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of the Nutritional attributes
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Plam oil is one of the major 17 oils and fats in the world. Latest projection by oil world indicates
that production of plam oil has been increasing al a higher rate compared to other oils and
fats. Production is projected to increase by two folds from a sizable annual average of 11 million
tonnes in 1988/1992 to about 23 million tonnes by year 2003/2007. On the demand side, domestic
disappearance is expected to increase from 80 million tonnes to an annual average of 121 millioon
tonnes by 2003/2007. It is therefore obvious that plam oil is expected to be in high demand. In
addition, growth is expected to be in high demand. In addition, growth is expected to be more
prominent in developng countries like China, South Asia, and the Middle-East compared to develo-
ped countries. This paper deals with the current situation and prospects for plam oil in two major
aspects . supply and demand. In addition the recent developments in scientific research and oleo-
chemical industries will be highlighted.
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Introduction

Palm oil is one of the three oils referred to
as ‘tropical oils’ . This is an unfortunate grouping,
as the fatty acid composition of palm oil is quite
different to that of coconut and palm kernel
oil—the other two oils referred to as ‘tropical
oils’. Palm oil from the fruit of the oil palm tree
has been a traditional source of food in West Af-
rica for over 5000 years. Palm oil is now the largest
selling edible oil in the export trade of oils and
fats, 90% of which is used in food applications.
The higher level of saturated fatty acids(approxi-
mately 50%) not only makes palm oil an extre-
mely good candidate for processed foods but also
makes the oil a source of nutritional controversy.
This controversy arose from early nutritional ad-
vice, now shown 1o be not entirely correct, that
all saturated fats raise blood cholesterol and poly-
unsaturated fats lower blood cholesterol. The co-
ntroversy was fuelled by self-interests of indivi-
duals and organisations.

Coronary heart disease and atherosclerosis
have, for some time, been linked to concentrations
of blood cholesterol, particularly low density lipo-
protein cholesterol. Analysis of a large number
of studies on coronary heart disease has shown
that, in general ‘a 1% fall in serum cholesterol
is associated with at least a 2% fall in coronary
heart disease’ and that there is a graded relation-

ship between serum cholesterol concentration and
the incidence of the disease(Palca, 1990). His
study also concluded that there will be a conside-
rable reduction in heart disease if plasma choles-
terol is lowered in the whole community, rather
than just those adults with a particularly high
plasma cholesterol.

Information like that referred to above increa-
ses consumer awareness of cholesterol and dietary
fats. Almost everyone in western societies knows
their blood cholesterol concentration, Nutritional
information on fats and oils, or at least the interp-
retation of this information, may not always be
correct and this does affect consumer awareness
which in turn influences the types of fats and
oils marketed in 3 country. Often scientific discu-
ssion, particularly when it relates to a controver-
sial topic, tends to become perceived as a fact
in the general community once it hits the headli-
nes in the popular press. This is unfortunate. Sa-
dly incorrect messages are often published for co-
mmercial advantage or by ignorance on the part
of the writer. Palm oil was one commeodity that
fell victim to misleading representations in the
late eighties due to commercially motivated adve-
rtising in the United States,

Farty Acid Composition of Palm Oil

Fruit of the oil palm tree is unique because
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one fruit produces two types of oil with different
fatty acid compositions. The predominant oil in
palm oil which comes from the fleshy fibrous me-
socarp, whereas the inner white layer(seed or ker-
nel) produces palm kernel oil. In addition to the
difference in composition between the two oils,
palm oil(and its more liquid fraction, palm
olein) is rich in B-carotene and tocols(tocophe-
rols and tocotrienols). The fatty acid composition
and the content of natural antioxidants confer
exceptional stability to palm oil at high tempera-
fures.

Table 1 documents the fatty acid composition
of ‘tropical oils’ (palm oil, palm kernel oil and
coconut o0il) in comparison to other oils. Palm
oil, is quite different in composition to palm ker-
nel oil and coconut oil 5 the latter two containing
82% and 84% saturated fatty acids. The composi-
tion of the shorter chain saturated fatty acids is
also quite different. Palm oil has approximately
1% of its fatty acids with 14 carbons or less whe-
reas in palm kernel and coconut oils approxima-
tely 70% of the fatty acids are in this category.
This is an important consideration as lauric and
myristic acids with 12 and 14 carbons respectively
are the. most atherogenic saturated fatty acids.

Also the amount of monoene fatty acids is dif-
ferent between the three ‘tropical’ oils, palm oil
has 40% oleic(C18 : 1), whereas palm kernel oil
(15%) and coconut(10%) are significantly lower
in monoenes. Oils(canola, olive) rich in monoe-

Table 1. Major fatty acids(percent) in selected oils

nes are in favour becaunse they have been shown
to lower blood cholesterol without lowering high-
density lipoproteins(‘good cholesterol’). The le-
vel of polyunsaturated is also higher in palm oil
but not as high as found in oils like soyabean
or safflower. The fatty acid composition of palm
oil is predictable and constant because it is pro-
duced by similar high-yielding hybrid oil palm
trees, whereas other commercial vegetable oils(e.
g., olive) can vary considerably in their fatty acid
composition.

Besides the differences in functional properties
of fats with different fatty acid compositions, we
are also interested in fatty acid composition in
relation to blood cholesterol because of the rela-
tionship between blood cholesterol and coronary
heart disease. With such differing patterns of fatty
acids, the physiological effects of palm oil are
likely to be quite different to those of coconut
and palm kernel oil

Replacement of saturated animal fats by polyu-
nsaturated fats in the diets of both animals and
humans has resulted in reduced blood cholesterol
in a number of studies. However, two vegetable
fats with a high content of saturated fats, cocoa
butter and palm oil(palm olein), do not cause
blood cholesterol concentrations to rise. Kris-
Etherton et al(1984) fed diets containing 10% saf-
flower oil, corn oil, olive oil and palm oil and
found that palm oil, although more saturated, did
not raise blood cholesterol. Sundram et al(1990)

Falm Coconut Palm Palm Soyabean

kernel oil oil ol olein oil
C8:0 3.5 3.9
cl0:0 3.2 6.0
Cl2:0 47.5 47.6 0.1
Cl4:0 16.5 15.7 1.0 1.0
C16:0 8.8 8.6 44.2 39.8 10.3
Cl8:0 2.1 2.0 4.4 4.4 3.8
Cl18:1 14.8 10.2 39.6 42.5 22.8
Cclg.2 2.4 2.6 10.5 11.2 51.0
Cl8:.3 6.8
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fed 20% corn oil, soyabean oil and palm olein
to male rats for 15 weeks. The soyabean oil fed
rats were lower in blood cholesterol than the other
two groups, however, the palm olein group had
a 10.6 mg/dl greater concentration of ‘good’
HDL-cholesterol than did the soyabean oil group.
Studies with mice and monkeys(Schouten et al,
1989) support earlicr observations that the satura-
ted fatty acids of palm oil or palm olein, like those
of cocoa butter, do not raise blood cholesterol
as predicted by the early equations of Keys et
al(1957 5 1965) and Hegsted et al(1965).

