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The objective of this study was to determine the effects of dietary evening prim-
rose cake extract (E) on the lipid indices and lipid peroxidation products in
growing rats fed cholesterol-free standard diet (S) or diets enriched with 1%
cholesterol (C). All animals were divided into five groups of 10 and were fed
during 4 weeks experimental diets: group (Gr) l-standard diet (S); Gr 2-S diet
supplemented with 1% E (S+1%E); Gr 3-with 1% C (S+1%C); Gr 4-
S+1%C+0.5%E and Gr 5-S+1%C+ 1%E. Dietary E significantly decreased
plasma total cholesterol (TC) and low density lipoprotein cholesterol (LDL-C)
but did not change the high density lipoprotein cholesterol (HDL-C) either in
rats fed cholesterol-free or enriched-in-cholesterol diets. Plasma TC were 98.7,
81.3, 144.6, 114.5 and 99.1 mg 100ml~', whereas LDL-C values were 19.4, 7.6,
77.2, 43.6 and 27.6mg 100ml~" in Groups 1-5, respectively. Supplementation of
diet with E significantly elevated triglyceride and phospholipid concentrations in
the liver; also 1% E with C (S+ 1%C + 1%E) caused significant TC accumulation
in the liver and elevated malondialdehyde concentrations in plasma and ery-
throcytes. In conclusion, this study demonstrates, for the first time, that evening
primrose cake extract (E) possesses strong hypocholesterolemic action. Its anti-
oxidative properties, especially in animals loaded with dietary cholesterol, are less
clear and need further studies. © 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

The relationship between high levels of plasma lipids
and the incidence of atherosclerosis and cardiovascular
disease has been long recognised. The most convincing
evidence is the fact that, in animal species, athero-
sclerosis may be experimentally induced by the use of
hypercholesterolemic diets. In rats and other species
administration of dietary cholesterol increases low den-
sity lipoprotein cholesterol (LDL-C) and decreases high
density cholesterol (HDL-C) (Mahley and Holcombe,
1977;). It is often considered that elevated plasma cho-
lesterol, especially LDL-C, is a predisposing factor for
atherosclerosis and cardiovascular disease, frequently
occurring in industrialized countries (Diaz et al., 1997,
Goldstein and Brown, 1987; Steinberg, 1983). In con-
trast to that, HDL-C may exert a protective effect
(Mattson and Grundy, 1985).

Free radical-mediated lipid peroxidation has been
implicated in a variety of pathological processes (Ames
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et al., 1992; Aruoma et al., 1991; Kehrer, 1993), espe-
cially in the initiation and promotion of atherosclerosis
(Henning and Chow, 1988; Henriksson et al., 1985;
Prasad and Kalra, 1993; Steinberg et al., 1989; Stein-
berg, 1992). Increased production of superoxide anion
in hypercholesterolemic vessels contributes to the
atherosclerotic process (Ohara et al., 1993). It has been
reported that hypercholesterolemic atherosclerosis is
associated with an increased tissue concentration of
lipid peroxidation products, malondialdehyde (MDA)
and conjugated dienes. Many reports have suggested
that the oxidation of plasma low density lipoproteins
(LDL), induced by free radicals and other reactive oxy-
gen substances (ROS), is an important preliminary
event in pathogenesis of atherosclerosis in humans
(Esterbauer et al., 1992; Steinberg et al., 1989). These
studies suggested that, in human hypercholesterolemia,
generation of ROS is increased.

Recent data suggest that antioxidant nutrients may
play a key role in the prevention of cardiovascular dis-
ease (Diaz et al., 1997; Diplock, 1991, 1994). The pro-
tective effect of antioxidant nutrients may be mediated
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through inhibition of the oxidative modification of
LDL-C.

Many vegetable foodstuffs, especially fruits and bev-
erages, contain high amounts of polyphenols. Green tea
tannins (Muramatsu et al., 1986) and grape seed tannins
(Tebib et al., 1994a, 1997) have been reported to exert a
hypocholesterolemic effect in cholesterol-fed rats.
Yugarani et al. (1992) demonstrated that tannic acid
decreased plasma total and LDL-C. Similar data were
obtained with persimmon fruit (Kulasek et al., 1994).

