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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. 

Keywords Microwave-assisted extraction; Eu-
calyptus leaves; Total phenolic compounds; Total 
flavonoid compound. 

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 
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compounds have appeared in the literature, such as ex-
traction of essential oil from the fresh stems and leaves 
of Lippia alba (Stashenko et al., 2004), rosemary and 
peppermint (Chen and Spiro, 1994), extraction of 
embelin from dried berries of Embelia ribes (Latha, 
2007), extraction of taxanes from Taxus biomass 
(Mattina et al., 1997), extraction of sanguinarine and 
chelerythrine from dry fruits of Macleaya cordata 
(Zhang et al., 2005), extraction of  geniposidic acid and 
chlorogenic acid from dried bark of Eucommia ulmodies 
(Li et al., 2004), extraction of solanesol from tobacco 
leaves (Zhou and Liu., 2006), extraction of glycyrrhizic 
acid from licorice root (Pan et al., 2000) and extraction 
of polyphenols and caffeine from green tea leaves (Pan 
et al., 2003). The purpose of the present research was to 
develop a MAE method and compare it with UAE and 
traditional extraction methods for extraction of total 
phenolic and flavonoid compounds from eucalyptus 
leaves. 

II. MATERIALS AND METHODS 
A. Materials 
Leaves of eucalyptus were collected in May 2008, in 
Naharkhoran region in Gorgan, Iran. Then, leaves were 
dried at room temperature under ventilated condition 
and ground to a fine powder, passed through a mesh 
number 60 sieve and were kept in an air- tight container 
at 4 oC until use.  Gallic acid, quercetin and Folin-
Ciocalteu were purchased from Merck Company.  

B. Microwave-assisted extraction 
A household microwave oven (Samsung, Korea) was 
modified in our laboratory by mounting of a magnetic 
stirrer, water condenser, temperature measurement and 
time controlling (Fig. 1). Dried eucalyptus leaves were 
mixed with an appropriate solvent. With power set on 
600w, the suspension was irradiated under microwaves 
in pre-setting procedures (10 s power on, 15 s power off 
for three times to the desired temperature (about 75–85 
ºC) and then 3 s power on for heating and 10 s power 
off for cooling), and so on to the pre-set extraction time. 
Care was taken to prevent super boiling of the suspen-
sion. After the extraction, the flask was removed from 
the microwave oven and the extract was filtered through 
whatman No. 1 filter paper, and the resultant solution 
was collected in a volumetric flask. Determination of 
the total phenolic contents and the total flavonoid con-
tents were carried out on the extracts immediately after 
the extraction step.  

Experiments were carried out to determine the effect 
of type of solvents (water, methanol, ethanol, acetone, 
50% aqueous methanol, 50% aqueous ethanol and 50% 
aqueous acetone), ethanol concentration (10, 20, 30, 40, 
50, 60, 70, 80, 90 and 100% aqueous ethanol), MAE 
time (0.5, 1,2,3,5,7,9,11,13 and 15 min), liquid/solid ra-
tio (10:1, 12.5:1, 15:1, 17.5:1, 20:1, 22.5:1 and 25:1 
ml/g) and pre-leaching time before MAE (0, 20, 40, 60, 
80, 100 and 120 min) on extraction efficiency of phe-
nolic and flavonoid compounds 

