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This study was performed to examine the postprandial effects of meals containing dietary fats,
with their natural fatty acid composition and tocopherol content, on the plasma triacylglycerols
(TG) and tocopherols and on the resistance of VLDL and LDL to oxidation. On six separate
days eighteen healthy male subjects were given low-fat meals (LF) or the LF meals enriched
with sunflower oil (SO), rapeseed oil (RO), olive oil (OO), palm oil (PO), or butter (B) in a
crossover design. The fat-rich meals all resulted in similar postprandial TG responses while the
LF test meal did not increase plasma TG level. The postprandial plasma fatty acid profile
changed to resemble the fatty acid composition of the ingested test fat. The a -tocopherol:g-
tocopherol ratios in postprandial plasma and VLDL samples were greater than in the test fats.
We found that the resistance of VLDL particles to oxidation in the postprandial state as assessed
from lag time was increased after the PO-rich meal as compared with the SO-rich meal �P �
0´018�; and the propagation rate was greater after the SO- and RO-rich meals compared with the
others �P , 0´001�: The resistance of LDL particles to oxidation was unaffected by the meals. In
postprandial VLDL samples, the content of a-tocopherol was greater after the OO- and SO-rich
meals compared with the meal rich in PO �P � 0´034 and 0´042 respectively). The g-tocopherol
content of VLDL was highest after RO-meal as compared with all other test meals �P �
0´0019�; and higher after SO as compared with B �P � 0´0148�: Large individual differences
were noted. In conclusion, meals enriched with different fats lead to the formation of VLDL
particles with varying resistance to oxidation.

Dietary fat: Lipoproteins: Oxidation resistance: Polyunsaturated fatty acids

Atherosclerosis is a major cause of death in the Western
countries. Recently, interest in risk markers has focused on
the postprandial state, since during most of the day we are
in the fed state, and not fasting. A high postprandial plasma
triacylglycerol (TG) concentration is considered a risk
marker of CHD (Patsch et al. 1992; Ebenbichler et al.
1995; Ginsberg et al. 1995). A diet rich in polyunsaturated
fatty acids can reduce the postprandial TG response to fatty
meals while diets rich in saturated fatty acids increase the
response (Zampelas et al. 1994; Bergeron & Havel, 1995).

Deposition of oxidatively-modified LDL in the intima is
an important initial event in atherogenesis (YlaÈ-Herttuala et
al. 1989; Beisiegel & St Clair, 1996) and oxidised VLDL
may also be involved (YlaÈ-Herttuala et al. 1988; Rapp et al.
1994; Hau et al. 1996). Some findings indicate that

postprandial LDL particles are more easily oxidised than
fasting LDL (Lechleitner et al. 1994). Similarly, post-
prandial VLDL particles may be more prone to oxidation
than fasting VLDL. This could be partially due to elevated
postprandial plasma TG resulting in competition for
lipolysis between chylomicrons and VLDL. This again
could result in increased plasma residence time of VLDL
and thereby a greater risk of interaction with the cardiac
wall. The fatty acid composition and antioxidant content of
dietary fats is known to affect the oxidation resistance of
the lipoprotein particles (Belcher et al. 1993; Reaven &
Witztum, 1993; Reaven et al. 1994). For these reasons, we
decided to investigate the effect of dietary fats on the
susceptibility of postprandial lipoproteins to oxidation and
on the postprandial plasma TG level.
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Subjects and methods

Subjects

Eighteen healthy males were recruited for this study. Their
average age was 27´2 (range 22±35) years and their BMI was
22´2 (range 19´6±24´7) kg/m2. The subjects had plasma
cholesterol, HDL-cholesterol and TG values within normal
ranges (4´12 (range 3´04±6´12) mmol/l; 1´26 (range 0´76±
2´07) mmol/l and 0´91 (range 0´35±2´00) mmol/l respec-
tively). Exclusion criteria were chronic diseases, recent
donation of blood, regular intake of medication, dietary
supplements and finally very high physical activity (maxi-
mum 1±2 h per week). The protocol was approved by the
Ethical Committee of Frederiksberg and Copenhagen (jr. no.
01-272/95), and informed consent was obtained from the
subjects according to the Second Helsinki Declaration.

