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ABSTRACT

Improve lipid metabolism and absorption of calcium and magnesium in
cholesterol-fed rat were studied. To accomplish this aim potato peel and wheat bran
breads were investigated. Thus 4 groups of 8 rats each were used. The first group
was fed on basal diet (control). The other groups fed on basal diet +1 % cholesterol.
Potato peel bread (PP-bread) ( 10 % of diet ) was added in 3 group, while wheat
bran bread (WB-bread) ( 10 % of diet ) was used in 4™ group. An increase of short
chain fatty acids (SCFA) was observed in content in the feces of rats that consumed
either of the two different kind of bread. Potato peel bread diet increased the acetate,
propionate and butyrate concentrations compared to wheat fiber group. Consequently,
both absolute apparent Ca absorptions (mg/d) and relative (%)were affected by both
treatments, and those were greater (51 + 2.4 and 71.5 £1.68 ) by PP-bread diet than
that of WB-bread diet ( 45 £2.1 and 62 +3.8 ). Relative apparent Mg absorptions were
higher after ingestion of PP-bread diet as compared to those that fed on WB-bread
diet. The plasma lipoprotein shows a reduction of LDL (-66.6% and -61.1) in rats fed
on PP-bread and WB-bread diets, respectively compared to hypercholesterolemic
group. The presence of potato and wheat fiber in the diet increased HDL level (10.8 %
and 7.8 %, respectively) compared to hypercholesterolemic group. Triglyceride and
LDL concentrations were significantly lower in rats fed with potato fiber-enriched diet
as compared to those that fed on wheat fiber diet (68.4 £ 4.51 % vs. 74.4 + 6.41 %
and 36.7 % +4.52 vs. 42.8 % +10.36, respectively ).

INTRODUCTION

Waste materials from a wide range of agro-industrial processes may
be used as the substrates for microbial growth, thereby resulting in upgrading
of the waste or the synthesis of valuable by-products. Much of the waste
resulting from industrial peeling and trimming of foods is similar to the waste
generated in household kitchens. In addition to these wastes, in the
developing world, large quantities of fruit and vegetables are wasted
seasonally when production exceeds demand, particularly when coupled with
a lack of proper transportation and preservation processes [Mahmood et al.,
1998].

Potato is one of the vegetables rich in vitamin C and is also an
interesting source of dietary fiber (7% of peeled potato, up to 11% of non-
peeled potato). Potato fibers are mainly water-soluble fibers (55%) such as
hemicelluloses and pectins (shown to have hypocholesterolemic effects on
rats [Anderson, Bridges, 1988], together with water insoluble fibers (45%)
such as cellulose [Anderson, Bridges, 1988 and Remesy et al., 1992 ].
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Potato peel apparently is superior to wheat bran in the contents of
certain minerals, in total dietary fiber, in water-holding capacity, in its lower
quantity of starchy components, and in its lack of phytate (Toma et al., 1979).

Hypercholesterolemia is an established major risk factor for coronary
artery disease. Lifestyle modification is the preferable form of treatment for
most types of hyperlipidemia (National Cholesterol Education Program,
1993). The most potent drugs that are currently used to lower elevated (LDL-
C) levels are the 3-hydroxy—3-methylglutaryl-coenzyme A (HMG-CoA)
reductase inhibitors (statins) (Gould et al., 1995 and Law et al., 2003).
Because of patient reluctance to be treated with chemically derived drugs,
especially for primary prevention which may contribute to the above
discrepancy, there is a need for effective, safe and ideally naturally derived
drugs.

However, more studies suggest that a low bioavailability of calcium is
one of the risk factors associated with the development of the disease and
osteoporosis (Heaney, 1985).

The potential beneficial effects of fermentable carbohydrates and fiber
on mineral absorption and status, in particular Ca and Mg, have been largely
investigated workers (Delzenne et al., 1995, Lopez et al., 1998 and Coudray
et al., 2003).

Present studies have been aimed primarily at the use of peelings
removed from potatoes (Solanum tuberosum) for the production of bread
(50 % of potato peel) of use in the food with the resultant protection of
hypercholesterolemia and effect it on mineral absorption (Ca and Mg,)
compared to wheat bread (50 % wheat bran) in rats.

