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SUMMARY

kg were used in a factorial experiment with 9 bucks per treatments and allotted into four dietary groups

(n=15). First group served as control, and 2, 3, 4% groups fed control diet supplemental with 0.5, 1.0

and 1.5% pomegranate peel, respectively. The experimental period lasted eight weeks. Results
indicated that rabbits fed diets containing pomegranate peel .5, 1.0 and 1.5% had lower digestible nutrients %
(CP, EE and NFE) and nutritive value® " {TDN, DE and DCP} than those fed the control diet, while pomegranate
peel 1.5% improved CF compared with the control. Al treatments reduced final body weight gain and total feed
intake compared with control. Alsoe, results revealed better sexual activity and higher libido of pomegranate treated
bucks. Bucks receiving 0.5, 1.0 or 1.5% dietary pomegranate peel had a higher semen volume, mass motility and
sperm count. Dielary pomegranate peel reduced the percentage of dead sperm and abnormal sperm. Significant
decrease in blood triglyceride (TG}, low density lipoprotein (LDL} and very low density lipoprotein (vLDL) were
observed. The activities of different blood and seminal plasma enzymes were significantly enhanced. Interestingly.
pomegranate peel reduced seminal plasma thiobarbituric acid-reactive substances {TBARS) while increasing both
the blood and seminal plasma antioxidant enzymes (TAC, SOD and GPx). These results may indicate that dietary
supplementation of pomegranate peel could be used up to 1.5% to have a favorable effect on improved CF
digestibility coefficient. blood level profile, the semen quality and antioxidant siatus. Addition of pomegranaic
peel may have extra protective effect according to its contents of natural antioxidants.

P"[ﬂhirt_v six healthy New Zealand White breed rabbit bucks aged 6 months with an average weight of 2.865

Keywords: pomegranate peel; digestibility; blaood lipid profiie; semen quality; rabbiis.
INTRODUCTION

The shortage of animal protein facing Egypt cannot be solved by only large animals but by increasing the
production of highly reproductive animals in the livestock unit. The increase in demand for animal protein
necessitates the utilization of the potentials of small livestock species and stimulates their introduction into
animal research and economic development programs especially in developing nations. Much research is
needed in order to select raw materials: those of residual origin are especially promising due to their lower
costs. Pomegranate peel (Punica granatum L.) family Punicaceae is cultivated around the world in subtropical
and tropical regions such as in [ran, California, Turkey, Egypt, Italy, India, Chile and Spain. Pomegranate
production amounts could reach to approximately 65,000 tons in Egypt (Faostat-Fao, 2010), where the peels
(pericarp, rind or hull) amounts to approximately 60% of the pomegranate fruit weight (Lansky and Newman
2007). Pomegranate peels contains a substantial amount of polyphenols such as sugar-bound flavoniods
quercetin and kaempferol, flavond, diglycoside, ellagic acid tannin and organic acids. Ellagitannins (ETs) are
the predominant phenolics in pomegranate peel (Nasr ef al., 1996). Although polyphenolic compounds may
improve animal health, they can also decrease proteclytic activity and, thus, compromise protein digestion
{Oliveira et al, 2010). Feizi ef al., (2005b) demonstrate the potential of pomegranate seed can be used in
animal nutrition. They indicated that inclusion of pomegranate seed up to 25% of the diet has no negative
effect on the nutrients intake and digestibility. Also, they showed that pomegranate peel tannins have a
negative effect on in vitro rumen fermentation and increase the volume of gas produced with
polyvinylpolypyrrolidone, revealed the inhibitory effects of tannins on fermentation (Feizi e af., 2005a).
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Pomegranate peel, a waste product of the pomegranate industry with higher antioxidant levels than the
juice itself, an attractive candidate as a nuttitional suppiement for rabbit feed. Pomegranate peel extract had
high antioxidant capacity, considering the scavenging or preventive capacity against super oxide anion,
hydroxyl and peroxyl radical as well as inhibiting. Pomegranate fruit peel exerted diverse pharmacological
functions as antioxidant activity (Li, Yunfeng er a/., 2006 and Thring er al., 2009). However, in recent years,
many attempts have been made to study natural antioxidants, particularly those of plant origin. Pomegranate
contains 2,92 + 0,19 mg / 100gr total phenols and 0.2-1.0% (Aviram and Dornfeld, 2001} soluble phenols
showing remarkable antioxidant activity and significant health properties. Great interest has recently been
focused on the addition of polyphenols to foods and biological systems, due to their well-known abilities to
scavenge free radical antioxidant power. Reactive oxygen species (ROS) play an important role in the animal
reproduction. Spermatozoa are rich in polyunsaturated fatty acids as well as susceptible to be attacked by
ROS or membrane lipid peroxide ion. The equilibrium between the amounts of ROS produced and scavenged
is related to the gamete cell stability and damage. Free radicals have beneficial or detrimental effects upon
sperm functions, which depend on their nature and concentration. Excessive generation of ROS in semen may
be associated with reduced sperm fertilizing potentials. Polyunsaturated fatty acid in the phospholipids of the
animal spermatozoa is highly susceptible to peroxidation. Numerous antioxidants are related with the ROS
detoxification, including superoxide dismutase (SOD), catalase, malondialdehyde (MDA), and glutathione
peroxidase (GPx). MDA, an end product of lipid peroxidation, represented the level of lipid peroxidation.
Antioxidative activity has often been associated with a decreased risk of various diseases and mortalijty. A
positive correlation between oxidative stress and ilinesses is widely documented in cattle (Shabtay er af.,
2008).