It is well known that polyphenols act as free radical
scavengers in vitro (Constantino et al., 1992; Frankel et
al., 1995; Jovanovic et al., 1994; Vinson et al., 1995);
tannins occur naturally in tea, wines and juices (Hertog
et al., 1993) and exhibit antioxidant effects (Hertog et
al., 1993; Miyara et al., 1993).

Evening primrose seeds are widely used as a source of
gamma-linolenic acid, but the cake contains about 10%
of polyphenolic compounds. Our in vitro experiments
revealed that evening primrose seed cake extract has
strong antioxidant properties, which even exceed butyla-
tedhydroxy-anisole (BHA) (Batasinska et al., 1997). The
purpose of the present experiment was to investigate the
effect of dietary evening primrose extract on lipid meta-
bolites and peroxidation indices in blood, liver and kidney
of rats fed standard diet and diet enriched with cholesterol.

MATERIALS AND METHODS
Animals and diets

Male Wistar rats, weighing about 100 g at the beginning
of an experiment, were divided randomly into five diet-
ary groups of 10. The experiment lasted 4 weeks. All
groups received experimental semi-synthetic diets. Gr 1
was fed a standard diet (S). Gr 2 and 3 were fed the
same diet supplemented with 1% evening primrose seed
cake extract (S+1%E) and 1% of cholesterol
(S+1%C), respectively. Gr 4 and 5 received diets with
cholesterol (1%) and additionally supplemented with
0.5%E (S+1%C+0.5%E) and 1%E (S+1%C+ 1%E),
respectively (Table 1).

All animals were kept in individual stainless steel
metabolic cages at constant temperature (25°C+1°C)
with a 12-h light:dark cycle. Water and feed were pro-
vided ad libitum. Food intake was recorded daily; body
weight was recorded once a week. Protocol of the
experiment was approved by the Animal Care Commit-
tee at Warsaw Agricultural University.

After 4 weeks, rats were sacrificed by intraperitoneal
injection of pentobarbital. Blood was collected by car-
diac puncture into heparin-moistened syringes, and
centrifuged at 1000g for 15min at 4°C to separate
plasma and erythrocytes. Liver and kidney were quickly
removed. All samples of tissues, erythrocyte and plasma
were refrigerated in liquid nitrogen and stored at -80°C
until assay.

Preparation of polyphenolic extracts

Evening primrose (Oenothera paradoxa) cake was
obtained from seeds previously deprived of oil by the
cold press method and was a gift of Agropharm®,
Poland. The cake was defatted with diethyl ether and
then extracted with acetone:water (7:3) for 3h at 50°C
in a shaking incubator (51 extraction fluid on 1 kg cake).
The extract was filtered and acetone was evaporated in a
vacuum; the residue was refrigerated and lyophilized.
The extract powder (E) was used to prepare experimental
diets. It contained 70.5 g polyphenols per 100 g powder.
Total phenols were analyzed according to the method of
Folin-Ciocalteu (Singleton and Rossi, 1965), in which
phenols were calibrated against tannic acid used as a
standard and the results were expressed as tannic acid.

Analytical procedures

Concentrations of total cholesterol (TC), HDL-choles-
terol (HDL-C), triglycerides (TG) and phospholipids (PL)
in plasma were analyzed colorimetrically using diagnostic
kits (BioMerioux, France). Plasma LDL-cholesterol
(LDL-C) was calculated using the following formula:
LDL-C=TC—(HDL-C)—TG/5 (Tsi et al., 1995).

Liver and kidney total cholesterol (TC), triglycerides
(TG) and phospholipids (PL), as well as erythrocyte
phospholipids were determined by an enzymatic colori-
metric method using a kit (BioMerioux, France). Lipid
extraction was carried out according to the procedure of
Folch et al. (1957). Briefly, about 100 mg of tissue from
each rat was homogenized in 9 ml of chloroform:methanol
mixture (2:1), then 3ml of 0.9% NaCl was added, vor-
tex-mixed and centrifuged at 1000g for 10min. The
organic extract (OE) was removed and used for assay.

