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Abstract
Tocotrienols (T3) are minor plant constituents found abundantly in rice bran, which provide a significant source 

of vitamin E in animal feeds. T3 was reported to have an intrinsic hypocholesterolemic effect by inhibiting 
HMG-Co A reductase. It has similar antioxidative properties as tocopherols in food and biological system due 
to their similar chemical structures. However, the antioxidant activity and mechanism of T3 to scavenge free 
radicals and to inhibit the peroxidation of linoleic acid are less understood. The purpose of this study was to 
investigate the scavenging effect of T3 on free radicals and its inhibition of peroxide formation. Free radical 
scavenging activity was monitored by the DPPH (1,1-diphenyl-2-picrylhydrazyl) method whereas inhibition of 
linoleic acid peroxidation was evaluated using the thiocyanate method. Thiobarbituric acid (TBA) test was used 
to determine malonaldehyde formation from linoleic acid peroxidation. Free radical scavenging activity increased 
with increasing concentration levels of T3. T3 exhibited 38.2, 78.6, 92.7 and 96.2% radical scavenging activity 
at concentrations of 2, 8, 32 and 128 ppm, respectively. At 128 ppm, it was highly effective in inhibiting linoleic 
acid peroxidation. The activity of T3 evaluated by the thiocyanate method showed low absorbance values indicat-
ing a high level of antioxidant activity. All treatments showed similar trends in antioxidant activity when evaluated 
by both the thiocyanate method and TBA test. 
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INTRODUCTION

Tocotrienols, a component of rice bran, are fat soluble 
vitamin-like substances related to the family of tocopher-
ols which provide significant antioxidative properties as 
well as vitamin E activity in biological systems (1). The 
antioxidant property of tocotrienols is likely due to their 
similarity in chemical structure with that of the to-
copherols. Tocotrienols contain a farnesyl group whereas 
tocopherols have saturated phytyl side chains (2). Recent 
studies reported that tocotrienols manifested an intrinsic 
hypocholesterolemic activity when administered to both 
animal and human diets, an attribute not observed with 
the tocopherols (1-3). Tocotrienols exerts a protective 
effect by lowering LDL cholesterol by inhibiting choles-
terol biosynthesis (3,4). According to Kamat and 
Devasagayam (5), tocotrienol-rich–fraction from palm 
oil significantly inhibited oxidative damage to both lipid 
and protein, suggesting its stronger activity than that of 
α-tocopherol. In addition, in vitro studies of rat liver mi-
crosomal membranes showed that α-tocotrienols pos-
sessed 40～60 times higher antioxidant activity against 

lipid peroxidation and 6.5 times better protection of cyto-
chrome P450 against oxidative damage than that of α- 
tocopherol (6). 

There are numerous studies demonstrating that α- 
tocopherol is an effective antioxidant in food and bio-
logical systems. Though there are recent studies to show 
that tocotrienols have a variety of novel beneficial func-
tions, the antioxidant activity and mechanisms of toco-
trienol free radical scavenging and inhibition of lipid per-
oxidation are less understood. The objectives of this 
study were to investigate the scavenging and the inhibit-
ing effects of different concentrations of tocotrienols in 
a linoleic acid emulsion system incubated at 37oC on 
free radical production and peroxide formation, respec-
tively. The optimum concentration to apply to a func-
tional food system was evaluated at different oxidative 
stages by monitoring both (1) the scavenging activity 
on free radicals and (2) the inhibiting activity of peroxide 
formation by monitoring the formation of malonalde-
hyde, a secondary oxidation product of linoleic acid, at 
the final day of oxidation.
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MATERIAL AND METHODS

Materials 
Tocotrienol fraction (T3) was obtained from a food 

additive company (Oryza oil & fat chemical Co., Ltd., 
Ichinomiya, Japan). α-Tocopherol, 1,1-diphenyl-2-pic-
rylhydrazyl, linoleic acid, tween 20, ammonium thio-
cyanate, ferrous chloride, trichloroacetic acid and 2-thio-
barbutric acid were purchased from the Sigma company 
(St. Louis, MO, USA).