Therefore, the current study is an attempt to study the inclusion effects of pomegranate peel as natural
antioxidant on rabbits' digestibility, blood lipid profile, semen quality and antioxidant status.

MATERIALS AND METHODS

The experimental work was carried out at Borg El-Arab Poultry Research Station (Alexandria), Animal
production Research Institute, Agricultural Research Center, Ministry of Agriculture during October to
December, 2011.

A total number of 36 New Zealand White (NZW ) rabbit bucks (at age 6 months) and averaged 2865%35.2
g body weight distributed into four experimental groups (n—=9). Each group had three replicates, (3 each) were
housed in galvanized batteries (60%40=24 cm) provided with feeders and automatic drinkers. First treatment
served as a control (0% pomegranate peel), second, third and fourth treatments were fed dietary supplemented
with 0.5, 1.0 and 1.5% pomegranate peel, respectively (Table 1). All the experimental diets were formulated
to be isonitrogenous and isoenergetic containing approximately 16% CP and 2600 Kcal/Kg DE. The rabbits
were individually housed in galvanized wire cages with a photoperiod of 12 hours light/day and a temperature
ranging from 18-25°C., had free access to fresh water and feed ad-libitum. The chemical composition of
pomegranate peel was presented in (Table 2). Daily feed intake and weekly body weight were recorded.
Experimental period lasted 8§ weeks.

Digestibility Trial:

A total number of 12 adult males (4 males in each group) were used in the digestible trial for determining
nutrient digestibility of the tested diets. Animals were housed individually in cages that allowcd the separation
of feces and urine. All rabbits were kept under the same management, hygienic and environmental conditions.
The experimental diets were offered twice daily at 9 a.m. and 15 p.m. and fresh water was provided ad
Libitum. Survey of daily feed intake was recorded. Any possible feed contamination was removed from the
feces.

The trial lasted for 15 days, 8 days as a preliminary period followed by 7 days for measurements of actual
feed intake and feces output. Samples of daily feces (20%) of each rabbit were taken and oven dried at 70° C
for 48h. then the bulked was ground and stored for chemical analysis. Samples of feed and feces were
analyzed for dry matter (DM), crude protein {CP), crude ether extract (KE), crude fiber (CF), and crude ash
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(CA) according to the classical A.Q.A.C. methods (1990). The nutritive value of the experimental diets as
TDN value and DE (Kcal/ Kg) were calculated according to Checke (1987).

