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INTRODUCTION

Lipid foods are deteriorated by oxidation at ambient temper-
ature, and their oxidation becomes more rapidly during heating
at high temperatures' . Oxidation results in undesirable chan-
ges affecting the sensory characteristics, nutritional quality and
safety of food. The addition of antioxidants to lipid foods is one
of the most effective ways to prevent oxidation’ ™,

The tocopherols function as antioxidants in the mode of in-
hibition of free radicals produced by singlet oxygen oxidation of
free fatty acids and in the mode of direct quenching of singlet

oxygen'’

. Grams and Eskins'” reported that @ -tocopherol was
most reactive with singlet oxygen, followed by 3-, 7- and &
-tocopherol.

In previous smdieslz~15), the simultaneous separation of a-,
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7~ and O -tocopherols and their thermal degradation products
by HPLC using a reversed phase #-Bondapak Cjs-column was
studied. The thermal degradation pattern of tocopherols during
heating in the presence or absence of oxygen was also eluci-
dated. These studies on the degradation of tocopherols could be
useful to understand the function as antioxidants.

In this study, the thermal degradation kinetics of tocopherols
during heating at various temperatures without oxygen was

investigated.

MATERIALS AND METHODS

1. Materials
Tocopherols were obtained from Sigma Chemical Co.(St.
Louis, MO, USA). Glycerol was purchased from Junsei Chemi-
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cal Co(Tokyo, Japan) and membrane filter was obtained from
Acrodisc Gelman(Gelman LC13, 0.45 gm, Ann Arbor, MI, USA).
All other chemicals were the same as in the previous studies'”™

1% unless otherwise specified.

2. Experimental Methods

To study the thermal degradation kinetics of tocopherols dur-
ing heating without oxygen, all experimental system was the
same methods as described in the previous studies ™. A mix-
ture of 50 mg a-tocopherol and 10 mé glycerol were placed in
a crucible in furnace(Thermolyne 6000, Dubuque, 1A, USA) and
heated at 100, 150, 200 and 250°C for 5, 15, 30 and 60 min.
A fumace was used for controlling the temperature. Especially,
a continuous stream of nitrogen was flushed through the furnace
to remove oxygen during heating. The same method was applied

for 2 mg of 7 -tocopherol and 4 mg of & -tocopherol.

3. Chromatographic Instrumentation

Tocopherols and their thermal degradation products which
were extracted with hexane were simultaneously separated by
HPLC with the same analytical conditions as described in the
previous studies'> ™. The HPLC system and operation con-

ditions for tocopherols are shown in Table 1.

4, Kinetic Analysis
The degradation kinetics of each tocopherol was analyzed by

Table 1. HPLC operation conditions for tocopherols

Operation conditions

Instrument Waters HPLC system(Millipore, USA)
Column #-Bondapak C;s(Waters 3.9x300 mm, 10 gm)
Detector Waters 484 absorbance detector(295 nm)
A solvent - acetonitrile:methanol=3:2(v/v)
Solvent B solvent - acetonitrile:methanol:2-propanol
:chloroform:methylene chloride
=3:2:5:0.5:0.5(v/VIVIVIV)
Waters 680 gradient controller
Time Flow Y%A %B
Initial 1:00 100 0
Gradient table 30.0 1:00 0 100
39.0 1:00 0 100
49.0 1:00 0 100
50.0 1:00 100 0

Injection volume 3 pf
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determining the rate constants of thermal degradation of toco-
pherols during heating without oxygen. In the preliminary study,
it was determined whether the thermal degradation kinetics of to-
copherols obeyed zero- or first-order kinetics by calculating the
regression coefficient. The regression coefficients were 0.70~
0.78 for the zero-order kinetics, and 0.87~0.98 for the first-or-
der kinetics, respectively. Thus, the first-order kinetic equations
were employed in this study(data not shown).

——‘{'d—fl = kJLC] )
—“[%C]l = —kudt 3)
1og—[%% - k55 @
log[C] = log[C,l — kdz—_’f?) )

where, v and [ P] are the initial velocity and product concen-

tration, [ C] = residual tocopherol content during heating, [ C,]

= tocopherol content at the beginning of heating( /=0), ¢ = heat-

ing time, %, = rate constant of the first-order kinetics. The rate

constant %, was obtained from the slope of the plot(Fig. 1).

Experimental activation energies were determined by the

Arthenius equations'® :

k,= Ae E/RT )

Or, in linear form :

log b, = log A — 7 3R —LT @)

where, k&, = rate constant, A = pre-exponential factor, E, =

activation energy, R = gas constant, 7 = absolute temper-
ature(K).

Activation energy was determined from the slope — ZETHR

of the log %, vs. _lT plot.