 
Fig. 1. The apparatus for microwave-assisted extraction 

C. Ultrasound-assisted extraction 
Ultrasound-assisted extraction was performed in an ul-
trasonic bath (Tecno3, Tecno-Gas.S.P.A, Italy). Sam-
ples were placed into a volumetric flask (250 ml), made 
up to volume with the extracting solvent and sonicated 
for different times at 30-40 ºC temperature. After the 
extraction, the contents were filtered and samples were 
taken to determine of the total phenolic and flavonoid 
contents.  
D. Determination of total phenolic contents  
Total phenols were determined by Folin-Ciocalteu rea-
gent (McDonald et al., 2001). A diluted extract of each 
plant extract (0.5 ml) or gallic acid (standard phenolic 
compound) was mixed with Folin-Ciocalteu reagent (5 
ml, 1:10 diluted with distilled water) and aqueous 
Na2CO3 (4 ml, 1 M). The mixtures were allowed to 
stand for 15 min and the total phenols were determined 
by colorimetry at 765 nm. Total phenol values are ex-
pressed in terms of gallic acid equivalent (mg GA eq/g 
sample), which is a common reference compound. 
E. Determination of total flavonoid contents  
Aluminum chloride colorimetric method was used for 
flavonoids determination (Chang et al., 2002). Each 
plant extract (0.5 ml) was separately mixed with 1.5 ml 
methanol, 0.1 ml 10% aluminum chloride, 0.1 ml 1 M 
potassium acetate and 2.8 ml of distilled water. It was 
kept at room temperature for 30 min; the absorbance of 
the reaction mixture was measured at 415 nm with a 
double beam PG instruments UV/Visible spectropho-
tometer (USA). The calibration curve was prepared us-
ing quercetin standard solutions of 12.5 to 100 mg L-1 in 
methanol. Total flavonoid values are expressed in terms 
of quercetin equivalent (mg Qu eq/g sample), which is a 
common reference compound. 

All experiments were run in triplicate. The deviation 
from the mean at the 95% confidence level was em-
ployed to determine the differences in results.  

III. RESULTS AND DISCUSSION 
A. The total phenolic content and total flavonoid 
content of eucalyptus leaves extracted with various 
solvents 
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Fig. 2. The effect of various solvents on the extraction of total 
phenolic contents (a) and total flavonoid contents (b). Solvent: 
100 ml; dried eucalyptus leaves: 5g; MAE for 9 min; liq-
uid/solid ratio: 20:1 ml/g  

Figure (2a) shows that water can extract highest con-
tents of phenolic compounds. Ethanol, methanol and ac-
etone were the next in the ranking. By adding water to 
these three solvents at equal proportion, the etha-
nol/water (1:1 v/v) solution gave higher concentration 
of phenolic compounds than the other solvent mixtures 
tested. The results also showed that addition of water to 
solvents gave higher efficiency of phenolic compounds 
compared to pure water. In Fig (2b), in contrast, it is 
shown that flavonoid compounds extraction decreased 
when water was added to solvents. The highest concen-
tration of flavonoid compounds was extracted in metha-
nol and ethanol. As the ethanol is less-toxic, can be 
mixed with water at different ratios and it is easily re-
covered by reduced pressure distillation, therefore, eth-
anol was used as the extraction solvent in the following 
study.  

B. Effect of ethanol concentration on extraction of 
total phenolic and total flavonoid compounds 
Ethanol-water mixtures were used as the extraction sol-
vent in the study. The effects of ethanol concentration in 
the extraction solvent (water) on the content of 
phenolics and flavonoids in eucalyptus leaves extracts 

are shown in Fig. 3. When ethanol concentration in-
creased from 10% to 50% (v/v), the total phenolic con-
tent of the extracts increased from 54.3 to 84.8 mg GA 
eq./g sample. When ethanol concentration increased to 
100% (v/v), the total phenolic content decreased sharply 
and at a concentration of 100 % (v/v), the total phenolic 
content was 49.4 mg GA eq./g sample. When pure etha-
nol was used to extract eucalyptus leaves, some lipid 
compounds might also be extracted, which limited the 
extraction of phenolics from eucalyptus leaves. A sig-
nificant increase of the flavonoid content was observed 
with higher concentration of ethanol. The flavonoid 
content reached a maximum of 14.8 mg Qu eq./g sam-
ple at pure ethanol. Adding a certain amount of water in 
ethanol might improve the extracting efficiency (Pan et 
al., 2001).  Therefore, 50% aqueous ethanol concentra-
tion in water was selected as the concentration of choice 
for the rest of extraction experiments. 
C. Effect of extraction time on extraction of total 
phenolic and total flavonoid compounds 
A proper study on optimization of extraction time is vi-
tal because the extraction time may vary when different 
parts of the plant are used (Mandal et al., 2007). The 
contents of total phenolic and flavonoid compounds ex-
tracted from eucalyptus leaves at different MAE times 
are presented in fig 4. The results indicate that the ex-
traction of phenolics and flavonoids was increased with 
an increase in MAE time. MAE reached the highest 
point in 15 min. There was no significant difference be-
tween 11, 13 and 15 min in MAE of phenolic and flavo-
noid compounds. The lowest content of phenolic and 
flavonoid compounds was extracted in 30 s of MAE 
time. So, MAE time for 11 min was the best condition 
for the rest of experiments based on MAE.  