Fasting plasma levels of TG, cholesterol and HDL-
cholesterol were determined on the day of each meal test.
There were no statistical differences between the six meal
test days.

Study design

The experiment was designed as a double-blinded rando-
mized crossover study, in which the subjects participated in
six different meal tests on separate days with at least 3
weeks between. The test meals were either low-fat meals or
meals enriched with rapeseed oil (RO), olive oil (OO),
sunflower oil (SO), palm oil (PO) or butter (B). On each
test day two meals of varying size (1´5 and 5´7 MJ
respectively), but with identical macronutrient composition
were served. Fat-rich test meals consisted of a low-fat basic
rice dish (7 % energy from fat) enriched with one of the
test fats (to a total of 41 % energy from fat, 10 % from
protein and 49 % from carbohydrate, and including 2´8 g
fibre/MJ). The low-fat test meals included banana and
raisins as a replacement for the test fat to provide similar

total energy content (7 % energy from fat, 12 % from
protein and 81 % from carbohydrate, and including 4´0 g
fibre/MJ). The basic rice dishes were made in one batch
from rice, lean beef, onion, corn, red pepper and spices
(salt, pepper, basil, thyme and curry powder). It was
weighed into portions and frozen until use. Duplicate
portions were chemically analysed for macronutrient
composition.

The subjects were asked not to alter their physical
activity during the study. The subjects were also instructed
not to take any medication 14 d before a test and not to
drink alcohol or perform hard physical activity 2 d before.
On the evening before each test day they consumed a
standardised meal (4´76 MJ, 21 % energy from fat) not
later than 20.00 hours after which time they were not
allowed to eat anything and only to drink a maximum of 0´5
litres water after 22.00 hours.

The first meal was given on the test day between 09.00
and 09.30 hours and the second meal 1.75 h later between
10.45 and 11.15 hours. The design with two solid meals
was chosen to simulate a normal situation of food intake
where intake of the first may affect the postprandial
response of the second. Blood samples were obtained in the
fasting state, between the first and the second meal and
every hour until 8.5 h after the first meal, and lipoproteins
were isolated from samples obtained in the fasting state and
5.5 h after the first meal.

The test fats used in our study were a chemically refined
SO (Solex W, Aarhus Olie A/S, Aarhus, Denmark), a virgin
OO (Turri Bardolini, Carl Lange, Denmark), a physically
refined RO (Department of Biotechnology, Technical
University of Denmark, Lyngby, Denmark), a chemically
refined PO (Palmotex EE, Aarhus Olie A/S) and B (MD-
Foods, Esbjerg, Denmark). The composition of the fats is
displayed in Table 1. The fats all had a peroxide value of
less than 0´5 meq kg fat and a free fatty acid content of less
than 1 g/kg fat.

Table 1. Fatty acid composition (mol/100 mol total fatty acids) and tocopherol content (mg/g fat) of test fats

Fatty acid Sunflower oil Rapeseed oil Olive oil Palm oil Butter

,16:0 0´0 0´1 0´0 1´7 29´1
16:0 6´8 4´8 15´7 33´9 31´6
16:1 0´1 0´2 1´8 0´3 2´2
18:0 4´1 1´8 2´5 3´3 10´4
18:1 21´1 61´5 65´6 46´4 24´5
18:2n-6 66´6 26´4 13´2 13´7 1´4
18:3n-3 0´7 3´7 0´6 0´3 0´3
.18:0 0´5 1´6 0´6 0´4 0´0

SFA 11´3 6´8 18´5 39´2 69´9
MUFA 21´4 62´8 67´6 46´8 27´9
PUFA 67´3 30´4 13´8 14´0 1´7
n-3 PUFA 0´7 3´7 0´6 0´3 0´3
n-6 PUFA 66´6 26´7 13´2 13´7 1´4
Unsaturation index² 156´8 127´6 95´9 75´2 31´5
a-Tocopherol³ 254´1 112´1 38´3 67´5 5´1
g-Tocopherol³ 31´2 142´3 13´0 16´9 1´5

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
² The unsaturation index is calculated as mol of a given polyunsaturated fatty acid/100 mol total fatty acids multiplied by the number

of double bonds in that fatty acid; the values for all fatty acids are then summed.
³ Values are means of two determinations. No tocotrienols were detected in the test fats.
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Methods

Duplicate portions of the test meal (without the test oil)
were chemically analysed. The fat content was measured
after extraction according to the method of Folch et al.
(1957), the protein content was measured according to the
principle of Dumas (Kirsten & Hesselius, 1983) and fibre
content was determined enzymatically (Asp et al. 1983).
The carbohydrate content was calculated by subtraction.