In a study to compare the different effects of
saturated fatty acids in processed foods, Heber
and Alfin-Slater(1991) devised a study to com-
pare coconut oil with palm oil and with hydroge-
nated soyabean oil. The fats were incorporated
into muffins and biscuits and made up so that
50% of the calories were derived from fat. Fasting
plasma cholesterol concentrations changed signi-
ficantly(p<C0.05) only after the men were given
the coconut oil diet(Table 2). HDL-cholesterol
was elevated more in the group given palm oil
and palm oil caused the greatest reduction in
blood triglycerides.

In a double blind cross-over trial in which 70%
of the fat of normal Dutch diet of 38 men was
replaced by palm oil, no effect was observed on
total serum cholesterol, however HDL-cholesterol
increased by 11% in the palm oil group(Sundram
et al, 1992). Similar results were obtained when
men were fed a palm oil enriched diet(Heber et
al, 1992). Other studies that show either a hypo-
cholesterolemic or neutral effect of palm oil in
human trials include those of Truswell et al(19

92), Ng et al(1991, 1992), Hornstra et al(1991),
and Marzuki et al(1991).

Lipoprotein(a) is a distinct type of plasma li-
poprotein that strongly predicts risk of coronary
heart disease. Although its concentration is lar-
gely genetically controlled, recent reports by Nes-
tel et al(1992) and Mensink et al(1992) suggest
that lipoprotein(a) can be influenced by diet. Ho-
mstra et al(1991) noted that lipoprotein(a) was
significantly reduced when palm oil comprised
most of the fat in the experimental diet.

Palmn Oil and Thrombosis

Aspects of the role of fats on coronary heart
disease and thrombosis have been reviewed (Nutr.
Rev. 1987 5 Elson, 1992). Using an aortic loop
technique Hornstra(1988) demonstrated that
palm oil does not fit the pattern of other saturated
fatty acids in promoting thrombus formation(Fig.
). Rand et al(1988) have also shown that, al-
though palm oil contains about 50% saturated
fatty acids it did not increase arterial thrombosis
tendency and tended to decrease platelet aggrega-
tion, as compared with highly polyunsaturated
sunflower seed oil. The potential of blood platelets
to synthesise a prothrombotic compound, throm-
boxane, and of the arterial wall to generate the
antithrombotic substance prostacyclin partly de-
termines the risk of artedal thrombosis.

Sugano(1987) fed rats either palm oil or olive
oil at 50% of dietary energy. Although palm oil
contained twice as much palmitic acid as olive
oil, serum cholesterol in rats fed on palm oil was
lower and the linoleic acid(10% in palm oil) ap-

Table 2. Effccts of feeding palm(PO), coconut(CNQ) and hydrogenated soyabean oils(HSBO) on plasma
cholesterol and lipoproteins in healthy male volunteers

oil Cholesterol(mg/dL) HDL-cholesterol (mg/dL) Triglycerides(mg/dL)
Pre Post A Pre Post A Pre Post A
PO 176 172 —4 37 41 +4 94 79 —15
CNO 165 195 +30 40 42 +2 93 110 +17
HSBO 170 168 —2 37 39 +2 91 103 +12

Hcber and Alfin-Slater(1991)
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Fig. 1. Arterial obstruction time as influenced by the
amount of saturated fat in different oils.

peared to have effectively suppressed any eleva-
ling effect of palmitic acid. The prostacyclin/thro-
mboxane ratio was 3 times higher with palm oil
and created a favourable environment for the su-

ppression of thrombus formation.

Palm OQil is not Hypercholesterolemic

Although palm oil has a relatively high content
of saturates, it does not influence blood choleste-
rol the way that might be expected. Hayes and
colleagues from Brandeis University have gained
a good understanding of the role of individual
fatty acids on cholesterol metabolism. Their data
explains why palm il is not an oil that raises
blood cholesterol.

Cholesterol is transported from the liver to the
peripheral tissues in low density lipoproteins
(LDL). LDL-cholesterol

promotes coronary

heart disease(Brown and Goldstein, 1984). Rece-
ptors on the surface of heptacytes control the rate
at which LDL-~cholesterol is taken up by the liver
where it can be catabolized for excretion. The
risk of coronary heart disease will be reduced if
more teceptors are available to increase the up-
take of LDL-cholesterol by liver cells. High den-
sity lipoprotein(HDL) is also able to take up ex-
cessive cholesterol from peripheral tissues and re-
turn it fo the liver for catabolism.

Hayes et al(1991) have reported in monkeys
that dietary palmitic acid{C16: 0) and myristic
acid(C14 I 0) have different effects on blood cho-
lesterol 3 myristic acid being hypercholesterole-
mic. This result was reported as early as 1965(He-
gsted et al), however the observation was overloo-
ked. Hayes and Khosla(1992), Khosla and Hayes
(1992) and Hayes et al(1992) have proposed a
hypothesis(summarised in Fig. 2) to explain the
differing effects of dietary fatty acids on plasma
cholesterol, particularly LDL-cholesterol. Hayes’
group propose that linoleic acid(C18 : 2) ‘up-re-
gulates’ or activates LDI-receptors enabling
LDL-cholesterol to be cleared from blood plasma,
while myristic acid(C14 . 0) ‘down-regulates’ the
receptors causing LDL-cholesterol to rise. Their
data suggests that C12 20 and C16: 0 are equal
and neutral in affecting blood cholesterol and that
the dietary requirement of CI18 ' 2 depends on
the dietary C14 . O present. Above a threshold of
3% energy as C18 . 2, all fatty acids, except C14 :
0, have little effect on blood cholesterol (Fig. 2).
When C18 I 2 is between 3% and 6.5% of energy
the only fatty acid to increase plasma LDL-chole-
sterol was C14 : 0. Below 3% of energy, C14: 0
is very hypercholesterolemic and C16 © 0 only sli-
ghtly able to elevate blood cholesterol. Palm oil
has about 10% C18 - 2 and only 1% C14: 0 and
for this reason behaves like a neutral fat, showing
a limited cholesterol response.
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Fig. 2. Dietary thresholds of individual fatty acids.

Trans Fatty Acids

In its natural state, palm oil is semi-solid and
is used in foods without partial hydrogenation.
For the production of many processed foods, a
harder, more solid fat must be prepared by hydro-
genation 3 a process whereby hydrogen atoms
are added to mono-and polyunsaturated fatty
acids. Many vegetable oils require hydrogenation
to improve their stability and shelf life by decrea-
sing the rate of development of rancidity. In the
hydrogenation process unusual ¢is and frans iso-
mers of fatly acids are formed.

Fig. 3 shows the double bond positions of ¢is
and trans isomers of monoene fatty acids in a
commercially hydrogenated fat. Before hydroge-
nation essentially all monounsaturated fatty acids
have the double bond at the cis-9, 10(A9) position
(Fig. 3b). However, partial hydrogenation causes
the position of the double bond to move along
the carbon chain(Fig. 3a, Fig. 3b). Monoenes with
a trans double bond are straight chain molecules
similar in structure to that of a saturated f.:atty
acid.