Determination of antioxidant activity of tocotrienol 
fraction (T3)

Scavenging activity of tocotrienol fraction (T3) on α, 
α,-diphenyl-β-picryl-hydrazyl (DPPH․) radical: The 
scavenging effects at different concentrations (0, 2, 8, 
32, and 128 ppm) of T3 on the DPPH radicals were 
estimated using a modified method described by Hatano 
et al. (7). T3 in 4 mL methanol was added to a solution 
of DPPH (1 mL) radical in methanol. The final con-
centration of DPPH analyzed was 0.2 mM. The 
absorbance was measured at 517 nm with a Shimadzu 
spectrometer (model No. UV 2401 PC, Shimadzu Co., 
Ltd., Kyoto, Japan). The capability to scavenge the 
DPPH radical was calculated by the following equation:

DPPH scavenging effect (%)＝[(A0－A1/A0)×100]  (1)

where A0 is the absorbance of control reaction (blank 
sample treated with no added T3), and A1 is the absorb-
ance in the presence of the sample of T3.

Antioxidant activity in a linoleic acid emulsion system 
determined by the ferric thiocyanate method (FTC): The 
antioxidant activity at different concentrations (0, 2, 8, 
32, and 128 ppm) of T3 and 128 ppm of α-tocopherol 
(alpha-T) on inhibition of linoleic acid peroxidation was 
assayed with a modification of the thiocyanate method 
described by Duh et al. (8). A methanol solution of toco-
trienol (0.5 mL) was mixed with 2.5 mL of 0.02 M lino-
leic acid emulsion at pH 7.0 and 2 mL of 0.2 M phos-
phate buffer at pH 7.0. The reaction mixture was in-
cubated at 37oC for 5 days. To 0.1 mL of the reaction 
sample at 24 hr interval was added 75% EtOH (4.7 mL), 
30% ammonium thiocyanate (0.1 mL), and 0.02 M fer-
rous chloride in 3.5% HCl (0.1 mL). The peroxide value 
was determined to evaluate the degree of oxidation by 
reading the absorbance at 500 nm. The percent inhibition 
of linoleic acid peroxidation was calculated to express 
antioxidant activity by the following equation:

% inhibition＝100－[(A1/A0)×100]             (2)

where A0 is the absorbance of the control (without sam-

ple) and A1 is the absorbance of sample in the presence 
of T3 or alpha-T.

Thiobarbituric acid test (TBA): The TBA test was 
conducted on the final incubation day (5 d) as mentioned 
above according to the method modified by Kikuzaki 
and Nakatani (9) to determine the malonaldehyde for-
mation from lionoleic acid peroxidation. The same sam-
ples as prepared for the FTC method as in 1 were used. 
To 1 mL of sample solution, 20% trichloroacetic acid 
(2 mL) and thiobarbituric acid solution (2 mL) were add-
ed and the mixture was boiled and then cooled. After 
centrifugation of sample, the absorbance of the super-
natant was measured at 532 nm to evaluate the anti-
oxidant activity based on the final day.

Statistical analysis 
Analysis of variance (ANOVA) was used to determine 

the least significant difference between mean values of 
triplicate analyses of DPPH, FTC, and TBA. One-way 
analysis of variance was calculated on measurements 
taken after each incubation day. Data were analyzed at 
the significance level of p<0.05 (10). 

