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Introduction. Curcumin present as a major constituent
amongst curcuminoids in turmeric has attracted significant
attention due to wide range of biological and pharmaceutical
activities. It reveals various therapeutic activities such as anti-
inflammatory, nematocidal, anti-parasitic, antispasmodic and
anticarcinogenic. Additionally, it is a powerful scavenger of
reactive oxygen species. On the other hand, the pro-oxidant
effect of curcumin has also been observed.

Materials and methods. The study has been carried out to
evaluate the activity of curcuminoids in crude and refined
sunflower oil containing synthetic antioxidant. The various
blends of oil were prepared. The oxidative stability of oil blends
was checked at 60 °C for 30 days at regular interval of 5 days
according to the AOCS Official Methods by peroxide value (in
meq/kg), p-anisidine value and total oxidation (Totox) value (in
meq/kg).

Results and discussion. The tendency of curcumin to exhibit
keto-enol tautomerism determines its physicochemical and
antioxidant properties. It has been observed that curcuminoids
showed noticeable dissimilar behavior in both oils. The hydrogen
atom donation in case of curcumin is from the active methylene
group, which exists only in keto form. The keto form
predominates in neutral and acidic solutions whereas the enol
form predominates in alkaline solution. In alkaline medium,
curcumin undergoes degradation. The same theory is also
applicable to other two curcuminoids, i.e., demethoxycurcumin
and bisdemethoxycurcumin. Hence, it becomes crucial to
maintain the curcuminoids in keto form to be used as antioxidant.

In crude sunflower oil, because of the presence of free fatty
acids, curcuminoids did not undergo degradation imparting
marginal antioxidant activity. Lecithin chelated metal ions
present in oil, which promote oxidation of oil thereby inhibiting
the autoxidation of oil. However, the synergistic activity of
curcuminoids and lecithin revealed remarkable antioxidant
activity.

In refined sunflower oil containing tertiary butylhydroquinone
(TBHQ), curcuminoids showed pro-oxidant activity due to lack
of acidic medium. Lecithin exhibited synergistic activity with
TBHQ in refined sunflower oil. Nevertheless, the pro-oxidant
effect of curcuminoids is not observed in presence of lecithin and
TBHQ. Thus, the lecithin and TBHQ stabilized refined sunflower
oil in presence of curcuminoids.

Conclusion. The structure-activity relationship plays an
important role in determining the activity (antioxidant or pro-
oxidant) of a particular compound. Thus, a constituent should
exist in a proper structural form to be used as an antioxidant.
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Introduction

Turmeric, the rhizome of plant Curcuma longa Linn has been widely used as a spice.
Besides, it is used to colour food beverages like cheese, butter to increase its nutritive value
[1] and in some medicinal preparations [2, 3]. The multiple traditional uses of turmeric in
folk medicine have fostered research on the same. The dry rhizome of turmeric contains
curcuminoids namely curcumin, demethoxycurcumin and bisdemethoxycurcumin [4].
Commercial preparations of curcuminoids usually contain approximately 77%, 17% and
3% of curcumin, demethoxycurcumin and bisdemethoxycurcumin respectively. Several
studies in recent years have shown that curcumin has antioxidant, anti-inflammatory, anti-
microbial, anti-bacterial, anti-parasitic, anti-mutagen and anticancer properties [5, 6]. It is
believed that curcumin is a potent agent against many diseases such as anorexia, coughs,
diabetes, hepatic disorders, rheumatism and Alzheimer disease [7-9]. Curcumin and
avocado-soya bean unsaponifiables based antioxidant supplements are beneficial to get
relief from knee osteoarthritis [10]. The other two curcuminoids namely
demethoxycurcumin and bisdemethoxycurcumin also possess antioxidant activity [11]. The
effectiveness of curcuminoids as an anti-depressive agent [12] and in wound healing [13]
has also been proved. The safety of the Curcuma longa has been studied in various animal
models [14, 15] and it is clear that turmeric is not toxic even at high doses in laboratory
animals.

