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1. Introduction

Currently, the efficient conversion of biomass is essential for the development and implementation of an
economy based on biological resources. Olive tree pruning (OTP), the main waste product of olive cultivation in
Mediterranean countries, represents a promising raw material for the production of biofuels and other value-added
compounds in a biorefinery due to its wide availability and high carbohydrate content. However, the recalcitrant
nature of OTP limits access to fermentable sugars for bioethanol production. To overcome this limitation, OTP
biomass must undergo a pretreatment stage to break down its structure and facilitate the release of carbohydrates
(Rojas-Chamorro et al., 2020).

Liquid hot water (LHW) pretreatment has established itself as a promising, chemical-free alternative, as it
uses only water at high temperatures and pressures to achieve partial solubilization of hemicelluloses,
redistribution of lignin, and increased accessibility of hydrolytic enzymes (Romero-Garcia et al., 2022).
Pretreatment with ionic liquids (ILs) has attracted considerable interest as an effective method for modifying the
lignocellulosic structure. Thanks to their unique physicochemical properties, ILs facilitate the breaking of
hydrogen bonds between polysaccharide chains, as well as ether and ester bonds between lignin and carbohydrates
and [ -O-4 bonds between lignin subunits, leading to a decrease in the crystallinity of the material and a significant
improvement in the efficiency of enzymatic hydrolysis and fermentation (Zhao et al., 2022). Both pretreatments,
LHW and ILs, have been successfully applied to a wide variety of raw materials, including agricultural residues
and energy crops.

Among the various strategies for producing ethanol from cellulose, the simultaneous saccharification and
fermentation (SSF) process has attracted considerable interest in the scientific community. This strategy offers
advantages such as increased ethanol yields and avoids the use of separate reactors for the saccharification and
fermentation stages, which simplifies its application on an industrial scale and contributes to cost reduction
(Althuri et al., 2017).

In this context, the objective of this research is to evaluate the effect of pretreatments with hot water and
ionic liquids on olive pruning to increase monosaccharide generation and improve bioethanol production
efficiency.

2. Materials and methods

OTP was subjected to two pretreatment strategies: (i) LHW pretreatment, applied at two temperature levels
(170 and 200 °C) for 30 min, with a solid loading of 5 % (w/v), in a laboratory-scale stirred reactor; and (ii) IL
pretreatment. Ethanolamine acetate ([EOA][OAc] IL was synthesized by an acid—base neutralization reaction
using monoethanolamine (99% w/v) and glacial acetic acid. Subsequently, IL pretreatment was carried out in a
convection oven under different thermal conditions (120 and 160 °C) for 90 min, with a solid loading of 20 %
(w/v) (Figure 1).

The solid fractions obtained after both pretreatments (S-LHW and S-IL) were characterized using the
methodology of the National Renewable Energy Laboratory (NREL) to determine their chemical composition.
The disruption of the lignocellulosic matrix was evaluated using Fourier transform infrared spectroscopy (FTIR),
scanning electron microscopy (SEM), and X-ray diffraction (XRD).

Subsequently, the S-IL and S-LHW fractions were subjected to enzymatic hydrolysis using the commercial
enzyme preparation Cellic® CTec3, at a load of 15 FPU/g of substrate, supplemented with B-glucosidase at 15
IU/g of substrate. The tests were carried out with solid loads of 5, 10, and 12.5 % (w/v) at 50 °C for 72 h.

Finally, the efficiency of bioethanol production through simultaneous saccharification and fermentation
(SSF) was evaluated, using Saccharomyces cerevisiae “Ethanol Red” as the fermenting microorganism. The SSF



experiments were carried out in MLB culture medium, with substrate loads of 5, 10, and 12.5 % (w/v), at 37°C
and 150 rpm, for 72 h.
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Figure 1. Scheme of the experimental procedure followed for the pretreatment of olive tree pruning using ionic
liquids and liquid hot water.

3. Results and discussion

The pretreatments evaluated, IL and LWH, for OTP showed a significant improvement in glucose
accessibility after pretreatment, reflected in higher enzymatic hydrolysis (EH) yields compared to untreated
biomass. The observed increase in glucose release profiles directly translated into higher bioethanol productivity.
SSF process achieved maximum ethanol yields within 24 hours, with values of 66.11 % for IL at 160°C and
88.00% for LHW at 200 °C, relative to the theoretical potential of the pretreated solid, using a solid loading of
12.5% w/v.

XRD analysis clearly showed that pretreatment with IL leads to the formation of predominantly amorphous
cellulose. In contrast, the diffraction patterns corresponding to pretreatment with LHW revealed a highly
crystalline structure, especially at the highest temperature (200 °C). In the solid treated with LHW at 200 °C, a
significant increase in peak intensity was observed at 22.6°, associated with the diffraction of the (200) plane, as
well as an increase in peak intensity corresponding to the (101) plane around 16°. Both peaks are characteristic of
type I cellulose, which represents the natural and most abundant crystalline form of this biopolymer. These results
were corroborated by FTIR and SEM, where the presence of crystals attributed to calcium oxalate was identified.

In conclusion, the pretreatments studied (IL and LHW) induce substantial alterations in the lignocellulosic
structure, allowing a significant reduction in the recalcitrance of OTP biomass. Likewise, this study demonstrates
that OTP is a promising raw material for bioethanol production through the use of efficient and sustainable
pretreatments, which could contribute both to mitigating environmental impact and to the development of
renewable energy technologies.
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