MATERIALS AND METHODS

Preparation of Potato Peel Powder

Fresh potato peels (PPs), obtained from a local potato chips
manufactory (6" october City), were washed three times with tap water and
then dried at 70 -C overnight in a ‘cross flow drier.’” The dried peel was
ground in a multimill and passed through a 0.5mm mesh sieve to obtain a fine
powder. The final PP-powder was used in bread product preparation.
Preparation of high fiber Bread

Fifty % of potato peel or wheat bran level were used in bread
preparation. The bread dough was made from commercially available wheat
flour (72 %), potato peel or wheat bran, yeast and water. The dough was left
to leaven at room temperature for 2 h. A loaf was then baked for 12 min at
225°,
Experimental animals

Basal diet was provided in accordance with AIN-93M formulation
(Reeves et al. 1993), as shown in Table (1). The experiments were
conducted on 32 male albino rats weighing 80g + 1.0. The rats were housed
in individual stainless steel cages. The rats were fed on basal diet for one
week as adaptation, water was available ad-libitum. The rats were divided
into 4 groups, each of 8 rats. The first group was fed on basal diet
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(control) .The second group was fed on basal diet +1 % cholesterol. The third
group was fed on basal diet +1 % cholesterol+ potato peel bread ( 10 % of
diet ), while the group 4 was fed on basal diet +1 % cholesterol+ wheat bran
bread ( 10 % of diet ). After 6 weeks the animals were fasted overnight, blood
samples were withdrawn by a fine capillary glass tube from the orbital plexus
vein. The blood was collected in heparin containing tubes and which were
centrifuged at 3000 rpm for 15 min. and stored at —20°C until analysis.

Table (1): Composition of the diets provided during the study (g/kg
diet)[ Reeves et al., 1993].

Groups Group (1) | Group (2) | Group (3) Group (4)
Control Control (+) | PP-bread WB-bread
Casein 140 140 140 140
Sucrose 100 100 100 100
Salt mixture 35 35 35 35
Vitamin mix 10 10 10 10
Corn oil 40 40 40 40
Cellulose 50 50 0 0
Cholesterol 0 10 10 10
bread 0 0 100 100
Starch 625 615 565 565
Total 1000 1000 1000 1000

Analytical methods. Food intake was monitored by collection of duplicate
meals. About 0.5 g of tested products or diets and 0.25 g of feces were dry-
ashed at 500°C for 10 h, then the dry residue was added to HCI (6 M), diluted
adequately and analyzed for Ca and Mg [Pallout et al., 1994]. Calcium and
magnesium were assayed by Varian Model Spectra AA220 flame atomic
absorption spectrometry with an air-acetylene flame and hollow cathode
lamps at wavelengths 422 and 285 nm, respectively (Varian Australia Pty.,
Ltd., Mulgrave, Vic. 3171, Australia). Mineral levels were calculated from
standard curves of mineral solutions (Merck). Analytical quality was checked
using total diet control standards for dietary mineral measurements. All
measurements were performed at least in duplicate. Fecal short-chain fatty
acid (SCFA) levels were determined by gas-liquid chromatography [Lombard,
Dowell, 1982].

Total cholesterol was determined using enzymatic method of Allain et
al. (1974). The triglycerides were estimated according to the method of
McGowan et al. (1983). HDL-C and LDL-C were determined according to the
method of Wieland and Seidel (1983).

Calculations of absolute apparent absorption
Absolute apparent absorption (mg/d) was calculated as follows:
(daily mineral intake - daily mineral fecal excretion).
Relative apparent absorption (%) was calculated as follows:
100 x [(daily mineral intake - daily mineral fecal excretion)/(daily mineral intake)].
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Statistical analysis :

The results were expressed as mean +SD. Statistical significance was
calculated using student’s t test according to the method of Statgraphics
Program Statistical Graphic System Version 2.6 (1987). Differences were
considered statistically significant if the p value < 0.05.

RESULTS AND DISCUSSION

Dietary fiber could affect lipid metabolism and calcium balance in
hypercholesterolemic rat. So potato peel and wheat bran breads
supplemented with 1% cholesterol were investigated. It was found that no
differences in the daily food intake between all groups (14-15 g dry matter/d).
The weight gain was significantly low in rats fed dietary fiber compared to
those fed control diet in group 2 (p<0.01). The dietary fiber did not affect the
relative weight of the organs (Table, 2).

