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Curcumin removed turmeric oleoresin (CRTO) was extracted with hexane and concen-
trated to get turmeric oil, and that was fractionated using silica gel column chromatography
to obtain three fractions. These fractions were analyzed by GC and GC-MS. Turmeric oil
contained aromatic turmerone (31.32%), turmerone (15.08%) and curlone (9.7%), whereas
fractions III has aromatic turmerone (44.5%), curlone (19.22%) and turmerone (10.88%) as
major compounds. Also, oxygenated compounds (5,6,8Ð10) were enriched in fraction III.
Turmeric oil and its fractions were tested for antioxidant activity using the �-carotene-linole-
ate model system and the phosphomolybdenum method. The fraction III showed maximum
antioxidant capacity. These fractions were also used to determine their protective effect
against the mutagenicity of sodium azide by means of the Ames test. All the fractions and
turmeric oil exhibited a markedly antimutagenicity but fraction III was the most effective.
The antioxidant effects of turmeric oil and its fractions may provide an explanation for their
antimutagenic action.

Introduction

The rhizome of turmeric (Curcuma longa L.)
has a rich history in India as spice, food preserva-
tive, and coloring agent and has been used for cen-
turies in the Ayurvedic system of medicine. Long
before the time of cheaper synthetic food preser-
vatives and colouring agents, spices like turmeric
played a key role as food additive (Majeed et al.,
1995). Its use as a remedy for hypercholestero-
lemia, arthritis, indigestion and liver problem has
been known since long (Srimal, 1997). The contin-
uing research indicates that turmeric and its active
principle curcumin have unique antioxidant, anti-
mutagenic, antitumorigenic, and anticarcinogenic,
antiinflammatory, antiarthritic, antimicrobial, and
hypocholesterolemic properties as reviewed else-
where (Majeed et al., 1995; Miquel et al., 2002).

Aromatic turmerone (20Ð30%) was reported to
be the major compound present in turmeric vola-
tile oil (Govindarajan, 1980), which is a mosquito
repellent (Tawastin et al., 2001) and may be an
effective drug for the treatment of respiratory dis-
ease (Li et al., 1998) and dermatophytosis (Apisa-
riyakul et al., 1995). Synthetic turmerone appears
to act as anticarcinogenic (Baik et al., 1993). Anti-
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venom activity of turmerone isolated from tur-
meric has also been reported (Ferreira et al.,
1992). Recently, turmeric oil isolated from CRTO
was found to be both antifungal (Jayaparakasha
et al., 2001) and antibacterial (Negi et al., 1999).

Curcumin, the yellow coloring pigment of tur-
meric is industrially produced using turmeric oleo-
resin as the source material. The mother liquor
(approximately 70Ð80%) after isolation of cur-
cumin from oleoresin is known as curcumin re-
moved turmeric oleoresin (CRTO). It is composed
of oil, resin, and non-extractable curcumin and has
no commercial value at present (Saju et al., 1998).
In the present study we report the isolation, frac-
tionation and identification of turmeric oil and its
column fractions from CRTO, and their antioxi-
dant activity and antimutagenicity.

Materials and Methods

Materials

All solvents and other chemicals used were of
analytical grade and obtained from Merck, Mum-
bai, India. Professor B. N. Ames, University of
Berkeley, California kindly supplied Salmonella
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typhimurium strain, TA-100. Curcumin removed
turmeric oleoresin was obtained from M/S Flavour
and Essences (P) Ltd., Mysore.

Extraction of turmeric oil

Twenty grams of CRTO were stirred with 50 ml
of hexane for 15 min and the extract was filtered.
The residue was extracted twice with 50 ml hexane
and filtered. The extracts were combined and the
solvent was removed under vacuum (Büchi, Swit-
zerland) with a yield of 11.8 ml (v/w) of turmeric oil.

Fractionation of turmeric oil

Seven grams of turmeric oil was impregnated
with 10 g of silica gel and loaded on to a silica gel
column. The column was eluted successively with
1500 ml each of hexane, hexane:benzene (1:1 v/v)
and benzene. The solvents from the elutes were
evaporated under vacuum to get three fractions,
the yields of which were 21, 42.2 and 33.1%
respectively.