Trans fats can occur in nature through hydro-
genation of unsaturated, particularly polyunsatu-
rated, fatty acids. They are found in small quanti-
ties in ruminant products(e.g., milk, beef and

25
N S 3a) trans
20+
aQ
§ Q
é 154 N S
; \
§ 104 N
o 3
[=] \ \
® sl
Y L
6 7 8 91011121314 1516 17
double bond position
70
60 § 3b) cis
]
8 3501
8
g 40
é 30-
s
20 N
¥ N
i N
. MR
. <NNNNN S

7891011121314151617
double bond position

Fig. 3. Double bond positions in cis and trans monoene
fractions of a commerdially hydrogenated fat
product.

lamb). Most trans fatty acids in the diet are deri-
ved from partially hydrogenated vegetable oil(e.g.,
soyabean oil) that are used to prepare margarines
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and frying oils that have improved stability and
functional properties than the natural oils. Rather
than partially hydrogenating a polyunsaturated
oil, a more reascnable approach would be to use
a fat, like palm oil, that has the functional charac-
teristics we require in the end product. By hydro-
genating an oil we lose the nutritional advantage
of a polyunsaturated oil due to the presence of
unusual frgns fatty acids. Recent studies suggest
that frans fatty acids adversely affect cholesterol
metabolism.

Judd et al(1993) gave a carefully controlled diet
for 6 weeks to 29 men and 20 women. The diets
used were 1) oleic acid rich, 2) moderately high
in trans fatty acids(similar to that in the United
States diet), 3) high trans fatty acids(about twice
the United States average) and 4) saturated fatty
acids(C12: 0, Cl4: 0, C16 : 0). Trans acids cau-
sed plasma total and LDL-cholesterol elevations
similar in direction to the diet high in saturated
fatty acids. The first three diets are all rich in
monounsaturated fatty acids, however the ¢is form
of the double bond(diet 1) behaves differently
to the #ans form. Diet 4 was rich in C12: 0 and
Cl14 - 0 fatty acids 5 two of the most hypercholes-
terolemic fatty acids.

In another study mildly hypercholesterolemic
men were given diets shown in Table 3(Nestel
et al, 1993). The trans acid used was elaidic acid
and resulted in the highest LDL-cholesterol parti-
cularly when compared 1o oleic acid, the cis form
of the acid. The elaidic acid(trans) diet caused
an increase in lipoprotein(a), the best known pre-

Table 3. Effect of dietary fat on blood cholesterol
HDL-cholesterol

Diet (mg/dL) Comment
Buter fat

enriched 163
Olcic acid-rich 151
Elaidic acid-rich 165 tLp(a) -
Palmitic acd-rich 161 11 HDL chol

Lp(a) =lipoprotein(a)
Nestel et 2l.(1993)

dictor of coronary heart disease. The palmitic
acid-rich diet contained a lot of palm oil and
caused an elevation in protective HDL-choleste-
rol.

In another major study involving over 85,000
American women, Willett et al1(1993) found a di-
rect relationship between intake of frans fatty
acids and the risk of heart attack. After an eight
year follow-up 431 of the women had died of co-
ronary heart disease and all had consumed high
levels of trans fatty acids from processed foods
such as margarine, cakes and biscuits. A clear
indication that frans fatty acids do increase the
risk of coronary heart disease. The nutritional
problems of frams fatty acids were first written
about by Katan’s group in the Netherlands(Men-
sink and Katan, 1989, 1990). He recently summa-
rised his work by stating that the effect of partially
hydrogenated vegetable oils on serum lipopro-
teins is decidedly less favourable than that of
unhardened oils(Katan, 1993). This is similar 1o
a position statement put out by the National Heart
Foundation of Australia that stated that ‘the ac-
tion of lrans acids is similar to that of saturated
fatty acids’.

The nutritional attributes of frans fatty acids
are questionable, therefore, it does not make nut-
ritional or economic sense to chemically modify,
by hydrogenation, expensive polyunsaturated oils
to achieve a partly solid fat when cheaper oils
are available that do not require chemical modifi-
cation.

Tocotrienols and Lipid Metabolism

Refined palm oil and its commercial fractions
(e.g. palm olein) are rich sources of Vitamin E
and compounds with Vitamin E activity. The to-
copherofs and tocotrienols(Table 4) are natural
antioxidants and palm oil is the richest source
of tocotrienols. Palm is the only commercial vege-
table oil to contain significant amounts of tocot-
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Table 4. Tocol content of vegetable oils

Tocopherol Tocotrienol

o B A 8 o B A &
Soybcan oil 101 593 264
Safllower oil 387 14 240
Corn oil 112 50 602 18
Cottonseed o1l 389 387
Sunflower oil 487 51 8
Peanut oil 130 216 21
Cocoa butter 11 170 7
Olive oil 51
Coconut oil 13
Lard 7
Palm ol 164 174 313 80
Palm olcin 196 201 372 96
Palm stearin 79 81 168 44
Elson(1992)

rienols ; the tocol content of palm oil is typically
between 500750 ppm. Tocotrienols are found,
however, as constituents ol oat bran oil, rice bran
oil and barley oil. Unrefined palm oil is also a
rich source of carotenoids(Goh et al, 1985).

The link between tocotrienols and lipid meta-
bolism started in 1986 when Qureshi et al, repor-
ted that tocotrienols inhibited the activity of 3-hy-
droxy-3-methyl glutaryl coenzyme A reductase
(HMGCoAR), the rate limiting enzyme in chole-
sterol synthesis. Qureshi supplemented hypercho-
lesterolemic men with a tocotrienol rich fraction
from palm oil(palmvitee capsules) and reported
a 15% reduction in serum cholesterol in those
individuals fed palmvitee capsules(Qureshi et al,
1991).

Qureshi chose the chicken to confirm the obse-
rvation that tocotrienols lowered blood choleste-
rol. Qureshi et a1(1988), added a mixture of tocot-
rienols(palmvitee) and purified tocotrienols at 20
ppm. Total serum cholesterol decreased in the
treated birds - 8-tocotrienol being the most effec-
tive with a 39% reduction in blood cholesterol.
Their study also reported a concomitant reduction
in the activity of HMGCoAR.

The effect of dietary fibre(a-cellulose or guar

gum) and tocotrienols from palm oil were studied
in both young(9 weeks) and mature(51 weeks)
Japanese quail(Hood and Sidhu 1992). The diets
were based on ingredients of vegetable origin with
equal amounts of saturated and unsaturated fatty
acids. In young quail, dietary guar gum plus toco-
trienols was effective in reducing plasma choleste-
rol and liver size in comparison to quail fed a-
cellulose(Table 5). Tocotrienol had no effect on
cholesterol metabolism when included in the
a-cellulose treatment. Rates of hepatic cholesterol
synthesis from 4C-mevalonate were similar for
all treatment groups. In mature quail tocotrienols
were not effective in reducing blood cholesterol.
Tocotrienols were also not effective in altering
the propensity of Japanese quail to develop athe-
rosclerosis in the aortic arch.