Curcumin has a strong antioxidant activity in food systems and in biological systems as
well [16, 17]. Curcumin was proved to be considerably more effective than other spices in
its ability to prevent lipid peroxidation. Its antioxidant effect was eight times more powerful
than vitamin E [18] and it was significantly more effective in preventing lipid peroxide
formation than the synthetic antioxidant, butylated hydroxytoluene (BHT) [19]. On the
contrary, moderate pro-oxidant activity of curcumin has been observed in ghee [20].

Structurally, curcumin is 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-
dione. It undergoes keto-enol tautomerism [21]. The tautomers are shown in Figure 1.
Hydroxyl groups of the benzene rings, double bonds in the alkene part and the central -
diketone moiety are suggested to be likely responsible for the high beneficial activities of
curcumin [22, 23]. The mode of action (i.e., either antioxidant or pro-oxidant) of curcumin
depends upon the form (viz. keto or enol) in which it exists [24].

Sunflower oil being rich source of essential fatty acids is susceptible to autoxidation
[25]. Hence, it cannot be stored without addition of antioxidant. In the view of the
importance of curcumin, the objective of the study was to evaluate the activity of
curcuminoids in crude and refined sunflower oil containing tertiary butylhydroquinone
(TBHQ). The synergistic activity of curcuminoids with other natural antioxidants is
illustrated [26, 27]. However, curcuminoids do not show remarkable synergistic effect in
the presence of lipophobic antioxidant like ascorbic acid in water-in-oil emulsion [28]. The
existence of other constituents in the substrate has a profound effect on the activity of the
antioxidant [29]. The effect of natural constituents present in crude oil on the behavior of
curcuminoids was investigated. Further, the mode of action of curcuminoids in presence of
TBHQ alone in refined oil was examined. To our knowledge, this is the first report to
investigate the effect of synthetic antioxidant on the activity of curcuminoids in refined
sunflower oil. The study is extended further to investigate the effect of lecithin on the
activity of curcuminoids in both oils. The outcome of the study was that the activity of
curcuminoids differs in crude and refined sunflower oil containing TBHQ. In addition, the
results led to the conclusion that the presence of other constituents had a remarkable effect
on the activity of curcuminoids.
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Materials and methods
Materials

Crude sunflower oil (CSFO) and refined sunflower oil (RSFO) without any synthetic
antioxidant were received as gift samples from M/s Cargill India Pvt. Ltd., New Delhi.
Curcuminoids powder was obtained from Kancor India Ltd., Angamaly South, India. The
purity of curcuminoids was 96% with three components namely curcumin (59.3%),
demethoxycurcumin (20.0%) and bisdemethoxycurcumin (16.7%) as analyzed by HPTLC
(Desaga Sarstedt Gruppe, Applicator AS 30 and Densitometer CD 60) as per the
previously mentioned method [30]. Soy lecithin was procured from M/s V.R. Chemicals,
Mumbai. All other chemical reagents and solvents were obtained from s.d. fiNE-CHEM
LiMiTEd, Mumbai.

Study of antioxidant activity

The various blends of oil containing curcuminoids (50 ppm), lecithin (1.5% w/v),
TBHQ (150 ppm, 200 ppm) and their combinations were prepared. The oxidative stability
of oil blends was checked according to the AOCS Official Methods [31] by Schaal Oven
Test (Method Cg 5-97) at 60 °C for 30 days at regular interval of 5 days by peroxide value
(in meqg/kg) (PV, Method Cd 8-53), p-anisidine value (p-A.V., Method Cd 18-90) and total
oxidation (Totox) value (in meq/kg) (Method Cg 3-91). All the experiments were carried
out in triplicate and the values were expressed as arithmetic mean of the experiments along
with standard deviation. The accelerated oxidative stability study of the oil blends is carried
out to increase the rate of oxidation. At 60 °C, though the rate of oxidation is increased, the
mechanism of oxidation is the same as that at ambient temperature.

