho Neto, D.P.,
Sydney, A.C.N., Letti, L.A.J., Karp, S.G., Torres, L.A.Z., Soccol, C.R., 2020.
Lignocellulosic biomass: acid and alkaline pretreatments and their effects on biomass
recalcitrance - conventional processing and recent advances. Bioresour. Technol.
304, 122848.

Wu, L.M., Feng, S.Q., Deng, J., Yu, B., Wang, Y.M., He, B.Y., Peng, H., Li, Q., Hu, R.F.,
Peng, L.C., 2019. Altered carbon assimilation and cellulose accessibility to maximize
bioethanol yield under low-cost biomass processing in corn brittle stalk. Green
Chem. 21 (16), 4388-4399.

Wu, L.M., Zhang, M.L., Zhang, R., Yu, H.Z., Wang, H.L., Li, J.Y., Wang, Y.M., Hu, Z,,
Wang, Y.T., Luo, Z., Li, L., Wang, L.Q., Peng, L.C., Xia, T., 2021. Down-regulation of
OsMYB103L distinctively alters beta-1,4-glucan polymerization and cellulose
microfibers assembly for enhanced biomass enzymatic saccharification in rice.
Biotechnol. Biofuels 14 (1), 245.

Xia, Q.Q., Chen, C.J., Yao, Y.G., Li, J.G., He, S.M., Zhou, Y.B., Li, T., Pan, X.J., Yao, Y.,
Hu, L.B., 2021. A strong, biodegradable and recyclable lignocellulosic bioplastic.
Nat. Sustain. 4 (7), 627-635.

Xie, X.Y., Li, S., Qi, K.M., Wang, Z.W., 2021. Photoinduced synthesis of green
photocatalyst Fe304/BiOBr/CQDs derived from corncob biomass for carbamazepine
degradation: the role of selectively more CQDs decoration and Z-scheme structure.
Chem. Eng. J. 420, 129705.

Xu, H., Peng, J.J., Kong, Y., Liu, Y.Z., Su, Z.N,, Li, B., Song, X.M., Liu, S.W., Tian, W.D.,
2020. Key process parameters for deep eutectic solvents pretreatment of
lignocellulosic biomass materials: a review. Bioresour. Technol. 310, 123416.

Xu, J.Q., Zhang, S.Y., Zhang, P.Z., Shi, Y., Huang, D.D., Lin, C.Y., Wu, Y.X., 2022. Fates of
the components in cotton stalk during the hydrothermal oxidative pretreatment and
its relationship with the upgrading of biochar pellets and wood vinegar. Fuel 320,
123881.

Xu, J.K., Zhou, P.F., Liu, X.Y., Yuan, L., Zhang, C.T., Dai, L., 2021. Tandem character of
liquid hot water and deep eutectic solvent to enhance lignocellulose deconstruction.
ChemSusChem 14 (13), 2740-2748.

Yang, X., Song, Y.L., Ma, S., Zhang, X., Tan, T.W., 2020. Using y-valerolactone and
toluenesulfonic acid to extract lignin efficiently with a combined hydrolysis factor
and structure characteristics analysis of lignin. Cellulose 27 (7), 3581-3590.

Yuan, W., Gong, Z.W., Wang, G.H., Zhou, W.T., Liu, Y., Wang, X.M., Zhao, M., 2018.
Alkaline organosolv pretreatment of corn stover for enhancing the enzymatic
digestibility. Bioresour. Technol. 265, 464-470.

Zhang, Y.J., Huang, M., Su, J.M., Hu, H.Y., Yang, M., Huang, Z.Q., Chen, D., Wu, J.,
Feng, Z.F., 2019b. Overcoming biomass recalcitrance by synergistic pretreatment of
mechanical activation and metal salt for enhancing enzymatic conversion of
lignocellulose. Biotechnol. Biofuels 12 (1), 1-15.

Zhang, X.F., Huang, H.X., Qing, Y., Wang, H.K,, Li, X.G., 2020. A comparison study on
the characteristics of nanofibrils isolated from fibers and parenchyma cells in
bamboo. Materials 13 (1), 13.

Zhang, Y., Naebe, M., 2021. Lignin: a review on structure, properties, and applications as
a light-colored UV absorber. ACS Sustain. Chem. Eng. 9 (4), 1427-1442.

Zhang, M., Shi, Y.H., Wang, R.J., Chen, K., Zhou, N.Y., Yang, Q.F., Shi, J.Y., 2021b.
Triple-functional lignocellulose/chitosan/Ag@TiO2 nanocomposite membrane for
simultaneous sterilization, oil/water emulsion separation, and organic pollutant
removal. J. Environ. Chem. Eng. 9 (6), 106728.

Zhang, K.J., Si, M.Y., Liu, D., Zhuo, S.N., Liu, M.R., Liu, H., Yan, X., Shi, Y., 2018.

A bionic system with Fenton reaction and bacteria as a model for bioprocessing
lignocellulosic biomass. Biotechnol. Biofuels 11 (1), 1-14.

Zhang, H.W., Sun, Y.S., Li, Q.W., Wan, C.X., 2022. Upgrading lignocellulose to porous
graphene enabled by deep eutectic solvent pretreatment: insights into the role of
lignin and pseudo-lignin. Acs Sustain. Chem. Eng. 10 (35), 11501-11511.