The studies of Hood and Sidhu gave no clear
result on the effectiveness of tocotrienols as hypo-
cholesterolemic agents. Therefore additional stu-
dies were done with male Japanese quail and
male Wistar rats that were fed either 0, 50, 250,
or 1000 ppm of palmvitee(60% tocotrienols). Af-
ter 6 weeks on the diets there was no effect, attri-
butable to tocotrienols, seen on liver weight, liver
cholesterol, blood cholesterol or hepatic choleste-
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Table 5. Cholesterol status of young Japancse quail after 4 wecks on diets containing a-ccllulose or guar

gum with added rocotrienols in the form of a tocotrienolrich {racton(TRF) from palm oil

a-Cellulose Guar gumn
—TRF +TRF —TRF +TRF
Live wt(g) 214 * 3 219 £ 7 199 £ 6 214 X 10
Liver wi(g) 3.4° + 02 542 + 02 3.0 + 02 2.7% + 0.1
Liver lipid( %) 7.0 £ 08 6.7 £ 03 60 £ 05 48 * 03
Liver cholesterol(mg/liver) 7.3 * 05 69 * 08 74 * 1.1 65 * 0.5
Total plasma 485t 0.31 4.92*+ 0.29 444"+ 0.38 3.59P+ 0.20
cholesterol(mmol/L)
HDL plasma 4.00*0% 0.28 8.96*L 0.30 3.63*%t 0.33 2,55+ 0.30
cholesterol(mmol/L)
Cholesterol symhcsis‘) 451 +37 456 29 538 26 499 =20

1 Nanomoles of mevalonate converted to cholesterol per liver per hr
b Different superscripts indicates significant differences p<{0.05

Hood and Sidhu(1992)

rol synthesis(Hood, unpublished), In a further
study(Hood and Kneale, unpublished), Japanese
quail were fed varying levels(0.75, 1.50, 3.00 and
6.00%) of dietary vegetable fat with palmviiee
(2000 ppm) or without palmvitee. Once again no
significant differences were seen in the blood cho-
lesterol fractions nor in the activity of HMG-
CoAR. The reported inhibitory role of tocotrie-
nols on HMGCoAR as demonstrated by Qureshi’
s group could not be repeated.

Tocotrienols as Antioxidants

The antioxidant properties of tocotrienols from
palm as reported by a number of research workers
are very exciling. Tocopherols and tocotrienols
are natural antioxidants and act as scavengers
of damaging oxygen free radicals that have been
suggested as playing a role in cellular aging, athe-
rosclerosis and cancer. Tocopherols are well un-
derstood antioxidants and free-radical scavengers
however recent evidence predicts that tocotrienols
are even more effective.

When the unsaturated fatty acids and choleste-
rol of low density lipoproteins(LIDL) become oxi-
dised the formation of atherosclerotic lesions may
be exacerbated. Both a-tocopherol and a-tocotrie-

nol protected human LDL against oxidative mo-
dification induced by lipoxygenase, UV-irradia-
tion or an azo-initiator of peroxyl radicals(Packer
1993). The recycling efficiency for a-tocotrienol,
as measured by transient disappearance of chro-
manoxyl radicals, was higher than for a-tocophe-
rol. This led Packer to conclude that, in model
systems, a-tocopherol should have higher physio-
logical activity than a-tocopherol under condi-
tions of oxidative stress because of its greater an-
tioxidant potency.

Tocotrienols and Cancer

Palm oil, when fed to rats has caused a reduc-
tion in the frequency of chemically induced tu-
mours when compared to diets containing a num-
ber of other edible oils(Sylvester et al, 1986 ; Ne-
saretnam et al, 1991 3 Elson 1992). Breast cancer
is a major cause of death of women in western
societies(e.g. one in fourteen Australian women
will develop breast cancer). As Asian societies
become more affluent and change to a higher
fat diet it is likely the incidence of breast cancer
will increase. In a study using a strain of breast
cancer cells, Nesaretnam et al(1993), concluded
that a tocotrienol rich fraction from palm oil at
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a concentration of 180 pg/ml caused a 50% inhi-
bition of growth of human breast cancer cells
whereas a-tocopherol(180 pg/ml) had no effect
on cancer growth. Palm oil does not appear to
promote mammary carcinogenesis like other un-
saturated vegetable oils and this may be related
10 a protective effect of palm oil tocotrienols de-
posited in mammary adipose tissue.

Summary

The fatty acid composition and the content of
tocopherols and tocotrienols of palm oil are quite
different to that of coconut and palm kernel oil,
hence it is not surprising that the physiological
effects of palm oil are quite different to those of
coconut and palm kernel oil. The grouping of
palm oil with the other two ‘tropical oils’ is unfo-
riunate since palm oil is hypocholesterolemic co-
mpared to coconut and palm kernel oils. Al-
though palm oil contains fifty percent fatty acids,
the balance of fatty acids in this oil is not condu-
cive to elevating blood cholesterol, particularly
since palm oil contains adequate linoleic acid and
is very low in myristic acid - a hypercholesterole-
mic fatty acid. Palm 0il should be considered nor-
mocholesterolemic, as in the majority of animal
and human studies it does not elevate blood cho-
lesterol. Palm oil is semi-solid, has good oxidative
stability and can be used in many food products
without partial hydrogenation - a process resul-
ting in unnatural cis and trans isomers of monoe-
nic fatty acids. Trans fatty acids(e.g, elaidic) tend
to raise blood cholesterol in comparison to their
cis isomers{e.g., oleic acid), therefore it is not nut-
ritionally nor economically rational to chemically
modify, by partial hydrogenation, expensive poly-
unsaturated oils to achieve a semi-solid fat when
semi-solid fats are currently available as natural
oils.

Palm oil is the richest source of tocotrienols,
potent natural antioxidants that reduce biological

oxidation(e.g., protect human low density lipop-
roteins against oxidative modification hence re-
ducing the formation of atherosclerotic Iesions).
Preliminary results also suggest that tocotrienols
have a protective effect on the development of
human breast cancer when compared to other
vegetable oils. Studies have shown that tocotrie-
nols from palm oil inhibits hepatic cholesterol
synthesis and decreases blood cholesterol, howe-
ver, this biological effect of tocotrienols has not
been reproducible, hence the role of tocotrienols
on cholesterol metabolism has yet to be clarified.

Literature cited

1) Anon. New findings on palm oil. Nutr Rev 45 : 205,
1987

2) Brown MS & Goldstein JL. How LDL receptors
influence cholesterol and atherosclerosis. Scient
Amer 251 © 52, 1984

3) Elson CE. Tropical oils : nutritional and scientific

issues. Critical Reviews in Food Science and Nut-

rition 31(1/2) : 79, 1992

Goh SH, Choo YM & Ong SH. Minor constituents

of palm oil. J Amer Oil Chem Soc 62237, 19

85

5) Hayes KC & Khosla PR. Dietary fatty acid thre-

sholds and cholesterolemia. FASEB Journal 6 .

2600, 1992

Hayes KC, Khosla PR, Pronczuk A & Lindsay S.

Re-examination of the dietary fatty acid-plasma

~

4

~

6

cholesterol issue : is palmitic acid(16 : 0) neutral
in Cholesterol and Coronary Heart Disease— The
Great Debate. P Gold, S Grover, DAK Roncani
(eds), Parthenon Publishing Company, Lance.,
UK, ppl89, 1992
7) Hayes KC, Pronczuk A, Lindsey S & Diersen-
Schade D. Dietary saturated fatty acids(12 : 0, 14
20,16 : 0) differ in their impact on plasma chole-
sterol and lipoprotein in non-human primates. Am
J Chin Nutr 53 .1, 1991
8) Heber D & Alfin-Slater RB. Effects of feeding
palm, cocomut and hydrogenated soya oils on pla-
sma cholesterol and lipoproteins in healthy male
volunteers. Proc. 1991 PORIM Int. Palm Qil Conf.