Pan et al. (2003) reported that “MAE of polyphenols 
and caffeine was found to increase up to 4 min and later 
decreased with the increase of time”. In the extraction of 
artemisinin an overall 92% extraction was achieved 
with 12 min after which extraction yield dropped down 
(Hao et al., 2002). Over exposure may lead to thermal 
degradation of effective constituents. 
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Fig. 3. Effect of ethanol concentration in water on the extrac-
tion of total phenolic contents and total flavonoid contents. 
Solvent: 100 ml; dried eucalyptus leaves: 5g; MAE for 9 min; 
liquid/solid ratio: 20:1 ml/g 

(a)

(b)
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Fig. 4. Effect of MAE time on the extraction of total phenolic 
contents and total flavonoid contents. Solvent:  ethanol/water 
(1:1 v/v) 100 ml; dried eucalyptus leaves: 5g; liquid/solid ra-
tio: 20:1 ml/g. 
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Fig. 5. Effect of liquid/solid ratio on the extraction of total 
phenolic contents and total flavonoid contents. Solvent:  etha-
nol/water (1:1 v/v) 100 ml; MAE for 11 min. 

D. Effect of liquid/solid ratio on extraction of total 
phenolic and total flavonoid compounds 
Figure 5 indicates that the extraction of phenolic and 
flavonoid compounds has been increased with an in-
crement in liquid/solid ratio. The liquid/solid ratio 
(ml/g) 25:1 had no significant difference with 22.5:1 
and 20:1 of liquid/solid ratio. Therefore, liquid/solid ra-
tio (ml/g) 20:1 was suitable, and it was used afterwards. 
Although extraction with higher liquid/solid ratios could 
extract more phenolic or flavonoid compounds, it would 
require higher amounts of chemical compounds and en-
ergy use. Pan et al. (2000) reported that “high liq-
uid/solid ratio needs more energy and time to treat the 
leaching solution in their experiments”.  
E. Effect of pre-leaching time before MAE on extrac-
tion of total phenolic and total flavonoid compounds 
Figure 6 shows that the extraction efficiency of phenolic 
and flavonoid compounds was influenced by pre-
leaching time at room temperature before MAE for 11 
min. If the pre-leaching time was 120 min, the total 
phenolic content was increased from 96.6 to 111.8 mg 
GA eq./g sample, while the flavonoid content was in-
creased from 7.5 to 9.7 mg Qu eq./g sample. Other re-

searchers have also confirmed that pre-leaching has 
dramatic effect on extraction condition. In a study by 
Pan et al. (2001), the authors reported that “pre-leaching 
time at room temperature before MAE for 2 min influ-
enced the percentage extraction of tanshinones, reaching 
the highest extraction when pre-leaching time of 45 min 
was allowed”. Pan et al. (2003) also reported that “in-
crease in pre-leaching time from 4 min to 90 min in-
creased extraction of polyphenols from green tea leaves 
by 1.53%, while increased the extraction of caffeine by 
0.49%”.  

It is obvious that pre-leaching before the MAE is 
useful for improving the extraction of both phenolic and 
flavonoid compounds. 