Zhang, G.F., Wang, L.Q., Li, X.K., Bai, S.M., Xue, Y.L., Li, Z.H., Tang, S.W., Wang, Y.T.,
Wang, Y.M., Hu, Z., Li, P., Peng, L.C., 2021a. Distinctively altered lignin biosynthesis
by site-modification of OsCAD2 for enhanced biomass saccharification in rice. GCB
Bioenergy 13 (2), 305-319.

Zhang, X., Yang, M.K., Yuan, Q.P., Cheng, G., 2019a. Controlled preparation of corncob
lignin nanoparticles and their size-dependent antioxidant properties: toward high
value utilization of lignin. ACS Sustain. Chem. Eng. 7 (20), 17166-17174.

Zhao, Y.L., Chen, W.Z,, Liu, F., Zhao, P.T., 2022. Hydrothermal pretreatment of cotton
textile wastes: biofuel characteristics and biochar electrocatalytic performance. Fuel
316, 123327.

Zhong, L., Xu, M.M., Wang, C., Shao, L.P., Mao, J.Z., Jiang, W.K., Ji, X.X., Yang, G.H.,
Chen, J.C., Lyu, G.J., Yoo, C.G., Xu, F., 2020. Pretreatment of willow using the
alkaline-catalyzed sulfolane/water solution for high-purity and antioxidative lignin
production. Int. J. Bio. Macromol. 159, 287-294.

Zhou, Y.X., Saito, T., Bergstrom, L., Isogai, A., 2018. Acid-free preparation of cellulose
nanocrystals by tempo oxidation and subsequent cavitation. Biomacromolecules 19
(2), 633-639.

Zhou, M., Tian, X.J., 2022. Development of different pretreatments and related
technologies for efficient biomass conversion of lignocellulose. Int. J. Bio. Macromol.
202, 256-268.

Zhu, Y.T., Liu, J., Lv, W., Pi, Q.F., Zhang, X.H., Chen, L.G., Liu, Q.Y., Xu, Y., Zhang, Q.,
Ma, L.L., Wang, C.G., 2020. Revisiting alkaline pretreatment of lignocellulose:
understanding the structural evolution of three components. Adv. Sustain. Syst. 4
(10), 2000067.

Zoghlami, A., Paes, G., 2019. Lignocellulosic biomass: understanding recalcitrance and
predicting hydrolysis. Front. Chem. 7, 874.


http://refhub.elsevier.com/S0960-8524(22)01648-0/h0500
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0500
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0500
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0500
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0500
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0505
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0505
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0505
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0510
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0510
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0510
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0510
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0515
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0515
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0515
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0515
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0520
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0520
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0520
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0525
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0525
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0525
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0530
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0530
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0530
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0530
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0535
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0535
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0535
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0540
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0540
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0540
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0545
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0545
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0545
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0545
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0550
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0550
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0550
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0555
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0555
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0555
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0560
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0560
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0560
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0560
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0565
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0565
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0565
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0570
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0570
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0570
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0570
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0575
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0575
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0575
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0575
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0580
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0580
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0580
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0585
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0585
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0585
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0590
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0590
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0590
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0595
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0595
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0595
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0600
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0600
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0600
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0600
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0605
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0605
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0605
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0605
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0610
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0610
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0610
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0610
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0615
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0615
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0615
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0620
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0620
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0625
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0625
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0625
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0630
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0630
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0630
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0630
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0630
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0635
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0635
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0635
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0635
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0640
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0640
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0640
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0640
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0640
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0645
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0645
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0645
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0650
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0650
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0650
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0650
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0655
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0655
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0655
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0660
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0660
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0660
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0660
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0665
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0665
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0665
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0670
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0670
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0670
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0675
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0675
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0675
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0680
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0680
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0680
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0680
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0685
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0685
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0685
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0690
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0690
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0695
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0695
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0695
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0695
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0700
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0700
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0700
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0705
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0705
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0705
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0710
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0710
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0710
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0710
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0715
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0715
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0715
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0720
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0720
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0720
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0725
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0725
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0725
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0725
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0730
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0730
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0730
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0735
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0735
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0735
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0740
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0740
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0740
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0740
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0745
http://refhub.elsevier.com/S0960-8524(22)01648-0/h0745

	Challenges and perspectives of green-like lignocellulose pretreatments selectable for low-cost biofuels and high-value biop ...
	1 Introduction
	2 Distinct pretreatments to reduce lignocellulose recalcitrance
	2.1 Reduced biomass size and disrupted cell wall structure by physical pretreatments
	2.2 Deconstruction of lignin barrier by chemical and biological pretreatments
	2.3 Disassociation of hemicellulose interplay by physical and chemical pretreatments
	2.4 Alteration of cellulose crystallinity and polymerization by all pretreatments

	3 Optimal pretreatments for near-complete biomass enzymatic saccharification
	3.1 Classic chemical pretreatments
	3.2 Green-like pretreatments
	3.3 Integrated pretreatments

	4 Selectable pretreatments for diverse bioproduction
	4.1 Cellulose nanocrystals
	4.2 Cellulose nanofibrils
	4.3 Lignin nanoparticles
	4.4 Functional woods
	4.5 Carbon quantum dots
	4.6 Biomass-derived porous and graphitic nanocarbons

	5 A full-chain lignocellulose utilization of major bioenergy crops and woody plants
	6 Conclusions
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	References