— 1016 —



Nutrition and Health Module TI, 48 * 1991

9) Heber D, Ashley JM, Solares ME, Wang HJ &
Alfin-Slater RB. The effects of a palm oil enriched
diet on plasma lipids and lipoproteins in healthy
young men, Nutrition Research 12 © 543, 1992

10) Hegsted DM, McGandy RB, Myers ML & Stare
FJ. Quantitative effects of dietary fat on serum
cholesterol in man. Am J Clin Nutr 17 © 281, 1965

11) Hood RL & Sidhu GS. Effect of guar gum and
tocotrienols on cholesterol metabolism in the Ja-
panese quail. Nutr Res 12 . 8117, 1992 '

12) Hornstra G. Dietary lipids and cardiovascular di-
sease . effects of palm oil. Oleagineaur 43 : 75,
1988

13) Hornstra G, Hennissen AAHM, Tan DTS & Kalf-
rusz R. Iz C. Galli and E Fedeli(eds) Fat Produc-
tion and Consumption. Unexpected effects of die-
tary palm oil on arterial thrombosis(rat) and
atherosclerogis(rabbit). Comparison with aother
vegetable oils and fish oil Nato ASI Series A,
Life Sciences 131 . 69, 1987

14) Hornstra G, Houwelingen AC, Kester ADM & Su-
ndram K. A palm oil enriched diet lowers serum
lipoprotein(a) in normocholesterolemic volun-
teers. Atherosclerosis 90 © 91, 1991

15) Judd JT. Dietary frans fatty acids and plasma lipo-
proteins in humans. Proc, XV Int. Congress Nutr.,
Adelaide 36 : 1993

16) Katan MB, Mensink RP & Zock PL. Influence
of elaidic acid and its isomers on serum lipopro-
teins in human volunteers. Proc. XV Int. Congre-
8ss Nutr. Adelaide 35 © 1993

17) Keys A, Anderson JT & Grande F. Prediction of
serum cholesterol responses of man to changes
in fats in the diet. Lancet @ 959 © 1957

18) Keys A, Anderson JT & Grande F. Serum choles-
terol response to changes in the diet. IV. Particu-
lar saturated fatty acids. Mefab Clin Exp 14 . 776,
1965

19) Khosla P, Hayes KC. Comparison between the
effects of dietary palmitate(16 * 0), oleate{18 ' 1)
and linoleate(18 : 2) on plasma lipoprotein meta-
bolism in cebus and rhesus monkeys fed choleste-
rol-free diets. Am J Clin Nutr 55 . 51, 1992

20) Kris-Etherton PM, Ho CY & Fosmire MA. The
effect of dietary fat saturation on plasma and he-

patic lipoproteins in the rat. J Nuir 114 ° 1675,
1984

21) Marzuki A, Arshad F, Razak TA & Jaarin K. Inf-
luence of dietary fat on plasma lipid profiles of
Malaysian adolescents. Amer ] Clin Nutr 53(4) © §
1010, 1991

22) Mensink RP & Katan MB. Effect of a diet enri-
ched with monounsaturated or polyunsaturated
fatty acid on the levels of low density and high
density lipoprotein cholesterol in healthy wornen
and men. N Eng ] Med 321 . 436, 1989

23) Mensink RP & Katan M). Effect of dietary trans
fatty acids on high density and low density lipop-
rotein cholesterol levels in healthy subjecis. N
Eng J Med 323 - 439, 1990

24) Moncada S & Vane JR. Unstable metabolites of
arachidonic acid and their role in haemostasis and
thrombosis. Br Med Bulletin 34 : 129, 1978

25) Nesaretnam K, Guthrie N, Chambers A & Carrol
KK. Effect of tocotrienols on the growth of a hu-
man breast cancer cell line in culture. Proc. XV
Int. Congress Nutr.,, Adelaide 76 : 1993

26) Nesaretnam K, Khor HT, Ganeson ], Chong YH
& Gapor A. The protective effects of palm oil and
its naturally-occurring tocotrienols on chemicélly-
induced rat mammary carcinogenesis. Proc. 1991
PORIM Int. Palm Oil Conf 53 : 1991

27) Ng TKW, Hassan K, Lim JB, Lye MS & Ishak
R. Nonhypercholesterolemic effects of a palm oil
diet in Malaysian volunteers. Am J Clin Nuir 53
(4) © 51015, 1991

28) Ng TKW, Hayes KC, De Witt G, Jegathesan M,
Satgunasingam N, Ong ASH & Tan D. Dietary
palmitic acid(16 : 0) and oleic acid(18 : 0) exert
similar effects on serum cholesterol and lipopro-
tein profiles in normo-cholesterolemic humans.
J Am Call Nutrition 110 383, 1992

29) Nestel P, Noakes M, Belling B, McArthur R, Clif-
ton P, Janus E & Albey M. Plasma lipoprotein
lipid and Lp(a) changes with substitution of elai-
dic acid for oleic acid in the diet. J Lipid Research
33 1092, 1992

30) Packer L. Protective role of vitamin E in biological
systems, Am J Clin Nutr 53 . 10508, 1991

31) Packer L. New horizons in palm oil vitamin E
research . protection to membranes and low den-

— 1017 —



sity lipoproteins, myocardial ischemia reoxygena-
tion injury and physical exercise induced oxida-
tive tissue damage. Proc. 1991 PROIM Int, Palm  38)
Qil Conf, Nutrition and Health Module II, 56 -
1993

32) Palca ]. Getting to the heart of the cholesterol
debate. Science 247 © 1170, 1990

33) Qureshi AA, Ahmad Y and Elson CE, Minor cons- 39)
tituents of palm oil-nutritional considerations.
Proc. Palm Oil Symp.,, USA, 1, 1987

34) Qureshi AA, Burger WC, Peterson DM & Elson 40)
CE. The structure of an inhibitor of cholesterol
biosynthesis isolated from barley. J Biol Chem 261
© 10544, 1986

35) Qureshi AA, Qureshi N, Wright JIK, Shen Z, Kra-
mer G, Gapor A, Chong YH, De Witt G, Ong ASH, 41)
Petrson DM & Bradlow BA. Lowering of serum
cholesterol in hypercholesterolemic humans by
tocotrienols(palmvitee). Am J Clin Nutr 53: 5
1021, 1991 42)

36) Rand ML, Hennissen AA & Hornstra G. Effects
of dietary palm oil on arterial thrombosis, platelet
responses and platelet membrane fluidity in rats.
Lipids 23 . 1019, 1988

37) Sugano M. One counter argument to the theory

— 1018 —

that tropical oils are harmful. Lipids(Japan) 40 :
48, 1987

Sundram K, Hornstra G, Van Houwelingen AC
& Kester ADM. Replacement of dietary fat with
palm oil ° effect on human serum lipids, lipopro-
teins and apo lipoproteins. Brit | Nutr 68 . 677,
1992

Sundram K, Khor HT & Ong AS. Effect of palm
oil and its fractions on rat plasma and high density
lipoprotein lipids. Lipids 25 187

Sylvester PW, Russel M, IP MM & IP C. Compa-
rative effects of different animal and vegetable
fats fed before and during carcinogen administra-
tion in mammary tumorigenesis in rats. Cancer
Res 46 - 757, 1986

Truswell AS, Choudhury N & Roberts DCK. Dou-
ble blind comparison of plasma lipids in healthy
subjects, eating potato crisps fried in palm olein
or canola oil. Nutrition Research 12 : 343, 1992
Willet WC, Stampfer MJ, Manson JE, Colditz GA,
Speizer FE, Rosner BA, Sampson LA & Henne-
kens CH. Intake of frams Fatty acid margarine,
and risk of coronary heart disease among women.
Lancet 341 : 581, 1993



g

FT910) Aol A Fo)