Blood from the subjects was collected in EDTA-
containing tubes (47 mM), placed on ice and centrifuged
at 3000 g for 15 min at 48C. Plasma was immediately
isolated, and analysed or rapidly frozen in liquid N2 for
later analysis. Sucrose was added to plasma for determina-
tion of lipoprotein oxidation resistance (final concentration
100 g sucrose/l plasma to avoid crystallisation during
freezing) and frozen in liquid N2.

Plasma TG, total cholesterol and HDL-cholesterol
concentrations were determined using commercial enzy-
matic methods (Boehringer-Mannheim GPO-PAP 701 912,
B-M CHOD-PAP 236-691, and B-M 543-004 (for pre-
cipitation of chylomicrons, VLDL and LDL respectively);
Boehringer Mannheim GmbH, Mannheim, Germany) on a
Cobas Mira S analyser (Roche Diagnostic Systems, Basel,
Switzerland).

Fatty acid composition of test fats and plasma
triacylglycerol

One drop of test fat was dissolved in 10 ml heptane. The
sample was methylated with 60 ml KOH (2 M in methanol)
(Christopherson & Glass, 1969). The upper phase was
removed and the solvent (approximately 9 ml) evaporated.
The sample was reconstituted in 1 ml heptane and diluted
�50 before analysis.

Plasma TG methyl esters were prepared from 200 ml
EDTA plasma samples. Lipids were extracted with
methanol±chloroform (1:2, v/v). NaCl solution (1 ml,
7´3 g/l) was added and the sample centrifuged for 15 min
at 4000 g. The sample was further purified on a column
with Na2SO4. Three-quarters (1´5 ml) of the eluted CHCl3
extract was evaporated in a vacuum and reconstituted in
150 ml chloroform±methanol (95:5, v/v). The neutral lipids
were separated on a TLC plate in heptane±2-propanol±
acetic acid (95:5:1, by vol.). The plate was sprayed with
2,7-dichlorofluorescein and spots were detected using u.v.-
light. The TG band was scraped off and extracted twice
with 3 � 1 ml diethyl ether. The solvent was evaporated and
the sample redissolved in 0´2 ml hexane. The extract was
then methylated with KOH (2 M in methanol). The solvent
was evaporated and the sample reconstituted in 150 ml
heptane.

The fatty acid composition was determined by GLC of
the methyl esters using an HP5880A GC (Hewlett-Packard,
Ingelsheim, Germany) with a flame ionisation detector, a
Supelco SP2380 column, 30 m � 0´32 mm internal diameter
fused silica (Supelco, Bellefonte, PA, USA). Temperatures
were: injector 2508C, detector 2608C. The carrier gas was
He. Aliquots of 5 ml were injected using an autoinjector
(HP 7673; Hewlett-Packard) with a flow of 12 ml/min and
a split ratio of 1:8´3. The column oven was temperature-

programmed to a temperature of 1208C initially, raised by
48C/min to 1608C, maintained for 2 min, increased by 88C/
min to 2008C, maintained for 10 min, and finally increased
by 308C/min to 2258C. Fatty acids were identified by
comparison with commercial standards (Nu-Check-Prep.,
Elysian, MN, USA) and quantified by the peak areas.
Results were adjusted with predetermined response factors
for the individual fatty acids and the composition weight (g/
100 g total fatty acids) was calculated. They were finally
expressed as mol/100 mol total fatty acids by dividing the
composition weight of each fatty acid by the molar weight
of that fatty acid.

