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Dietary fiber reduces the antioxidative
effect of a carotenoid

and a-tocopherol mixture on LDL oxidation
ex vivo in humans

Summary Background Antioxidant 22%, and 18%, respectively.
concentrations in low density Conclusions These results indicate
lipoproteins (LDL) are an important that dietary fiber supplementation
determinant for their susceptability decreases the antioxidative effect of
to oxidation and can be modulated a supplement consisting of

by dietary intake Aim of the study carotenoids and-tocopherol in

In the present study, the influence LDL, an effect that is likely to be
of dietary fiber on the antioxidant mediated by a reduced
enrichment and the oxidation bioavailability of these antioxidants
resistance of LDL after antioxidant in the gut.

supplementation is investigated.

Method An antioxidant supplement

consisting ofp3-carotene, lycopene, Key words Carotenoids —

lutein, canthaxanthin and a-tocopherol — dietary fiber — LDL
a-tocopherol was given to six oxidation — humans

young women together with a

standard meal. Using a cross-over

study design, each subject received

the standard meal without additional

dietary fiber and enriched with

pectin, guar, or cellulose in a

random order. To determine the

resistance of LDL against copper

ion-induced oxidation, the formation

of conjugated dienes was measured.

Results Eight, 10, and 24 hours

after antioxidant supplementation

the isolated LDL revealed

significantly (p < 0.05) increased

antioxidant concentrations; addition

of pectin, guar, or cellulose to the

meal depressed this increase.

Concomitantly, the observed

increase in the resistance of LDL

against oxidation (measured as lag

phase) was lower with dietary fiber

supplementation than that found

without. On average, pectin, guar,

and cellulose reduced the increase

of the lag phase (measured without

addition of dietary fiber) by 38%,
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Introduction mass index 19.00-21.87 kg#jnand plasma lipids within
physiological ranges, and did not use oral contraceptives.

Many of the putative biologic effects and health benefitshe participants gave informed consent to the study. The

of carotenoids anda-tocopherol are thought to occurprocedures followed were in accord with the Helsinki

through protection against oxidative damage [1]. Oxid@eclaration of 1975 as revised in 1983.

tion of LDL, the major cholesterol-carrying lipoprotein in

human plasma, is implicated with the development of Ca&y,dy design

diovascular disease. Oxidized LDL has been shown to ac-

celerate several steps in atherogenesis, including endotE

lial de:jmagte,k m(?nfé:{t%—mfcrophaﬁe regrglgmetr_\t, '%Ubjects were instructed by a dietitian and a list of
creasec uptaxe o Oy toam Celis, ahd INAUCNoNn G, 45 o pe avoided, to follow a diet low in carotenoids
growth factors [2]. LDL is protected against oxidation b%lnd a-tocopherol every three days before the test days.
its antioxidants, i.e., tocophero_ls a_md carotenoids. It h the test day, the fasted subjects received a test meal
been demonstrated  that oxidation of human LD gether with an antioxidant supplement for breakfast.

garr:tonlg o_ltz;:]urf\i/;/htegi It is Iar%ﬁly dr?tl?liﬁzd n(if Its anrtl'é)x"'l'he test meal contained either no additional dietary fiber
ants [3]. The first disappearing antioxidants area .or was supplemented with pectin or guar or cellulose. The

y—tzcopherct)l, thereatfrt]er Ichtopene,40ry£toxa(rj1_th|rl1, Iute'%’ifferent types of dietary fiber were given in random or-
and [p-carotene as the last one [4]. Accordingly, mo er, considering that each subject should receive a differ-

gesheearroclh IﬁnviIEE)Laﬁ)éldglov?vgaSXCgﬂ%e;rfigtii\zn(;ﬁ-c;went type within a test day (cross over). The test days were
P : P e parated by a wash-out period of at least two weeks.

