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a b s t r a c t

This work describes the utilization of microwave hydrothermal extracted malic acid from cactus,
lophatherum herb, papaya and Luffa cylindrica as hydrogen bond donor for the synthesis of natural low
transition temperature mixtures (LTTMs) with sucrose as hydrogen bond acceptor. The effects of pa-
rameters including reaction temperature, extraction time, mass of sample and oxidant, H2O2 were dis-
cussed. The saturation equation was used to fit with the experimental data, observing only a slight loss of
the goodness of fit. The optimum conditions for microwave hydrothermal extraction were found to be at
1 g of sample, 200 �C and 45 min in the presence of hydrogen peroxide (H2O2) as oxidant. Consequently,
the proposed method was successfully applied to extract malic acid from plants and fruits for the syn-
thesis of LTTMs. The LTTMs prepared from the extracted malic acid have identical physicochemical
properties with the LTTMs derived from commercial malic acid due to the existence of hydrogen bond
and the ability to dissolve lignin.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Conventional extraction techniques such as soaking, macera-
tion, water percolation and solvent extraction for natural products
normally require long extraction time and large volume of organic
solvents. These also result into degradation of active compounds
obtaining relatively lower extraction efficiency of the target com-
pounds (Molt�o-Puigmartí et al., 2011; Chan et al., 2011; Wu et al.,
2012). Hydrothermal extraction using water is a natural and
green alternative for natural product extraction at high tempera-
ture and pressure condition. This method has been used to extract
polar organic compounds or to decompose lignocellulosic materials
to produce valuable compounds such as saccharides and aromatic
acids (Kitada et al., 2009; Matsunaga et al., 2013).
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Microwave possesses many advantages for the extraction of
bioactive compounds (Sanchez-Aldana et al., 2013) such as reduced
processing time, higher extraction rates and more accurate control
of reaction conditions (Tsubaki et al., 2012; Yemis andMazza, 2012).
Microwave-assisted extraction has been proven to be a promising
technique for the extraction of phytochemicals from botanical
plants and food samples (Xiao et al., 2012; Quitain et al., 2013).
Direct interaction of microwaves helps to heat up the solvent and
also lead to a tremendous increase in internal pressure, rupture of
plant tissue and release of active compounds into the solvent
(Dhobi et al., 2009; Mandal et al., 2007).

Francisco et al., 2012 introduced 26 types of natural low tran-
sition temperature mixtures (LTTMs) from environmentally benign
starting materials which show glass transition points instead of
eutectic melting points. LTTMs can be prepared from cheap, readily
available and toxicologically well characterized starting materials
(Francisco et al., 2013). Preparation of LTTMs is in vicinity to the
synthesis of deep eutectic solvents (Cvjetko Bubalo et al., 2014). The
hydrogen bonding interactions of LTTMs lead to some of the
promising characteristics of ionic liquids as solvents and shared by
deep eutectic solvents (Francisco et al., 2012). The potentials of
LTTMs to degrade the lignocellulosic biomass structure were
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