Table (2): Initial, terminal body weights (g) and relative organs weight
(%) among different treatment groups.

Group Group (1) Group (2) Group (3) | Group (4)
control Control + PP B
Mean + SE
Initial weight (g) 100.18+ 6.75 94.5+7.3 89.79+6.1 | 91.05+6.9
Terminal weight(g) 171.88+11.14 170+7.57 152+6.5 153+5.05
Wight Gain(g) 71.749.6 75.546.7 62.09+6.4 | 61.45+5.9
Heart weight (g) 0.61+0.02 0.57+0.02 0.58+0.02 | 0.54+0.02
%%6* 0.36+0.02 0.30+0.05 0.38+0.02 | 0.36+0.02
Spleen weight (g) 0.67+0.033 0.65+0.04 0.71+0.07 | 0.6+0.03
% 0.40+0.02 0.38+0.02 0.47+0.04 0.4+0.03
Kidney weight (g) 1.02+0.04 1.04+0.50 | 1.02+0.03 | 1.00+0.03
% 0.61+0.04 0.62+0.03 0.68+0.02 | 0.66+0.03

* Relative organs weight = organ weight (g)/ body weight (g) x 100

Plasma cholesterol and triglycerides were significantly lower in rats that
fed on potato and wheat fiber-enriched diet than in hypercholesterolemic rats
(-39.4%, & -39.3%, and -36.7% & -31.1, respectively (Table 3). Potato peel
and wheat bran bread diets reduced the plasma LDL (-66.6% and -61.1,
respectively) compared to hypercholesterolemic rats. While they increased
HDL (+10.8 % and 7.8 % respectively) compared to hypercholesterolemic
group. Triglyceride and LDL concentrations were significantly low in rats fed
on PP-bread diet as compared to those fed on wheat fiber diet (68.4 £ 4.51 %
VS. 74.4 + 6.41 % and 36.7 % +4.52 vs. 42.8 % +10.36 respectively )

Indeed, previous studies have reported similar effects with high fiber
diets [Ullrich, 1987]; moreover, fibers are known to affect the lipoprotein
profile in cholesterol-fed rats [Mazur et al., 1990 ]. Potato peel fibers are
mainly water-soluble fibers (55%) such as hemicelluloses and pectins, which
showed together hypocholesterolemic effects on rats and also water insoluble
fibers (45%) such as cellulose [Anderson and Bridges, 1988; Remesy et al.
1992 ]. The effect of pectin on lipid metabolism has been well studied both in
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humans and animal models [Anderson and Bridges, 1988; Fernandez, 2001,
and Aprikian et al., 2003 ] and previous experiments demonstrated that
dietary fibers can also exert cholesterol-lowering effects by increasing fecal
excretion of total steroids (neutral sterols and bile acids) [Fernandez, 1995].
Robert (2006) observed that potato-enriched diet consumption led to a
significant increase of neutral sterol fecal excretion, especially of coprostanol,
and to an increase in the amount of cholesterol excreted in feces as bile
acids. Present data obtained from cholesterol-fed rats support the view that
fibers are effective in depressing the absorption of exogenous cholesterol, as
previously shown in guinea pigs and rats [Fernandez, 1995, and Moundras et
al., 1997]. The mechanisms of inhibition of cholesterol absorption, in which
viscosity is an important contributor, have been well documented; they
include disturbance of micelle formation, slowing of cholesterol transfer to the
brush border across the unstirred layer and inhibition of ileal bile acid
reabsorption [Stedronsky, 1994]. It has been shown that the physicochemical
properties of soluble fibers results in important modifications in volume, bulk
and viscosity in the intestinal lumen, which alter metabolic pathways of
hepatic cholesterol and lipoprotein metabolism, resulting in lowering of
plasma LDL- cholesterol [Fernandez, 2001]. In rats fed with diets containing
fibers, the intestinal bile acid pool may be increased [Moundras et al., 1997 ].
This could reflect an entrapment of bile acids within the viscous medium, as
well as an accelerated biliary influx. It is well known that when cholesterol is
added to the diet, the enhanced fecal losses of bile acids correspond to a
less effective reabsorption [Moundras et al., 1997] and to an inhibition of the
HMG-CoA reductase activity [Levrat-Verny et al., 2000].

