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Abstract The effects of heat and UV exposure on the
degradation of free a-tocopherol (oil form), a-tocopherol
dissolved in methanol, and a-tocopherol dissolved in hex-
ane were measured. Results showed that degradation of
free a-tocopherol due to heat followed first order kinetics,
with the samples held at 180 °C showing the greatest
degradation rate. Free a-tocopherol degraded faster at high
temperatures than dissolved a-tocopherol. In contrast, free
a-tocopherol did not degrade when exposed to UV light for
as long as 6 h, but the hexane and methanol samples
degraded significantly as a matter of time. The a-tocoph-
erol dissolved in hexane and methanol degraded by 20 and
70%, respectively over this time span. A mechanism for
degradation of a-tocopherol was proposed to explain the
higher degradation rate of «-tocopherol in methanol, as
compared to hexane for times longer than 180 min.
Knowledge of degradation kinetics of pure a-tocopherol as
a result of temperature or exposure to UVA light whether
in free or dissolved form is critically needed to understand
how different processing parameters affect the amount of
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a-tocopherol during extraction, stabilization, storage or
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Introduction

Vitamin E, a fat-soluble vitamin exists in eight different
forms, including four tocotrienols (o, f, 7, d) and four
tocopherols (a, f, 7, 0) [1]. The components of vitamin E
possess an amphyphilic structure containing a hydrophobic
isoprenoid side chain, and a hydrophilic chromanol ring
(Fig. 1) [2]. The most biologically active component of
vitamin E is o-tocopherol [1]; o-tocopherol is a pale,
yellow, viscous oil that is insoluble in water but soluble
in oils, fats, and certain organic solvents, such as acetone,
ether, alcohol, and chloroform [3]. a-Tocopherol is capable
of capturing free radicals and breaking lipid peroxidation
chain reactions, thereby preventing the destruction of lipids
[1]. Because of its antioxidant activity, o-tocopherol is
claimed to possibly curb the effects of oxidative stress,
preventing cardiovascular diseases, cancer, the aging pro-
cess, and atherosclerosis. Its activity is believed to be
mainly through scavenging reactive oxygen species (ROS),
especially peroxyl radicals, and forming resonance-stabi-
lized tocopheroxyl radicals («-Te) [4].

Generally, the recommended intake of w«-tocopherol
through vitamin E supplements is approximately 22.7 mg/
day for adults and possibly as high as 600-800 mg/day to
address therapeutic concerns [5]. Good sources of
a-tocopherol are plants such as wheat germ (~ 1,920 mg/L),
sunflower seed (~590 mg/L), extra virgin olive oil
(188 mg/L), peanut oil (174 mg/L), corn oil (225 mg/L) and
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Fig. 1 Vitamin E family formed of «, f, 7, 0 tocopherols and
tocotrienols. Adapted from reference [2]

soybean oils (89 mg/L) [6, 7]. While several methods of
extracting o-tocopherol from such sources have been pre-
sented, it has been noted that at high temperatures, some
quantity of a-tocopherol degrades over time [1, 2]. Alpha-
tocopherol is stable at high temperatures if no oxygen is
present [8, 9], but in normal, atmospheric conditions, the rate
of oxidation of a-tocopherol increases, leading to increased
a-tocopherol degradation [8].

Shin et al. [8] demonstrated that the amount of
a-tocopherol lost through stabilization by extrusion of rice
bran at higher temperatures was higher than the amount
stabilized at lower temperatures. When stabilized at a
temperature of 110 °C, 86.1% a-tocopherol was retained
after a 6-min holding time whereas at 140 °C, only 76.2%
a-tocopherol was still available after the same holding time.
Hakansson and Jagerstad [10] showed that white flour lost
up to 70-80% of its vitamin E at temperatures over about
150 °C when heated for 15 min. Studies on a-tocopherol
degradation in typical oil models such as olive oil and
triolein were also reported [9, 11, 12]. The losses of
a-tocopherol were 5.7% in triolein exposed to 180 °C for
60 min at 40 mbar [9]. In comparison, when the samples
were under nitrogen, the a-tocopherol losses were not
significant (0.3%). The highest loss of a-tocopherol (13.7%)
was observed under 260 °C for 80 min at 40 mbar. Nissi-
otis and Tasioula-Margari [12] found that samples of olive
oil heated to 100 °C at atmospheric pressure lost signifi-
cantly more a-tocopherol than did samples heated at 60 °C,
which was reflected in the different time scales required to
degrade 100% of the a-tocopherol. A complete degradation
of a-tocopherol occurred in samples stored at 60 °C for
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30 days. The samples at 100 °C only required 100 h of
heating time before a complete degradation of a-tocopherol
occurred.

