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Abstract In the present study, a microwave-

assisted extraction (MAE) technique has been devel-
oped for extraction of phenolic and flavonoid com-
pounds from eucalyptus leaves. Various experi-
mental conditions, such as solvent type, ethanol con-
centration, MAE time, liquid/solid ratio and pre-
leaching time before MAE were examined to opti-
mize the extraction. Among the solvents tested, 50% 
aqueous ethanol extracted the highest phenolic and 
flavonoid contents from eucalyptus leaves. The ex-
traction of phenolic and flavonoid compounds with 
MAE for 5 min was equivalent with ultrasound-
assisted extraction (UAE) (60 min) and traditional 
extraction (24 h) methods. Time of extraction at 
room temperature and UAE was about 288 and 12 
times higher than the needed with MAE, respective-
ly. Due to the considerable saving in time, MAE was 
more effective than the traditional and UAE meth-
ods. 
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I. INTRODUCTION 
Antioxidants are compounds that inhibit or delay the ox-
idation of other molecules by inhibiting the initiation or 
propagation steps in the oxidization chain reactions. An-
tioxidants are either natural or synthetic. Synthetic anti-
oxidants have phenolic structures of various degrees of 
alkyl substitution, whereas natural antioxidants can be 
phenolic compounds (tocopherols, flavonoids, and phe-
nolic acids), nitrogen compounds (alkaloids, chlorophyll 
derivatives, amino acids, and amines) or carotenoids as 
well as ascorbic acid (Larson, 1988; Hudson, 1990). 
Synthetic antioxidants such as butylated hydroxyl ani-
sole (BHA) and butylated hydroxyl toluene (BHT) have 
been used as antioxidants since the beginning of the 
20th century. Restrictions on the use of these com-
pounds, however, are being imposed because of their 
carcinogenicity (Hwang et al., 2001). Thus, natural an-
tioxidants have attracted much attention in recent years. 

Crude extracts of fruits, herbs, vegetables, cereals, 
and other plant materials rich in phenolics are being 
used increasingly in the food industry because they re-
tard oxidative degradation of lipids and thereby improve 
the quality and nutritional value of food. The im-
portance of the antioxidant constituents of plant materi-
als in the maintenance of health and protection from 

coronary heart disease and cancer is also raising interest 
among scientists, food manufacturers and consumers as 
the trend of future is moving toward functional food 
with specific health effects (Loliger, 1991). Flavonoids 
and other phenolics have been suggested to play a pre-
ventive role in the development of cancer and heart dis-
ease. The antioxidant activity of phenolics is mainly due 
to their redox properties, which allow them to act as re-
ducing agents, hydrogen donators, and singlet oxygen 
quenchers. In addition, they have a metal chelation po-
tential (Rice-Evans et al., 1995). Flavonoids and other 
plant phenolics, such as phenolic acids, stilbenes, tan-
nins, lignans, and lignin, are especially common in 
leaves, flowering tissues and woody parts such as stems 
and barks (Larson, 1998). They are important in the 
plant for normal growth development and defense 
against infection and injury. 

Among various aromatic plants, Eucalyptus (Family 
Myrtaceae) represented by over 700 species distributed 
throughout the world (Brooker and Kleinig., 2006; 
Batish et al., 2008) is one of the most-extensively plant-
ed pulpwood species. It consists of tall, magnificent and 
evergreen trees with fragrant foliage rich in oil glands 
and it is an excellent source of commercially important 
eucalyptus oil that finds extensive use in pharmaceuti-
cal, perfumery and industry (Batish et al., 2008). El-
Ghorab et al. (2003) reported on “the promising 
antioxidative activities of ethanol extract from the 
leaves of Eucalyptus camaldulensis harvested from 
Egypt which contained gallic and ellagic acid as the ma-
jor components”. 

The traditional extraction techniques of plant mate-
rials are mostly based on the correct choice of solvents 
and the use of heat and/or agitation to increase the solu-
bility of the desired compounds and to improve the 
mass transfer. These techniques usually require longer 
extraction time thus running a severe risk of thermal 
degradation for most of the phyto-constituents (Mandal 
et al., 2007). Keeping in pace with such requirements 
recent times has witnessed the use and growth of new 
extraction techniques with shortened extraction time, 
reduced solvent consumption, increased pollution pre-
vention concern and with special care for thermolabile 
constituents. Novel extraction methods including mi-
crowave assisted extraction (MAE), supercritical fluid 
extraction (SCFE), pressurized solvent extraction (PSE) 
have drawn significant research attention in the last dec-
ade. Some applications of MAE for biologically active 




