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Abstract: Curcumin is a bioactive polyphenolic compound derived from the rhizomes of turmeric. It has wide
application against many chronic diseases such as diabetes, Alzheimer, rheumatoid arthritis and large variety
of cancers like breast, lung and blood. In this paper, the effective parameters in curcumin extraction using
microwave irradiation such as particle size, modifier solvent for destruction of turmeric cell wall, organic solvent,
contact time and solvent to solid ratio were investigated. Extraction of curcumin using microwave soaked in
water with particle size of 0.2 mm was enhanced. Maximum curcumin extraction by acetone as organic solvent,
for extraction time of 3 minutes and solvent to solid ratio of 15:1 (ml/g) was obtained. Based on HPLC analysis,
the yield of purified curcumin was more than 70%. It was concluded that enhanced microwave extraction was
high efficiency process. The process is low energy intensive with efficient use of solvent. The extraction and
purification is economical while using less solvent and required short extraction time.
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INTRODUCTION

treatment of rheumatism, anorexia, diabetic wounds,
sinusitis, coryza, cough, hepatic disorders and binary
disorders.
Curcumin is the main bioactive compound among
curcuminoids and may be responsible for these medicinal
effects. Curcumin has now been used to treat arthritis,
diabetes,
psoriasis,
osteoporosis,
cardiovascular
diseases, Alzheimer and crohn's disease as well as
different kind of cancers [10] and infection of immune
system. It is interesting to state that recent researches
demonstrate that curcumin can even prevent mental stress
and depression related disorder [11] which has been also
stated in Chinese traditional medicinal science [12].
Several extractive methods are reported for isolation
of curcumin and other curcuminoids compounds; such
as conventional extraction by solvent, use of alkaline
solution and insoluble salt and also microwave assisted
extraction [4].
Conventional methods for extraction of curcumin
from natural sources are including use of organic solvents
such as acetone, methanol, ethanol, ethyl acetate,

As green chemistry in medical research is getting to
be the most popular in past decades, application of
medicinal plant is rapidly growing for the prevention
and treatment of many diseases [1]. Polyphenols have
significant role on protection of human health and
treatment of illness. They are known as a great antioxidant
and anticancer agent used for cancer therapy [2].
The rhizome of plant curcuma longa L. has wide
application in pharmaceutical, cosmetic and food
industries in present and past centuries [3]. About 3-5%
of these rhizomes are bright yellow polyphenols called
curcuminoids, consist of curcumin, demetoxy curcumin
and bisdemetoxy curcumin [4, 5]. The extract of turmeric
exerts several therapeutic properties including antiinflammatory, antibacterial, antiviral, antifungal [6], anti
HIV [7] and cancer chemopreventive performances [8].
It is also proved that curcuminoids lowered high blood
sugar by inhibiting
-glucosidase activity [9].
Furthermore, turmeric powder traditionally uses for
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isopropyl alcohol and hexane. This method is based on
correct selection of solvents and use of heat or mixing to
increase the solubility of considered compounds and
improving mass transfer. Soxhlet extraction is the most
common type of extraction method and is still used as a
standard in all cases [13].
Apart from its low extraction efficiency, conventional
method is a time-consuming process and has harmful
effects on environment due to use of large amount of
organic solvent. Moreover, conventional method may
cause degradation of target component which is sensitive
to high temperature. Therefore, new methods have been
reported for extraction of curcuminoids. Among these
methods, ultrasound and microwave extraction have
shown high efficiency and low energy and solvent
consumption [14]. In many published papers, comparing
of microwave extraction with other advanced and
conventional methods of extraction, microwave extraction
is accepted as a powerful and potential replacement for
extracting organic compounds from plant materials [15].
The basic principles of microwave extraction process
differ from conventional methods, because the
extractionoccursdue to changing in cell structure because
of electromagnetic waves. In this way, process speed and
high efficiency of extraction may be due to same direction
gradient of two phenomena of mass and heat transfer [16].
This study aims to investigate some effective
parameters in enhanced microwave extraction. These
findings may help to improve our knowledge to apply
this novel method in extraction of curcumin and
increases its potential applications in manufacturing of
curcumin- based drugs.