tha_ltcx-_tocopherol Increases the resistance of LDL againgt,,q sampling was performed before test meal intake
oxidation [5-8]. Carotenoids are also known as effectiy,

antioxidants in LDL, but they showed a clear protectiv@ h) as well as 8, 10, and 24 hours thereater.
effect on LDL oxidation only after in vitro supplementa- . .
tion [4, 9-11), whereas ex vivo the results are controvef€St meal, antioxidant and fiber supplement
sial [12-15]. There are some indications that counterac- ] ] ] )
tion with carotenoids or other coantioxidants makes The test meal (rice pudding) provided 20% of the daily
tocopherol as efficient for LDL protection [16—18]. energy requirement (REE x 1.5) [24]. It contained 27% of
The amount of exogenous antioxidants in LDL dethe energy from fat, 59% from carbohydrates and 14%
pends on our nutritional habits. By the consumption dfom protein. The remaining energy requirement (80%)
fruits and vegetables, a great variety of natural antioyt@s supplied with a fiber-free liquid diet in six portions
dants can be provided to the organism. However, the ef§very two hours after the test meal (Nutricomp F, B.
cency of absorption of most antioxidants is still under digraun Melsungen AG, Melsungen/Germany: 24% of en-
cussion. Recent literature reports described interactic®f@y as fat, 59% as carbohydrates and 17% as protein;
between carotenoids at the absorption site [19-22]. F@&-/5 mga-tocopherol/100 ml; 5.0 mg vitamin C/100 ml;
thermore, less is known about interaction of antioxidanf carotenoids; no selenium). _
with other food components, such as dietary fiber. It is The antioxidant supplement consisted Bicarotene
well known that dietary fiber can reduce the bioavailabif0-4 Mg kg/body weight; Hoffmann-La Roche, Grenzach-
ity of macronutrients, especially fat, and of some mineM/Yhlen/Germany), lycopene (0.7 mg kg/body weight;
als and trace elements in the human diet. Since it wh¥CoRed Natural Products Industries Ltd., Beer-Sheva/
demonstrated in humans that pectin strongly decreadgtgel), lutein (0.4 mg kg/body weight; Kemin Industries,
the bioavailability of-carotene [23], dietary fiber is sus-INC., Des Moines, lowa/USA), canthaxanthin (0.2 mg
pected to also affect the absorption of other carotenoilig/body weight; Hoffmann-La Roche, Grenzach-Wyhlen/
and probably ofa-tocopherol. Germany) anda-tocopherol (1.4 mg kg/body weight;
The present study aimed to test the effect of differeftoffmann-La Roche, Grenzach-Wyhlen/Germarfear-
kinds of dietary fiber on the enrichment of LDL with con-Oténe, canthaxanthin arwttocopherol were dispersed in
comitantly supplemented carotenoids aaeocopherol. 3 Ml of whipping cream. Lycopene and lutein were dis-

Moreover, possible consequences for the oxidation resfgived in 2 ml olive oil. After using an ultrasonic bath for
tance of LDL should be highlighted. homogenization, both mixtures were combined in an edi-

ble cup and given to the volunteers.

As a dietary fiber supplement, pectin (galacturonic
acid > 65%, Copenhagen Pectin A/S, Denmark, X 5114,
Batch No 5150485), guar (Welding GmbH & Co, Ham-
burg, Germany), and cellulose (J. Rettenmaier and sons,
Ellwangen-Holzmihle, Type L 600, Germany) were used.
Six healthy, nonsmoking young women (age 26—29 yearBhe special fiber was mixed with the rice pudding (0.15
participated in the study. They showed body weight (bodyig/kg body weight) ten minutes before serving. Table

&ch subject took part on four individual test days. The

Methods

Subjects
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Table 1 Carotenoid andi-tocopherol profile in plasma lipoproteins of six healthy women before supplementation (mean + SEM, n=6)

VLDL LDL HDL
pmol/mmol ot pmol/mmol ot pmol/mmol ot
VLDL cholesterol 0 LDL cholesterol ’ HDL cholesterol 0
R-carotene 0.208 + 0.003 25 0.385 + 0.060 46 0.242 + 0.029 29
lycopene 0.031 + 0.031 11 0.166 + 0.034 58 0.085 + 0.023 31
lutein 0.109 + 0.012 40 0.035 + 0.003 12 0.134 + 0.013 48
canthaxanthin b.d. b.d. b.d.
a-tocopherol 7.962 £ 0.342 49 2.786 £ 0.166 17 5.514 + 0.512 34

b.d. below detection limit
# 0 of the combined VLDL + LDL + HDL concentrations

Table 2 Carotenoid ana-tocopherol concentrations [umol/mmol LDL cholesterol] in LDL before (0 h) as well as 8, 10, and 24 hours
after a single oral dose of a carotenoid antiocopherol mixture without addition of dietary fiber to the test meal (mean + SEM, n=6)