The antioxidant activities of natural antioxidants were compared with the
corresponding control samples under the same conditions. The relative antioxidant
activities were compared using Oxidative Factor (OXF) for antioxidants based on mean
peroxide value of triplicate experiments using following formula [32],

OFX _ (PVfinal - PV;nitial )antiuxidant
(PVfinal - PI/initial)L‘untrul

where PVs indicate the mean values of all triplicate determinations of the peroxide value.

Results and discussion

Jovanovic et al. [24] concluded that the two phenolic hydroxyl groups in curcumin are
very weak hydrogen atom donors. The hydrogen atom donation in case of curcumin is from
the active methylene group unlike other antioxidants which donate hydrogen atom from
phenolic hydroxyl group to exhibit antioxidant activity. The active methylene group in
curcumin exists only in keto form (Figure 1). In neutral and acidic solutions (from pH 3 to
7), the keto form predominates. In keto form, since methylene group is in-between two
electron withdrawing carbonyl groups, the delocalization of the unpaired electrons on the
oxygens of carbonyl groups takes place. This results in weakening of C-H bond of
methylene group. The carbon radical so formed after donation of hydrogen atom gets
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stabilized by resonance with neighboring carbonyl groups. Thus, a stabilized radical is
formed, preventing the degradation of curcumin. Hence, curcumin exclusively acts as a
hydrogen atom donor.

O
R1 S | = R2
HO OH
Keto form
O OH
R1 S N R2
HO OH
Enol form

Figure 1. Tautomers of curcuminoids:
R1=R2 =-0OCHjs, Curcumin

R1 =-H, R2 = -OCH3; Demethoxycurcumin

R1 =R2 =-H; Bisdemethoxycurcumin

The enol form of curcumin predominates above pH 8 and the active methylene group
diminishes completely. In alkaline medium, curcumin is known to undergo degradation to
form ferulic acid, feruloylmethane that further hydrolyzed to vanillin and acetone [33]. The
formation of vanillin and ferulic acid takes place via peroxide formation [34]. Thus, the
degradation of curcumin leads to increase in the peroxide value of the substrate [26].

The same theory is also applicable to other two curcuminoids, i.e., demethoxycurcumin
and bisdemethoxycurcumin. Thus, it becomes necessary to maintain curcuminoids in keto
form by providing reserved acidity in hydrophobic medium to utilize the antioxidant
activity.

Effect of curcuminoids in synergism with lecithin on oxidative stability of CSFO

The crude vegetable oils extracted from oil bearing materials naturally contain free
fatty acids formed during pretreatment and extraction processes [35]. The synergism
between curcuminoids and lecithin was studied in crude oil (CSFO), i.e., in presence of
tocopherols as natural antioxidants and free fatty acids those were anticipated to stabilize
the curcuminoids by acting as an acidic buffer. The observations from Table 1 illustrate the
synergism of curcuminoids and lecithin in CSFO that showed good antioxidant activity
(Figure 2).

Table 1
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Effect of curcuminoids and lecithin on oxidative stability of CSFO at 60 °C

CSFO +

@ + + .59 ithi
z. CSFO CSFO CSFO + 1.5% lecithin
) CSFO 200 ppm 50 ppm 1.5% lecithin +
@ TBHQ curcuminoids e 50 ppm
E curcuminoids

Totox” | OXF | Totox" | OXF | Totox’ | OXF | Totox" | OXF | Totox'
5 41.2+1.4 042 | 249+1.0 | 0.63 41.7£1.5 0.42 18.9+0.9 0.69 | 25.1£0.4
10 57.4+1.2 0.28 | 27.1x1.3 | 0.74 51.2+1.7 0.45 32.0+£1.4 0.42 | 30.7£0.7
15 80.7+1.5 0.26 | 30.2t1.1 | 0.78 64.8+2.1 0.58 50.9+1.8 0.39 | 38.8+0.9
20 | 106.8£1.6 | 0.29 | 38.9+1.8 | 0.81 88.3+£1.9 0.66 74.1+1.5 0.42 | 51.9+1.1
25 124.2+1.9 | 0.28 | 44.7+1.5 | 0.83 104.0£2.2 | 0.71 89.6+2.1 0.46 | 60.6+£0.9
30 | 138.1£2.3 | 0.28 | 49.4+1.7 | 0.84 116.5£2.8 | 0.74 102.0+£2.5 | 0.49 | 67.6£1.3