size in extraction process. A specified amount of different
particle size of the powder was pretreated by irradiating
samples at 100 W microwave power input for 4 minutes.
Next step, all of these particle size were soaked in water,
methanol, acetone and ethyl acetate (mass: solvent ratio
of 1:3 w/v) and then irradiated like the previous samples.
After drying samples in oven, small amounts of samples
were dissolved in methanol and centrifuged to separate
insoluble particles. Then, they were analyzed to determine
their curcumin content by the use of standard calibration
curve via spectrophotometric method.
Extraction
Type of Solvent: Known amount of dry turmeric powder
was suspended in different solvents such as acetone,
ethanol, methanol and 2-propanol (mass:solvent ratio
1:30 w/v) [17]. Then the samples were irradiated at 100W
microwave power input for 4 minutes. After that the
extracts were filtered through a 0.45µm filter, then filtered
solids were dried, extracts were dissolved in methanol to
prepare 300 mg/l curcumin solution. The amount of
curcumin by the use of same method was investigated.
Solvent Concentration: The known amount of turmeric
powder was suspended in the solvent which is defined
from the last experiment in the proportion of 20-100% with
water as a co-solvent. Then, samples were placed in
microwave at the same situation to be irradiated.
Contact Time: A defined amount of dry powder of
turmeric was suspended in the solvent; that was
determined from the last experiment and then placed in
microwave at power input of 100W for the exposure time
of 1, 3, 5 and 7 minutes. The suitable microwave exposure
time was defined by the measurements according to
method previously explained.

MATERIALS AND METHODS
Turmeric powder is used as raw material for curcumin
extraction. The powder was supplied from local market.
All solvents used for the extraction were analytical grade
and purchased from Merck (Darmstadt, Germany).
Standard curcumin was also supplied by Merck. The
analytical methods were developed by means of
spectrophotometer and HPLC analysis. Microwave
apparatus was a commercial microwave for domestic use,
Samsung from South Korea.

Solvent to Feed Ratio: Turmeric powder was suspended in
the solvent to make 10, 15, 20, 25 and 30 ml solvent per
gram of turmeric powder. The power input in microwave
set at 100W and the desired exposure time was identified.
Then, maximum extraction for desired amount of solvent
to feed at optimal conditions was defined.
Preparation of Standard Calibration Curve: The standard
calibration curve for curcumin was prepared based
onreadings for absorbance of curcumin solution in the
concentration ranged 1-6 mg/l. A stock solution was
prepared in methanol, the absorbance was detected at
wavelength of 420 nm. The calibration curve of curcumin

Experimental Procedure
Pretreatment of Turmeric: The rhizome of turmeric was
ground and then the powder passed through sieves
with different mesh size (0.177, 0.21, 0.25, 0.4 and 0.707
mm). It was necessary to determine the effect ofparticle
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RESULT AND DISCUSSION

was plotted forconcentration of curcumin versus
absorbance. The concentration of curcumin is defined by
the following equation and R2 of for the plotted data is
0.999.

Pretreatment: Figure 2 represents the effect of
pretreatment on extraction of curcumin. It was
demonstrated that when turmeric was soaked in water,
more curcumin was released. It means cell disruption may
easily happen when turmeric was pretreated in water.
However, the same result did not happen when it was
soaked in other solvents. The important factor in
microwave assisted extraction is the solvent. In case of
polar solvent, the ionic strength may assist solvent to
absorb strongly microwave energy; that is most probably
due to dipole moment. Another important property of
microwave extraction would be the dielectric loss; which
has the ability of solvent to absorb microwave energy
and then dissipate energy to the surrounding molecules.
In fact, water has higher dielectric constant than the other
solvents. Increasing in dielectric constant usually causes
more microwave energy absorption. Table 1 summarized
dielectric constants and dissipation factors for several
effective solvents used in extraction process.
A comparison between water and acetone shows
that, water has much more ability to absorb microwave
energy; however, its heat dissipation factor is less than
acetone. That may cause overheating and even
superheating of the product. When strong adsorption
occurred, temperature inside the sample strictly increased;
then cell ruptureis resulted by the in situ water [18].
Wakte et al. [4] have reported that the soaked
powder of turmeric in the extraction of curcumin by
microwave technique was very effective. They
representcurcumin extraction yield of turmeric powder
which soaked in water was higher than the one soaked in
ethanol [4].
About the particle size, it was found that small
particle size used for extraction, curcumin content in
extracts was much more than when larger particle size was
used. Curcumin extraction for small particle size should be
more effective than large particle; that was most probably
due to more surfaces provided and exposed to solvent.
The best extraction yield of curcumin was happened when
the particle size was 0.2 mm.