In addition to extended exposure to certain tempera-
tures, several other factors such as oxygen, alkali, light,
minerals, and hydroperoxides degrade o-tocopherol [13].
The photooxidation of o-tocopherol has been studied by
different groups [14—19]. Pirisi et al. [14] showed that a
solution of olive oil in hexane irradiated with artificial light
(4 = 290 nm), or sunlight degraded at a rate constant (k) of
1.86 x 107* s and 1.03 x 107* s™', respectively with a
halftime #,,, values of 112 and 62 min, respectively. After
olive oil was exposed for 2,500 min to artificial light, the
majority of a-tocopherol was degraded (only 17% of the
initial amount remaining). Psomiadou and Tsimidou [15]
reported a pseudo-first order reaction for a-tocopherol
degradation in olive oil by fluorescent light, with a rate
constant estimated at 0.0461 x 10™* s~! [15]. After 100 h,
less than 10% of a-tocopherol was detected.

While these studies present relevant data on «-tocoph-
erol degradation as a function of temperature and UV
exposure, their focus is on the degradation of the vitamin as
a component of a lipid matrix or a constituent of a cereal.
The purpose of our study was to quantify degradation of
pure o-tocopherol as a function of temperature and UV
radiation when exposed to these factors in free and
dissolved forms. This information is critically needed to
understand the effects of temperature and UV light on
degradation of a-tocopherol during extraction, storage, and
encapsulation processes.

Materials and methods
Materials

The 97% a-tocopherol (5,7,8-trimethyl-tocol) used in this
study was obtained from Sigma Aldrich (Sigma Chemical
Co., St. Louis, MO). Isopropyl alcohol was purchased from
EMD (EMD Chemicals Inc., Gibbstown, NJ) and metha-
nol, anhydrous, was obtained from Mallinckrodt Chemicals
(Mallinckrodt Chemicals Inc., St. Louis, MO). Hexane
(95%) was purchased from JT Baker (JT Baker Chemical
Co., Phillipsburg, NJ).

Methodology

Temperature Degradation of Free a-Tocopherol
Degradation of free o-tocopherol was measured at tem-
peratures of 40, 60, 120, and 180 °C under atmospheric

pressure. A 2—4 mg sample of a-tocopherol was weighed in
5 ml amber vials, and the vials were placed into a
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preheated Isotemp Model 285A Vacuum Oven (Fisher
Scientific, Hampton, NH). The various initial amounts
were a result of the high viscosity of the oil, which pro-
hibited weighing the same amounts of x-tocopherol each
time. The appropriate samples were removed from the oven
after each hour for a maximum time of 6 h. Four ml of
hexane was added to the degraded sample, of which 1 ml
was removed, diluted with 1 ml of mobile phase and
analyzed by HPLC (see method below). Degradation was
calculated via the ratio of the measured amount to the
initial amount.

Degradation of Dissolved a-Tocopherol in Methanol
and Hexane Solution at 40 °C

Five mg of o-tocopherol was dissolved in 25 ml of
hexane to produce a stock solution with 0.2 mg/ml
a-tocopherol. One ml aliquots of this solution were trans-
ferred to amber chromatographic vials. The vials were
placed in a preheated Isotemp Model 285A Vacuum Oven
(Fisher Scientific, Hampton, NH) and were maintained at
40 °C. Samples were removed every hour for a maximum
of 6 h and were analyzed by HPLC. Degradation was
calculated via the ratio of the measured amount to the
initial amount. The degradation of «-tocopherol at 40 °C
when dissolved in methanol was assessed in a similar
manner.