Table {(1): Formulation and chemical analyses (%) of the experimental diets.

Ingredients Pomegranate peel in the diet (%)

Control (PP 0.0%) PP 0.5% PP 1.0% PP 1.5%
Clover hay 33.00 33.00 33.00 33.00
Yellow com 17.90 17.90 17.90 17.90
Wheat bran 11.00 10.50 10.00 9.50
Barley grain 17.30 17.30 17.30 17.30
Soybean meal (44%) 15.00 15.00 15.00 15.00
Molasses 3.00 3.00 3.00 3.00
Pomegranate peel 0.00 0.50 1.00 1.50
Limestone 1.20 1.20 1.20 1.20
Salt 0.50 0.50 0.50 0.50
Di1- Methionine 0.20 0.20 0.20 0.20
L-Lysine 0.10 0.10 0.10 0.10
Vit,and Min. mix.’ 0.30 0.30 0.30 0.30
Total 100 100 100 100
Chemical analysis
Dry Matter : 90.15 90.14 90.03 90.10
Organic Matter 91.51 91.49 91.47 91.45
Crude Protein 16.01 16.07 16.03 16.00
Ether Extract 3.46 3.50 3.49 3.49
Crude Fiber 13.50 13.51 13.53 13.55
Nitrogen Free Extract (calculated) 58.54 58.4] 58.42 58.41]
NDF (calculated)’ 37.79 37.80 37.81 37.83
Ash 8.49 8.51 8.53 8.55
DE(Kcal/K g)*( calculated)’ 2505 2504 2504 2503

(1)=-Each 3 kitogram of Vied Min mixtiee provides:  Vieamin A, 12000 U Vitamin E, 20 1U; menadione, 1.3 mg: Vit D3, 2500
ICU: Riboflavin, 5.5 mg; Ca Pantothenate, 12 mg; nicotinic acid, 50 mg: Cholire chioride, 600 mg; Vitamin B}, 10 ug: Vitamin
Bg. 3 mg: Thiamine, 3 mg: folic acid, 1.0 mg; d-biotin, 50 ug. Trace mineral (milligrams per kilogram of diet): Mn, 80; Zn, 60 Fe.
33: Cu, 8; Se. 0.60. **Based on NRC (2001).

(2. 3)= DE (Kcal/ Kg) = 4.36-0.049] x NDF%, Where, NDF% = 28.924 + (1657 » CF%. (Calculated according to Cheeke, 1987 ).

Table (2): Chemical composition of pomegranate peel (g/kg DM).

Nutrients Pomegranate peel %
Dry matter 96.2
Organic matter 94.6

Crude Protein 3.60

Ether Extract 0.61

Crude Fiber 234

NDF 4429

Ash 54
Nitrogen free extract 66.99
Digestible Energy (Kecal/ Kg) (calculated) 2185

Semen collection was weekly occurred over the 8 weeks of the study, so 72 ejaculates were obtained per
treatment (9 rabbits buck x 8 weeks). Ejaculates were collected using an artificial vagina maintained at 45-
46°C and a teaser doe. Semen was kept immediately after collection at 35 °C in a water bath in order to be
evaluated. Semen volume of each ejaculate was recorded after removal of the gel mass. Two drops of fresh
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semen were placed on a warmed slide and covered with a cover slip (20x20mm); mass motility from at least
three fields was examined at 37°C under a phase microscope at 40x and assessed from 0 to 100%. A weak
eosin solution was used at a rate of 1:99 before counting the cells, sperm concentration (x10%ml) was
evaluated according to Smith and Mayer (1955) by the haemocytometer slide. Total sperm output was
calculated by multiplying semen ejaculate volume by semen concentration. Assessment of live and abnormal
spermatozoa was performed using an eosin-nigrosine blue staining mixture (Blom, 1950). The percentage of
live spermatozoa was determined by using stains that penetrate cells with damaged membranes. Total number
of motile sperm was calculated as multiplying percentage of motile sperm by total sperm outputs. Seminal
plasma was obtained by centrifugation of semen samples at 860 rpm for 20 min at 4 °C, and was stored at -60
°C until analysis.