Preparation and oxidation of VLDL and LDL

The procedure for preparation and lipid peroxidation of
lipoproteins has previously been described (Sùrensen et al.
1998) with modifications in the method of isolation as
follows. Briefly, 3 ml plasma, which had been frozen and
stored at 2808C for no more that 12 months, was rapidly
thawed and used for isolation of VLDL and LDL by
ultracentrifugation at 285 000 g and 48C. A gradient was
constructed with solutions of decreasing density (1´21,
1´10, 1´019, and 1´0 g/cm3; 2´6, 3´0, 2´0, and 2´6 ml
respectively) consisting of NaCl and added EDTA
(10 mM). After 30 min the chylomicrons were isolated
and the rest of the sample was ultracentrifuged for an
additional 18 h. The protein content was determined by the
method of Lowry et al. (1951). The oxidation was initiated
by adding CuSO4 to a final concentration of 40 mM.

The kinetics of the VLDL±LDL oxidation was followed
by continuously monitoring the changes in absorbance at
234 nm (Esterbauer et al. 1989; Princen et al. 1992, 1995)
with a thermostat-controlled spectrophotometer (set at
378C) and an automatic sample changer (UV-2101PC
spectrophotometer, CPS controller and CPS-260 cell
positioner; Shimadzu Scientific Instruments Inc., Colum-
bia, MD, USA). From the reaction curve, the lag time and
propagation rates of formation of conjugated dienes were
determined. Lag time was determined by drawing a tangent
to the steepest part of the curve and extrapolating to a
tangent of the lag period (the horizontal part of the curve).
The time from the addition of Cu2+ to the intersection
equals the lag time and is expressed in min. The
propagation rate is defined as the slope of the tangent of
the propagation phase and is expressed as nmol dienes
formed/min per mg LDL protein.

Absorbance curves of VLDL±LDL preparations
obtained from each subject on each of the six occasions
were determined in parallel. Each VLDL±LDL preparation
was oxidised in three consecutive oxidation runs of
300 min within 24 h; the values shown for lag time and
propagation rate are means of the three values. In every
oxidation run one reference VLDL±LDL sample, prepared
from reference plasma stored at 2808C, was used as a
control. Oxidation runs with .10 % deviation from the
mean lag time or propagation rate of former measurements
were omitted.

Using this standardised method it has been shown
previously that there were no differences in lag times,
propagation rates and maximum diene production between
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LDL prepared from plasma frozen in liquid N2 and from
freshly collected plasma from the same subject. In addition,
no differences in these variables were found following
storage of plasma at 2808C for up to 18 months (Princen et
al. 1992, 1995; Hau et al. 1996; Brussaard et al. 1997).

The content of conjugated dienes was determined before
and 5 h after initiation of oxidation by scanning the sample
at 200±300 nm. The difference in absorption between
234 nm and 242 nm of the second derivative of the
spectrum indicates the content of cis, trans conjugated
dienes and the difference between 242 nm and 252 nm
indicates the content of trans, trans conjugated dienes
(UVPC Spectroscopy Software, Shimadzu Scientific Instru-
ments Inc.) (Corongui et al. 1994).

Determination of tocopherol content

Analysis of the tocopherol content was performed accord-
ing to the method of Kaplan et al. (1990) on duplicate
samples. The test fats were analysed using 42±43 mg fat
and 100 ml internal standard (134 mg a-tocopherol acetate/
ml). Plasma was analysed using 200 ml sample and 100 ml
internal standard (10´165 mg a-tocopherol acetate/ml). For
analysis of VLDL, 400±1000 ml VLDL fraction (0´15 mg
protein/ml) was added to 200 ml internal standard.

The entire extraction procedure was performed in
darkness. The vitamins were extracted twice with 3 ml
hexane by mixing and centrifugation (5 min, 2000 g at
room temperature) (Hereaus megafuge 1´0; Hereaus,
Oosterode am Harz, Germany) and the solvent (6 ml)
evaporated in a vacuum centrifuge (Christ Alpha RVC;
Christ, Oosterode am Harz, Germany). The sample was
reconstituted in 200 ml acetonitrile±chloroform (80:20, v/
v) (HPLC-grade; Rathburn Chemicals Ltd, Walkerburn,
Lothian, Scotland) and filtered (Chromafil, AO-45/3;
Macherey-Nagel, DuÈren, Germany). The samples were
analysed by HPLC using an on-line degasser (ERC-3415;
ERC Inc, Tokyo, Japan), a pump (Waters 510; Waters
Corporation, Milford, MA, USA), an autosampler (Water
717; Waters Corporation), a multiwavelength detector
(Waters 490; Waters Corporation) and an LC-18 column
250 � 4´6 mm with 5 mm spherical particles (Supelco). The
mobile phase consisted of acetonitrile±chloroform±2-
propanol±water (78:16:3´5:2´5, by vol.) (HPLC-grade;
Rathburn Chemicals Ltd) and the flow rate was 2 ml/min.
The content of tocopherols was determined using u.v.
detection at 292 nm by comparison with a commercial
standard (Sigma, St Louis, MO, USA) using peak area for
quantification.