Degradation of a-Tocopherol Under UV Light

Degradation of a-tocopherol under UV light was studied
for free o-tocopherol, and for dissolved o-tocopherol in
methanol and hexane. For the free a-tocopherol degrada-
tion study, 2—4 mg of free a-tocopherol was added to clear,
4-ml glass vials. The capped vials were placed at a distance
of 15 cm from the light source under a Blak Ray 1B 100P
MDSK long wave ultraviolet lamp (ThermoSpectronic,
Madison, WI) with a wavelength of 365 nm operating at
100 W. Samples were removed after 15, 30 and 60 min,
after which samples were removed at 1-h intervals for a
maximum of 6 h. Four ml of hexane was added to the
degraded sample, 1 ml was removed, placed in an HPLC
vial and following addition of 1 ml of hexane, the sample
was injected into the HPLC. The ratio of the measured
amount by HPLC at each time to the initial a-tocopherol
amount was calculated and used as an indicator of
a-tocopherol degradation. The degradation of a-tocopherol
in dissolved form by UV light was evaluated in a manner
similar to that described previously by first making a stock
solution of the sample dissolved in the solvent of choice
(methanol or hexane) at a concentration of 0.22 mg/ml
followed by the exposure process described for the free
form.

HPLC Measurement of a-Tocopherol

The a-tocopherol concentration was measured by normal-
phase HPLC. An Agilent Series 1200 HPLC (Agilent, San
Jose, CA) equipped with an auto-sampler and an Eclipse
XDB-CN, 4.6 x 150, 5-um column was used. The mobile
phase was a mixture of 98% hexane and 2% isopropanol,
flowing at 0.3 ml/min (with an elution time of 8 min). Alpha-
tocopherol was detected with a multi-wavelength Fluores-
cence 1200 detector set at an excitation wavelength of
295 nm, and an emission wavelength of 330 nm. The col-
umn temperature was set to 25 °C, and the injection volume
of the samples was 0.5 pl. Chromatograms were recorded
and processed using 03.01 Agilent Chemstation software.
Areas were converted to concentrations using a standard
curve of a-tocopherol in hexane (R*> = 0.9978) in the range
of concentrations relevant for the sample concentrations.

All experiments were performed under atmospheric
conditions, in triplicate (i.e. three different samples were
exposed to the same conditions and degradation measured
once per sample).

Statistical Analysis

Data was analyzed using the MIXED procedure of SAS
(SAS system, SAS Institute Inc., Cary, NC). Residuals
produced within each analysis were randomly distributed
around O unless otherwise specified indicating that each
model was a good fit. When multiple comparisons between
treatment means or degradation rates were performed the
Bonferroni post hoc adjustment was applied. Statistical
significance was declared at P < 0.05. Specifics for each
analysis are reported below.

Temperature Degradation of Free o-Tocopherol The fixed
categorical effect of temperature, time and their interaction
on free a-tocopherol degradation ratio (c/cy, where c-con-
centration of o-tocopherol at a specific time point and
co- initial o-tocopherol concentration) was tested. The
response variable was analyzed on a natural log transformed
base. The slice option in SAS was used to determine if there
was an overall temperature effect within each time point.
When a significant temperature effect within a time point
was observed, estimated temperature means were compared.
First order degradation rate for free a-tocopherol were esti-
mated and compared across temperatures by transforming
the degradation ratio (c/cy) using a natural log. Time treated
as a continuous variable was regressed against the In(c/cg).
Regression lines for each temperature were forced trough the
origin (0, 0) by fitting a no intercept model.

Degradation of a-Tocopherol Either Under UV Light or at
40 °C in Free and Dissolved Form The fixed categorical
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effect of solvent type (hexane, methanol or no solvent),
time and their interaction on a-tocopherol degradation ratio
(c/cg) was tested. The slice option in SAS was used to
determine if there was an overall solvent effect within each
time point. When a significant solvent effect within a time
point was observed, estimated solvent type means were
compared. The 95% confidence intervals (95% CI) were
calculated for each mean within each time point to verify if
estimated mean was significantly different from 1 which
indicated no degradation. First order degradation rate for
free a-tocopherol was estimated and compared between
free and hexane dissolved o-tocopherol exposed to UV
light as described in the previous section. The degradation
rate of a-tocopherol dissolved in methanol was calculated
using the first 180 min, because after 180 min the degra-
dation was no longer following a first order kinetics
mechanism.

Results and Discussions
Thermal Degradation of Free a-Tocopherol

Degradation of free a-tocopherol as a function of temper-
ature showed that the higher the temperature, the greater
the degradation (Fig. 2). In particular, the c/cy ratio was
significantly lower at 180 °C compared to the remaining
temperatures at all time points. The c/cy ratio did not sig-
nificantly differ across 40 °C, 60 °C and 120 °C at any
time point. The samples heated at 40, 60, and 120 °C
degraded at a non significantly different rate, with #,,
values of 8.2, 10.1, and 8.2 h, respectively (Table 1).