GC analysis

Turmeric oil and its column fractions were
analyzed using a Shimadzu GC 15A Chromatogra-
phy equipped with a FID detector, using SE-30
column (3.0 m ¥ 1/8�). Oven temperature was pro-
grammed from 60∞ C for 3 min to 225∞ C at the
rate of 3∞ C/min at which temperature of the col-
umn was maintained for 3 min; injector port tem-
perature was 225∞ C; detector temperature was
250∞ C; nitrogen as carrier gas was 40 ml/min.
Peak areas were computed by a Shimadzu C-R4A
chromatopac data processor.

GC-MS analysis

The turmeric oil and its column fractions were
analyzed using a Shimadzu 17A-GC chromato-
graph equipped with a QP-5000 (Quadrapole)
Mass Spectrometer. The sample was diluted
25 times with chloroform and 1 µl was injected. A
fused silica column SPBTM-1 (30 m ¥ 0.32 mm film
thickness 0.25 µm) coated with polydimethylsilox-
ane was used. Injector port temperature was
225∞ C; detector temperature was 250∞ C and oven
temperature was maintained at 60∞ C for 3 min
and then increased to 225∞ C at the rate of 2∞ C/
min at which temperature of the column was

maintained for 5 min; helium was the carrier gas
at a flow rate of 1 ml/min; split ratio was 1:25; ion-
ization voltage, 70 eV.

HPLC analysis of curcuminoids

The curcuminoids in the turmeric oil and its
fractions were analyzed by HPLC method (Jaya-
prakasha et al., 2002). The high-performance li-
quid chromatographic system consisted of a Hew-
lett Packard Quaternary HPLC model HP 1100
Series (Hewlett-Packard, CA, USA), fitted with a
Waters µ-BondapackTM (Waters Corporation, Mil-
ford, MA, USA) C18 column (300 ¥ 4.6 mm I.D).
The injection system (Rheodyne) used was a 20 µl
sample loop. A HP 1100 Series Variable Wave-
length Detector used at wavelength of 425 nm was
used for detection. The elution was carried out
with gradient solvent systems with a flow rate of
1.0 ml/min at ambient temperature. The mobile
phase consisted of methanol (A), 2% acetic acid
(B) and acetonitrile (C). Quantitative levels of
curcuminoids were determined using above
solvents programmed linearly from 45% to 65%
acetonitrile in B for 0 to 15 min. Then 65% to 45%
acetonitrile in B for 15Ð20 min, with a constant of
5% A. The compounds were quantified using the
HP ChemStations software. The turmeric oil and
its fractions were diluted with acetone (1:10) and
20 µl injected into HPLC. Curcuminoids concen-
trations were calculated based on linear calibra-
tion functions and with regard to the dilution
factor. The content of curcuminoids was expressed
as g/100 g oil.

Antioxidant assay by �-carotene-linoleate model
system

The antioxidant activity of turmeric oil and its
column fractions were evaluated by the �-caro-
tene-linoleate model (Jayaprakasha and Jaganmo-
han Rao, 2000). 0.2 mg of the �-carotene in 0.5 ml
of chloroform, 20 mg of linoleic acid and 200 mg
of Tween-40 (polyoxyethylene sorbitan mono-
palmitate) were mixed together. The chloroform
was removed at 40∞ C under vacuum using a rotary
evaporator. The resulting solution was immedi-
ately diluted with 10 ml of triple-distilled water
and the emulsion was mixed well for 1 min. The
emulsion was further diluted with 40 ml of oxygen-
ated water before use. 4 ml aliquots of this mixture
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were transferred into different tubes containing
0.2 ml of samples at 100 µg/ml concentrations in
ethanol, butylated hydroxyanisole (BHA) was
used for comparative purposes. A control contain-
ing 0.2 ml of ethanol and 4 ml of the above mix-
ture was prepared. Optical density (OD) at
470 nm were taken for the all extracts and pure
compounds immediately (t = 0) at 15 min intervals
for 1.5 h (t = 90). The tubes were incubated at
50∞ C in a water bath. All determinations were
performed in triplicate. Measurement of OD was
continued until the colour of �-carotene disap-
peared in the control. The antioxidant activities
(AA) of the samples were evaluated in terms of
bleaching the �-carotene using the following for-
mula. AA = 100[1-(AoÐAt)/(Ao

oÐAo
t)] where Ao

and Ao
o are the OD measured at zero time of the

incubation for test sample and control, respec-
tively. At and Ao

t are the OD measured in the test
sample and control, respectively, after incubation
for 90 min.

