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h i g h l i g h t s

" The enzymatic digestibility of regenerated rice husk depends on the regeneration technique.
" Ionic liquid pretreatment is marginal in increasing the saccharification yield of rice husk.
" Hemicellulose is the lignocellulose constituent mainly influencing the enzymatic activity.
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a b s t r a c t

The recalcitrance of lignocelluloses toward enzymatic hydrolysis necessitates pretreatments. Ionic liquid
pretreatment with 1-allyl-3-methylimidazolium chloride ([amin]Cl) was applied to risk husk and
cellulose-containing fractions were recovered from the ionic liquid solutions by acidic, alkaline, and
alkaline–acidic regeneration respectively. Enzymatic hydrolysis of the recovered materials was carried
out and results demonstrated that: (i) acidic regeneration was not substantial to ensure enhanced enzy-
matic digestibility; (ii) alkaline regeneration increased the enzymatic hydrolysis; (iii) alkaline–acidic
regeneration led to an almost complete hydrolysis of the carbohydrate fraction. The obtained results were
rationalized by means of chromatographic analyses of soluble fractions collected after the different
regeneration processes: the removal of hemicellulose, which increased going from the acidic to the
alkaline–acidic regeneration, seemed to play a crucial role in enhancing the rice husk saccharification.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Overcoming the recalcitrant structure of lignocellulose to re-
lease sugars is one of the priorities for the emerging cellulosic eth-
anol and bio-based chemical industries (Sun and Cheng, 2002). A
number of lignocellulose pretreatment technologies have been
investigated, but all of them suffer from relatively low sugar yields,
severe reaction conditions, and high processing costs (Yanez et al.,
2006; Saha and Cotta, 2008; Banarjee et al., 2011; Magawati et al.,
2011). Moreover, the current leading lignocellulose pretreatments
cannot efficiently disrupt the highly organized hydrogen bond net-
work among polysaccharides chains in crystalline cellulose, often
resulting in slow hydrolysis rates and low cellulose digestibility
(Wyman et al., 2005a,b). Mechanical pretreatments are necessary
to enhance biomass digestibility by reducing particle size and par-
tially disaggregating the highly organized and cemented structure
of lignocellulose (Vidal et al., 2011); however, these treatments
cannot overcome the negative influence of cellulose crystallinity

and morphology, and lignin and hemicellulose contents on enzy-
matic saccharifcation (Yoshida et al., 2008; Mussatto et al., 2008;
Kim et al., 2011).

Ionic liquids (ILs) such as 1-allyl-3-methylimidazolium chloride
([amim]Cl) and 1-butyl-3-methylimidazolium chloride ([bmim]Cl)
have been recognized as ideal non-derivatizing solvents for ligno-
cellulosic substrates (Kilpelainen et al., 2007; Fort et al., 2007). The
aromatic electron-rich cationic moiety creates strong interactions
for polymers which undergo p stacking as is the case of the lignin
polymer, while the chloride counter-anion is the most efficient in
disrupting the extensive inter- and intramolecular hydrogen bond-
ing interactions present in cellulose. As a result, the ionic liquid
diffuses into the interior of the material and progressively destroys
its cell wall structure. The cellulose fraction can then be recovered
by the addition of an anti-solvent, such as water or ethanol (Swat-
loski et al., 2002). The regenerated cellulose mostly retains its
original degree of polymerization and polydispersity, but its
morphology is significantly changed and its microfibrils are fused
into a relatively homogeneous structure (Li et al., 2009). The regen-
eration process impacts the microstructure of cellulose, modifying
its degree of crystallinity, porosity, and surface area (Zhu et al.,
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