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Abstract Effect of food industry by-products orange peels, peanut skin peels and pomegranate peels on cholesterol level
was investigated using sixty male adult Sprague-Dawely rats weighing 125 + 5g. The negative control group of rats was fed
on basal diet while the other sub-groups (positive groups) were fed on basal diet and the cholesterol diet (which was prepared
by replacing 5% corn oil by cholesterol) together with various formulations of food by-products; orange peels, peanut skin
and pomegranate peel. Total cholesterol and triglycerides decreased significantly (P<0.05) when rats fed on basal diet
containing high doses of the food by-products. The total cholesterol and triglycerides levels pronouncedly decreased in rats
fed on 10% peanut skin (100.34 + 3.62 and 43.4 + 4.94), respectively followed by 5% peanut skin (125.73 +£3.09 and 46.24 +
4.63). The serum HDL-C decreased significantly (P<0.05) in (control +) that fed on hypercholesterolemic diet (28.38 +5.33),
compared with healthy rats (control - ) that fed on basal diet (60.58 £ 3.62). The highest mean values of the ratio between
LDL -C/HDL-C for tested groups were observed in the group fed on hypercholesterolemic diet containing 5%, followed by
7.5%, 10% pomegranate peel and 5% peanut skin. While, the lowest mean values of was observed in the group fed on basal
diet containing the orange feed level 7.5%.
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antioxidants may protect biomolecules from oxidative
damage and therefore be associated with reduced risks of
cardiovascular disease and certain cancer. It has been
reported that there has been a inverse relationship between

1. Introduction

Cholesterol is a fat-related compound; its structure is

different from the triglycerides and does not exist in plant
foods. Cholesterol is essential for the synthesis of bile, sex
hormones, cortisone and vitamin D and is needed by every
cell in the body. The body manufactures 800-1000 mg of
cholesterol a day in the liver. The advisable blood cholesterol
levels do not exceed 200 mg/dl (200 milligrams of
cholesterol per one deciliter of blood). It is recommended
that daily cholesterol intake not exceed 300 mg [1].

The plasma total cholesterol concentration ranges from
150 to 250 (average 200) mg/dl. Cholesterol is transported in
the blood plasma in the form of lipoprotein; the greater
proportion (100-180 mg/dl) is associated with the
low-density lipoprotein (LDL). Smaller amounts are
associated with high-density lipoprotein (HDL) (40-70
mg/dl) and least is associated with very low-density
lipoprotein (VLDL) (10-30 mg/dl) [2].

Fruits and vegetables have been known to contain a
variety of antioxidant components. It has been suggested that
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fibre intake and cardiovascular diseases [3]. A protective
association was found between fruit and vegetable
consumption and the risk of chronic heart disease [4] with
relative risks ranging from 0.83 - 0.93 for the highest to the
lowest fruit and vegetable intakes. A recent pooled
case-control study, including data from 52 countries, found
a 30% lower risk of m yocardial infarction in those with the
highest intakes of fruits or vegetables [5]. Dietary
supplementation with nutrients rich in antioxidants is
associated with inhibition of atherogenic modifications to
LDL, macrophage foam and atherosclerosis.

There are some nutritional wastes such as pomegranate
peel, orange peel and peanuts skin (Arachis hy pogaea L) are
considered important factors of therapeutic diets or as
diabetic diet and nutrient effect supping essential nutrient
elements such as fiber, vitamin, and mineral to human body.
These by-products are rich in nutrients such as vitamins and
minerals beside high contents of dietary fibres. These
by-products have been demonstrated to have high
antioxidant activity and effective in prevention of
atherosclerosis, especially pomegranate granatum) extracts
which have been shown to possess significant antioxidant
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activity in various in vitro models This study aims to
investigate the effect of the food industry by-products of
orange peels, peanut shell, and pomegranate peel on the
hypercholesterolemic rats.

2. Materials and Methods

2.1. Samples

The materials used for the current study were three food
industry by-products namely orange (Citrus sinenis) peels,
peanut (Arachis hypogaea L) skin peels and pomegranate
(Punica granatum) peels. These by-products peels were
brought form the local market, well washed and dried at
63°C using a fan oven. They were then processed into fine
powder.