Lipid peroxidation

Lipid peroxidation was evaluated by measuring thio-
barbituric acid reactive species and conjugated dienes.
Thiobarbituric acid assay for the determination of mal-
ondialdehyde (MDA) levels was done by the colorimetric
method (Rice-Evans ef al., 1991). Briefly, 1 ml of organic
extract (OE) was evaporated and 2.5ml 0.05 m H,SOq4
and 2.5ml 1% thiobarbituric acid were added to the
residue. In plasma, instead of OE, 0.5 ml of plasma was
used. The mixture was vortexed, incubated for 60 min in
boiling water, then extracted with n-butanol. The
absorbance of the sample was determined at 532nm
against blank. The MDA concentration was calculated
from a standard curve using 1,1,3,3-tetramethoxypropane
as standard which gives MDA upon hydrolysis during
the assay. Conjugated dienes were assayed by the
method of Pryor and Castle (1984). Briefly, 0.5ml
organic extract was evaporated to dryness under nitro-
gen, then dissolved in cyclohexane. The absorbance of
samples was measured at 234 nm. Results were calculated
as per g tissue (Ass4nm g ' tissue).
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Ingredient Group
1 2 3 4 5
Standard S+1%E S+1%C S+1%C S+1%C
(S) +0.5%E +1%E
Casein 20 20 20 20 20
Wheat starch 60 59 59 58.5 58
Potato starch 5 5 5 5 5
Sunflower oil 10 10 10 10 10
Mineral mix* 3.5 3.5 3.5 3.5 3.5
Vitamin mix** 1.3 1.3 1.3 1.3 1.3
Choline 0.2 0.2 0.2 0.2 0.2
Cholesterol (C) — — 1 1 1
Extract of evening primrose — 1 — 0.5 1

seeds oil-free cake (E)

*Mineral mix composition (gkg™"): CaHPO4*2H,0, 27.89; K,POy, 2.43; K,SOy4, 2.04; NaCl, 0.92; Na,HPO,*12H,0, 1.61; MgO,
0.75; C3H4(OH)(COO);Fe*3H,0, 37.85; Zn(CH3;COOH),*2H,0, 7.88; MnCOs;, 23.41; Cu(CH;COO),*H,0, 4.95; KJ, 0.04;

C;H4(OH)(COOH)s, 25.87.

*#Vitamin mix composition (units or gkg=!): vit.A, 2000 000 U; D5, 200 000 U; E, 10000 U; para amino benzoic acid, 10 g; inositol,
10 g; vit. PP, 4 g; pantothenic acid, 4 g; vit. B,, 0.8 g; vit. By, 0.5 g; vit. Bg, 0.5 g; vit. B», 0.003 g; folic acid, 0.2 g; biotin, 0.04 g; wheat

starch Q.S.P. 1000 g.

Statistical analysis

Data were evaluated using two-way analysis of variance
(ANOVA) and Tuckey’s test (Statgraphics). Values of
p <0.05 were considered to be statistically significant.

RESULTS
Growth and food consumption

Final body weight and body weight gains of rats were
not affected by experimental treatments (data not
shown). Also, feed efficiency, as expressed by gain/feed
ratio, did not differ among groups.

Tissue

Plasma total and LDL cholesterol (TC and LDL-C)
were highest in Gr 3 receiving dietary cholesterol
(Table 2). Addition of evening primrose cake extract
significantly decreased TC and LDL-C levels in a dose-
responsive manner, not only in Gr 2 (S+1%E) fed
standard diet, but also in Gr4 (S+ 1%C+ 0.5%E) and Gr
5 (S+1%C+ 1%E) receiving diet enriched with choles-
terol. In Gr 5, TC level even returned to the control values
(Gr 1). Plasma HDL-C was significantly decreased in
rats receiving dietary cholesterol. Addition of evening
primrose cake extract in Gr 4 and 5 did not completely
restore HDL-C level to the value of Gr 1; however, a
small rise was observed (NS). Atherogenic index, expres-
sed by the ratio of HDL-C/(TC—HDL-C), significantly
decreased in Gr 3 receiving dietary cholesterol. Addition
of evening primrose cake extract significantly increased
that index in Gr 2 (S+1%E) fed diet without choles-
terol. In Gr 4 and 5 addition of evening primrose

abolished the suppressive effect of dietary cholesterol in
a dose-responsive manner.

Supplementation of a diet with cholesterol alone
evoked a significant rise in total cholesterol in the liver
(Gr 3 vs 1). Addition of evening primrose cake extract
increased total liver cholesterol in Gr 5 (Table 2).