Statistics

Results are expressed as means with standard errors of the
means. Data were compared using one-way repeated
measurement ANOVA (Jandel SigmaStat statistical Pack-
age, Version 2.0; Jandel Scientific Gmbh, Erkrath,
Germany). When statistically significant effects were
detected by ANOVA the results were compared by the
Student±Newman±Keuls method. Correlations were tested
by Pearsons correlation analysis. The level of statistical
significance was set at P , 0´05:

Results

Plasma triacylglycerol level

The fat-rich meals all resulted in similar postprandial TG
responses with peak value about 4´5 h after the first meal
and return to fasting levels 8´5 h after the first meal. The
LF test meal did not increase plasma TG level and the TG
level was significantly lower than the response to fat-rich
test meals (Fig. 1) �P , 0´0001�:

The acute effects of the six meal tests applied in the
present study on activation of blood coagulation factor VII
have previously been presented by Larsen et al. (1997).

Plasma triacylglycerol fatty acid profile

The plasma TG fatty acid composition was determined in
the fasting state and continuously during the day. At each
test, the plasma fatty acid composition changed to resemble
the fatty acid composition of the ingested test fat (data not
shown). The fasting plasma samples showed no statistical
difference in the saturated, monounsaturated or polyunsa-
turated fatty acids, 18:2 content, unsaturation index or
18:1:18:2 ratio (Table 2).

Following ingestion of the test fats at 5´5 h, the orders of
levels of saturated, monounsaturated and polyunsaturated
fatty acids and of the unsaturation index in plasma TG were
similar to the orders in the fats (Tables 2 and 3), e.g. the
highest content of saturated fatty acid was found after B
and the lowest after SO. The 18:1:18:2 ratio after eating test
fats was highest after B followed by OO, PO, RO and LF,
and SO in that order �P , 0´001� (Table 3).

Fig. 1. Plasma triacylglycerol response in eighteen subjects following
ingestion of two consecutive test meals at time 0 and 1.75 h enriched
with either butter (X), rapeseed oil (B), olive oil (O), palm oil (P), or
sunflower oil (V) and after low-fat test meals (N). For details of
composition of test meals see p. 856; for fatty acid composition of
test fats see Table 1.
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VLDL oxidation resistance

In the fasting state the VLDL particles had similar
resistance to oxidation when considering lag time and
propagation rate (Table 3). In the postprandial state (5´5 h
after the first meal) we observed a longer lag time after
intake of the PO-rich meal compared with the SO-rich meal
�P � 0´018�: The propagation rate and the difference
between postprandial and fasting propagation rate was
higher after the SO- and RO-rich meals compared with the
others (B, O, PO, LF) �P , 0´001�: The amounts of cis,
trans and trans, trans conjugated dienes formed during
oxidation were similar no matter which test fat had been
ingested both before the meals and postprandially (data not
shown). The lag time was shorter following ingestion of the
SO meals compared with fasting. Both SO and RO resulted
in higher propagation rates compared with fasting whereas
the B meals decreased the propagation rate.

LDL oxidation resistance

The oxidation resistances of LDL particles as determined
by lag time and propagation rate were not different in the
fasting state and were not affected by ingestion of different
test meals (Table 3). In addition we observed no differences
in lag time or propagation rate between fasting and
postprandial state. As for the VLDL, the amounts of cis,
trans and trans, trans conjugated dienes formed in LDL
during oxidation were similar in all groups both before the
meals and postprandially.

