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INTRODUCTION

Fats and oils are easily deteriorated by oxi-
dation. Lipid oxidation not only produces off-flav-
or by the formation of undesirable flavor com-
pounds of low molecular weight, but also decreas-
es the nutritional quality of lipid foods due to the
destruction of essential dietary factors, This res-
ults in decrease of consumer acceptability, econ-
omic losses in the food industry and potential
health risks'™®.

The addition of antioxidants to fats, oils and
foods containing fats and oils is desirable for sev-
eral reasons. Antioxidants can increase the shelf
life of foods by 15~200%, allowing food to be
transported and stored for long periods, and may
spare essential fatty acids, carotene, vitamin A
and biotin from destruction by autoxidation® ¥,
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In the food industry, synthetic antioxidants are
often used because they are effective and less
expensive than natural antioxidants. There is a
concern about the possible toxicity of synthetic
antioxidants, so the popularity of natural antiox-
idants has increased'?.

Common antioxidants, including butylated hydr-
oxyanisole(BHA) or tocopherols(Fig. 1), are ef-
fective in protecting oxidation at ambient temper-
atures, but these antioxidants are heat-sensitive
and volatile, so they quickly lose antioxidant ac-
tivity at frying temperature!’™'s', Of the various
additives which have been used to minimize oxi-
dation deterioration during heating, the methyl
polysiloxanes and certain sterols have been rep-
orted to reduce frying oil deterioration®~1®, All
the sterols effective at preventing oxidation at
frying temperatures have an ethylidene group in
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their side chain'®., Many plant extracts have
been reported to have antioxidant properties and
some of them contain particularly strong antiox-
idant activities®®~?. Even though strong antiox-
idant activities of some plant extracts have been
reported, only oleoresin extract of rosemary is
practically used as natural antioxidants®’,

The objectives of this review were threefold.
The first was to summarize the available litera-
ture concerning tocopherols as common natural
antioxidants, The second was to review on novel
natural antioxidants which are effective at frying
temperature. The third objective was to point up
the need for further applied research and practi-
cal information about the development of natural
antioxidants,

TOCOPHEROLS AS NATURAL
ANTIOXIDANTS

The most important natural antioxidants in fats
and oils are tocopherols. Tocopherols exhibit vit-
amin E activity which is important nutritionally,
as well as their antioxidative effects in food
systems. There are eight natural compounds of
tocopherols, namely a-, 8-, ¥-, 6-tocopherols and
four tocotrienols which have three double-bonds
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in the side chain®*~%, The tocopherols and toc-
otrienols are light yellow, viscous oils, soluble in
alcohol and fat solvents, but insoluble in water®.
Their ability to take up oxygen gives them im-
portant antioxidant properties®*’,

Tocopherols occurs mainly in a variety of plant
materials, especially oil seed crops(vegetable
oils), some grains, nuts, and green leafy veget-
ables® =% The amount in plant foods is affected
by species, variety, stage of maturity, season,
time and manner of harvesting, processing proc-
edures, and storage time®. Tocopherols are not
destroyed to any great extent by normal cooking
temperatures, but there are appreciable losses of
tocopherol activity in oils heated long periods of
time at high temperature, such as in deep fat
frying, because rancidity develops®, It is rep-
orted that the deep fat frying of foods causes toc-
opherol losses of 32 to 75%%.

Many studies have been made on the antiox-
idant effectiveness of tocopherols in foods®?"
#~40) on the changes in the content of tocopher-
olsi~143.41-40  and on the singlet oxygen quench-
ing of tocopherols? 345~}

Gordon and Kourimska'¥ studied the changes
in tocopherol content of oil used for deep-fat fry-
ing of potatoes and reported a-tocopherol was
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Fig. 1. Structure of BHA and tocopherols.
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Fig. 2. Relative change in tocopherol content
during frying of potato chips in rapeseed oil'!.

lost much faster than 8-, ¥- or &-tocopherol, with
a reduction of 50% a-tocopherol after 4~5 frying
operations compared with values of about 7 and
7~8 frying operations for 8- and ¥-tocopherol, re-
spectively (Fig. 2).