Plasma triglycerides and phospholipids were not
affected by dietary cholesterol. In contrast, dietary sup-
plementation with evening primrose extract significantly
increased liver TG and PL and also plasma PL in rats
(Table 2).

Plasma and erythrocyte MDA concentrations were
highest in rats from Gr 5. Animals fed diet supple-
mented with cholesterol alone (Gr 3) were characterized
by higher conjugated diene levels in liver and kidney
than animals fed standard diet (Gr 1); supplementation
with the extract significantly lowered conjugated diene
levels in kidney, but not in liver (Table 3).

DISCUSSION

Recently, much attention has been focussed on the pro-
tective biochemical function of naturally occurring
antioxidants in plants and on the mechanisms of their
action. Phenolic compounds, which occur widely in
plants, were considered for a long time to be antioxidants
(Furst, 1996; Pratt, 1992; Pratt and Hudson, 1990). Seeds
of evening primrose are rich in polyphenolic compounds;
most of them are present in the fat-free residue (cake).
Our previous experiment in vitro revealed that evening
primrose cake extract and its fractions possess higher
antioxidative properties than butylatedhydroxy-anisole
(Batasinska et al., 1997). This study is the first attempt
to demonstrate that evening primrose cake extract could
affect plasma and tissue lipid parameters in rats fed
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Table 2. Effect of evening primrose oil-free cake extract (E) on the plasma and liver lipid concentrations in rats fed on the standard and
high cholesterol diet

Items Group
1 2 3 4 5
Standard (S) S+1%E S+1%C S+1%C+0.5%E S+1%C+1%E
Plasma
TC [mg 100 ml~']* 98.7 £ 2.4b%* 81.3£1.5¢ 144.6 £2.5¢ 114.5+2.4¢ 99.1+2.3"
HDL-C [mg 100 ml—!] 64.4+2.3¢ 59.241.4%¢ 50.8 £2.0¢ 55.1+£2.29 54.9+1.9
LDL-C [mg 100 ml~'] 19.4£3.1° 7.6+1.34 77.24+2.0° 43.6+£1.27 27.6+1.4¢
PL [mg 100 ml~! 157.4+3.5¢ 179.2+3.1% 174.6+3.3% 162.54 5.6 176.5+6.0°
TG [mg 100 mI~!] 75.4+6.2¢ 72.7+4.34 82.5+1.84 78.8+£4.54 82.4+2.6“
HDL-C/TC ratio 0.65+0.03¢ 0.73+0.02¢ 0.35+0.01¢ 0.48£0.01° 0.55+0.01¢
HDL-C/(TC-HDL-C) 2.01+0.27¢ 2.90+£0.38¢ 0.544+0.034 0.93 £0.044 1.25£0.06"
atherogenic index
Liver
TC [mgg™! tissue] 2.5+0.2¢ 3.0£0.1¢ 22.1+1.0° 24.54+1.2° 32.2+£1.3¢
PL [mgg~!' tissue] 17.4+0.64 23.1+1.1° 17.3+0.6“ 21.9+£0.9° 22.6+0.9°
TG [mgg~! tissue] 5.2+0.4¢ 7.2+£0.2? 5.1+£0.34 7.4+0.5 7.9+0.5°

* Abbreviations: TC—total cholesterol; TG—triglycerides; PL—phospholipids; HDL-C-high density lipoprotein cholesterol; LDL-C—

low density lipoprotein cholesterol.

**Values are means = SEM of 10 observation per group; values in a row with different superscripts letters are significantly different

(p<0.05).

Table 3. Effect of evening primrose seeds oil-free cake extract (E) on malondialdehyde (MDA) and conjugated diene concentrations in
plasma, liver, kidney and erythrocyte of rats fed standard and high cholesterol diet

Items Group
1 2 3 4 5
Standard (S) S+1%E S+1%C S+1%C+0.5%E S+1%C+1%E
Plasma
MDA [nmolml~']* 14.6 £0.57%* 12.9£0.7¢ 17.1£0.7° 16.5+£0.5° 19.2£0.7¢
Liver
MDA [nmol g~ tissue] 571.5+33.7¢ 438.5+17.4% 378.2+£11.84 402.9 +£24.9¢ 510.1+£27.9%¢
conjugated dienes 3.7+0.2¢ 3.84+0.47 6.4+0.2° 7.1£0.3° 6.2+£0.2°
[A234nm g71 tissue]
Kidney
MDA [nmol g~! tissue] 589.2+£22.3% 664.7+37.6" 669.4 £ 60.1° 522.4+£24.4% 449.1 +36.3¢
conjugated dienes 1.5£0.08¢ 1.7 £0.044 1.9£0.08” 1.5£0.07¢ 1.4+£0.05¢
[A234nm gil tissue]
Erythrocyte
MDA [nmolmg~' PL] 0.15+£0.01¢ 0.13+0.01¢ 0.24+0.017 0.15+0.01¢ 0.58 £0.02¢

*Abbreviations: MDA-malondialdehyde; PL—phospholipids.