0h 8 h 10 h 24 h

pmol/mmol pmol/mmol ot pmol/mmol 0% pmol/mmol ot

LDL chol. LDL chol. LDL chol. LDL chol.
R-carotene 0.398 + 0.05% 0.468 + 0.063 22 0.497 + 0.048°¢ 29 0.542 + 0.042 41
lycopene 0.166 + 0.034 0.171 + 0.025 7 0.173 + 0.032 8 0.182 + 0.027 14
lutein 0.035 + 0.003 0.040 + 0.004 14 0.040 + 0.004 14 0.040 + 0.005 14
canthaxanthin 0.000 + 0.008 0.046 + 0.008 46° 0.063 + 0.014 63° 0.056 + 0.018 56°
o-tocopherol  2.775 £ 0.116  3.425 + 0.08% 23 3.449 + 0.107 24 3.265 + 0.182 17
S antioxidants 3.367 + 0.157  4.149  0.128 23 4.221 + 0.082 25 4.085 + 0.195 23

a,b,eMeans with no common letters differ significantly between time points 0p05, snk test
# 9% of the 0-h value
$ absolute value multiplied by 100, because 0-h value is under detection limit

water was used to obtain comparable consistencies of theFor use in the in vitro oxidation assay, LDL samples

meals. The test meal was given to the subjects togethegre dialysed against phosphate-buffered saline before

with the antioxidant mixture. analysis in order to remove all EDTA. The freshly dial-
ysed LDL samples were diluted with the phosphate buffer

Lipoprotein preparation and in vitro oxidation of LDL to a final concentration of 0.25 mg LDL/ml, using the
cholesterol content of LDL for calculation. The LDL oxi-

Blood samples from the subjects were taken in tubes catation was started by addition of 10 pl of 1.66 mM CpCl

taining EDTA (1.6 mg/ml blood; Sigma, Deisenhoto one ml of the diluted LDL solution. The formation of

fen/Germany). Lipoproteins were prepared immediatebponjugated dienes was measured over a period of two

by stepwise ultracentrifugation with a KBr density gradihours by monitoring the increase of the 234 nm absor-

ent of 1,000-1,006 g/ctnfor VLDL, 1,006-1,063 g/crhi bance against reagent blank at 37 °C. The lag phase was

for LDL and 1,063-1,210 g/ctfor HDL [25]. All saline determined graphically [26].

solutions contained 380 mg EDTAII.

Cholesterol and triacylglycerol concentrations intioxidant measurements

plasma and lipoprotein fractions were measured by using

commercially available enzymatic colorimetric assaySoncentrations of carotenoids amdtocopherol in iso-

(CHOD PAP and GPO PAP, Boehringer Mannheim, Gelated lipoprotein fractions were quantified by HPLC using

many). a modified version of the method described by Hess et al.
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[27]. For analysis, 1-2 ml lipoprotein fraction was mixecdfUC calculation

with 2 ml ethanol containing 3-apd-8arotenoic acid ]

ethyl-ester and tocopheryl acetate as internal standarige area under curve (AUC) method was used to quantify

The mixture was extracted twice using hexane as solvel{te carotenoid and-tocopherol enrichment in LDL over

The combined hexane layers were evaporated under va#-hours.

uum, and redissolved in 200 pl HPLC eluent. A sample

(20 pl) was injected into HPLC system installed with a reStatistics

versed phase C-18 column (ultrasphere ODS, 4.5 mm x )