2.2. Experimental Animals

Sixty male adult Sprague-Dawely rats weighing 125+ 5g
which were purchased from the Research Institute of
Ophthalmology, Giza, Egypt were used for the biological
evaluation. Each rat was housed in a special cage under
controlled conditions. The animals were observed daily for
the apparent signs such as shape, color and distribution of
hair and physical activity. All rats were fed for 3 days on the
standard diet for adaptation before the beginning of the
experiment. All rats were provided with water by glass tubes
through wire cage and fed as needed throughout the
experimental period.

2.3. Preparation of Hypercholesterolemic Rats

Sixty rats were fed on the cholesterol diet which was
prepared by adding cholesterol at 5% level by replacement
within corn oil. Cholesterol was dissolved in hot corn oil
before being thoroughly mixed into the diet [6].

2.4. Experimental Diet

The composition of basal diet and experimental diets per
100g contained 12g casein, 10g corn oil, 4g salt mix, lg
vitamin mix, 0.2g Calcium chloride and 7.8g corn starch.
The experimental diets contained in addition 5%, 7.5% and
10% orange peels, peanut peels and pomegranate peels.

2.5. Grouping of Experimental Animals

Rats were divided into 11 groups, 6 rats in each group and
fed with experimental diets for consecutive 28 days as
follows:

Group 1 Normal rats, were fed on basal diet as control
negative (-).

Group 2 Hypercholesterolemic rats, were fed on basal diet
as control positive (+).

Group 3 Hypercholesterolemic rats, were fed on basal diet
supplemented with 5 % Orange peel powder.

Group 4 Hypercholesterolemic rats, were fed on basal diet
supplemented with 5 % peanut peel powder.

Group 5 Hypercholesterolemic rats, were fed on basal diet
supplemented with 5 % Pomegranate peel powder.

Group 6 Hypercholesterolemic rats, were fed on basal diet
supplemented with 7 % Orange peel powder.

Group 7 Hypercholesterolemic rats, were fed on basal diet
supplemented with 7 % peanut Peel powder.

Group 8 Hypercholesterolemic rats, were fed on basal diet
supplemented with 7 % Pomegranate peel powder.

Group 9 Hypercholesterolemic rats, were fed on basal diet
supplemented with 10 % Orange peel powder.

Group 10 Hypercholesterolemic rats, were fed on basal
diet supplemented with 10 % peanut peel powder.

Group 11 Hypercholesterolemic rats, were fed on basal
diet supplemented with 10 % Pomegranate peel powder.

2.6. Blood Sampling

At the end of the experiment, rats were fasted for
overnight (more than 12 hours) and anesthetized with
chloroform. Blood samples were collected in clean dry
centrifuge tubes from hepatic portal vein and centrifuged for
10 minutes at 3000 rpm to separate the serum, which was
kept in tubes at -18°C till analysis.

2.7. Blood Lipids Tests
a- Determination of total lipids

The total lipids in serum were calorimetrically determined
according to Zollner and Kirsch [7] method in which lipids
react with sulfuric, phosphoric acids and vaniline to form
pink colored complex. The absorbance of sample (A gmpic)
and standard (Agungard) Were read against reagent blank
within 30 min, at 454nm. The total lipids concentration was
calculated according to the following formula.

Total lipids concentration (mg/dl) =

Asam (5
o X 1000
A standard
b- Determination of Cholesterol

Enzymatic colorimetric method was used for the
determination of cholesterol in serum according to
Richmond [8]; and Allain [9].

c- Determination of high density lipoprotein Cholesterol
(HDL-C)

Enzymatic colorimetric method was used to determine
HDL- cholesterol according to Albers et. al., (1983) [10].

d- Determination of very low density lipoprotein
(VLDL-C)

The LDL-C was determined according to Friedwald et. al.
[11]. The VLDL-C was calculated as follows:

VLDL-C = trigelycerides/5

e- Determination of low density lipoprotein cholesterol
(LDL-C)

The VLDL-C was determined according to Friedwald ez.
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al. (1972). The LDL-C was calculated as follows:
LDL-C = HLD-C-VLDL-C

2.8. Statistical Analysis of Data

Data were statistically analyzed using computerized
program Scientific Computer Center, Faculty of Home
Economics, Minufyia University, using Duncan Multiple
Range Test (one way ANOVA test) according to Amitage
and Berry [12].