Fourie and Basson*'’ investigated possible chan-
ges in the tocopherol content of almond, pecan,
and macadamia kernels during 16-months’ storage
at 30C and 55% relative humidity. The large
amount of total tocopherols, mainly a-tocopherol,
in almonds accounted for their good storage abil-
ity.

The thermal degradation products of tocopher-
ols(TDP) formed in the oil as a result of the heat
treatment are of interest with respect to nu-
trition and safety of foods*, Most of studies
were quantitative determination of a-tocopherol
and degradation of a-tocopherol during storage,
but did not include thermal degradation products
during heating. It is reported that natural a-to-
copherol in seaweed meal degraded during stor-
age®. The rate of a-tocopherol degradation in
the seaweed meal was found to be accelerated by
increasing the storage temperature or the moist-
ure content. The degradation of a-tocopherol was
expressed as zero order because of the near-linear
plots obtained when concentration data were
graphed as a function of time, Livingston et al.
reported that a-tocopherol degraded during the
storage of dry alfalfa. These authors reported the
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rate of a-tocopherol loss increased as moisture
content of the alfalfa increased.

The tocopherols function as antioxidants by
quenching singlet oxygen molecules in addition to
being free radical chain terminators. Tocopherols
react in the mode of inhibition of free radicals
produced by singlet oxygen oxidation of free fat-
ty acids and in the mode of direct quenching of
singlet oxygen. These compounds not only quen-
ch singlet oxygen(physical quenching) but also
react with singlet oxygen(chemical quenching),
The proportion of physical quenching vs. chemi-
cal quenching is dependent on structure and sol-
vent system, Physical quenching is the major
mechanism in the tocopherols. Tocopherols deac-
tivate about 120 singlet oxygen molecules before
they are destroyed®,

Grams and Eskins® studied correlation be-
tween singlet oxygen reactivity and vitamin E
activity in photooxidation of tocopherols in meth-
anol using methylene blue as a photosensitizer,
and reported that a-tocopherol was most reactive
with singlet oxygen, followed by 8-, ¥- and &-toc-
opherol.

STEROLS FROM VEGETABLE OILS

Sterol fractions from a number of major veg-
etable oils have already been analyzed by several
authors using GLC. Fedeli et al.* analyzed the
sterol fractions from 18 vegetable oils : linseed,
peanut, olive, rice bran, palm kernel, corn, ses-
ame, oiticica, palm, coconut, rapeseed, grap-
eseed, sunflower, poppy seed, castor, tea seed,
cocoa butter and soybean. Campesterol, stigmas-
terol and gB-sitosterol(Fig. 3) were identified in
every oil studied. Itoh et al.®!’ analyzed the com-
positions of the sterol fractions from 19 vegetable
oils with TLC, GLC and GC-MS, reported that
sterols other than the three major sterols, cam-
pesterol, stigmasterol and g-sitosterol, were iden-
tified in a few oils, and demonstrated the wide-
spread occurrence of stigmastanol, A%- and A’
-avenasterols(Fig. 4). Sims et al. and Fioriti et
al.’® 2 gnalyzed the unsaponifiable fraction from
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Fig. 3. Structure of campesterol, stigmasterol and S-sitosterol.
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Fig. 4. Structure of stigmastanol, A*-avenasterol and A"-avenasterol.
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Fig. 5. Structure of vernosterol, fucosterol and citrostadienol.

olive, corn, wheat germ and Vernonia anthelmintica
seed oil. The unsaponifiable fraction contained
relatively large quantities of sterols and was ef-
fective in retarding oxidation. Sims et al.’® rep-
orted that the order of effectiveness as antiox-
idants in safflower oil at 180°C was vernosterol, A
7-avenasterol and fucosterol(Fig. 5). Citrostadien-
ol, 4-a methyl-A"%®) _stigmastadiene-38-ol (Fig.
5), was also effective as an antioxidant, These
observations can be explained by the hypothesis
that sterols with a structure that allows them to
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react rapidly with lipid free radicals to form rela-
tively stable free radicals are effective as antiox-
idants. Relatively stable free radicals interrupt
the triglyceride autoxidation chain reaction. The
antioxidant effect is greatest when free radical
formation from the steljol is relatively rapid due
to the presence of unhihdered hydrogen atoms on
an allylic carbon atom, and when the free radical
thus formed can isomerise to a tertiary free rad-
ical(Fig. 6), which is known to be relatively st-
able!®,