150 mm, Beckman Muinchen/Germany; precolumn ultraghe results were given as mean and standard error of

phere ODS, 4.5 mm x 45 mm, Beckman Miinchen, Gefean (SEM). All carotenoid and-tocopherol concentra-

many). Ana|ysis of carotenoids amﬂtocopher0| was per- tions in Iipoproteins were standardized on the cholesterol

formed by detection at 450 nm and 292 nm absorbancégncentration of the same lipoprotein.

respectively, after elution with acetonitrile/dichlor- Statistical analysis was performed with SPSS, Vers.

methane/methanol (7/2/1, v/viv; 1.2 ml/min, 18 °C) usindg-5 for Windows 95 (SPSS Inc. Chicago, USA). The re-

an UV/VIS detector UVD340S (Gynkotek GermeringPeated measures model was used to test the effect of the

Germany). Calculations were made using the internime point on the change in LDL antioxidant and lag

standard method and relative response factors. RecovBR@se time, considering the dietary fiber treatment as a

of the carotenoids and-tocopherol after enrichment ofbetween subjects factor. After using a multifactorial

serum samples was within 94 and 107% with a coefficieAtodel for analysis of variance (factors person, time after

of variation < 2.3% (n = 5). supplementation, dietary fiber), comparisons of group
The vitamin C content of p|asma Samp|es was angleans were made with the Student-Newman-Keuls (Snk)

lyzed by photometry (520 nm) according to the method é@st at ana-level of 5%.

Lowry et al. [28]. Ascorbic acid (Sigma, Deisenhofen,

Germany) standard solution was taken for calibration

Mean recovery of ascorbic acid added to plasma sampRssults

(n=7) was 101.6% with a coefficient of variation of 0.7%.

Plasma selenium was determined by graphite furnanicefasted state the majority dB-carotene and lycopene
atomic absorption spectrometry, using a Perkin-Elm&ras located in LDL (46% and 58%, respectively), while
2380 atomic absorption spectrophotometer. Samglégein and a-tocopherol were mainly located in VLDL
preparation and analysis conditions were adapted frand HDL (standardized based on cholesterol, Table 1).
Welz et al. [29] using Pd(NgH20 and Mg(NQ)2H.0 as The single oral supplementation of the mixture of four ca-
matrix modifiers. Quality control was made with Serotenoids andu-tocopherol increased the concentrations
ronorm Trace Element Serum (Promochem, Wesel, Gerf- the supplemented compounds in all lipoprotein frac-
many). Mean recovery of selenium (standard solutiotipns (data shown for LDL, Table 2). However, the distri-
added to plasma samples (n=4) was 96.9% with a coefiiution of carotenoids and-tocopherol between lipopro-
cient of variation of 6.7%. teins was not altered by the antioxidant supplementation.

Table 3 Areaunderthe curve (0-24 h) of carotenoid antbcopherol concentrations in LDL [purhbh * mmol LDL cholesterol] after a

single oral dose of a carotenoid arwtocopherol mixture without and with addition of different kinds of dietary fiber to the test meal
(mean £ SEM, n=6)

without fiber % pectin % guar % cellulose %
R-carotene 2.28 + 0.49 100 0.85 + 0.28 37 2.07 + 0.87 91 1.96 + 0.38 86
lycopene 0.29 + 0.13 100 0.29 + 0.09 100 0.26 + 0.09 90 0.09 + 0.22 31
lutein 0.11 + 0.03 100 0.09 + 0.03 82 0.03 + 0.03 27 0.02 + 0.04 18
canthaxanthin 1.12 + 0.21 100 0.91 + 0.14 81 0.82 + 0.05 73 0.88 + 0.06 79
a-tocopherol 12.58 + 2.15 100 12.56 + 2.09 100 9.63 + 2.81 77 11.16 + 3.17 89
S antioxidants ~ 16.11 £ 2.72 100 15.54 + 2.77 97 12.43 + 3.09 77 14.07 + 3.68 87

# 0 of the area in the trial without addition of dietary fiber to the test meal
Analysis of variance showed no statistically significant effect of dietary fiber supplementation
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Fig. 1 Relative change [% of 30 4 —O=—without fiber
—=— pectin

25 { —®—guar

—&— cellulose

0 h value] of the sum of the
carotenoid andi-tocopherol
concentrations in LDL 8, 10,
and 24 hours after a single oral
dose of a carotenoid
anda-tocopherol mixture
without and with the addition
of different kinds of dietary
fiber to the test meal.