Plasma tocopherol content

Similar contents of both a- and g-tocopherol in plasma
samples were obtained in the fasting state (Table 4) on each
meal test day. Postprandially (5´5 h), the content of g-
tocopherol was significantly higher after RO than after any
of the other test meals �P � 0´019�: No differences in
postprandial plasma contents of a-tocopherol were found.
Large inter-individual differences were observed.

VLDL tocopherol content

The content of a- and g-tocopherol in VLDL in the fasting
state (Table 4) was similar before the six meal tests.
Postprandially (5´5 h after the first meal), the contents of a-
tocopherol were significantly higher after the OO- and SO-
rich meal compared with the meal rich in PO �P � 0´034
and 0´042 respectively). The g-tocopherol content of
VLDL was highest after RO-meal compared with the
level after the other test meals �P � 0´002� and higher after
SO compared with B �P � 0´015�: Large inter-individual
differences were noted.

Discussion

In this present study we investigated the effect of fat quality
on the susceptibility of VLDL and LDL to oxidation and
the effect on plasma TG level in the postprandial phase
using normal household dietary fats.

SO-rich meals resulted in a lag time in postprandialT
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VLDL particles that was significantly shorter compared
with PO but not with B. After the SO-rich meals, the
plasma unsaturation index was the highest �P , 0´001� and
the 18:1:18:2 ratio the lowest �P , 0´001�: Postprandial
plasma TG reflected the fatty acid composition of the test
fats. The fatty acid composition of plasma TG was
measured 3´75 h after the second meal. Since chylomicrons
are cleared fast (Havel, 1997), within 6 h (Sethi et al.
1993), plasma TG resembles the fatty acid composition of
VLDL. We found an inverse correlation between VLDL lag
time and plasma unsaturation index (R2 0´61). This is
supported by diet studies demonstrating a relationship
between lag time and unsaturated diets or fatty acids in
lipoproteins (Kleinveld et al. 1993; Reaven et al. 1994;
Turpeinen et al. 1995). However, the fact that B resulted in
the lowest unsaturation index but did not result in a lag time
significantly different from SO indicates the presence of an
additional factor, e.g. the content of antioxidants, that may
influence lag time. In several supplementation studies
(Dieber-Rotheneder et al. 1991; Princen et al. 1992;
Reaven & Witztum, 1993; Winklerhofer-Roob et al.
1995) a positive relationship between a-tocopherol content
and lag time has been demonstrated. When diets with their

natural content of tocopherol were given, no correlations
between lag time and a-tocopherol content were observed
(Kleinveld et al. 1993; Mata et al. 1997). We found a
negative correlation between VLDL lag time and VLDL a-
tocopherol content (R2 0´85). Thus, the positive correlation
between lag time and tocopherol content may only be
present when a-tocopherol is present in higher concentra-
tions in the lipoprotein than normally obtained through a
varied diet without supplementation. In addition it was
demonstrated that during supplementation only 50 % of the
oxidation resistance is mediated by a-tocopherol (Dieber-
Rotheneder et al. 1991).

The a-tocopherol content of the SO was much greater
than that of the other fats. Nevertheless, the highest plasma
content postprandially was observed after ingestion of the
RO meal (NS). The high polyunsaturated fatty acid content
of SO apparently reduces the total a-tocopherol in plasma
presumably due to antioxidant activity (Tribble et al. 1995;
Visioli et al. 1995). Traber & Kayden (1989) indicated that
the liver discriminates between the tocopherols:g-
tocopherol is preferentially secreted to the bile, whereas
a-tocopherol is incorporated into VLDL. They gave
supplements of 1000 mg of both a- and g-tocopherol,

Table 4. Effect of two consecutive low-fat meals or the same meals enriched with sunflower oil, rapeseed oil, olive oil, palm oil or butter on the a-
and g-tocopherol content of plasma and VLDL in fasting and postprandial samples*²

(Mean values with standard errors of the means for eighteen subjects)