3. Results and Discussion

3.1. Lipid Profile of Hypercholesterolcmic Rats

Table (1) illustrates the effect of feeding different levels
from orange peels, peanut skin and pomegranate peel on the
serum  cholesterol and  triglycerides levels of
hypercholesterolemic rats. Data in this table showed that
total cholesterol and triglycerides levels (mg/dl) increased
significantly (P<0.05) for rats fed on hypercholesterolemjc
diet (control positive), compared to healthy rats fed on basal
diet (control negative) (206.55 + 12.38 and 120.7 £ 3.11) vs.
(89.78 £ 5.28 and 39.40 + 0.96).

Table 1. Effect of feeding different levels of orange peels, peanut skin and

pomegranate peel on total cholesterol and triglyceride levels (mg/dl) of
hypercholesterolemic rats

Lipid Fraction Total cholesterol Triglyceride
Animal Groups Mean + SD Mean = SD
CN 89.78+5.25 39.40+0.96'
CP 206.55+12.38* 120.70+3.114
Orange feed level 5% 121.2946.92" 53.40+2.04"
Orange feed level 7.5% 115.1244.71" 44.30+1.44H
Orange feed level 10% 140.78+1.72° 80.00+3.82"
Peanut feed level 5% 125.733.09¢ 46.24+4.63°
peanut feed level 7.5% 155.85+3.46" 75.50+1.54¢
Peanut feed level 10% 100.3443.62° 43.40+4.94"
Pomegranate feed level 5% 139.4612.62" 70.10+6.74°
Pomegranate feed level 7. 5% 134.3146.15" 69.00+2.85"
Pomegranate feed level 10% 130.48+9.24" 62.10+4.72"

® (Non-significant differences between the values had the same letter.
® [DL: Least Significant Difference at level 0.05

Total cholesterol and triglycerides decreased significantly
(P<0.05) when rats fed on basal diet containing high doses of
the nutritional industrial wastes compared to low doses. The
results, showed that, total cholesterol and triglycerides levels
pronouncedly decreased in rats fed on 10% peanut skin
(100.34 £ 3.62 and 43.4+ 4.94), respectively followed by 5%
peanut skin (125.73 £ 3.09 and 46.24 + 4.63). These results
appear to be in agreement with those of Gustafsson et. al.,
[13] who found that, diet rich in monounsaturated rape seed
oil decreases TG (Triglyceride) level.

The statistical analysis showed a significant decrease in

total cholesterol and triglycerides of all treated groups with
different levels of nutritional industrial wastes when
compared with the control positive. On the other hand, it
could be observed that there is a negative correlation
between total cholesterol, triglycerides and levels of
nutritional industrial wastes.

The treatments under study reduced serum cholesterol and
triglycerides concentration. However, the highest reduction
was achieved by feeding hypercholesterolemic rats with 5,
7.5 or 10% orange peels and pomegranate peel, especially
10% level. Our results were in accordance with that of
Garbuzov et. al., [14] who found that rapeseed oil decreases
the high cholesterol level in the blood of
hypercholesterolemic rats. They suggested that pomegranate
peel initiate the lipid transport in the blood and tissue thus
leading to the reduction of the cholesterol level. Moreover
the results of present work were in agreement with Wang et.
al [15].

The fatty acids analysis of the tested oils revealed that
rapeseed oil has polyunsaturated fatty acid (35.2) than the
other tested oil and these results are in the line of the work of
Truswell and Choudhurg [16] who stated that the
monounsaturated fatty acid have less plasma cholesterol
lowering effect than polyunsaturated fatty acid, in the line
the observed hypercholesterolemic effect can to a large
extent be ascribed to the lowered content saturated fatty acid
and a higher content of polyunsaturated of fatty acid of
orange peels [17].