Blood samples were collected from the ear vein of each buck every week (9 rabbit’s x 4 weeks) and
immediately placed on ice in heparinized tubes. Plasma was separated from the blood by centrifugation at 860
rpm for 20 min and stored at -60 °C. Blood and seminal plasma samples were analyzed biweekly for total
cholesterol, HDL- cholesterol, triglycerides (TG) calorimetrically using commercial kits (Diamond Diagnostics,
Egypt). The concentration of very low density lipoprotein (VLDL-c) was estimated according to the
Fridewald's equation (Fridewald et al. 1972).

Thiobarbituric acid-reactive substanices (TBARS) was measured in the seminal and blood plasma using
the method of Tappel and Zalkin (1959). Seminal and blood plasma glutathione peroxidase (GPx) activity
assayed using the method of Chiu et al. (1976). Superoxide dismutase (SOD) activity was assayed according
to Misra and Fridovich (1972). Total antioxidant capacity (TAC) was determined according to Diamond
Biodiagnostic, Egypt.

Statistical analysis:

The obtained data were analyzed using one-way ANOVA of GLM Procedure of SAS® (SAS Institute, 2000).
Significant differences between means were detected using New Duncan Multiple Range - Test (Duncan, 1955).

RESULTS AND DISCUSSION

Apparent digestibility of nutrients and Nutritive value of feeds:

It was noticed that incorporation of pomegranate peel (PP) at any level in the diets of rabbits was not
resulted in any improvement of digestibility of the diet nutrients, except the CF digestibility when PP was
added at 1.5 %. The contro! group (zero PP) had always the higher (P<0.05) digestion coefficients (Table3).
Lebas, (1986) was recorded that certain fiber sources (beet-root pulp, fruit pulp in general) are highly in CF
digestibility, it varied from 60 to 80 %. The present of polyphenclic compounds could decrease the proteslytic
activity and these compromise protein digestion{Oliveira et @i, 2010). In the same concern, condensed
tannins are considered to have negative effect on palatability and digestion, as it may reduce intake, protein
digestibility and carbohydrate (Feizi et al,, 2005 a, b). However, these negative effect could affected on both
of TDN, DCP and DE as these substances form insoluble complexes with proteins and carbohydrates
lowering the nutritive value of any products contained tannins (Ferket and Middelton, 1999). In this respect,
Akbar and Gupta (1985) reported that tannin formulate protein- tannin complexes in the gut which resulted in
limiting dietary protein availability. In contrast, Oliveira et ol (2010) illustrated that feeding PP did not influence
DM, OM, or starch digestibility, but it reduced CP and fat digestion of calves in the first 70 days of age.

Performance of growing rabbits:

Feeding rabbits diets contained any level of PP (0.5, 1.0, and 1.5%) resulted in reducing the live body weight at the
end of the experiment. The decrease was reached 2.2, 2.6 and 2 77 %, respectively, which indicated that as far as PP
level increase, LBW could be decreased. (Table 3) -

The decrease in body weight may be attributed to the effect of condensed tannins or plyphenols in the PP
which reflected on the significant decrease in feed intake and crude protein digestibility. Tanninates are known to
reduce mucosal secretion and make the intestinal mucosa more resistant (Scalbert, 1991; Tripathi, 1994).
However the decreased rate of final body weight of rabbit bucks fed on diets containing differsnt levels of PP
does not reflect on any health hazards or: rabbit bucks.
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Table (3): Digestible nutrients, Nutritive value (%) and Performance characteristics of male rabbits
fed diet supplemented with different levels of pomegranate peel.

Pomegranate pee!