2

olghed A ek

A 2
1. Palm oil2 O{H oilRl7}?
B4 Awels ZalAate] ge] FiEo

AEA] A= EE3 Awkite] go]
f¥e] igkE el Awrele Fdelvh Iy
7 A8Hoz Zr Awte) FHd kA T2
51_1?15_ 2AEA A9 coconut ol FEA Aoy
%A 23 Aukikg dE gEsia gl o
‘%111'11 palm3} coconute] ®l£=gt Luf
AlZHEo] coconu® pamS F FESA Z:=
AX AbAoe)ct Pam oil2 AFAAF 1945 23} A A

A7} A = technical oilZ2 9+ AFRFEQTh 18
195213 o] Foll palm oile] A4zt 7hF o) ojgt #&
A77F APEHAA 2802 palm oile] o] 5=
7hsAd ol A A= ek g8t I o] Fof AAtE=
palm oil ] 90% o]ide] HEoZ o]E&H7
AL o] 42 QlITte] HASHE fard} oil A
Ze} 13% AT FIA HAch 224 palm oil&
oil/fare} M A H4ke} oA X E A A Ft
1)

Palm oil2 gho 71F2aEq) o] 53 glv). Ma-
garine, baked product, frying media, #-& confectio-
nary fatel] o]-8=t}. Palm oile] o]2} Zo] 2
7bEdFel o4 5 Ue AL I palm oilo]
7t 3 Qe tee S50 (74 sPesn
1) Palm oil2 I A 7} FEA8 UZ-g 7EA 1 9l
magarine?] =43 Y= A Fs} 2)
Palm oil& FASL 9l= AWAL M Do
Botga ExX 8 AwAkel linoleic acid®} linolenic
adid#Zo] ol oil ZpAle] etA L AF &) 3)
teRelo) 973 short farty acidd EFH FA

A

¥8

)i

JmE e

0.1:_7

Ao,
4

O
I =2

Y Hl

3]

A gopas

2ke) ko] Aol v A E 9] Lo osa] TAT
T A GHE F434F £ Ut 4) Palm oilg
10T e solide FHETH dROA £ &
29 5AE /M TG &FFe] &7 v 7jF%
BYel £42 4 A= WA Wk 53 28
elo] 444Es FAstE HH7 WS ¢ lrh(wide
range of plastic product).

Palm oil9] GLH 7R )& FA ke Adat
Aol gF AE 5 glem AWt o)) &
=) e R84 EE 53] carotened vitamin
Eol Fakol of&] Aa < gich vh39] Table 1.2
palm oile] Awtite] 2L & Hg ol A
WAy 2 A= ¥ @5 Aol (Table 1)2. Palm oile]
Ahal 248 =AM EB palmitic acd2} oleic
acid€] 813Fo] o} beef far?} §AFSF A kAl 24L&
el 3z 9wt Crude palm oil#} palm kernel oil-&
B35l 5H palm kemnel oil& coconm® FAMEE A
Bl 24L& Bk tdE AEBA fAE
palm oile]] BJ&] oleic acid®} linoleic acid ko]

3 palmidc add g2 st}

138l crude palm oilg 202 FrHOE
palm oil-S ;qm.;q. fraciione] =} Eg)dled M «'-g
AL gith g3 o] w2 palm oleind §3¢]
palm stearin 22 1-4--;—01 4] palm oleing 44%-.9_2
A7}3}H palm stearin€ technical oll 2 AME-3l =%
AR

t}-2-9] Table 28 palm olein®} palm stearing]
ekl =42 gl mak Aol d, Palm oleine F=
oleic acid®} linoleic acid &2 71538 8 Z7HA)
7)1 palmitic acid &%& 7&5‘:1\ AM H& ¥A
THE oilo]t}. o]4] ¥]&] palm stearin2 oleic acid2}
linoleic acid & ko] plam oleinB t} 50% AT & o] A]

crude
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Table 1. Fauy acid composition of major edible oils

Fatty Palm Cotton Beef
. Palm Coconut Soybean Corn )

acid Kerncl secd fat
6.0 - 0.2 0.4 - — — —
8:0 — 3.3 7.3 - - - -
10:0 - 3.5 6.6 - - —- 0.0— 0.1
1210 0.1 47.8 47.8 - Tr 0.1 0.1
14:0 1.0 16.3 18.1 0.1 0.8 0.1 2.7— 4.8
16:0 43.8 8.5 8.9 11.2 28.7 12.1 20.9—28.9
1611 0.1 - — 0.1 0.8 0.2 23— 9.1
18.0 4.8 2.4 2.7 0.4 2.6 2.4 7.0—26.5
18:1 58.9 15.4 6.4 22.0 18.4 32.1 80.4—48.0
18.2 10.6 2.4 1.6 53.8 53.0 50.9 0.6— 1.8
1813 0.3 — - 7.5 0.1 0.9 0.3— 0.7
20:0 0.3 0.1 0.1 0.4 0.5 0.5 Tr— 0.9

Table 2. Fractional farty acid composition of palm

Table 3. Vitamin E content of vegetable oils

oil Tocopherol Tocotrienol
Farty Palm Palm Palm a B v bd|a B v &
acid oil olein stearin (ppm) {(ppm)
1210 0.0— 0.2 0.1— 0.2 0.1— 0.2 Palm oil 256 316 70143 32 286 69
14:0 08— 1.3 09— 1.0 1.0— 1.3 Palm oil 279 61 274 398 69
16 .0 43.1—46.3 39.5—40.8 46.5—68.9 Palm oil 152 205 439 94
16 11 Tr— 0.3 Tr— 0.2 Tr— 0.2 Soybean oil 101 593 264
18:0 40— 5.5 3.9— 44 44— 5.5 Safflower oil 387 174 240
1801 86.7—40.8 42.7—43.9 19.9—38.4 Corn oil 112 50 602 18
18:2 94— 119 10.6—11.4 4.1— 9.3 Cottonseed oil | 389 387
18:8 0.1— 0.4 00— 04 0.1— 0.2 Sunflower oil 487 51 8
2020 0.1— 04 0.1— 0.3 0.1— 0.3 Peanut oil 130 216 21
Cocoa butter 11 170 7
24 gUz EBASE FA Ofive ol ’!
. Coconut oil 13
o2& pam oile] FFE Aol A&A4 Lard 19 .
B¥o.2 viamin Eg carotenoids7} 91 Palm oil 164 174 318 80
Palm oile] vimamine E£] §3FE& t}E vegetable Palm olein 196 201 379 96
oile} ¥ m&A v} ZrH(Table 8)%. Viamin ESl  puy stearin | 79 81 168 44

F8 A9 tocopherold B3 £ tocotrie-
nolg oA« et o, B, v, 52 ERSAG. &
28 frof] EAYA o-tocopherol® tocotrienol?] 3t
o] Fom y-tocotienol= 33 FrH o Ak
Crude palm oil®) carotenoids & 500~700
ppme.2 3§71 Wk Palm oile] R caro-
tenoids®] AL ¥A35] BA a-carotene® p-caro-
teneo] Z+7 36% %} 54% S XA|SHAL, y-carotene,
lycopene, xanthopylls& 4% gf-59] Q.