Fasting² Sunflower oil Rapeseed oil Olive oil Palm oil Butter Low fat

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Plasma a-tocopherol (mg/ml) 25´3 4´68 31´29 5´37 31´81 7´34 27´51 6´81 29´24 1´5 24´93 3´73 26´33 7´86
Plasma g-tocopherol (mg/ml) 1´71 0´48 2´58b 0´45 5´74a 1´43 1´77b 0´22 1´97b 0´37 1´81b 0´23 1´09b 0´31
VLDL a-tocopherol (mg/mg VLDL protein) 5´32 0´86 6´54a 1´03 5´23 0´49 6´16a 0´83 3´91b 0´63 5´49 0´6 5´51 0´81
VLDL g-tocopherol (mg/mg VLDL protein) 0´3 0´07 0´51b 0´09 0´91a 0´16 0´34b 0´08 0´35b 0´13 0´26b 0´04 0´28b 0´08

a,bMean values within a row with unlike superscript letters were significantly different �P , 0´05�:
* Postprandial samples were taken 5.5 h after the first meal. For details of the meals see p. 856 and Table 1. The low-fat meals were the basic rice dish (7 % energy

from fat) without any test fat.
² No tocotrienols were detected in the test fats or plasma samples.
³ Fasting values are the mean values from all test occasions. No significant differences were found between the fasting values for each test fat.

Table 3. Effect of two consecutive low-fat meals or the same meals enriched with sunflower oil, rapeseed oil, olive oil, palm oil or butter on the
oxidation variables of VLDL and LDL in fasting and postprandial samples²

(Mean values with standard errors of the means for eighteen subjects)

Test fats¼ Sunflower oil Rapeseed oil Olive oil Palm oil Butter Low fat

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

VLDL
F, lag time³ 140´6 14´4 144´7 13´5 125´5 10´9 148´5 9´0 142´5 11´6 150´9 13´7
PP, lag time³ 106´5a* 9´1 134´2 10´0 128´1 10´9 167´2b 14´0 148´5 10´4 136´7 9´2
F, prop rate§ 23´5 2´2 23´7 2´6 25´4 1´5 21´8 2´1 23´0 1´8 26´6 2´2
PP, prop rate§ 39´8a* 5´7 33´4a* 4´4 20´9b 2´9 21´7b 2´4 15´6b* 1´3 24´4b 2´7

LDL
F, lag time³ 79´3 3´0 78´8 4´8 76´3 3´6 78´8 4´9 86´7 10´6 73´3 3´0
PP, lag time³ 76´7 5´1 75´2 3´6 77´0 4´1 75´1 7´8 82´8 4´6 76´9 2´0
F, prop rate§ 13´2 1´0 12´7 0´9 13´9 0´6 12´7 0´6 12´3 1´0 14´9 0´8
PP, prop rate§ 14´8 0´9 13´4 0´6 13´6 0´6 12´9 0´6 13´4 0´8 14´2 0´7

F, fasting samples; PP, postprandial samples; prop rate, propagation rate.
a,bMean values within a row with unlike superscript letters were significantly different �P , 0´001�:
Mean values were significantly different from the corresponding fasting values: *P , 0´001:
² Postprandial samples were taken 5.5 h after the first meal. For details of the meals see p. 856 and Table 1. The low-fat meals were the basic rice dish (7 % energy

from fat) without any added test fat.
³ Lag time expressed as min21.
§ Propagation rate expressed as nmol/mg per min.
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much higher than amounts normally consumed. Since the
efficiency of absorption decreases with increasing amounts
of tocopherol (Losowsky et al. 1972) the absorption may
not be optimal when large amounts are given. We found
greater a-tocopherol:g-tocopherol ratio in plasma com-
pared with the ratio in the meals but a similar ratio in
VLDL compared with the ratio in plasma. Another study
(Meydani et al. 1989) in which supplements of a- and g-
tocopherol were given (approximately 20 mg a-tocopherol
+ 60 mg g-tocopherol in one experiment, and 25±30 mg of
each in another) only demonstrated an increase in plasma
g-tocopherol. These results indicate differences in absorp-
tion rather than discrimination by the liver.

The intake of different types of fat greatly affected the
fatty acid composition of postprandial plasma (mainly
VLDL particles) and the propagation rate of oxidation. The
unsaturation index of plasma fatty acids was similar to
unsaturation index of the fats and the propagation rate
correlated positively with the unsaturation index and
negatively with the 18:1:18:2 ratio (R2 0´87 and 0´86
respectively) (Fig. 2(a) and (b)). This is consistent with
results observed in LDL after dietary intervention (Turpeinen
et al. 1995; O'Byrne et al. 1998).