Item 0 _ 0.5 1.6 1.5 P value
Digestible nutrients (%)
Ccp 82.69£0.93 78.17°1.12 77.01°+0 .73 76.42°5 (.83 6.0s
EE 85.69°£0.43 80.17°+0.37 79.87%+0.39 78.13° +0.70 0.000!
Fiber 74.91°+4.77 74.89%+1.37 74.79°£0.61 78.69° £0.43 0.01
NFE 86.32+0.46 84.84°+0.68 81.94°+0.40 80.54°20.38 0.05
Nutritive value (%)
TDN 56.09°20.32 54.91°40.24 51.98°£0.34 51.8640.11 0.01
DE 2.569°%0.04 2533251006 2.499°10.05 2.494°£0.03 0.01
bCP 12.96°+0.15 12.76 *+0.2] 12.34"£0.12 12.14°+0.12 0.0
Performance

IBW, (g) 2865 2870 2866 2871 NS
FBW. (p) 3245 3173 al6i* 3t55° 0.01
TFI, {g) 2866° 2801" 2778° 2775 0.005

™ Means within a column not sharing similar superscripis are significantly different
(P <0.05,. N§: Not significant (P > N.05).
IBW, (g) = Injtial bodv weight, FBW. (g) = Final hodv weight, TFI 1g) = Total feed inlake.

These results are in accordance with thaose reported by Mahmoud, er af. (2011} who found that rats fed on
diets contained .dry PP recorded the lowest final live weight, while those fed on control diet recorded the
highest one. On the other hand, Labib (2009) found that rats administrated with different levels of
pomegranate peel powder (5, 10 and 15%) had a significant decrease in boedy weight gain than the control
group. With conflict results had been found by Shabaty et al. (2008): dietary supplementation with fresh
pomegranate peels promoted significant increases in feed intake with a positive tendency toward tncreased
weight gain of bull calves.

The reduction in feed intake may be duc to the lower intestinal motility which led to a higher retention time of the
digest in the gt as reported by Garela er of. (1999). Li e of. (2006) demonstrated that the FP contained some
compounds that influence palatability and consequently nutritive value, which include tannins, phenols, steroids,
cyanogenic and alkaloids compounds. Makled et al. (2003) reported that bucks fed 0.25 and 0.50% tannic acid
consumed less (P<0.01) amount of feed than that of the control group (lowered by 33.13 and 23.50%, respectively).
Moreover, feed intake per buck was markedly decreased at the lower level of dietary tannic acid (0.25%) than at the
higher level (C.50%). The difference between the current study and that the reported one by Shabtay et al.
(2008} that PP intake up to 20% of the total feed intake does not possess deleterious or positive effects on
fattening ration intake of feedlot calves.

Semen characteristics:

The changes in semen characteristics in rabbit bucks fed diet supplemented with pomegranate peel arc
presented in Table (4). 1t showed that ejaculate velume (ml), reaction time (Sec.). mass motitity (%), sperm
concentration (x10%ml), total sperm output (x10%), the total motile sperm (x10°%), tive sperm (%) and
abnormal sperm (%) of rabbit bucks were significantly increased for bucks received 0.5, 1.0 or 1.5%
pomegranate 2eel, while additional increase did not make an improvement over 1% pomegranate peel. In
contrast, the opposite development was shown in the reaction time and abnormal sperm while difference
between different levels of supplementing pomegranate peel was not significant for reaction time where
abnormal sperm linearly decreased up to 1.5% pomegranate peel. But was not difference between 0.5 and 1%
significant. The semen volume of the bucks recorded within the range 0.3 10 0.6 ml for rabbit, and alsv the
sperm concentration ranging from 223.9 to 327.43 (x10° ml). The data obtained in the study were in
agreement with concentration of rabbit sperm cells of 150 to 300 {(x10° ml) as reparted by Lebas. (1986). The
higher sperm concentration recorded with 1.0 and 1.5% compared 10 0.5% pomegranale peel could be
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atributed 10 the ingredients formed the tested data since that was the only varying factor in the feed. Also. the
overall higher performance of 1.0 and 1.5% groups could be attributed to the additional mineral elements
contributed to their diet as pomegranate peel was found to be rich in mainly potassium. nitrogen. calcium.
phosphorus, magnesium. and sodium (Mirdehghan and Rahemi 2007), and complex polysaccharides {Jahfar
ef al.. 2003). The effects of trace element biochemistry and physiology on parameters of fertility are presented
for zinc. selenium. jodine. copper and manganese (Leonhard—Marek, 2000). It has been reported that sodium
and potassium ions maintain cquilibrium in different fluids (Tortora and Grabowski, [996). Sodium plays
vital roles in cellular hyvdration and helps the maintenance of acid-alkaline equilibrium. The additional
mincrals from the test ingredients may have contributed to the metabolic regulation of sperm cells, an
enhanced enzyme activity of the semen and increased spermatogenic activities. The increase of sperm
concentration, live sperm cells and motility indicated that pomegranate peel could imprave and enhance the
fertilizing capacity of semen. The same results were included by El-Damrawy (2011} who studies the effects
of olive leave extracts (OLE) supplementation (0.5 g/Kg body weight daily) in alleviating the changes in
semen quality parameters and enzyme activities in seminal plasma of rabbit bucks. The same author found
significant increase in sperm concentration, sperm motility; also, OLE supplementation could decrease dead
and abnormal sperms. . -