" The Totox values (in meq/kg) given are means of three consecutive experiments = standard
deviations
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—@— CSFO + 200 ppm TBHQ

—&x— CSFO + 1.5% lecithin

—O— CSFO + 50 ppm curcuminoids

—&— CSFO + 1.5% lecithin + 50 ppm curcumininoids

Figure 2. Effect of curcuminoids and lecithin on oxidative stability (peroxide formation) of
CSFO at 60 °C
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Generally, oil contains polyvalent metals ions catched during processing, which further
promote autoxidation of oil on storage. Lecithin chelated these metal ions thereby inhibiting
the formation of radicals and peroxides. Hence, CSFO in presence of lecithin gave lower
peroxide value than CSFO. Lecithin being an emulsifier can additionally prevent the
autoxidation of oil by its action as an oxygen barrier at oil/air interface. These effects
inhibited the formation of radicals and peroxides due to metal ions, consequently reducing
the peroxide formation at initial stage. However, the same effects were incapable to control
autoxidation due to radicals formed at later stage.

Moreover, the free fatty acids present in CSFO (acid value, 3.4 mg KOH/g) stabilized
curcuminoids, eventually imparting antioxidant effect. Hence, curcuminoids gave marginal
antioxidant activity in CSFO. At the same time, the curcuminoids cannot terminate the
activity of metal ions and peroxide formation was more than that of CSFO containing
lecithin.

The synergistic activity of lecithin and curcuminoids gave good antioxidant activity, as
lecithin promoted metal ion chelation and curcuminoids act as antioxidant. As a result, the
autoxidation of oil was inhibited by two different ways. It was observed that this synergistic
effect is less than TBHQ.

Effect of curcuminoids in synergism with lecithin on oxidative stability of RSFO
in presence of TBHQ

The fatty acids from CSFO are removed in subsequent refining process. As discussed
in our previous study, curcuminoids showed pro-oxidant effect in refined sunflower oil [26]
due to absence of free fatty acids. The behaviour of curcuminoids in presence of lecithin in
RSFO was evaluated. The acid value of RSFO is very low, i.e., 0.29 mg KOH/g. It can be
seen from Table 2 that initially curcuminoids underwent degradation. However, lecithin
scavenged radicals formed due to curcuminoids along with that generated by RSFO and
continued to act as an antioxidant. As a result, the peroxide value was reduced below to the
control after 20 days. Lecithin chelated metal ions by its usual phenomenon but the amount
1.5% was inadequate to scavenge free radicals generated by the combined process of
autoxidation of oil as well as curcuminoids.

Table 2
Effect of curcuminoids and lecithin on oxidative stability of RSFO at 60 °C

Time (days) | RSFO RSFO + RSFO +
1.5% lecithin 1.5% lecithin +
50 ppm curcuminoids
Totox' | OXF | Totox' OXF Totox'
5 17.5£0.7 | 1.03 | 18.5£1.2 2.17 36.9+1.0
10 24.2+0.5 | 0.74 | 19.6£1.4 1.57 39.0+1.3
15 31.0£1.0 | 0.69 | 22.1£1.0 1.71 50.1+1.7
20 47.3£1.2 | 0.64 | 31.1£1.8 1.12 52.6£1.5
25 57.3£1.9 | 0.58 | 34.7+1.7 0.98 58.2+1.4
30 77.3£2.2 | 0.46 | 39.0+1.5 0.85 72.5£1.9