Evaluation of antioxidant capacity by phosphomo-
lybdenum method

The total antioxidant capacity of turmeric oil,
and its different fractions was evaluated by the
method of Prieto et al., (1999). An aliquot of
0.1 ml of sample (100 µg) solution was combined
with 1 ml of reagent (0.6 m sulfuric acid, 28 mm so-
dium phosphate and 4 mm ammonium molyb-
date). The tubes were capped and incubated in a
boiling water bath at 95∞ C for 90 min. After the
samples had cooled to room temperature, the ab-
sorbance of the aqueous solution of each was mea-
sured at 695 nm against blank in Genesys-5-UV
spectrophotometer (Milton Roy, New York). A
typical blank solution contained 1 ml of reagent
solution and the appropriate volume of the same
solvent used for the sample and it was incubated
under same conditions as rest of the sample. For
samples of unknown composition, fat soluble anti-
oxidant capacity was expressed as equivalents of
α-tocopherol (mmol/g of turmeric oil or its frac-
tion) (Prieto et al., 1999).

Antimutagenicity assay

The standard plate incorporation test and other
procedures were carried out according to Maron
and Ames (1983). In the antimutagenicity test, the

inhibitions of mutagenic activity of the sodium
azide by the test samples were determined. The
turmeric oil and its column fractions (625, 1250
and 2500 µg/plate) were assayed by plating with
molten soft agar (2 ml) containing 10 h old culture
(0.1 ml) of strain of S. typhimurium TA100. Posi-
tive and negative controls were also included in
each assay. Sodium azide was used as a diagnostic
mutagen (1.5 µg per plate) in positive control and
plates without sodium azide and without test sam-
ples were considered as negative controls. His+ re-
vertants were counted after incubation of the
plates at 37∞ C for 48 h. Each sample was assayed
using duplicate plates and the data presented here
are mean ð SD of three independent assays. The
mutagenicity of sodium azide in the absence of
test samples was defined as 100% or 0% inhibi-
tion. The calculation of% inhibition was done ac-
cording to the formula given by Ong et al. (1986):
% inhibition = [1-T/M] ¥ 100 where T is number
of revertants per plate in presence of mutagen and
test sample and M is number of revertants per
plate in positive control. The number of spontane-
ous revertants was subtracted from numerator
and denominator.

The antimutagenic effect was considered mod-
erate when the inhibitory effect was 25Ð40% and
strong when more than 40%. Inhibitory effects of
less than 25% was considered as weak and was not
recognised as positive result (Ikken et al., 1999).

Results and Discussion

It was found that CRTO contains substantial
amount of turmeric oil (59% v/w) which is compa-
rable with earlier reports (Jayaprakasha et al.,
2001; Saju et al., 1998). Turmeric oil was fraction-
ated using silica gel column chromatography,
which yielded 21, 42.2 and 33.1% of fractions I, II
and III, respectively. Retention indices for all the
compounds were determined using n-alkanes as
standards (Jennings and Shibamato, 1980). The
compounds were identified by comparison of re-
tention indices with those reported in the litera-
ture (Jennings and Shibamato, 1980; Davis, 1990)
and by matching their mass spectral fragmentation
patterns with those stored in the spectrometer da-
tabase, using the NIST62-Lib (Shimadzu Corpora-
tion, Japan) MS library or comparison of MS data
with those reported in literature (Jennings and
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Shibamato, 1980; Ten Noever Bravw et al., 1988;
Adams, 1989). The chemical constituents of tur-
meric oil, column fractions were determined by
GC and GC-MS. Table I shows the retention
times, Kovats index and chemical constituents of
turmeric oil and its column fractions. It was found
that aromatic turmerone and turmerone were the
major compounds in turmeric oil and its fractions.
Further, some oxygenated compounds (2,3,5,6,8Ð
10) are also identified in turmeric oil and its frac-
tions (Fig. 1). The presence of curcuminoids was
analyzed in turmeric oil and its fractions by HPLC
method. The curcuminoids were found in turmeric
oil to the extent of 0.10Ð0.15%, but in column
fractions the curcuminoids were not observed.
This may be due to the silica gel fractions using
hexane: benzene as an eluent. In this study we
were interested in the antioxidant and antimuta-
genic activities of turmeric oil and its fractions (de-
void of curcuminoids), therefore the column was
not eluted with more polar solvents.