&\ Springer ANOCS &

100 150 200 250 300 350 400
Time (min)

Table 1 Free o-tocopherol first order degradation kinetics at 40, 60,
120, and 180 °C

Temperature Temperature effect
40°C 60°C 120°C 180°C SEM P value
k™ 008" 0.069° 0.085° 0325 0.007  <0.0001

tip (h)y 82 10.1 8.2 2.1

Means within a row marked with different letter are significantly
different (P < 0.05)

SEM standard error of the mean

Samples heated to 180 °C degraded at a significantly
higher rate compared to the remaining temperatures with a
ty, value of 2.1 h and a degradation constant “k” of
0.325 h™! (0.903 x 107* s71). More than half (55%) of
the a-tocopherol had degraded after 2 h at 180 °C, and
nearly 80% of the free a-tocopherol had degraded follow-
ing 5 h of exposure at this temperature. By contrast, at
60 °C, only about 30% of the free a-tocopherol had
degraded after 5 h. Less than 20% of the a-tocopherol
degraded if heating was applied for less than 2 h, and
temperature did not exceed 120 °C (Fig. 2). At 180 °C,
degradation of o-tocopherol was much more rapid and
should be avoided during extraction of a-tocopherol and
stabilization of w-tocopherol containing crops, when
maintaining the activity of this component is desirable.
As a comparison, Verleyen et al. [11] showed that the
residual amount of a-tocopherol in triolein exposed to 150
and 200 °C for a period of 2 h was 23.5 and 5.3%,
respectively. The different degradation kinetics reported by
Verleyen et al. [11] as compared to those found in our
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study were attributed to differences in the form of
a-tocopherol exposed to high temperatures, free (for our
study) or as a component of an oil (Verleyen’s study), as
well as different temperature tested in the two studies.

Degradation of «-Tocopherol Dissolved
in Methanol and Hexane at 40 °C

The c/cq ratio significantly changed across solvent types
(methanol, hexane or no solvent) depending on the exposure
time. The 95% CI for o-tocopherol dissolved in methanol
solution and exposed to a temperature of 40 °C included the
value of 1 across all time points revealing that no degra-
dation of a-tocopherol occurred in 6 hours (Fig. 3). By
contrast, free a-tocopherol heated at the same temperature
significantly degraded by 40% after 6 h. At any time point
past 2 h of exposure, the c/cq ratio was significantly lower
for free a-tocopherol than a-tocopherol dissolved in either
methanol or hexane. There was no difference in c/cq ratio
between methanol and hexane at all time points except after
6 h of exposure. This shows that organic solvents such as
methanol and hexane protected vitamin E from heat deg-
radation. The higher rate of degradation of a-tocopherol in
free form can be explained considering that a volume of
1 ml of a-tocopherol in dissolved form was 475 bigger than
the volume occupied by 2 mg of free a-tocopherol. Hence,
more oxygen was available and in contact with the free
a-tocopherol as compared to the dissolved o-tocopherol,

solubilized form, regardless of the solvents used (i.e.
methanol or hexane) [13].

After 4 h of exposure at 40 °C, a-tocopherol dissolved
in hexane showed some degradation and after 6 h, degra-
dation of a-tocopherol dissolved in hexane was signifi-
cantly higher than that in methanol. The amount of
dissolved oxygen in hexane or methanol is one of the
factors that made a difference in degradation of o-tocoph-
erol dissolved in these solvents, as described below.

o-Tocopherol dissociates to some extent in organic sol-
vents (to a higher extent in methanol than in hexane) to form
a-tocopherol anion which can undergo one electron oxida-
tion in the presence of dissolved oxygen resulting in
formation of tocopheroxy radical and superoxide radical,
reaction 1 [20, 21],

CHg CHg
) o
+ O —» + (')-2
HaC o R HaC ° R
(1)

where the R group represents the side hydrocarbon chain.
More generally, the degradation of a-tocopherol by slow
oxidation can be presented as reaction 2:

CHj CHg

+H++(53

which explains the higher rate of degradation of a-tocoph- + 0, ===
erol in free form. The results were compared against liter-  Hc o R HoC o R
ature findings, which also showed that 40 °C was not high )
enough to cause major degradation of a-tocopherol in the
Fig. 3 Degradation of 1.20
a-tocopherol in free form, and
dissolved form in either a a
methanol or hexane at 40 °C. F L eeee@pesssecesssssee@eteaaiii . @ecenrennsennes {
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(P < 0.05) and different letters 0.80
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Correlation coefficient for free gc 0.60 1 c J_
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0.896
0.40
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Fig. 4 Degradation of 1.20 -
a-tocopherol in free form,
dissolved in methanol, and
dissolved in hexane when
exposed to UV light at room
temperature. The presence of
letters within each time point
indicates a significant solvent
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Further interaction of the superoxide radical with the
initial a-tocopherol can cause the chain reaction 3:

+ HO,

HyC o R HaC' o R

3)
The HO5 radicals are somewhat more reactive than
superoxide radicals [20] and they can additionally interact
with o-tocopherol to degrade it further. It is evident from
reactions 1-3 that the more oxygen is dissolved in the
solvents the more degradation of w«-tocopherol will be
experimentally seen. In this respect, thermal degradation of
a-tocopherol will be more significant in hexane than in
methanol as observed in Fig. 3 after 360 min exposure at
40 °C, due to higher oxygen concentrations in hexane
(1.93 x 10° mol fraction) in comparison with methanol
041 x 10° mol fraction) [22].

Degradation of a-Tocopherol Under UV Light
in Free and Dissolved Form

After 3 h of UV light exposure, the c/c, ratio was signifi-
cantly different across solvent types (hexane, methanol and
no solvent, Fig. 4). Furthermore, the estimated 95% CI did
not include the value of 1 for each solvent after 3 h of
exposure indicating that neither of the solvents inhibited
a-tocopherol degradation. The dissolved form of a-tocoph-
erol degraded significantly more than the free form when
exposed to UV degradation for more than 3 h. Alpha-
tocopherol degraded following first order kinetics when in
free form, and when dissolved in hexane. Alpha-tocopherol
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Table 2 Kinetics of degradation of a-tocopherol exposed to UV light
in free form and dissolved in methanol and hexane

Solvent type Solvent effect

Free Hexane SEM? P value
k (h™H 0.040° 0.077 0.005% <0.0001
tip (h) 17.5 9.0

Means within a row marked with different letter are significantly
different (P < 0.05)

* SEM = standard error of the mean. “SEM for free alpha-tocoph-
erol and hexane solution

in methanol solution degraded according to second order
kinetics.

The degradation constant (k) of free a-tocopherol was
0.040 h™' (0.1 x 107*s7"), and the half-time (r,,) was
17.5 h (Table 2). While this degradation occurred at a low
rate, as indicated by a small degradation constant and a
large t,,, value, it did appear to occur according to first
order kinetics. A possible explanation for this fairly low
rate of degradation of free a-tocopherol is the fact that the
solubility of oxygen through pale, free oils is low [23]. The
data compiled on olive oil, as an example, show a Bunsen
coefficient of 0.1162, with a mole fraction of 5.07 x 103
[23]. As demonstrated by this low solubility of oxygen in
pale oils, UVA induced oxidation of a-tocopherol occurs at
a very low rate, causing a very low degree of degradation
of the free o-tocopherol. In comparison, dissolved
a-tocopherol showed higher degradation rates (Table 2).
Other studies also showed that a-tocopherol oxidation
occurred under UVB light in the absence of lipid peroxyl
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radicals, when a-tocopherol was dissolved in acetonitrile/
water solution [18].

Alpha-tocopherol dissolved in hexane and exposed to
UV light degraded according to first order kinetics (Fig. 4),
with a #;,, value of 9.0 h and a constant value of “k” at
0.077 h™' (0.214 x 107*s™"). While degradation in
hexane solution appeared to be less severe over 6 h than
degradation in methanol solution, it was significant. This
degradation occurred via UV-induced oxidation of the
dissolved a-tocopherol as described above (reactions 1-3)
as a result of the fact that oxygen is quite soluble in hexane,
allowing for photooxidation of a-tocopherol to occur (the
Bunsen coefficient of oxygen solubility in hexane is 0.329,
with a mole fraction of 19.3 x 10* [24], process accelerated
by the formation of excited molecules of a-tocopherol under
UV light irradiation. Alpha-tocopherol in hexane solution
degraded to about 68% of its original concentration after
6 hours, whereas free a-tocopherol degraded to 83% of its
concentration after the same time of exposure to UV light.