Table (3): Plasma lipid profile among different treatment groups (mg/dl).

Group Group (1) Group (2) Group (3) Group (4)

control Control (+) PP-bread WB-bread
Mean + SE

Total cholesterol | 87.72+1.72 | 131.00+2.98° 79.36+6.442 79.57+3.582

HDL 61.36+2.339 20.60+1.96° 42.66+7.182 36.80+£3.432

LDL 26.36+1.56% 110.4+10.33° 36.7+4.172° 42.77+6.41°

TG 81.75+6.86% 108+10.49° 68.37+4.512¢ | 74.4410.36%°

TC/HDL 1.43+£0.042 6.6+0.64° 2.1+0.300c 2.3+0.27%

a, b, c,d same scripts in the same row indicate no significant differences (p<0.01)

Moundras et al.,, [1997] found that rats fed on guar gum diets
supplemented with cholesterol, the losses of steroids were compensated to a
certain extent by the induction of liver HMG-CoA reductase. The induction of
this enzyme took place in spite of an accelerated return of bile acids to the
liver; this process could limit the adaptation of cholesterol synthesis and thus
contribute the cholesterol-lowering effect of guar gum.

The fecal dry matter excretion was significantly low in rats fed with
potato fiber-enriched diet as compared to those fed on control diet (1.93 +
0.21 gvs.1.57 £0.20 g/d, P <0.01). An increase of total SCFA content in the
feces of rats that consumed potato and wheat fiber-enriched diet was
observed, compared to control (Table 4). The presence of potato fiber in the
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diet increased the total SCFAs content, propionate and butyrate
concentrations compared to wheat fiber group.

Table (4): Short chain fatty acids content in feces samples of studied
groups (mmol/100 g)

Groups Acetate Propionate | Iso-Butyrate | Butyrate |Total SCFA
Group (1) 22.922 7.332 4.982 3.582 38.812
Control +2.11 +0.50 +0.51 +0.51 +2.2
Group (2) 20.082 6.702 4,122 3.262 34.152
Control (+) +1.91 +0.49 +0.52 +0.48 +2.3
Group (3) 16.99° 16.89° 41.04° 7.89° 83.1°
PP-bread +0.5 +0.61 +2.11 +0.9 +2.6
Group (4) 49.2¢ 6.12 8.61° 3.582 67.49°
\WB-bread +3.11 +0.49 +1.01 +0.81 +2.1

a, b, c same scripts in the same row indicate no significant differences (p>0.05)

Fibers could also exert indirect effects on cholesterol metabolism. Their
fermentation in the large intestine leads to a production of short-chain fatty
acids such as propionate, which may be involved in the control of hepatic
cholesterol synthesis [Chen et al., 1984]. Robert (2006) observed a rise of all
short chain fatty acid (SCFASs) especially of propionate (+442%) in potato
fiber group. Studies on isolated hepatocytes demonstrated that propionate
could inhibit cholesterol biosynthesis from acetate [Wright et al. 1990].
Nevertheless, the impact of propionate on cholesterol metabolism in the liver
is likely less effective than the direct effect of fiber on digestive cholesterol
absorption or their indirect effect on the cholesterol conversion into bile acids.
All together, such mechanisms are able to decrease plasma cholesterol
concentration. Potato fiber may also provide beneficial health effects by
supply of antioxidant molecules. Robert (2006) investigated the defense
against lipid peroxidation in the heart tissue as an important target tissue for
reactive oxygen species (ROS).