3.2. Effect of Feeding on Cholesterol Fractions of
Hypercholesterolemic Rats

Results in Table (2) exhibit the effects of three levels (5%,
7.5% and 10%) from nutritional wastes on cholesterol
fractions i.e, high density lipoprotein (HDL-C), low density
lipoprotein (LDL-C), very low density lipoprotein (VLDL-C)
and the ratio between LDL-C/HDL-C of
hypercholesterolemic rats.

3.3. High Density Lipoprotein-Cholesterol (HDLC)

Results in Table (2) showed that, the serum HDL-C
decreased significantly (P<0.05) in (control +) that fed on
hypercholesterolemic diet (28.38 + 5.33), compared with
healthy rats (control - ) that fed on basal diet (60.58 £ 3.62).
On the other hand the mean values of serum HDL-C of all
treated rats with orange peels, peanut skin and pomegranate
peel increased and decreased significantly (P<0.05), as
compared to control (+) and control (-), respectively.

Concerning levels of nutritional food industry by-products,
the highest mean value of HDL-C (57.19+ 3.05) was
obtained when hypercholesterolemic rats were fed on diet
containing 10% peanut skin, while the lowest mean values of
the same parameter (46.86 +4.36) was obtained when
hypercholesterolemic rats were fed, diet containing 5%
orange peels. On the other hand, feeding
hypercholesterolemic rats on diet containing, orange peel
level 5% peanut skin showed significant decrease (P<0.05)
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in HDL-C as compared t07.5% and 10% peanut skin. It is
worth to mention that, serum HDL-C in the
hypercholesterolemic group fed on diet containing 10%
peanut skin and pomegranate peel were the best, because,
all treated rats with levels of nutritional peels showed
significant increase (P<0.05), compared to this group. The
results were in agreement with [18] who found that HDL-C
was higher after feeding peanut skin. High-density
lipoprotein cholesterol (HDL-C) between most groups fed
on hypercholesterolernic diet containing pomegranate peel
showed non-significant differences. Also feeding rats on
curry seeds meal or its oils, Karvonen ez. al. [19], resulted in
non-significant changes between all group in serum HDL-C,
except the group fed on peanut feed level of 7.5%, which
showed significant decrease, as compared to other groups on
the other hand this group peanut feed level of 7.5% showed
non-significant changes in HDL-C.

From the obtained data, it could be concluded that HDL-C
affected with the presence of levels of nutritional peels. The
highest decrease was found due to peanut feed level 7.5%,
10% orange peels, peanut skin and pomegranate peel. On the
contrary, oils resulted in highest HDL-C values although
there were non-significant differences between nutritional
peels types.

3.4. Low Density Lipoprotein-Cholesterol (LDL-C)

The mean values of low-density lipoprotein cholesterol of
normal and hypercholesterolemic rats that fed on nutritional
peels are summarized in Table (2). The results indicated that,
feeding rats with hypercholesterolemic diet led to significant
increase (P<0.05) in LDL-C, compared with control negative
group that were fed on basal diet.

Low density lipoprotein-cholesterol (LDL-C) of all
treated rats with basal diet containing nutritional wastes
decreased significantly (P<0.05), compared with control+
Meanwhile, these treatments for rats led to increase LDL-C
significantly, compared to (control - ).

Diet induced an increase in LDL-C in serum rats,
compared to normal hypercholesterolemic of rats. However,
hypercholesterolemic rats that fed on 5, 7.5 or 10% orange
peels showed a significant decreased in serum LDL-C levels,
the maximum reduction showed in rats fed on basal diet
containing 10 % peanut skin, when compared to control (+)
(34.41 £2.25 vs 154.03 + 8.07). These results appear to be in
agreement with those of Karvonen et al. [19] who found that
LDIJL-C decreased significantly due to feeding on orange
peels. The same trend was found using nutritional peels. The
data showed that the highest mean value of the same
parameter was found in rats fed on basal diet containing
peanut feed level 7.5%, pomegranate feed level. 5% and
orange feed level 10%.