20 A

15 -

10 -

change of the sum of carotenoids and
alpha-tocopherol [% of 0 h value]

Canthaxanthin was not found in the lipoproteins befotéxidants. The mean AUC of LDIB-carotene was mostly
supplementation. Twenty-four hours after supplementafluenced by pectin, while cellulose revealed the strong-
tion, 56% of canthaxanthin was found in VLDL, 26% irest effect on LDL lutein and lycopene; LDdé-tocopherol
LDL, and 18% in HDL. Maximum enrichment of LDL was mostly affected by guar. The mean AUC of LDL
was reached after 8 hours (lutein), 10 hours (canthaxaranthaxanthin was diminished by all types of fiber to a
tin, a-tocopherol) and 24 hours (lycopenp;carotene). similar extent. The observed effects of dietary fiber
The results of pre-studies with two subjects revealed sopplementation were not of statistical significance.
higher enrichment after 24 hours f@rcarotene and lyco- A significantly longer lag phase in LDL was observed
pene. after antioxidant supplementation without addition of die-
The addition of pectin, guar, or cellulose to theary fiber, as a result of the higher carotenoid antoc-
test meal diminished the increase of the carotenoid aogherol concentrations in LDL (Table 4). The addition of
a-tocopherol concentrations in LDL. This is shown by theectin, guar, or cellulose to the test meal reduced the pro-
calculated values of the AUC over 24 hours for the diffetongation of the lag phase in comparison to the test run
ent carotenoids andi-tocopherol (Table 3), as well aswithout fiber.
by the relative change of the sum of the carotenoids and Because of the antioxidative function of ascorbic acid
a-tocopherol (% of 0-h value; Fig. 1). However, the efand selenium as constituents of glutathion peroxidase,
fect of dietary fiber differed among the supplemented atheir plasma concentrations were controlled. The concen-

Table 4 Lag phase of LDL before (0 h) as well as 8, 10, and 24 hours after a single oral dose of a carotenoitbanogherol mixture
without and with the addition of different kinds of dietary fiber to the test meal (mean + SEM, n=6)

lag phase [min]

0h % 8 h % 10 h % 24 h %
without fiber  26.0 * 2.62 100 32.3 + 2.0P 124 31.3 + 3.%P 120 30.1 + 3.6*P 116
Pectin 455 + 8.4 100 47.3 + 8.2 104 48.4 + 8.6 106 52.0 + 9.0 114
Guar 38.7 + 4.0 100 44.5 + 5.1° 115 41.3 + 3.5 107 447 + 4.2 116
Cellulose 45.3 + 8.1 100 53.4 + 14.8 118 50.8 + 8.5 112 48.5 + 9.0 107

# 0 of the 0-h value within dietary fiber group

ab means with no common letters differ significantly between time pointspp05, snk test

Using the repeated measures model a statistically significant effect of the time after supplementation but not of the dietary fiber addition
was found
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Table5 Cholesteroland triacylglycerol concentrations [mmol/l]in LDL before (0 h) as well as 8, 10, and 24 hours after a single oral dose
of a carotenoid and-tocopherol mixture without and with the addition of different kinds of dietary fiber to the test meal (mean + SEM,
n=6)

0h 8 h 10 h 24 h
mmo/I
without fiber cholesterol 2.52 + 0.23 1.86 + 0.16 1.87 + 0.21 2.24 + 0.17
triacylglycerol 0.25 + 0.04 0.28 + 0.09 0.23 + 0.05 0.26 + 0.03
pectin cholesterol 2.23 +0.16 1.83 + 0.12 1.85 + 0.19 2.14 + 0.14
triacylglycerol 0.21 + 0.03 0.17 + 0.03 0.27 + 0.09 0.22 + 0.03
guar cholesterol 2.34 £ 0.19 1.99 + 0.15 2.06 £ 0.24 2.35 £ 0.26
triacylglycerol 0.22 + 0.02 0.19 + 0.02 0.19 + 0.02 0.21 + 0.02
cellulose cholesterol 2.19 + 0.16 1.72 + 0.19 1.94 + 0.19 213 +0.21
triacylglycerol 0.22 + 0.03 0.16 + 0.02 0.19 + 0.03 0.20 + 0.02