RESULTS AND DISCUSSION

The kinetics for the degradation of @-, 7 - and 9§
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-tocopherols in the absence of oxygen was analyzed as a func-
tion of temperatures and times. The parameters are : times of
5, 15, 30 and 60 min ; temperatures of 100, 150, 200 and 250C.
For all experimental conditions, the rate constant of the degrada-
tion of tocopherols was described by the first-order kinetics. The
rate of the degradation of tocopherols in a model food system
was dependent on the heating temperatures. The activation en-
ergies were obtained from the Arrhenius equation.

Fig. 1 shows the plot of the content of @ -tocopherol vs. heat-
ing time. The degradation rate constants of «-tocopherol, esti-
mated from the linear regression data, were 0.0015, 0.0015,
0.0018 and 0.0071 M~'min~" at 100, 150, 200 and 250°C, re-
spectively(Table 2). The activation energy calculated for the
thermal degradation of @ -tocopherol was 3.47 kcal/mole(Fig. 2).

Fig. 3 also shows the plot of the content of 7 -tocopherol vs.
heating time. The degradation rate constants ranged from 0.0034
to 0.0320 M 'min~'(Table 2). The activation energy for the
thermal degradation of 7 -tocopherol was 5.85 kcal/mole (Fig.
4). At the plot of the content of & -tocopherol vs. heating
time(Fig. 5), the degradation rate constants ranged from 0.0020
to 0.0800 M 'min~'(Table 2). The activation energy for the
thermal degradation of & -tocopherol was 6.76 kcal/mole(Fig. 6).

Table 2 summarizes kinetic analysis results for the degrada-
tion of @-, 7- and & -tocopherols without oxygen. The rate

.of degradation of tocopherols was dependent on the heating

Table 2. Kinetic analysis for degradation of tocophe-
rols without oxygen

Reaction kinetics

Sample Temperature Rate constant E al) 2
(0 (M'min")  (keal/mole)
100 0.0015
150 0.0015

@ -Tocopherol 347 0.60
200 0.0018
250 0.0071
100 0.0034
150 0.0039

7 -Tocopherol 5.85 0.82
200 0.0084
250 0.0320
100 0.0020
150 0.0030

¢ -Tocopherol 6.76 0.77
200 0.0100
250 0.0800

Y Values obtained from slope of Arrhenius plot.
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Fig. 1. Semi-logarithmic plot of residual a-tocopherol
content during heating at various temperatures without
oxygen.

v: 100C, W: 150C, 0O: 200C, @: 250TC.
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Fig. 2. Arrhenius plot of degradation of «-tocopherol
without oxygen.

temperatures. The rate of degradation of tocopherols became
larger as the heating temperature increased. The degradation rate
constants for 7 - and & -tocopherols were higher than those for
a-tocopherol. Thus, it implied that 7 - and & -tocopherols de-
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Fig. 3. Semi-logarithmic plot of residual y -tocopherol
content during heating at various temperatures without
oxygen.

v: 100C, W: 150C, O: 200C, @: 250TC.
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Fig. 4. Arrhenius plot of degradation of 7 -tocopherol
without oxygen.

graded more rapidly than the a-tocopherol. The activation en-
ergies for the thermal degradation of tocopherols without oxygen
were described in Table 2. The experimental activation energy
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Fig. 5. Semi-logarithmic plot of residual & -tocopherol
content during heating at various temperatures without
oxygen.

v: 100C, Ww: 150C, O: 200C, @: 250C.
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Fig. 6. Arrhenius plot of degradation of & -tocopherol
without oxygen.

for @-tocopherol was smaller than ¥ - and & -tocopherols in the
absence of oxygen. These results suggest that the degradation of
7 - and ¢ -tocopherols was more affected by the change of heat-
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ing temperatures than that of @ -tocopherol.

In summary, the degradation of @-, 7- and ¢ -tocopherols
was described by the first-order kinetics in the absence of
oxygen. The rate of tocopherols degradation was dependent on
heating temperatures. The degradation rate constants for toco-
pherols showed an increasing trend as the heating temperature
increased. The magnitude order of the experimental activation
energy was ¢ ->7 -> @ -tocopherol. These results can provide in-

formation for the control of the oxidation of foods.

SUMMARY

The thermal degradation kinetics of alpha-, gamma- and del-
ta-tocopherols was studied during heating at 100, 150, 200 and
2507C for 5, 15, 30 and 60 min in the absence of oxygen. The
tocopherols were separated by HPLC using a reversed phase Ul
-Bondapak Cis-column with two kinds of elution solvent system
in a gradient mode. The kinetics for degradation of @-, 7- and
& -tocopherols was analyzed as a function of temperatures and
times. The degradation of tocopherols was described by the
first-order kinetics in the absence of oxygen. The rate of toco-
pherols degradation was dependent on heating temperatures. The
degradation rate constants for «-, y- and & -tocopherols
showed an increasing trend as the heating temperature increased.
The magnitude order of the experimental activation energy was

8 -> 7 > a -tocopherol.
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