From the above mentioned data, it could be concluded that,
all treated rats with 5%, 7.5% and 10% nutritional peels
resulted in significant decrease (P<0.05) than control (+)

group. The best results in these treatments were observed in
all groups fed on hypercholesterolemic diet containing
orange peels, especially the hypercholesterolemic group of
rats fed on diet containing oil extracted from orange feed
level 7.5% [18].

3.5. Very Low-Density Lipoprotein-Cholesterol
(VLDLC)

Table (2) show the very low-density lipoprotein
cholesterol in serum of hypercholesterolemic rats fed on
diet containing 5, 7.5% and 10% orange peels, peanut skin
and pomegranate peel compared with the control (+). The
results in this Table showed that, the mean values of
VLDL-C of rats that fed on basal diet containing cholesterol
(hypercholesterolemic diet) increased significantly (P<0O.05),
compared with (control group) fed on basal diet only.

The results revealed that, treating hypercholesterolemic
rats with 5, 7.5% and 10% orange peels led to a significant
reduction in serum VLDL-C, when compared with control
(1). On the contrary, results showed non-significant changes
in VLDL-C in all treated hypercholesterolemic rats with
orange peels, compared with control (-). The results also
obtained from this Table showed that, non-significant
changes were observed in the levels of serum VLDL-C
between all groups fed on hypercholesterolemic diet
containing 5, 7.5 and 10% peanut skin or pomegranate peel.

Using diet containing 5%, 7.5% and 10% orange peels ,
peanut skin and pomegranate peel led to significant decrease
(P<0.05) in. serum VLDL-C in hypercholesterolemic rats,
compared with control (+) group. On the other hand, this
treatments led also to significant increase (P<0.05) in this
parameter, compared with (control negative) (healthy rats).

The highest value of serum VLDL-C for tested groups
were observed in all groups which were fed on basal diet
containing 5%, 7.5% and 10% peanut skin and pomegranate
peel, while the lowest values of serum VLDL-C were
observed in all groups that fed on orange peels.

It could be concluded from the above mentioned results
that, all tested groups with nutritional peels had sound effect
in lowering VLDL-C levels, compared with control (+). Also,
the best results in VLDL-C were observed in all groups fed
on orange peels. Our results were in agreement with those of
Gyllling and Miettinen [20].

3.6. The Ratio between LDL-C/HDL-C

Table (2) also showed that serum LDL-C/HDL-c
increased significantly P<0.05 in hypercholesterolemic
(control +) that fed on diet (5.58 £ 1.03), compared with
healthy rats control (-) that fed on basal diet only (034 +
0.04). The mean values of the ratio between LDL-C/I-IDL-C
of all treated rats with two levels (5%, 7.5% and 10 %
nutritional peels decreased significantly P<0.05, as
compared to control (+).
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Table 2. Effect of feeding Orange peel, peanut skin and pomegranate peel on HDL-C, LDL-C, VLDL-C and the ratio between LDL-C/HDL-C levels

(mg/dl) in hypercholesterolemic rats

Lipid fraction HDL-C LDL-C VLDL-C LDL-C/HDL-C
Animal groups Mean+SD Mean £SD Mean+SD Mean+SD
Control (-) 60.58+3.62* 20.862.74" 7.9240.19¢ 0.34+0.04"
Control (+) 28.38+5.33" 154.03+8.07" 24.20+0.64" 5.58+1.03"
Orange feed level 5% 48.38+4.365 57.88+8.58" 8.86+0.28¢ 1.2140.26"
Orange feed level 7.5% 50.45+4.08PFF 77.85+6.59F¢ 16.00+0.76" 1.56+0.19°
Orange feed level 10% 50.8147.63°PFF 48.67+26.61¢ 10.88+20.58°¢ 1.02+0.573%
Peanut feed level 5% 46.68+2.75° 94.07+4.06" 15.10+0.30" 2.02+0.17%
Peanut feed level 7.5% 53.11%5.72¢ 63.44%5.62°F 9.24+0.92¢ 1.21£0.235%¢
Peanut feed level 10% 57.1943.05° 34.4142.55" 8.68+0.98¢ 0.60+0.05"
Pomegranate feed level 5% 49.55+1.64"P 83.30+3.71€ 13.16+0.76" 1.64+0.13°
Pomegranate feed level 7. 5% 52.08+4.16F 65.97+8.48F 12.4240.94® 1.2740.22¢
Pomegranate feed level 10% 53.46+1.94° 67.05+4.97" 11.80+0.57® 1.25+0.08"