The high amount of test fat added to the very-LF basic
rice dish resulted in a high contribution of test fat fatty
acids to the total fat content. On a normal diet the changes
observed here may not be as pronounced, due to the lower
amount of added oil or butter and higher content of fat from
other ingredients.

No difference in the susceptibility of postprandial LDL

particles to oxidation was observed following ingestion of
the different test fats. Neither was a difference expected,
due to the relatively slow turnover of LDL (d). However,
Lechleitner et al. (1994) have observed that postprandial
LDL particles may be more easily oxidised than fasting
LDL particles as indicated by a more pronounced
cholesterol ester accumulation in cells and a higher content
of thiobarbituric acid-reacting substances after incubation
with CuSO4 or cells. They suggested that the reason for the
increased atherogenicity could be a greater susceptibility to
oxidation. However, we did not find any differences in the
resistance to oxidation between the fasting and postprandial
LDL samples after any of the test meals. In this present
study, the transfer of fatty acids and vitamins between the
lipoproteins in plasma, as suggested by Granot et al. (1988)
and Meydani et al. (1989), apparently did not occur to a
degree great enough to result in changes in the resistance of
the LDL particles to oxidation within the timescale
examined. It is possible that the use of a liquid test meal
in the study by Lechleitner et al. (1994) resulted in a shorter
passage time through the stomach and thereby a faster
absorption and transfer to LDL, since they observed a
change in LDL of more than 50 % maximal change only
2 h after intake of the meal.

We observed that VLDL particles became more
susceptible to oxidation after ingestion of polyunsaturated
fatty acid-rich meals and less after saturated fatty acid-rich
meals in agreement with a turnover rate of VLDL in the
order of h.

The in vitro results are not directly comparable with the

45
40
35
30
25
20
15
10
5
0V

LD
L 

p
ro

p
ag

at
io

n
 r

at
e

Plasma unsaturation index

(a)

V
LD

L 
p

ro
p

ag
at

io
n

 r
at

e

Plasma c18:1 : 18:2 ratio 

(b)

45
40
35
30
25
20
15
10
5
0

50 70 90 110 130 150

0 1 2 3 4 5

Fig. 2. Correlations between VLDL propagation rate during oxidation
and (a) plasma triacylglycerol unsaturation index (R2 0´872) and (b)
plasma triacylglycerol ratio of oleic acid to linoleic acid (R2 0´863) in
samples obtained in the postprandial state 5´5 h after the first meal. For
details of test meals see p. 856 and of fatty acid composition of test fats
see Table 2. Values are means for all subjects (n 18). The unsaturation
index is calculated as mol of a given polyunsaturated fatty acid/100 mol
total fatty acids multiplied by the number of double bonds in that fatty
acid; the values for all fatty acids are then summed.
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in vivo situation in plasma where the lipoproteins are in
contact with water-soluble antioxidants and in the intima of
the vessel wall.

Schrezenmeir et al. (1992) demonstrated that an
exaggerated postprandial TG response may increase the
atherogenic risk even in healthy subjects with normal
fasting TG levels. Others have demonstrated a relationship
between postprandial TG and atherosclerosis (Ginsberg et
al. 1995). Postprandial TG has even been shown to be an
independent predictor of CHD (Patsch et al. 1992). We
found no effect on plasma TG level between any of the fat-
rich meals given in this study, but a significantly lower
lipaemic response after the low-fat meal compared with the
fat-rich meals (Fig. 1). A linear relationship between meal
fat content and postprandial TG response was demonstrated
by Cohen et al. (1988). Thus, it may be beneficial to lower
the meal fat content also in snacks and in-between meals in
order to lower plasma TG level and thereby the residence
time of circulating lipoprotein particles.

In conclusion, meals enriched in SO (with a very high
polyunsaturated:saturated ratio) led to formation of post-
prandial VLDL particles that seemed to be more prone to
oxidation in vitro compared with RO, OO, PO and B. There
was no effect of the different fat sources on plasma TG
concentration, but a much lower TG response following
low-fat meals.
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