2. Salual Fo Ao|x|uEent HRel AU
x|gt CjAl B|@
geldel N £8) Aolx ez gol ol§HI
A= A28, B718, BAH, 22T AN A8
AW AMGAL, 53] thrombus H4, BA A%
38 T4} VT

1) Re/Usle] xuiF s
S2hvte} 19919 FTigddaezAldg 1989
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AFFEE st et A HEAgE A
A egR] Hez 12~15% A3 3= AR o))
AHH oz o7} YA F&L 12%, dTA= 15
%, TAEAE 1 FE& AR s Aok

223 FAE AATE FAEAT P HL 18
goli &3 dEAE 47 1.7g9 1.6gS He
AAQ et} T3 FEAAAE E71F 4] 0.2g
AZ Vel old $ehvtale] 89d sEEd 9%
ALf FF 82 2y F7|So] 34.0%0]3
e Ba7t 2148%e A aﬂnt zg
AgF2 pold FHE #, A 25 AL
E5+E invisuable ol AR EZ 9= ’d% o]t}
et Selukel A & A de ATALE o )8
s we otk

2) st T
#7189 54L& A7l id Aite] £ ¥ =
Hol n-6 AukAke] linoleic acid7} B3 S7]8&

Table 4. Daily intake & Supply of dietary oils

Table 6. Initial and final body weight and body

weight gain
Inittal Final Body
Groups b(?dy b(?dy wei;'ght
weight wcight gain
(g) (g (g/day)
Sesame oil 134.1:7.9 |428.4+15.2 |3.68+£0.21
Perilla oil 143.94£ 6.7 | 436.3+ 20.4 | 3.66% 0.51
Ricc bran oil| 187.9+5.4 | 430.8£19.9 [3.66+0.25
Fish oil 131.3+6.8 (4169154 |3.63+0.14
Plam oil 131.7+ 4.5 | 453.3% 15.4 | 3.96% 0.21
n-3%1 linolenic acid7} B3l p]7Z-&+= n-9¢] oleic

acid €} linoleic acid7} Bt} 18] 3 o] 3714 {-A =
20 chain®] A4k gl o)< v)3) H-fi= palmi-
tic acid®} n-9%) oleic acd ¥gko] EA -85
AT linoleic acid 33 it} o]g) 37 o9
$709) Auat 4L W@elod ETH(Table 5).

3. feue} Aojx|glnt B3Rz AMSE Fo ®

F XYHE Hw

5 & |[S&EA| dEi] Z71AF0] 13509 DASAA BAE, B
FAVIABG| 209 | 20 IR iz g olf, B8 AR 0% 5,
A (%E:e;gi]zz ) (I;.z%) (i?-g%) (::i%) 3223 com starch 55%, casein 15% 2 EE¢] A}
A eaame| e |12 |1ss 28 WE F 1253 FU A AT 1 A% AF
Tl as@ | 17 13 | 16 F7hEe =S g Azl Zolrt ARTH(Ta-
£718() 0.2 0.0 0.0 ble 6). =& o] YHFR 1Y 19g e E H4]
- = m F718 34.0% s oz Ao]E Holx @grH(Table 7). 4l
R B fr 24.8% A FHHE AL FHFE &7) 98 epididymal
Table 5. Fatty acids composition of dictary oils (Unit: %)
~ Oils Sesame Perilla Rice bran Fish Becf tallow Palm
Fatty acid
12:0 1.2
14:0 5.1 2.6 1.3
16:0 9.4 8.7 15.2 31.4 25.1 42.0
18:0 4.1 23.1 0.1
1(n-9) 0.0 17.1 37.2 10.9 42.4 38.4
2(n-6) 60.5 30.4 46.2 26.1 3.6 16.9
3(n-8) 0.1 43.8 1.4 0.4 - 0.1
2010 0.1 1.8 -
4(n-6) 19.4 -
5(n-8) 2.5 —
n-3/n-6 0.001 1.44 0.08 0.064 - 0.006
P/S ratio 9.64 10.49 5.58 1.21 0.07 1.24
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fat pad FAE &F P} AFTH FHTOl
ezt 2o Ao} Ealele gdUTH(Table 8).

Table 9o et B4 FA9H FHAAEE &
o, F7ETH E7FTA T F4AY] #o]
wgren 7el g 758 FAAW] gten
E3] o] -l A 713 Eatth AN HFL AT
M ¥z I o] UFATolde TE
TE2 "o

Table 10004 RoFe= AXF cholesterolFS
vlms] i & cholesterole o} fFellA 713 &
g} 1 ko] 57|57 ]9 th. HDL-cholesterol &
o A-g-7e] 7t %3 L vgol E7ET. ¥
2 EolAN AVFTH $ATL I UE 2R
FAH £AE BRI o f- T4 HDL-choleste-
role] 7}3 wroivh. IHH # cholesterold] i §
HDL-cholesterol 1] &2 B¥ E7&820] 714 ¥
gtz 2 thgo] FaEeldck B I HEE
L.z Fo] 7 @il 222 F cholesterol ¥
28 2 gA3ly] HUlE & cholesterole]] it
HDL-cholesterol H)-&¢l £32 F4, 435 E7]
g7 A% ERL I hgol THT, ART,
BANEE, $AT o4 AU FAW &
Folu} FAAME BY F7EFH E71FL0
A8 FEE REAT F cholesterold] ok
HDL-cholesterol2] B]-&2] A A A B S7]E0]
Ags 23 71gdS ¢ 5 Atk

4, 2|2} Ao[x|Ln} FRZ AlsE Fo

w3 mt

AE5e gUR EAE H7) A9 FFE
2@ o AT AYFANL, Y2vel
WEE MDA ¥%$ FANAL Lawd ATy
FHE $HAT-

H4A% £(Table 11)& 0]7h 873 #H7]|8F0]
1 Eorem o)L o] FHFe| Aol 7 E0
7h okt JElm WE T & o g A3

Table 7. Daily food intake and food efficiency ra-

tio
Daily food Food
Groups intake cfficiency
(g/day) ratio
Scsame oil 19.1+0.4 0.18£0.010
Perilla oll 18.7£0.7 0.20% 0.008
Rice bran oil 18.7£ 0.9 0.19:+0.003
Fish oil 20.2+0.9 0.18+ 0.008
Palm oil 18.8+£0.9 0.19% 0.006

Table 8. Epididymal fat pad weight and EFP in-

dex
Epididymal EFP
Groups fat pad index
(g) (mg/g BW)

Sesame oil 7.57+0.77 17.6+ 1.7
Perilla oil 8.30+0.74 18.7+x 1.1
Rice bran oil 8§48+ 1.18 17.9% 1.8
Fish oil 891t 1.214 21.2+2.6
Palm oil 9.99% 1.01 21.91+1.9

Table 9. Scrum total lipid and triglyceride concent-

rations
Groups Total lipid Triglyceride
(mg/dl scrum) | (mg/dl serum)
Scsame o1l 227.6%+ 9.1 932+ 9.2
Perilla oil 200.7£16.9 96.8L 9.8
Rice bran oil 2294+ 13.6 128.4+10.8
Fish oil 202.3£15.2 1508 11.1
Beef tallow 315.2+ 20.1 124.1*+ 6.0
Palm oil 216.1+10.5 136.6% 6.2