® No significant differences between the values had the same letter.

LSD: Least significant Differences at level 0.05
® LDL-C : Low density lipoprotein-cholesterol
HDLC: High density lipoprotein-cholesterol

Concerning orange peels diets containing orange peels
from 7.5% fed to hypercholesterolemic rats, led to
significant increase of the ratio between LDL-C/HDLC,
compared with the hypercholesterolemic groups fed on diet
containing orange feed level 10. % and the orange feed level
5%. On the other hand hypercholesterolemic groups of rats
fed on diet containing the amount of orange peels level 7.5%
showed significant increase (P<0.05) in the ratio between
LDL-C/VLDL-C, compared to control (+), while
non-significant changes was observed in this ratio when
compared with control (-).

Using diets containing 5,7.5 and 10% peanut skin and
pomegranate peel for hypercholesterolemic led to significant
decrease and increase (P<0.05) in the ratio between
LDL-C/HDL-C, compared with control (+) and control (-),
respectively. This finding was similar to that recorded by
Gyllling and Miettinen [20]. Who showed that, volatile oils
dissolved in orange peels significantly reduced serum
LDL-C by 15% and increase the HDL/LDL ratio by 27%.

The highest mean values of the ratio between LDL
-C/HDL-C for tested groups were observed in the group fed
on hypercholesterolemic diet containing 5% pomegranate
peel, followed by pomegranate peels level 7.5%, 10%
pomegranate peel and 5% peanut skin. While, the lowest
mean values of LDL C/HDL-C was observed in the group
fed on basal diet containing the orange feed level 7.5%.

From the above mentioned data it could be concluded that,
total cholesterol, triglycerides, LDL-C, VLDL-C and the
ratio between LDL/HDL-C were more decreased in
hypercholesterolemic rats which were fed on orange peels.
Some of the difference may be attributed to difference in the
squalene and phytosterol contents of the oils.

Table (2) exhibited the correlation between treatments,
triglycerides and cholesterol fractions. The statistical
analysis showed that there was non-significant. Correlation

between treatments all parameters under study. Meanwhile
correlation is highly positive significant (P<0.1) with,
VLDL-C, LDL-C while highly negative correlation was
found due to HDL-C. For the ratio between LDL/HDL-C. A
similar trend was found. Concerning VLDL-C, LDL-C,
HDL-C and the ratio between LDL/HDL which showed a
positive correlation between all parameters except that of
HDL which showed a negative correlation.

Concerning HDL-C, as expected showed a highly
negative correlation with parameters. From the above
mentioned data, it could be concluded that some changes in
the animal metabolism of the lipid may be found and this
point must be taken into consideration in the further studies.

4. Conclusions

This study was undertaken to investigate the effect of
some food industry by-products on hyper-cholesterolemic
rats. Blood lipid profile and cholesterol levels were reduced
in case of pomegranate peel, followed by peanut red skin and
orange peels when compared to control positive. The
hypocholesterolemia properties of these by-products could
be attributed to one or more of its photochemical including
antioxidants.

The study supports other research indicating that fruits
by-products orange peels, peanut skin peels and
pomegranate peels may have cholesterol-lowering
properties and, therefore, possibly a role in the prevention
of heart disease. It is highly recommended to incorporate
dietary fiber such as pomegranate peel, peanut red hull and
orange peels in the diets of hypercholestermic patients.

Further research is needed to provide more evidence that
will make it possible to understand the mechanisms behind
these effects.
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