Y = 01531(Absorbance reading) + 0.0243
Curcumin Yield: Turmeric powder was placed in
microwave for determination of curcumin yield at optimal
condition. After that the mixture was filtered using 0.45µm
filter and the extract was dried in oven 70ºC. The amount
of curcumin was calculated from standard calibration
curve using HPLC analysis.
Curcumin yield %

curcumin extracted (g)
× 100
turmeric used (g)

HPLC Method for Curcumin Analysis: For quantification
of curcumin and curcuminoids, HPLC analysis was
preformed based on detection of concentration in the
standard solution. The developed method was modified
base on previous HPLC analysis reported in literature [14].
Samples were analyzed by HPLC using UV detector.
The samples were injected and the elution was carried out
with solvent flow rate of 1.0 ml/min at room temperature.
The HPLC column used was C18 (250×4.6mm). The mobile
phase was acetonitrile and water (90:10 v/v). Thedetection
wavelength was set at 420nm.
In order to determine the amount of curcumin
extracted, pure curcumin with concentration 1.25, 2.5, 5, 10
and 20 ppm dissolved in methanol and then injected to
HPLC after the certain retention time. The calibration
curve of the HPLC peak from each standard solution is
drawn. After that from the extracted powder, 5 ppm
solution was prepared and injected to HPLC. With the aid
of calibration curve the amounts of curcumin in the
sample solutions were determined (Figure 1).

Extraction Parameters
Effect of Solvent: Figure 3 illustrates the influence of
solvent in the curcumin content. It shows acetone is the
most desired solvent for curcuminoids extraction; because
curcumin is a polyphenol which can be dissolved in
organic and less polar solvent. Wakte et al. [4] have also
showed that when ethanol used as extraction solvent, the
curcumin content was 67%. In fact, curcumin contacted
with acetone was used it became more [4].

Fig. 1: Calibration curve of HPLC analysis of standard
curcumin
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Table 1: Dielectric constants and dissipation factors for solvents used in microwaveextraction
Solvent
Dieletric constant
Acetone
20.7
Methanol
32.6
Water
78.3
Ethyl acetate
6.02

Dissipation factor tan
5555
6400
1570
5316

(×10 4)

Fig. 2: Curcumin content with respect to particle size for dry and soaked turmeric, under microwave irradiation (4min) and
power input (100W)

Fig. 3: Effect of solvent in extracted curcumin content
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Fig. 4: Effect of solvent concentration in curcumin extraction

Fig. 5: Curcumin concentration with respect to extraction time
Effect of Solvent Proportion: Figure 4 shows curcumin
concentration with respect to percentage of solvent.
It seemsthat presence of water may not be useful in
extraction of curcumin. Dahmoune et al. [17] reported
that solvent property in microwave aided extraction
may act as an important role in extraction of polyphenolic
compounds from Myrtus communis L. leaves. In addition,
it was noted that water and low concentration of ethanol
can easily penetrate into cells. Use of plant cell
pretreatment assisted cell disruption happen and then
curcuminoids are freely available for solvent extraction of
polyphenols in turmeric. Addition of water into solvent

can easilyget access to cell; however extra amount of
water may reduce solubility of the solvent.
Effect of Extraction Time: Figure 5 represents the effect of
extraction of curcumin with respect to extraction time.
The extraction efficiency increased with respect to time
upto 3 minutes. However, it began to decline for
additional time upto 7 minutes. That is probably due
destruction and denaturation of curcumin due to long
period of irradiation. Beside extraction time, there is
animportant factor affecting on irradiation that is
microwave power input (V).
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Fig. 6: Effect of solvent to solid ratio

Fig. 7: HPLC curve a) 10 mg/l of standard curcumin b)5 mg/l of extracted curcumin
Effect of Solvent to Solid Ratio: One of the effective
parameter in extraction for the recovery of phenolic
compounds is feed to solvent ratio. In our case, solvent
volume per unit mass of turmeric was chosen. In an
extraction process, it is important to maximize extraction
yield, while minimizing consumption of solvent [17]. In the
current study, the recovery of curcumin from turmeric was

Mandal et al. [19] have shown that in microwave
assisted extraction of curcumin, when 1 minute exposure
time was used for extraction, by increasing microwave
power from 20 to 60% that can increase extraction
efficiency. In contrary, for period of exposure, say 4
minutesextraction time, increasing in microwave power
caused decrease in extraction efficiency.
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