Seminal plasma antioxidant constituents:

The data presented in Table (4) showed the effect of different pomegranate peel concentrations on seminal
plasma antioxidant status. Seminal plasma total antioxidant capacity {TAC), super oxidase dismutasc (SOD),
and glutathicne peroxidase (GPx) activities significantly increased with increasing pomegranate peel content,
while it decreased TBARS activity of blood plasma. These improvements of antioxidant constituents were
maximized at 1.5% in total antioxidant capacity (TAC), super oxidase dismutase (SOD) and glutathione
peroxidase (GPx) in seminal plasma. Our data showed that pomegranate peel significantly reduced the level
of TBARS and increased the level of SOD and GST in seminal plasma which may be due 10 its free radical
scavenging ability as an antioxidant. Ochoa ¢7 af. (2011) reported that antioxidant supplementation reduced
lipid peroxidation and lengthen life span in rodents.

Table (4): Effect of pomegranate peel on semen characteristics and biochemical semen plasma of rabbit

males. '
Criteria | Pomegranate peel (%) o J
| 0 ] 0.5 ] 1.0 ] i.5 | Pvalue
' Semen quality
Volume of semen (ml) 0.435°£0.017 0.497°+£0.02 | 0.569°%0.02 | 0.58*=0.019 0.01
Reaction time (sec.) 9.9° +0.019 6.6° =0.02 6.9° £0.021 6.8°+0.019 0.01
Mass motility (%) 69.1° £0.59 75.1° £0.63 80.7* £0.60 80.9°+0.66 | 0.000!
Sperm concentration (x10%ml) | 223.9°:3.12 | 204.8"+3.01 | 319.5°=3.19 | 327.43%3.22 | 0.05
Total sperm output {x10°) 156.73°£5.30 | 250.58"+5.60 | 284.63°x4.9 | 301.24%45.46 0.05
Total motile sperm {*10%) 108.3°+4.19 188.19"+4 35 22974 38 243.7°44.64 0.005
Live sperm (%) 71.9°%0.60 77.1"£0.61 81.9°£0.67 82.4°40.66 0.05
Abnormal sperm (%) 19.6°:0.35 14.9"+0.36 13.7°0.32 13.6°40.32 | 0.0.001
Seminal plasina antioxidant constitugnts
TACT, (mmol/L) 1.25° £0.02 1.79% £0.02 2.02°°£0.04 2.22*=0.05 0.0001
50D, (/) 24,591 63 33.68°£2.43 | 35.09°+1.96 | 36.48°+2.64 | 0.0001
GPx, (u/l) 455%40.1 673°£45.6 7917 £48.7 896° £42.2 0.001
TBARS®, (pmol/ml) 1.37° £04 1.09°+02 0.87°x01 0.719 £03 0.0001

I N feans within a columm not sharing similar superscripls are significantly different (P £0.03). NS: Not significant (P = 0.03),

(1) TAC = Total antioxidant capacity. (2) SOD = Superoxide dismitase. (3} GSH-Px = (Ghuathion peroxidase,

{4} TBARS= Thivharbitwric acid.