**Values are means = SEM of 10 observations per group; values in a row with different superscripts letters are significantly different

(p <0.05).

standard diet (cholesterol-free) and diet with cholesterol
(1%). It is known that some polyphenolic compounds
of plant origin decrease plasma cholesterol in rats fed
hypocholesterolemic diet (Kulasek et al., 1994; Tebib et
al., 1994bh, 1997). Our data indicate that evening primrose
extract has a profound hypocholesterolemic effect, not
only in rats fed diets enriched with cholesterol, but also in
animals fed standard diet without cholesterol (S vs
S+ 1%E). Addition of extract to a hypercholesterolemic
diet for rats prevented rise in plasma cholesterol in a
dose-responsive manner. Present results also show, that
addition of cholesterol alone increased plasma LDL-cho-
lesterol in rats compared with animals fed standard diet
(S vs S+ 1%C); dietary polyphenols (E) act conversely,

namely they inhibit cholesterol-related rise in plasma
LDL-cholesterol and even significantly decrease its
level when animals receive standard diet (Table 2). The
anti-atherogenic index [HDL-C/(TC—HDL-C)] and the
HDL-C/TC ratio were significantly elevated in choles-
terol/extract-treated Gr 4 and 5 compared with Gr 3 as
well as in rats fed cholesterol-free diet (S vs S+ 1%E)
(Table 2). These effects were beneficial since it is known
that there is an inverse relationship between these HDL
indices and a risk of atherosclerosis and cardiovascular
disease (Goldstein and Brown, 1987). Therefore, the
observed rise in these indices together with decreased
plasma LDL-C level may indicate that extract from eve-
ning primrose cake may play an important protective role
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against atherosclerosis and cardiovascular disease in
mammals.

The mechanism underlying these effects is not clear.
Tebib et al. (1994a) observed increased faecal cholesterol
excretion in rats receiving grape tannins, especially in
polymeric form, which in turn could decrease intestinal
cholesterol absorption. Elsewhere, an increase in the
excretion of bile acids in faeces was noted in rats fed diet
containing condensed tannins (Horigome et al., 1988).
Since Kuyvenhoven et al. (1989) demonstrated that an
increased excretion of faecal bile acids would decrease
body cholesterol resulting in a lower blood cholesterol,
an increased excretion of bile acids may be another
mechanism by which polyphenols from evening prim-
rose cake extract prevent rise in plasma TC and LDL-C
(Table 2).

Liver total cholesterol was elevated in Gr 3 receiving
dietary cholesterol. Evening primrose extract did not
suppress cholesterol content in the liver. In contrast,
regardless of whether rats were fed standard diet or
cholesterol diets, there was always a rise in liver choles-
terol which turned to be significant only in Gr 3 vs Gr 5.
This might be the consequences of reverse cholesterol
transport, such as the movement of cholesterol from
extrahepatic tissues to the liver cholesterol (Millner,
1990). In our experiment, it is difficult to explain the
exact mechanism of the elevated TC content in liver due
to the extract administration. Moreover, concentrations
of TG and PL in Gr 2, 4 and 5 receiving evening prim-
rose extract were also elevated. These results, that is the
rise in liver TC, together with the rise in the liver TG
and PL concentrations in these groups compared with
Gr 1 and 3, seem to indicate that evening primrose
extract, in addition to its beneficial effects, may also
increase the infiltration of fat into the hepatocytes.
Therefore routine administration of high amounts of
extract, at least in rats, has to be taken with caution due
to the risk of liver steatosis.