RESULTS AND DISCUSSION

Free radical scavenging activity of the DPPH radical 
by a commercial tocotrienol fraction presented in Fig. 
1. Tocotrienol fraction (T3) showed higher scavenging 
effects as the concentration increased in the range of 2 
to 128 ppm. However, at the highest concentration of 
128 ppm, the scavenging effect was not concentration- 
dependant. As shown in Table 1, there was no significant 
difference (p>0.05) in the scavenging effect between 
fractions with concentrations of 128 and 480 ppm. Total 
antioxidant activity of T3 was determined using a 
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Fig. 1. Scavenging effect of tocotrienol fraction on 1,1-di-
phenyl-2-picrylhydrazyl radicals at different concentrations. 
Tocotrienol fraction＝T3.
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Table 1. Absorbance of tocotrienol fraction (T3) on 1,1-di-
phenyl-2-picrylhydrazyl radicals at different concentrations

T3 concentration 
(ppm)

Absorbance 
at 517 nm1)

Radical scavenging 
 effect (%)2)

2
8

32
128
480

0.215±0.004
0.091±0.002
0.032±0.003
0.018±0.001
0.019±0.001

38.2±0.8A3)

78.6±0.8B

92.7±0.6C

96.2±0.3D

95.3±0.4D

1)Each value is the mean±SD (n＝3). 
2)Radical scavenging effect (%)＝[(absorbance of control at 

517 nm－absorbance of sample at 517 nm) / (absorbance of 
control at 517 nm)]×100 

3)Values with different capital letters in the last column are 
significantly different (p<0.05). 
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Fig. 2. Absorbance at different concentrations of tocotrienol 
fraction (T3) compared with α-tocopherol (alpha-T) on the li-
noleic acid emulsion peroxidation measured by the thiocyanate 
method. 

linoleic acid emulsion system by both FTC and TBA 
methods. The effects of different concentrations of toco-
trienol fractions (0, 2, 8, 32, and 128 ppm) and α-toco-
pherol (128 ppm) on the peroxidation of linoleic acid 
emulsion are shown in Fig. 2. The antioxidant activity 
of tocotrienol fraction (T3) was concentration-dependant, 
which exhibited more effective antioxidant activity with 
increasing concentration. For example, on the 4th day, 
the percentages of inhibition of linoleic acid oxidation 
were 4.3%, 11.6%, 32.2%, and 76.6% at concentrations 
of 2, 8, 32, and 128 ppm, respectively. Also, the anti-
oxidant activity of α-tocopherol at 128 ppm showed a 
similar activity to that of T3 at 8 ppm (Fig. 2). In the 
early stage of incubation, autoxidation of linoleic acid 
in the absence of T3 or alpha-T was accompanied by 
a drastic increase in the peroxide levels up to 4 days. 
Significant differences (p<0.05) in the autoxidative ac-
tivity were found between control and linoleic acid emul-
sion systems containing T3. The rate of peroxide for-
mation was lowered with increasing concentration of T3. 

Fig. 3. Absorbance of differrent concentrations of tocotrienol 
fraction (T3) compared with α-tocopherol (alpha-T) measured 
by the thiobarbituric acid (TBA) method. Bars with different 
letters are significantly different (p<0.05); n＝3. 

Generally, 128 ppm of T3 markedly inhibited the oxida-
tion of linoleic acid for a period of 4 days compared 
to that of the control (Fig. 2). The control reached the 
maximum level of peroxide formation at day 4 and 
slightly dropped at day 5 which was due to the variation 
in the malonaldehyde content, a secondary oxidation 
product, monitored by the TBA method during the in-
cubation period (Fig. 2 and 3). Malonaldehyde is one 
of the secondary oxidation products generated by per-
oxide degradation. The absorbance of the species meas-
ured by the TBA method reflected the amount of per-
oxides generated from the oxidation of linoleic acid (Fig. 
3). The higher the absorbance obtained, the lower the 
level of the antioxidant activity. Samples treated with 
128 ppm of T3 had much lower absorbance, indicative 
of higher antioxidant activity (Fig. 3). These results cor-
related well with those obtained previously using FTC 
method. This study illustrated that tocotrienols might be 
able to inhibit the formation of free radicals and per-
oxides during linoleic acid oxidation in food and bio-
logical system. 
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