F. Effect of UAE time on extraction of total phenolic 
and total flavonoid compounds 
Effects of UAE time on the extraction of phenolic and 
flavonoid compounds are summarized in Fig. 7. The re-
sults indicate that the extraction of phenolic and flavo-
noid compounds was increased with the augment of 
UAE. A marked increase of the total phenolic contents 
was observed up to 15 min. 
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Fig. 6. Effect of pre-leaching time at room temperature on the 
extraction of total phenolic contents and total flavonoid con-
tents. Solvent: ethanol/water (1:1 v/v) 100 ml; dried eucalyp-
tus leaves: 5g; MAE for 11 min; liquid/solid ratio: 20:1 ml/g; 
room temperature: about 25 ºC.  
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Fig. 7. Effect of UAE time on the extraction of total phenolic 
contents and total flavonoid contents. Solvent: ethanol/water 
(1:1 v/v) 100 ml; dried eucalyptus leaves: 5g; liquid/solid ra-
tio: 20:1 ml/g. 
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G. Comparison of the efficiency of MAE, UAE and 
traditional method in extracting total phenolic and 
flavonoid contents 
Table 1 summarizes the efficiencies of extraction using 
UAE and MAE. These methods are compared with the 
results of the classic method. The MAE for 5 min ex-
tracted the same level of phenolic and flavonoid com-
pounds as compared with UAE for 60 min and the ex-
traction at room temperature for 24 h (p<0.05). The 
MAE for 11 min combined with pre-leaching for 120 
min extracted phenolic and flavonoid compounds about 
1.36, 1.75-folds respectively compared with the other 
two extraction methods. Also, the results show that the 
time of extraction at room temperature and UAE was 
about 288 and 12-folds of time of extraction with MAE, 
respectively. According to the Table 1, MAE can great-
ly reduce the extraction time for the same conditions of 
extraction compared with other conventional extraction 
methods.  

Conventional solvent extraction without the aid of 
microwave or ultrasonic wave is a time-consuming pro-
cess based on heat to increase the mass transfer rate in 
the extraction system. In contrast, microwave-assisted 
extraction is a fast extraction process where microwave 
energy is delivered efficiently to materials through mo-
lecular interaction with the electromagnetic field and of-
fers a rapid transfer of energy to the extraction solvent 
and raw plant materials (Zhou and Liu., 2006). Fur-
thermore, based on the findings of other researchers the 
direct interaction of microwave with solvent also results 
in the rupture of the plant cells and release of intracellu-
lar products into the solvent quickly (Proestos and 
Komaitis., 2008). For the extraction of tea polyphenols 
and caffeine from green tea leaves, a 4 min MAE 
achieved a higher extraction yield than an extraction at 
room temperature for 20 h, ultrasonic extraction for 90 
min and heat reflux extraction for 45 min, respectively 
(Pan et al., 2003). Shu et al. (2003) also reported that 
“the extraction yield of ginsenosides from ginseng root 
obtained by a 15-min MAE (ethanol–water) was higher 
than that obtained by 10-h conventional solvent extrac-
tion (ethanol–water)”. Our results are in line with the re-
sults of reported studies. 
Table 1: Comparison of the results of the extraction of MAE, 

UAE and traditional extraction method. 
Total flavo-

noid contents& 
Total phe-
nolic con-

tents#  

Extrac-
tion time 

Extraction method 

5.5  0.1b     82   0.3a* 24 h Extraction at room 
temperature 

5.5  0.1b 81.8   0.8a 60 min Ultrasound-assisted 
extraction 

 5.8  0.2b  76.6  3.5a 5  min Microwave-
assisted extraction 

Solvent: ethanol/water (1:1 v/v) 100 ml; dried eucalyptus leaves: 5g; 
liquid/solid ratio: 20:1 ml/g; room temperature: 25 ºC; Ultrasonic ex-
traction temperature: 30-40 ºC.  
# mg GA eq./ g sample 
& mg Qu eq./g sample 
* Superscript letters indicate that means with the same letters designa-
tion in a column are not significantly different at P < 0.05. 

 

IV. CONCLUSION 
Investigating the different methods and conditions for 
extraction of phenolic and flavonoid compounds from 
eucalyptus leaves, it was concluded that MAE could be 
a potential alternative to conventional solid-liquid ex-
traction for the isolation of metabolites, such as phenol-
ic compounds from plants. Compared with traditional 
extraction and UAE methods, the MAE procedure pro-
vided higher extraction yield and selectivity and re-
quired relatively shorter times and less intensive treat-
ment and therefore can be proposed for large-scale in-
dustrial application in the near future.   
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