CHz- CH2
\C Y
-« |
c-
CH(CHs)2 CH(CHz)2

Fig. 6. The tertiary free radical.
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Table 1. Protective indices(PI) of additives during the heating of technical trioleylglycerol at 180"

Additive Concentration PI after heating for:

(%) 24h 48h 72h
a-Tocopherol 0.02 0.97 1.01 1.01
BHA 0.02 0.96 1.04 1.00
Cholesterol 0.1 0.96 1.12 1.12
Stigmasterol 0.1 0.95 1.11 1.09
Fucosterol 0.1 1.52 1.71 1.66
AS-Avenasterol 0.1 1.78 1.69 1.59
A®-Avenasterol 0.05 1.16 1.19 1.09
AS-Avenasterol 0.01 1.10 1.09 1.07

Boskou and Morton!”’ reported that olive oil
sterol mixtures containing A’-avenasterol and A*
-avenasterol alone reduced the extent of oxi-
dation, while g-sitosterol was initially ineffective
and became slightly prooxidant after prolonged
heating. Gordon and Magos!® reported that a-
tocopherol, BHA, cholesterol and stigmasterol
were ineffective, whereas A’-avenasterol and fu-
costerol were effective as antioxidants at 180T in
a triglyceride mixture similar in composition to
olive oil. The antioxidant effect of A*-avenasterol
increased with concentration in the range 0.01%
to 0.1% (Table 1). Lipid free radicals react rap-
idly with sterols that have unhindered allylic car-
bon atoms such as the ethylidene group. Isomeriz-
ation then produces a stable allylic tertiary free
radical and interrupts the oxidation chain. The
results confirm the findings of Sims et al.’® who
demonstrated the activity of sterols with an
ethylidene side chain.

Some sterols present in oats have been shown
to retard thermal changes at frying tempera-
ture®~%_ White and Armstrong® reported that a
specific sterol found in oats, AS-avenasterol was
effective in retarding soybean oil deterioration at
180C. The antipolymerization activity of the ster-
ol at frying temperature is thought to reside in
its side chain, which contains an ethylidene
group, Duve and White®™ studied a simple, inex-
pensive extraction procedure to remove antiox-
idants and sterols from oats. They reported the
greatest antioxidant activities were obtained
with methanolic antioxidant extracts derived
from Noble and Ogle oats and hulls., All oils with

added oat and hull extracts reduced polymeriza-
tion of soybean oil during 14 days at frying tem-
perature. An improved procedure for producing
the methanolic extract from oat resulted in effec-
tive antioxidant activity in soybean and cotton-
seed oils stored at 30C in the light and dark and
at 60 in the dark®, Tian and White®' tested for
the antipolymerization activity of oat extract in
soybean and cottonseed oils under frying condi-
tions. The soybean and cottonseed oils containing
0.005 or 0.007% oat extract were effective in re-
ducing polymerization at frying temperature.

NATURAL ANTIOXIDANTS IN
DEVELOPMENT

Fats and oils are slowly oxidized even at ambi-
ent temperature, and their oxidation becomes rap-
id at high temperatures. This results in a darken-
ed color, increased viscosity, increased foaming,
and chemical changes affecting the sensory char-
acteristics, nutritional quality and safety of food-
s!~®_ The addition of antioxidants to fats and oils
or to foods that contain fats and oils is one of the
most effective ways to prevent oxidation of the
lipids. An antioxidant’s primary function is gener-
ally agreed to be its chain-breaking activity (i.e.
peroxyl radical trapping), and there is no doubt,
from a mechanism point of view, that both natu-
ral and synthetic antioxidants exhibit the same
fundamental chemical activity. The reasons for
preferring natural antioxidants over synthetic
antioxidants are not based purely on their antiox-
idant activity”, but based on the possible toxicity
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of synthetic antioxidants®®,