Total daily Ca intake was from 72 to 75 mg for each of the 4 groups. Ca
fecal excretion was similar in all three groups varied from 20 to 23 mg/d ,but
Ca fecal ( 26 mg / d) was slightly higher in rats fed with the wheat bran
enriched diet. Consequently, both absolute (mg/d) and relative (%) apparent
Ca absorptions were affected by diet treatment. Absolute (mg/d) and relative
(%) apparent Ca absorptions were great (51+ 2.4 and 71.49 + 1.68 ) after
ingestion of potato peel-enriched diet as compared to those fed on wheat
fiber diet (45t 2.1 and 62. £+ 3.8) (Table 5). Total daily Mg intake was from
7.5 to 7.6 mg for each of the 4 experimental groups. Mg fecal excretion was
higher in group 2 as compared to other groups (Table 6). Relative apparent
Mg absorptions were high after ingestion of potato peel as compared to those
fed on wheat fiber diet (Table 6). However, in this study, apparent Ca
absorption was increased in potato peel group but it was decreased in wheat
bran group. Apparent Mg absorption was unchanged in both potato peel and
wheat bran groups. The potential beneficial effects of fermentable
carbohydrates and fiber on mineral absorption and status, in particular Ca
and Mg, have been largely investigated [Delzenne et al., 1995, Lopenz et al.,
1998 and Coudray et al., 2003]. The animal studies clearly showed a
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beneficial effect of fermentable carbohydrates on intestinal absorption of Ca
and Mg, although this effect is less marked for Ca than for Mg and often
depends on experimental conditions. Cherbut et al. (1997) demonstrated that
potato fibers increased the production of (SCFA). The positive effect of
fermentable carbohydrates on intestinal mineral absorption is attributed
mainly to the high production of SCFA [Cherbut et al., 1997], which produce a
decrease in the luminal pH and an increase in the concentration of ionized
minerals in the cecum. Consequently, the mineral solubility is increased and
the active and passive diffusion of minerals across the intestinal cells is
enhanced. As a consequence, these fermentation-induced changes
theoretically ought to improve the intestinal absorption of nearly all minerals
in the hindgut. The intestinal absorption mechanism and site of Mg largely
differ from those of Ca, which may explain the different impact of fermentable
carbohydrates on the apparent absorption of these two minerals. The
absorption efficiency of dietary Ca depends on two major factors: its
regulation by physiological factors including hormones and its interaction with
the other dietary constituents [Mathers, Dawson, 1991]. On the other hand ,
elements incroporated in phytate structures especially Mg, Ca, Zn and Fe
[Chichlowska et al.1994], are hard to release and worse absorbed from
digesta. Potato peel apparently is lack of phytate content compered to a
wheat bran [Toma et al.1979]. Therefore phytic acid was more effective on
the bioavailability of Ca in wheat bran group about potato peel group.
Because potato fibers are mainly water-soluble fibers and is poor in phytic
acid, potato peel can improve the functional properties of several food
products.

Such an effect can be considered as beneficial for cardiovascular
disease prevention. The cholesterol-lowering effect can be attributed to the
fibers provided by potatoes peel.

Table (5): Effect of potato peel-bread and wheat bran-bread on apparent
absorption of Ca.

Group Group (1) | Group (2) | Group (3) Group (4)
control |Control (+)| PP-bread WB-bread

Mean + SE
Ca intake g/d 0.58+0.1 | 0.57+0.01 | 0.57+0.02 | 0.57+0.04
Fecal calcium g/d 0.16+0.01|0.17+0.03| 0.16+0.03 | 0.21+0.02
Ca absolute apparent absorption 0.41+0.012/0.40+0.01%| 0.41+0.012 | 0.36+0.02°
Ca relative apparent absorption (%) [71.34+2.13/69.49+1.5%|71.49+1.68%| 62.58+3.8°

a, b same scripts in the same row indicate no significant differences (p>0.05)

Table (6) : Effect of potato peel-bread and wheat bran-bread on apparent

absorption of Mg.

Group Group (1) | Group (2) | Group (3) | Group (4)
control | Control (+) | PP-bread | WB-bread
Mean + SE
Mg intake (g/d) 0.06 +0.002]0.059+0.003|0.058+0.0050.061+0.002
Fecal magnesium (g/d) 0.01+0.002 |0.015+0.002| 0.01+0.005 |0.01+0.002
Mg absolute apparent absorption 0.05+0.003 |0.045+0.001| 0.05+0.01 |0.05+0.005
Mg relative apparent absorption (%) | 88.23+1.4 | 87.71+0.86 |90.87+0.22 |88.29+1.4
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