Samples of a-tocopherol dissolved in methanol, fol-
lowing exposure to UV light showed that there was
significant degradation within a time frame of 6 h, which
could be described by second order kinetics (Fig. 4). The
lower solubility of oxygen in methanol with a Bunsen
coefficient of 0.2268 and a mole fraction of 0.4122 x 10°
[22] when compared to that in hexane is the responsible
factor for the initial lower rate of a-tocopherol degradation
in methanol, as compared to hexane.

The significant increase in the degradation rate of
a-tocopherol dissolved in methanol after 180 min and the
higher rate of degradation observed in methanol as com-
pared to hexane can be explained by several mechanisms.

1. In organic solvents, the superoxide radical-anions
generated by reactions 1-3 have the ability to convert
the available protons to very active hydroxyperoxyl
radical [25] by reaction 4 (more prevalent in methanol
than hexane):

H"+ 0; — HO; (4)

The hydroxyperoxyl radicals can be further converted
to hydrogen peroxide by hydrogen abstraction or
disproportionation reactions; the hydrogen peroxide in
turn initiates the degradation process of a-tocopherol.
Hydrogen peroxide is also very sensitive to the UV light
[26, 27] and can generate OH radicals under 365 nm UV
irradiation by reaction 5:

H,0, + hv — 20H (5)

The OH radicals are commonly known as a very effective
oxidative species and can also contribute to the fast

degradation of a-tocopherol. As a result, after 180 min UV
exposure when a critical amount of hydrogen peroxide was
accumulated, o-tocopherol degraded drastically in methanol
solution, much faster than a-tocopherol dissolved in hexane
(Fig. 4).

2.  While hexane is transparent to UV light, methanol can
absorb UV light and generate methoxy radicals [26].
The methoxy radicals are very active and enhance the
chain process generating additional tocopherol oxy
radicals. These radicals undergo further photo excita-
tion [28], converting finally to quinons by reactions
sequence:

CHg

6 R o "
hv
% — — >
e o’ ! HsC o HyC o
(6)

where R’ is a modified hydrocarbon group formed after

cleavage of the ether bond.

3. UV light initiates formation of not only a-tocopherol
oxy radical (breaking O-H bond [27]), but it can also
break the weak ether linkage at the marked place in
following reaction 7.

CHg CHy
HO HO R'
hv
—
HiC O/La%‘ R H3C o.

@)
The oxy radical formed can be dissociated in methanol to
some extent easier than in hexane, making a semiquinone
anion-radical:

CHj CHs

O
uy)

HO R’

H3C H;C

®)

The new semiquinone anion-radical interacts with oxy-
gen [21] to convert into a di-radical, which is further
converted to quinones in analogy to reaction 6.

Therefore it can be concluded from this analysis and the
experimental data that dissolving a-tocopherol in an organic
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solvent does not prevent UV degradation of the compound;
rather it appears that degradation due to UV exposure
increases under these circumstances, especially in methanol.

Conclusions

Heat degradation of free a-tocopherol followed first order
kinetics, with the samples held at 180 °C showing the
greatest degradation rate. While free o-tocopherol degraded
at temperature as low as 40 °C, organic solvents such as
hexane and methanol protected o-tocopherol from degra-
dation for 4 h at 40 °C. The rate of degradation of
a-tocopherol dissolved in hexane was significantly higher
than that in methanol due to the higher solubility of oxygen
in hexane. In contrast to the heat experiment, o-tocopherol
dissolved in methanol and hexane solutions clearly degra-
ded under UV light. While degradation of a-tocopherol in
hexane followed first order kinetics, a-tocopherol degra-
dation in methanol was described by a combination of first
order and second order kinetics. The lower rate of degra-
dation of a-tocopherol dissolved in methanol at times
shorter than 4 h was associated with lower solubility of
oxygen in methanol, as compared to hexane. The drastic
increase in the o-tocopherol degradation rate at longer
times in methanol (not observed in hexane) was attributed
mostly to formation of methoxy radicals, hydrogen per-
oxide formation and conversion of a-tocopherol to oxy
radicals that enhanced oxidation of o-tocopherol. The
kinetics and mechanisms of «-tocopherol degradation
unveiled in this study are significant for selecting the
optimum conditions for processes such as o-tocopherol
extraction, stability, encapsulation, and storage studies
such as temperature and UV light, parameters which have
been shown to affect degradation of the vitamin.
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