Table 10. Scrum total cholesterol, HDL-cholesterol and HDL-Chol/T-Chol Ratio

) Toral cholesterol HDL-cholesterol HDL-Chol/T-Chol
Groups (mg/dl serum) (mg/dl serum:) Tatio
Sesamec oil 78,9 8.1 40.3£ 5.9 0.51£0.05
Perilla oil 78.6+ 5.6 53.2+ 5.7 0.73+0.05
Rice bran oil 97.0£10.4 64.71+ 9.1 0.57%0.05
Fish oil 59.1+ 2.1 30.0£1.4 0.5510.52
Beef tallow 88.6+ 2.8 59.8£5.7 0.45%0.10
Palm oil 80.2%f 2.1 43.3+ 5.4 0.604 0.49
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©}& Table 134 4 +=

ol 48

2ol A vl

ol du % ofr

E2EA 7 Y INTE

£33t £ A9 RT3 SY18TOl 2T
7t Afn FANETel JhE wWaken ER-T,

te

MDA #E %<&

YN wE 29 A
JeiA gt ohe

WA 2ol E
Table 14oA= Fiwe
FARst B A E7)ET0) 7HF
woksl BRE, ORI, AVNETO] HAE FEE

vtepion w3 Haw ATE 288 ol ®
At

olE AAE FHH EY HF4A5 off st E
e2 FEA AF M =2 Vil 2
o] Bfrd] o= Azs 2 5 Sln FVEFH
U7, $X= dEd agdae g2 rlEe=
B4 ¢ et Bage] A4t 24 2H G4
n-3/n-6 || & Holk E7|E0] 714 g3 £A47}

713 ve ZHyE BAr}(Table 15).

5. RBC membrane X2 =AM 1

w5}

Holol A gHg Ao] Aurel Fxol ek AW

$AZ §A% 27E etk 19 8

- aLA

Table 11. Numbecr of platelets and white blood ce-

1ls

Platelet White blood

Groups number ccll number
(unit : 10%/ml) |(Unir - 107/ml)

Scsame oil 227.6£ 9.1 93.2% 9.2
Pcrilla oil 200.7£16.9 96.8+ 9.8
Rice bran oil 229.4+ 13.6 128.4£ 10.8

Fish oil 202.5%15.2 150.8+11.1
Palm oil 216.1+10.5 186.6+ 6.2

Az APt 24 ¥gtHE Aoz A
RBC At 24& E43%ch. RBC Al Eohe]
fAM met Axse BHsHs AEe Fe
£3QoEN Axete F94& #AAH BuA
ST Mgt AdE g ZEe] P RBC
ghostd| T o] tapd el & SHAFeZH

Table 13. Blceding time and whole blood clotting

Table 12. Mitogen response(Stimulatdon index/2.5

X 10° spleen cell)

Group Con A PHA(10ug/10u1)
L-50 174.74% 65.54 93.59+20.49
M-50 88.641 22.95 69.62+ 15.17
H-S0 52.47+12.00 38.31% 7.65
L-PO 101.39% 24,50 62.28+ 14.18
M-PO 105.36+ 19.45 70,87 18.96
H-PO 74,17+ 16.85 62.01+ 18.87
L-BT 70.89% 9.44 34.20f 9.94
M-BT 68.49£ 15.97 53.51+18.44
H-BT 60.50+ 13.22 45,15 9.79
L-F§ 80.57+19.55 57.77£15.25
M-FS 82.80L 16.76 53.09% 9.11
H-FS 92,76+ 22.74 61.60% 15.39

time
. . Whole blood
Bleeding ume . .
Groups clotting time
(sec.)
(sec.)
Sesame oil 90.1& 6.3 §4.61 10.8
Perilla oil 250.0+ 36.8 87.1+ 6.4
Rice bran oil 209.9+ 26.1 83.84 2.7
Fish oil 250.0% 28.6 88.0%+ 5.6
Beef wllow 160.9+ 5.8
Palm oil 153.6+ 21.6 90.7t 4.5

Table 14, Malondialdehyde formation content

MDA formation content
Group .
(unit : n mol/10° plateler)
Sesame oil 6.57+0.99
Perilla oil 4,981 0.88
Rice bran oil 19.894+9.35
Fish oil 6.57+3.27
Beef tallow 13.60£ 1.45
Palm oil 5.681 0.30
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AEL FAME Lottt ol o8 %Y =
Bl Age HETe e Atz QX
o] L7 ghost celle] wap¥® Zfeke] AHF
Zbell wel MEE S RAFUY. dFe] St
wre} wte] A4t pis ¥ o] FaHW 16 mhEf
RBC ghostd] E£1fol] trap® 252 ko] F7tE=
Ao Budych o] A3 HYT Y] FdMdo|
Dad= Hoz A" 4 9ri(Table 16).

2 odqda BEE E7]5Te] ghostill Tudl
rap® Fol 7HF wten FrigTel /M XA
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Table 15. Bleeding time and whole blood clotting time (Unit: %)
Fatty acid Sesame Perilla Rice bran Fish Beef Palm
16 .0 31.5 31.3 26.7 19.8 31.8 24.5
18 : 1{w-9) 5.6 7.7 8.1 4.1 11.6 3.5

: 2(w-6) 35.2 35.4 28.5 454 12.4 42.4

:3(w-3) - - - 4.6 1.6 3.3
20:0 - - - 1.0 2.2 0.4

D 4(w-6) 18.5 154 29.3 18.6 20.7 19.3

1 5(w-3) 9.3 10.3 74 6.4 0.7 6.3
18420

0.175 0.211 0.128 0.172 0.070 0.155
w-3/w-6
Table 16. RBC membrane P/S ratio & RBC Ca in three age groups
Age(yr) 20—39 40— 59 60+
P/S ratio
Male 1.38 1.33 1.24
Female 1.87 1.86 1.21
RBC Ca(pmol/l)
Male 16,68+ 1.44 20.521 1.62 23954 1.52
Female 18.521+ 2.10 23.08+1.00 29.49+ 4,24
Table 17. Relative fatty acids composition of RBC membrane (Unic: %)
Farty acid Sesame Perilla Ricc bran Fish Palm
160 18.3 17.8 19.3 12.7 6.4
18 1 1(w-9) 1.4 3.6 8.6 0.1 4.5
D 2(w-6) 43.8 51.1 42.8 22.2 54.5
: 8(w-8) — - — 2.2 1.9
20:.0 - 0.5 - — 0.1
: 4(w-6) 27.8 13.3 26.1 40.9 23.5
L 5(w-3) 8.7 13.7 3.1 9.2 9.1
18+20 0.122 0.213 0.118 0.181 0.141
w-3/w-6
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Table 18. Concentration of red blood cell(RBC) Ca, membrane Ca and trapped Ca

Group RBC calcium RBC mcmbrane calcium Trapped Ca
(pg/dl cell) (ng/dl cell) (pg/dl cell)

Sesame oil 112.5+19.1 67.5+ 7.2 92.3+23.4
Perilla oil 80.0% 8.2 68.4+ 8.0 290+ 2.8
Rice bran oil 88.3+ 9.4 47.4+12.0 54.9+11.2
Fish oil 81.7% 7.1 56.0+ 8.0 38.0& 9.0
Palm oil 759+ 2.5 i102.0£25.0 38.0&£ 5.0

AAe Aoz B4E 5+ 9k
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