Analysis of variance showed no statistically significant effect of the time after supplementation and the dietary fiber addition

trations were almost constant and are between 85.9 umsliiely in the hydrophobic core of the particle, whereas
and 125.3 umol/l for ascorbic acid, and 0.5 pmol/l and Odarotenoids with polar functional groups (lutein, canthax-
pmol/l for selenium (data not shown). anthin) and above ati-tocopherol exist, at least partially,
Analysis of variance showed that the cholesterol arat the surface [30]. The different locations of the various
triacylglycerol concentrations in lipoproteins were noantioxidants in LDL lead to the assumption of synergistic
significantly affected by this short-term antioxidant aneéffects as already shown far-tocopherol and ascorbic
dietary fiber supplementation (Table 5). acid [17]. In addition, in LDL incubated with both lyco-
pene andx-tocopherol, the oxidative resistence increased
far more than compared to incubation with single sub-
Discussion stances [33]. Therefore, in the present study a mixture of
different antioxidants was administered to reach maximal
effects on the oxidative susceptability of LDL. Indeed, it
Carotenoids anda-tocopherol are transported in thecould be demonstrated that a single oral dose of a carote-
plasma of humans exclusively by lipoproteins. Their relaroid anda-tocopherol mixture enhanced the protection of
tive distribution differs among the lipoprotein fractiond. DL against copper-induced oxidation in terms of lag
VLDL, LDL and HDL, and is thought to be a function of phase prolongation and the formation of cholesterol oxi-
their polarity [30, 31]. Unpolar hydrocarbon carotenoiddation products [34]. Effects of carotenoid interactions on
like B-carotene and lycopene associate predominantijoavailability of carotenoids, when given simultane-
with LDL, while the more polar dihydroxy-carotenoid lu-ously, were evident in several studies, but the results are
tein, as well asx-tocopherol, associate less with LDL andnconsistent [19-21]. In the present study the absorption
more with HDL [32]. In this study antioxidant concentrainteractions of carotenoids ana-tocopherol were kept
tions were standardized based on cholesterol levels aafnstant throughout the experiment by administration of
lipoproteins. Accordingly, concentrations in LDL appeaan identical supplement composition in all test runs.
lower because of the high cholesterol content in LDL. Based on the results of several studies, it is generally
Administration of the antioxidant mixture as well as thaccepted thati-tocopherol can inhibit LDL oxidation [5,
addition of dietary fiber to the test meal affect the antioxi6, 8, 35-37]. Regarding3-carotene, Levy et al. [13]
dant concentrations in the lipoprotein fractions, but th&howed that a high single dose [@fcarotene (300 mg) re-
relative distribution among the lipoproteins was unduced the oxidative modification of LDL as measured by
changed. Thus, a prefered enrichment of one lipoprotdimobarbituric acid-reactive substances generated after
class after supplementation could not be observed. lipid peroxidation in the presence of copper ions. How-
The varying polarity of carotenoids arwdtocopherol, ever, the function of3-carotene in protecting LDL from
which determines their location in lipoproteins, also desxidation is controversially discussed. Several investiga-
termines their location in the LDL particle. Nonpolar cations showed tha3-carotene supplementation does not
rotenoids likep-carotene and lycopene are located exclenhance resistance of LDL [12, 14, 15]. Possibly, an anti-
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oxidative effect off3-carotene was not observed becausmlly not significant. In the present study the extent of the
of very high a-tocopherol supplements in some studieseduction of the LDL antioxidant concentrations also var-
[33]. Gaziano et al. [12] supplemented 50-100 fivgar- ied between the substances. However, the sum of the anti-
otene for three weeks without amy-tocopherol admini- oxidant concentrations matches the reduction of the lag
stration, but in spite of a 8.5-fold increase in LB-ear- phase values by dietary fiber. Especially after addition of
otene concentrations, no prolongation of lag phase coyldctin only a small increase of the lag phase was ob-