The measurement of MDA and conjugated dienes
allowed us to assess lipid peroxidation. Plasma MDA
concentration was lower in groups receiving cholesterol-
free diet (Gr 1, 2). In groups fed cholesterol, addition of
extract increased MDA level in Gr 5. Although addition
of evening primrose extract decreased the level of LDL-
C in Gr 4 and 5, this level was still significantly elevated
when compared with Gr 1. Highest ratio [HDL-C/
(TC—HDL-C)] observed in Group 2 was accompanied
by the lowest MDA level. In Gr 3 the ratio HDL-C/
(TC—HDL-C) was lowest, but MDA level was similar in
Gr 4. It could be expected that plasma LDL would be less
oxidized, strengthening the beneficial effect of the
decreased LDL-C concentration. Ng and Hegele (1993)
suggested that HDL-C particles may have an antioxidant
effect and also the ability to reduce LDL uptake. In our
experimental model, addition of extract from evening
primrose cake, together with a high dose of cholesterol,
did not show any antioxidant effect, since plasma MDA
level was similar in all groups, except Gr 5 where

significant rise was noted. However, a non-significant
decrease of plasma MDA content (about 12%) was
observed in Gr 2 compared with Gr 1. This, in turn, may
indicate that the extract still possesses some slight anti-
oxidative properties which in our experimental design
were masked by a very high content of dietary choles-
terol. In the kidney, MDA and conjugated diene levels
were significantly reduced in cholesterol-treated rats
receiving the highest amount of extract. These data
suggest that kidney of rats fed evening primrose extract
is less susceptible to peroxidative damage caused by a
hypocholesterolemic diet; addition of 1% extract to the
diet may have some protective effect on this process.

Liver response was different; the supply of evening
primrose extract decreased MDA level in that organ in
rats fed cholesterol-free diet, whereas in animals treated
with cholesterol an opposite effect was observed, namely
a rise in MDA content. MDA concentration in ery-
throcyte shows that addition of dietary cholesterol (Gr
3) significantly increased MDA level in erythrocytes
compared with Gr 1 and 2. In groups treated with cho-
lesterol there was significant difference between 0.5 and
1% extract added to the diet. Smaller amount of extract
decreased MDA content by 38% to the values observed
in erythrocytes from Gr 1. In contrast, 1% extract
increased (over 3-fold) the MDA level. At the moment,
there is difficulty is explaining that phenomenon
(Table 3).

Absorption of polyphenols takes place in the large
intestine (Manach et al., 1996). Liver is a major site for the
metabolism of polyphenols, this organ has the capacity to
oxidize (introduction of hydroxyl groups), reduce (carbo-
nyl group), methylate (creation of O-methyl ester) or
conjugate (glucuro- or sulpho-conjugation) polyphenols.
Intestinal microflora could convert dietary polyphenols or
their biliary conjugated derivatives into phenolic acid.
Although the phenolic compounds have similar chemical
properties, their reducing capacity is not a very precise
indicator of their antioxidant activity (Rice-Evans et al.,
1996). The action of polyphenols depends on their
structure, lipophilicity, solubility and partition between
the aqueous and lipid phases where these compounds
might be active (result of its action on organism
depends on its solubility in physiological fluids). In our
experiment we did not evaluate the detailed structure of
polyphenols present in the extract. We know that this
extract has antioxidant activity in vitro where conditions
are constant and most appropriate for maintaining the
reaction (Batasinska ez al., 1997). In our experimental
model performed in vivo, animals were loaded with a
fairly high amount of exogenous cholesterol. In such
hypocholesterolemic conditions polyphenols can be
transformed into antagonistic compounds which may
lose their antioxidative properties. More research is
needed to evaluate individual components from evening
primrose extract for better understanding the interac-
tions between the phenolic compounds and their changes
due to aging.
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In conclusion, present data demonstrate that extract
from evening primrose cake lowers plasma cholesterol
and LDL-C and elevates HDL indices, not only in rats
fed standard free-cholesterol diet, but also in rats fed
diets with high cholesterol content. In turn, antioxidative
properties of extract, expressed by a decrease of plasma
and tissue MDA and conjugated dienes, were noted to
be very homologous. Present data do not explain the
mechanism responsible for the decrease of plasma cho-
lesterol and LDL-cholesterol in experimental animals.
Further studies are needed for the better understanding
of the composition of extract and for estimation of the
optimum ratios between the type of diet, cholesterol
content and the amount of added antioxidants.
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