The antioxidant activity of turmeric oil and its
fractions at 100 µg/ml concentration compared
with butylated hydroxyanisole is presented in
Fig. 2. It shows the decrease in absorbance of �-
carotene in the presence of turmeric oil and its
column fractions and BHA with the coupled oxi-
dation of �-carotene and linoleic acid. The addi-
tion of turmeric oil and its column fractions and
butylated hydroxyanisole at 100 µg/ml concentra-

Fig. 1. Structures of compounds iden-
tified in turmeric oil and its fractions.

tions prevents the bleaching of �-carotene to dif-
ferent degrees. Turmeric oil and its fractions I, II,
and III showed 65, 43, 46 and 49% antioxidant
activity at 100 µg/ml concentration. The marked
antioxidant activity of turmeric oil may be due the
presence of traces of curcuminoids, which were ex-
tracted along with turmeric oil from CRTO. How-
ever, the decreasing order of antioxidant activity
among the fractions was found to be III > II > I.
The antioxidant activity of fractions may be attrib-
uted to the synergistic effects of their constituents
(Table I).

The quantitative antioxidant capacity of the tur-
meric oil and its fractions were measured spectro-
photometrically through the phosphomolybdenum
method, which is based on the reduction of Mo
(VI) to Mo (V) by the sample analyte and the sub-
sequent formation of green phosphate/Mo (V)
complex with a maximum absorption at 695 nm.
The antioxidant capacity of turmeric oil and its
fractions was found to decrease in the order III >
crude oil > II > I. However, fraction III and I
showed the highest and lowest antioxidant capaci-
ties respectively (Fig. 3). The decreasing order of
antioxidant capacity of turmeric oil and its frac-
tions is not absolutely correlating with the order of
antioxidant activity found in �-carotene-linoleate
model system. The phosphomolybdenum method
has been used to investigate the total antioxidant
capacity of the extracts. On the other hand, the �-



832 G. K. Jayaprakasha et al. · Evaluation of Antioxidant Activities and Antimutagenicity of Turmeric Oil

Fig. 2. Antioxidant activity of turmeric oil and its column fractions measured by the �-carotene-linoleate model
system at 100 ppm.
� Control. 7 Butylated hydroxyanisole.
� Crude turmeric oil. XX Fraction I.
� Fraction II. 0 Fraction III.

Table I. Chemical composition of turmeric oil and its column fractions.

Sl. Compound Peak areas (%) KI Identifica-
No Turme- Fraction I Fraction II Fraction III tion method

ric oil

1 Caryophyllene 2.9 3.14 0.71 Tr. 1428 MS, KI
2 Aromatic curcumene 6.2 19.96 10.54 0.30 1446 MS, KI
3 α-Zingiberene 3.17 4.38 3.85 0.49 1463 MS, KI
4 �-Bisabolene 0.77 3.83 2.12 0.31 1476 MS, KI
5 �-Farnesene 3.15 12.60 2.96 0.28 1493 MS, KI
6 Compound (2)* 0.70 2.96 2.40 0.19 1510 MS
7 Compound (3)* 0.90 0.71 0.85 0.66 1589 MS
8 Aromatic turmerone 31.32 20.08 38.81 44.50 1628 MS, KI
9 Turmerone 15.08 2.11 4.17 10.88 1632 MS, KI

10 Curlone 9.70 8.11 11.72 19.22 1655 MS, KI
11 Compound (5)* 1.22 0.69 0.66 0.83 1690 MS
12 Compound (6)* 2.82 0.84 1.38 2.61 1710 MS
13 Compound (8)* 1.02 0.93 1.67 2.05 1733 MS
14 Compound (9)* 0.63 Tr. 0.80 1.67 1867 MS
15 Compound (10)* 0.38 Tr. Tr. 0.63 1875 MS

MS: Mass spectra.
KI: Kovats indices.
*: MS was compared with that of Hiserodt et al. (1996).