be measured. Lutein and canthaxanthin are also effectserved 8 and 10 hours thereafter (Table 4). This may pos-
as antioxidants in vitro [10], but oral supplementatiosibly be the consequence of the relatively small increase
with lutein (30 mg/day) for two weeks showed no effecdf B-carotene concentration in LDL 8 and 10 hours after
on the prolongation of lag phase after copper ion-induc@ectin ingestion; all other supplemented antioxidants
oxidation, although there was a sixfold increase in luteimere found to result in higher LDL concentrations with
concentration in LDL [38]. Comparable fdcarotene and pectin when compared to guar or cellulose addition.
lycopene, an antioxidative effect of lutein is possible onlyherefore, an important role ¢¥-carotene for the oxida-
in combination with other antioxidants, like carotenoidsve protection of LDL is still conceivable.
or a-tocopherol. In the present study, 24 hours after The effect of dietary pectin ofi-carotene response af-
supplementation the-tocopherol concentration in LDL ter supplementation is known from earlier work. Studies
and the lag phase of LDL concomitantly decreased, whiteith chicks [41] and humans [23] suggested that the addi-
B-carotene and lycopene concentrations in LDL still intion of pectin to chow or test meal reduced the bioavail-
creased. This confirms the results of several other studedsility of 3-carotene. Riedl et al. [40] also showed that
[18, 33, 39], which had shown that with simultaneoupectin decreased the bioavailability d¢¥-carotene by
supplementation of carotenoids andtocopherol,a-toc- 42%. The mode of action of carotenoids and specific
opherol had the strongest effect on LDL lag phase prolooemponents of dietary fiber is not clear. It is possible that
gation. micelle formation, necessary for the absorption of lipo-
To investigate the effect of the addition of differenphilic substances, is disturbed by viscous polysaccharides
kinds of dietary fiber to the test meal, the area under tli23]. Furthermore, dietary fiber increases the viscosity of
curve over 24 hours was calculated. By means of thlee intestinal content. This results in a reduced absorption
AUC:24n value the change in LDL concentrations of thef macro- and micronutrients because of the slow down
antioxidants in the different dietary fiber supplementatioaf the activity of pancreatic enzymes and more difficult
groups can be easily compared. This method was alsontact with intestinal enterocytes [42, 43]. In the present
used to describe the lag phase from 0-24 hours, allowistudy, rather high carotenoid doses together with realistic
an immediate comparison of the effects of the dietary fiiber doses were administrated to the subjects. It can be
bers. The present results show that the protective effectiyfpothesized that the observed effect of dietary fiber may
a carotenoid andx-tocopherol mixture on the oxidativebe different with “physiological” doses of carotenoids
resistance of LDL is reduced by the addition of each kinghile the direction of possible changes remains open.
of dietary fiber administered. The strongest effect wakhis topic has to be stressed in further investigations.
seen with addition of pectin (38% reduction), followed by In conclusion, the results of the study demonstrates
guar (22%) and cellulose (18%). These effects are the that the intake of a mixture of carotenoids aoetoco-
sult of a reduced antioxidant enrichment of LDL by th@herol significantly increased their LDL concentrations as
action of dietary fibers at the absorption site. Riedl et alvell as the LDL oxidation resistance. A concomitant ad-
[40] showed that dietary fiber decreases the relative afhition of dietary fiber to the test meal produced a non-
sorption of carotenoids and-tocopherol. The bioavail- significant decrease in carotenoid andtocopherol en-
ability of lycopene and lutein was significantly reducedichment of LDL together with a lower resistance of these
by pectin, guar, and cellulose, whereas the absorptionlddL to oxidation. With the use of a more sensitive meth-
[3-carotene was significantly lowered only by pectin anddology (e.g., labeling of carotenoids with stable iso-
guar. The effect of dietary fiber on the bioavailability otopes), the present results could be evaluated for the ad-
canthaxanthin andi-tocopherol was smaller and statistiministration of “physiological’ doses of carotenoids.
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