These results could go parallel to the investigation of Yousef (2005) on the acasia saligna leaves fed for 8

weeks old white New Zealand male rabbits until maturity. [le concluded that up to 40% acacia leaves could
be successtully and safely used in the diet of rabbits without adversely affecting on their reproductive
performance as their semen quality and characteristics were improved, in addition the lower of thiobarbituric
acid reactive substances in seminal ptasma. Furthermore, the decrcased of TBARS could decrease incidence
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of dead sperm and that may propose an association between lipid peroxidation and sperm quality. In addition.
this finding suggests that the lower concentrations of TBARS found in seminal plasma were apparently
related to a lower antioxidant capacity in the present results. About 50% of the total fruit weight corresponds
to the peel, which is an important source of bioactive compounds such as phenclics, flavonoids. ellagitannins
{ets), and proanthocyanidin compounds (Li er af, 2006).In parallel of our studies El-Damrawy (2011) found
that supplementation of olive leave extracts 0.5 g/Kg body weight rabbit’s bucks daily increased seminal
plasma of glutathione s-transferase activity and superoxide dismutase (SOD) activity, but it decreased
seminal plasma of thiobarbituric acid-reactive substances (TBARS).

Blood biochemical constituents:

Li e al.. (2006) who reported that Pomegranate peel extract appeared to have more potential as a health
supplement richer in natural antioxidants than the pulp extract. It could be observed that buck rabbits fed on
different levels (0.5, 1.0 and 1.5% pomegranate peel) in diets had significant increase in high density
lipoprotein (HDL) cholesterol comparing with rabbits fed on basal diet (control group) (Table5}). Moreover,
all groups administrated with different level of pomegranate peel powder (0.5, 1.0 and 1.5%) had a significant
decrease in plasma total cholesterol; triglycerides low density lipoprotein (LDL) and very low density
lipoprotein (VLDL). compared with the control group. Blood plasma cholesterol and low density lipoprotein
were significantly decreased when 0.5% pomegranate peel was supplemented compared lo the control group.
A high consumption of phenolic compounds has already been found to decrease serum cholesterol and
triacyiglycerol concentrations in rat (El-Ansary ef al,, 2000). Meanwhile, groups supplemented with 1.0 and
1.5% had intermediate values. Dietary supplementation with nutrients rich in antioxidants is associated with
inhibition of atherogenic modifications to LDL, macrophage foam cell formation, and atherosclerosis. Aviram
et al., (2000) reported that Dietary supplementation with nutrients rich in antioxidants is associated with
inhibition of atherogenic modifications of LDL, macrophage foam cell formation and atherosclerosis. These
results are agreed with Esmaill Zadeh et al. {(2006) who reported that consumption of concentrated
pomegranate juice for diabetic patient with hyperlipidemia significantly decreased in total cholesterol
{P<0.006) and had no significant changes in serum HDL. Also, Labib (2009) reported that all
hypercholestrolemic groups administrated with different level of pomegranate peel powder (5, 10 and 15%) or
administrated with pomegranate peel extracted (1, 2 and 3%) had a significant decrease in serum low density
lipoprotein L.DL,, very VLDL, lipid peroxidation and atherogenic index compared with hypercholesterolemic
rats {control positive).

Blood plasma antioxidant constituents:

It is clear that, the high cholesterol diet used in this experiment could induce many of the health hazards
reported by different investigators. This shows how important it is to find a way or a mean to avoid thesc
health complications. The beverages produced in this study which was prepared from the vegetable or fruit
wastes can be that mean. These beverages proved to contain considerable number and quantities of the
polyphenolic antioxidants (El-Shobaki et al., 2011) which are believed to participate in the prevention of these
health hazards, Pomegranate peels contain of (3,164 % total phenols, w/ w.y could be a valuable source of
natural phenolic antioxidants. Blood plasma TAC, SOD, and GPx activities significantly increased with
increasing pomegranate peel content while it decreased TBARS activity of blood plasma (Table5). Chang-
Sook Choil, ef al. (2010) found that the level of malondialdehyde (MDA) was lower in the serum of rabbits
- fed grape seed extract or grape peel powder plus cholesterol than in the serum of rabbits fed cholesterol alone.