Fig. 3. Antioxidant capacity of turmeric oil and
its fractions.
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Fig. 4. Inhibitory effect of turmeric oil and its fractions against the mutagenicity of sodium azide to Salmonella
typhimurium TA 100.
� Crude oil. � Fraction I. � Fraction II. XX Fraction III.

carotene-linoleate model system has been used to
analyze the antioxidant activity of the extracts. At
this conjecture we can suggest for the in vivo in-
vestigations of antioxidant activity of turmeric oil
and its fractions. The active principle in turmeric
is a group of phenolic compounds including cur-
cumin which is very well known for its strong anti-
oxidant activity (Miquel et al., 2002). However, in
the present investigation we report that the tur-
meric oil and its fractions are also effective antiox-
idants. It seems that the major compounds present
in the turmeric oil and its fractions exert either the
synergistic or additive actions for their antioxi-
dant activity.

The protective action of turmeric oil and its frac-
tions against the mutagenicity of sodium azide was
evaluated by the Ames test using S. typhimurium
TA100, as presented in Fig. 4. It appears that, the
antimutagenicity of turmeric oil and its column
fractions increases with doses. Turmeric oil and its
fractions showed an antimutagenicity ranging
from weak to strong and even 100%, depending
on concentration of the test samples. At the con-
centration of 625 and 1250 µg/plate, the antimuta-
genicity of crude oil and its fractions was de-
creased in the order of III > crude oil > II > I.
Fraction III and fraction I showed the strongest
and weakest antimutagenicity, respectively, against
the mutagenicity of sodium azide. Aromatic turm-
erone and turmerone were found to be the major
compounds present in the turmeric oil and its frac-
tions in the decreasing order of III (55.58%) >

crude oil (46.40%) > II (42.98%) > I (22.19%).
Synthetic turmerone has been reported to act as
neoplasm inhibitor and anticarcinogenic (Baik et
al., 1993). The extent of the presence of aromatic
turmerone and turmerone in turmeric and its frac-
tions may be responsible for their antimutagenic
activity. The active principle in turmeric is the cur-
cumin, which has strong antimutagenic activity
both in vitro and in vivo (Goud et al., 1993). The
presence of traces of curcuminoids in crude oil
may also be responsible for its antimutagenicity.

It has been reported that mutation induced by
numerous mutagens was reduced by active oxygen
scavengers (Kim et al., 1991; Ueno et al., 1991).
It has also been suggested that compounds, which
possess antioxidant activity, can inhibit mutation
and cancer because they can scavenge free radical
or induce antioxidative enzyme (Hochstein and
Atallah, 1988). Goud et al., (1993) observed signif-
icant increase of xenobiotic metabolizing enzymes
such as UDP glucuronyl transferase and glutathi-
one-S-transferase in the liver of turmeric fed rats.
Similarly curcumin an antioxidant, isolated from
turmeric was shown to induce glutathione-S-trans-
ferase and glutathione peroxidase which are in-
volved in detoxification of electrophilic products
of lipid peroxidation and contribute to the anti-
inflammatory and anticancer activities (Piper
et al., 1998). Azuine and Bhide (1992) found the
protective effect of dietary turmeric on BP-in-
duced forestomach and DMBA-induced skin tu-
mors with simultaneous increase of glutathione
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level and activity of glutathione-S-transferase in
the liver of mice. However, the antioxidant, anti-
mutagenic and other biological activities of cur-
cuminoids have been reported (Majeed et al.,
1995; Miquel et al., 2002). In our present study tur-
meric oil and its fractions are having both antioxi-
dant and antimutagenic activities. Dietary supple-
mentation of antioxidants present in fruits and
vegetables are thought to decrease free radical at-
tack on DNA and hence protect against mutation
that causes cancer (Duthie et al., 1996). In the pre-
sent study it was observed that the decreasing or-
der of antioxidant activity of turmeric oil and its
fractions is almost equivalent to the decreasing or-
der of their antimutagenicity i. e. III > crude oil >
II > I. The antioxidative properties of turmeric oil
and its fractions have therefore played an impor-
tant role with regard to their antimutagenicity,
which seem to explain the action of their antimu-
tagenicity. Moreover, it has been observed that
aromatic turmerone and turmerone are the major
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constituents found in turmeric oil and its fractions,
and fraction III was found to contain highest per-
centage of aromatic turmerone and turmerone.
Probably aromatic turmerone alone or in synergy
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10) is responsible for the highest antioxidant and
antimutagenic activities in fraction III. Further
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III. Thus there will be a value addition to the by-
product of curcumin production, which has no
commercial application at present.
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