Solvent extraction is the major method used to
isolate natural antioxidants from plant parts.
Most commonly used solvents for extracting nat-
ural antioxidants are methanol, ethanol, ethyl
acetate, petroleum ether and diethy! ether. Gen-
erally, solvents with higher polarity yield greater
antioxidative activity®. Chang et al.?®’, in a pat-
ent for extraction of antioxidants from rosemary
and sage, found methanol and ethanol to be the
most successful solvents. Duve and White®® com-
pared the activity of eight solvent extractions of
oats and concluded that the greatest antioxidant
activity was derived from the methanol extracts
of undefatted oat. Kim et al.?V studied the ef-
fects of the type of extraction solvent on the
antioxidant activities of selected herbs. They rep-
orted that the antioxidant activities of most herb
extracts were greatly dependent on the kinds of
solvents used for the extraction, However, some
plant extracts showed strong antioxidant activi-
ties regardless of kinds of extracting solvents.
The reason for the different antioxidant activity
with different extracting solvents might be due
to the differences in solubility of antioxidant com-
ponents of herbs in solvents. In most cases, the
antioxidant activity of herbal extracts showed
strong antioxidant when the extracts were pre-
pared with methanol as an extracting solvents®.

Since medicinal herbal plants are used for the
development of natural antioxidants, the devel-
oped natural antioxidants are expected to contain
positive physiological function to human®~%,
Zhang et al.®V jsolated and identified the effec-
tive antioxidants from the herbal plant Tanshen
(Salvia miltorrhiza Bung). They reported antiox-
idative components of Tanshen may have the po-
tential of being used as natural antioxidants in
foods. Six species|Taraxacum platycarpum(Korean
name :min-dle-re),  Plantogoasiatica(jil-kyung-ii),
Rhus javanica L.(buk-na-mu), Lycopus Iucidus(tac-
ran-yup), Astragalus membranaceus(hwang-gi), Tar-
axacum platycarpum H.(po-gong-young)] among
herbal plants seemed to have strong antioxidat-
ive activity and high extracting yields. The Rhus

T FPFEHA

Javanica L. ethanol extract retarded greatly the
induction period of the oxidation in palm oil and
lard®. The antioxidant activities of Epimedium
koreanum N,(eum-yang-kwak) methanol extract
on the oxidation of fat and oils were studied by
measuring peroxide values. The methanol extract
showed high antioxidant activity on the oxidation
of lard and corn oil, and antioxidant effectiveness
increased as the concentrations of the extract in
lard increased®™. Thus, the herbal plant extracts
need to be studied effectiveness at retarding oxi-
dation at the high temperatures.

The natural antioxidant with physiological ac-
tivity will provide not only effective way of food
preservation but also disease preventive effects*
5 If the positive physiological properties and non-
toxicity of the natural antioxidants are proven, it
will replace, to a great extent, the synthetic
antioxidants in lipid containing foods, fats and
oils, because the need for novel natural antiox-
idants is obvious, and industry continues to look
for useful natural antioxidants which are effec-
tive at retarding oxidation at the high temper-
atures. Furthermore, antioxidants should, in the
future, not only be used wherever necessary, but
should also be regarded as an ingredient (such as
vitamins or some of the trace elements) which
represents added value in a food product”.

ABSTRACT

The addition of antioxidants to fats and oils is
one of the most effective ways to prevent oxi-
dation of lipids. The popularity of natural antiox-
idants has increased because of the possible tox-
icity of synthetic antioxidants. Common natural
antioxidants, tocopherols, retard oxidation at am-
bient temperatures, but they are ineffective at
retarding oxidation at frying temperatures. The
need for the development of novel natural antiox-
idants which are effective at frying temperatures
is obvious. Sterols present in vegetable oils and
certain herbal plant extracts have been reported
to have antioxidant properties. Some sterols have
been shown to retard thermal changes at frying
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temperatures. All the sterol effective at prev-

enting oxidation at frying temperatures have an

ethylidene group in their side chain. These ef-

fects can be explained by the hypothesis that

sterols with a structure that allows them to react

with lipid free radicals to form relatively stable

free radicals are effective as antioxidants,

(Key words :

natural antioxidants, sterols, eth-

ylidene group, herbal plant extracts)
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