Higher activity of these indicators in plasma suggested that pomegranate peel could be increased the
antioxidant status in rabbits fed higher levels (1.5} pomegranate peel diet.

These results showed a direct correlation between the eilagic acid (EA) content in pomegranate extracts
and its ability in quenching free radicals. The contents of total phenolics in the pomegranate peel extract was
reported 10 be 10-fold as much as its content in the pulp extract, which causes its stronger antioxidant ability
{Li, ef o/, 2006). The antioxidant enzymes, mainly superoxide dismutase and catalase are first-line defensive
enzymes against {rec radicals (Parathasarathy er /. 1986). Antioxidants reduce the oxidation of LDL and
decrease the concentration of free radicals, which inactivate nitric oxide and be effective in reversing
endothelial function associated with hypercholesterolemia (Bok ef af., 1999). Now beneficial health effects of
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edible phytochemicals is now considered to be an inexpensive, readily applicable, acceptable, and accessible
approach to control and management a wide variety of diseases related 1o oxidative stress Tachibana, 2011.

Seham Kassem, er a/. (2011) found that the activities of each of the antioxidant enzymes superoxide
dismutase (SOD). Catalase and glutathione peroxidase all were decreased due 1o consumption of the high
cholesterol diet. The values obtained were 453.0 £ [2.9 U/ml, 5321.9 1+ 17.69 U/L, 806.2 & 43.3 mu/m|.
respectively relative to values of 502.5 = 13.0 U/ml, 7393 2 1581 W/L, 11138.9 4 41.65 mu/ m! for control
rats. When each of the (Artichoke leaves, pomegranate peel and orange peel) 20% of the dry matter of each of
these fruil or vegetable wastes was added to the diet, the activities of these ecnzymes were within the normal -
control range.

Table (5): Some blood constituents of male New Zealand White rabbits as affected by the experimental
diets.

Criteria Pomegranate peel (%)

0 0.5 1.0 1.5 P
value

Blood plasma constituents

Total cholestero], (mg/dl) 69.3324.89° 67.33+4.76° 65.00+4.11° 64.67+4.52° 0.005
Triglycerides, (mg/dl) 66.10+3.54° 64.00+ 3.46°  62.01+£3.69°  52.90+3.99°  0.0001
HDL- cholesterol, (mg/dl) 31.2745.30° 35.40+5.18°  36.93x5.53° 39.50+£5.98°  0.0001
LDL - cholesterol, (mg/dl) 24.84+ 1.89° 19.13£1.85>  15.67+1.97° 14 .59£2.13°  0.005
VLDL (mg/dl) 13.22+0.68" 12.80+£0.69®°  12.40+0.84° 10.58+0.59° 0,003
Blood plasma antioxidant constituents
TAC'. (mmol/l) 1.89%+0.02 2.28°:0.02 2.54°£0.04 2.62°£0.05  0.000]
SOD, units / L{u/l) 24.5% £1.63 35.68°+2.43  36.00°£1.96  36.48°+2.64 0.0001
GPx. (w1) 455° £40.1 7735456 798° +48.7 896° +42.2 0.001
TBARS'. (umol/ml) 1170404 0.89° £02 0.82°£01 0.75% +03 0.0001

Ualues are means £ 8.0, Talues in a row with unlike superscripis differ, P< 1.03.
a. b, c. d: different superscripis within a row indicate significant differences (P<0.03),

CONCLUSION

These results indicate that the addition of pomegranate peel (0.5 and 1.0 and 1.5% of the feed) in the diet
of New Zealand White male rabbits improved the viability, oxidants and decrease triglycerides and LDL
cholesterol.
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