The Totox values (in meq/kg) given are means of three consecutive experiments=standard deviations
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The antioxidant effect of curcuminoids and lecithin was also studied in presence of
TBHQ. The control sample was RSFO containing 150 ppm TBHQ in this case. Figure 3
reveals the pronounce pro-oxidant effect of curcuminoids in presence of TBHQ that was
shown by higher totox values for curcuminoids as compared to control sample (Table 3). It
signifies that, 150 ppm TBHQ was potentially insufficient to stabilize curcuminoids in
RSFO. The combined activity of TBHQ and lecithin was found to be unaffected in presence
of curcuminoids. In other words, curcuminoids did not show the pro-oxidant effect in
presence of lecithin and TBHQ.

30

25

Wt

TZ 4
pal

10

Peroxide Value (meqg/kg)

0 5 10 15 20 25 30
Time (days)
—O—RSFO + 150 ppm TBHQ
—O—RSFO + 150 ppm TBHQ+ 1.5% lecithin
—24— RSFO + 150 ppm TBHQ + 50 ppm curcuminoids
—&—RSFO + 150 ppm TBHQ + 1.5% lecithin + 50 ppm curcuminoids

Figure 3. Effect of curcuminoids and lecithin with TBHQ on oxidative stability (peroxide
formation) of RSFO at 60 °C

Lecithin showed synergistic antioxidant activity with TBHQ as shown with other
phenolic antioxidants [36, 37]. It is quite possible that curcuminoids may undergo
degradation in this blend as well. But the pro-oxidant effect of curcuminoids was not
observed. This may be due to lecithin that chelated polyvalent metal ions and TBHQ that
scavenged free radicals, generated by oxidation of oil and curcuminoids. Hence, the
combined effect of lecithin and TBHQ stabilized RSFO even in presence of curcuminoids.
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Table 3
Effect of curcuminoids and lecithin on oxidative stability of RSFO(T) at 60 °C
Time (days) | RSFO(T) RSFO(T) + RSFO(T) + RSFO(T) +
50 ppm 1.5% lecithin 1.5% lecithin +
curcuminoids 50 ppm

curcuminoids

Totox' | OXF Totox' OXF | Totox' | OXF Totox'

5 10.8+0.2 | 0.89 15.7+0.7 0.24 | 5.5+0.8 | 0.24 3.9+0.4
10 13.7+£0.4 | 2.05 21.1£1.2 0.52 | 7.5+£0.7 | 0.43 6.5+0.6
15 17.1£0.3 | 1.46 23.9+1.0 0.53 | 9.9+1.1 | 0.56 9.6+0.7
20 21.240.5 | 1.22 25.5+1.5 0.60 | 12.6+0.7 | 0.67 13314
25 34.1£0.9 | 1.30 41.842.2 0.56 | 18.2£1.4 | 0.60 19.342.2
30 50.2+1.1 | 1.17 56.9+1.7 0.45 | 22.1£2.4 | 0.46 | 22.7+2.7

" The Totox values (in meq/kg) given are means of three consecutive experiments=standard

deviations
RSFO(T) is the refined sunflower oil with added 150 ppm TBHQ

Conclusion

The antioxidant or pro-oxidant effect of a compound depends upon its structure. This is
particularly demonstrated in case of curcuminoids that showed contrast activity in keto and
enol forms. Curcuminoids exhibited antioxidant activity provided they should remain in
keto form. Curcuminoids showed antioxidant effect in crude oil due to the presence of free
fatty acids that contributed to the stabilization of curcuminoids by maintaining them in keto
form. In refined oil with TBHQ, curcuminoids were unable to maintain themselves in keto
form exhibiting pro-oxidant effect due to the absence of free fatty acids. Curcuminoids
showed synergistic antioxidant activity with lecithin in crude oil, which was not shown in
refined oil even in presence of synthetic antioxidants like TBHQ. It can be concluded that it
is crucial to maintain the proper form of a compound to utilize its antioxidant effect.
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