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The study was conducted to evaluate the effects of using
pomegranate (Punica granatum L.) by-product powder (PBP) as a
natural growth promoter in rabbit diets on growth performance. A total of
36 male New Zeeland White (NZW) rabbits was randomly assigned to four
groups containing 9 rabbits each in 3 replicates and raised from 5 to 13
weeks of age and nearly equal average initial live body weight (561.67 +
6.68 g). The experimental groups, the first group was fed basal diet
control without PBP as control, while the second, third and fourth groups
were supplemented with 1.0, 1.5 and 2.0% of PBP, respectively.

The obtained results demonstrated that rabbits fed diet
supplemented with1.5% of PBP had the heaviest (P<0.05) final body
weight and average daily weight gain followed by those received 2.0,
1.0% and control groups. Rabbit groups fed diets supplemented with
1.0, 1.5 or 2.0% PBP recorded significantly (P<0.05) higher
digestibility of DM, OM, CP, and CF compared to the control group.
Besides, the digestibility of DM, OM, CP, CF and NFE were higher
(P<0.05) with rabbits group fed diet supplemented with 2.0% PBP than
the other tested groups. Moreover, data of nutritive values illustrated
that rabbit group fed 1.5% or 2.00%PBP recorded the highest
(P<0.05) values of DCP, TDN and DE compared to the other tested
groups. Supplementation of PBP had no effect on meat CP content.
While, there were significantly (P<0.05) decrease in EE meat content
of rabbits group fed diet supplemented with 1.0 and 2.0% of PBP than
the control group. The supplementation of PBP increased (P<0.05)
plasma total protein, albumin and globulin levels compared to those of
rabbits fed the control diet. The blood plasma content of glucose, total
lipids, total cholesterol and LDL was observed to move down constant
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with increasing dietary levels of PBP (1.0, 1.5 and 2.0 %), respectively.
Also, the values of T-AOC, SOD, CAT and GSH-Px were significantly
(p < 0.05) increased with increasing PBP levels in rabbit diets.
Additionally, rabbits fed 1.5% PBP diet recorded the best net revenue.
Conclusively, the results suggest that the pomegranate (PBP) by-
product powder could be supplied in rabbit diets at 1.5% to achieve
best performance and economical efficiency without any adverse effect
on rabbit's heath.
Key words: Pomegranate by-products, NZW rabbit, growth promoter,
digestibility

In the recent years, more attention was tended to use natural feed
additives for rabbits, poultry and livestock. Pomegranate (Punica granatum
L.) is a widely spread fruit crop in the Mediterranean region, especially
Egypt. In Egypt, about 43605 Acres are cultivated with pomegranate (punica
granatum L.), which produce about 18.825 ton/acre. Besides, the production
reached to approximately 132031 tons (Ministry of Agriculture, 2014). At
present, research on the effect of pomegranate by-products in animal feeding
is widely interested in the inclusion of pomegranate by-products as fresh
peel (Shabtay et al., 2008), seeds (Modaresi et al., 2011), extract additives
(Oliveira et al., 2010; Shabtay et al.,, 2012) or peel and seed silage
(Kotsampasi et al.,2014) in ruminant’s diect. Pomegranate by-products
constitute approximately 52% of the total weight of fruit, which remain after
the processing of pomegranate for juice concentrates (Saki et al. 2014).

Several studies have shown that pomegranate by-product is an
important source of bioactive compounds such as phenolic compounds,
which are known as secondary plant metabolites and possess anti-
inflammatory, anti-therosclerotic, antitumor, antimutagenic, anticarcinogenic,
antibacterial, or antiviral activities, however, its use remained very limited
and traditional (Abdel Motaal and Sherif, 2011; Cai et al., 2004; Li et al.,
2006, Ali, 2012 and Zeweil et al. 2013).

Recent studies have found that pomegranate by-products may have the
potential to be a good source of nutrients and antioxidants for livestock
feeding, such as rabbits (Zeweil and EI-Gindy, 2016); Moreover, the
antioxidant potential of pomegranate in vivo and in vitro has been proved
(Singh et al., 2002).
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Therefore, the objective of the current study was to evaluate the effect
of supplementation of pomegranate by-products powder as a natural growth
promoter in NZW rabbit diets on some growth performance traits, nutrients
digestibility, carcass characteristics and blood parameters, as well as, and
economical efficiency (%), under Egyptian conditions.

MATERIALS AND METHODS

The experimental work of this study was carried out at Private Rabbitary
Farm, Kalyubia Governorate, during the period from April till June 2016.

Experimental design and management

Thirsty six of weaned New Zealand White (NZW) male rabbits at 5
weeks of age and nearly equal averages initial live body weight (561.67 +
6.68 g) were randomly assigned to four experimental treatment groups (9
rabbits/ group) each in 3 replicates (3 rabbits for each) in a complete simple
randomized design. The first experimental group received daily untreated
pelleted diet as control group. The second, third and fourth experimental
groups received daily pelleted diet supplemented with 1.0, 1.5 and 2% of
pomegranate by-product powder (PBP), respectively. The experimental
period lasted for 8 weeks. Pomegranate by-product was obtained from
Fontana Company (Food Industries, Kalyubia Governorate, Egypt).

Rabbits were individually housed in galvanized wire cages
(Dimensions of 60x40x 35 cm) until marketing at 14 weeks of age, under a
12:12 h light—dark cycle. All rabbits were fed pelletized feed ad libitum, fresh
water was automatically available all the time by stainless steel nipples fixed
in each cage. The rabbits were reared in a well-ventilated building. All
rabbits were kept under the same management, hygienic and environmental
conditions.

Experimental animals and diets

Feed ingredients and chemical composition of experimental diets
(%DM basis) are shown in Table 1. The experimental diets were formulated
to meet the recommended nutrient requirements of growing rabbits according
to Lebas (2013).
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Table 1: Feed ingredients and chemical composition of experimental diets (%

DM basis).
Experimental diets (%)
Items Control PBP PBP PBP
(1.0%0) (1.5%0) (2.09%0)
Feed Ingredients (%)
Yellow corn 13.70 12.70 12.20 11.70
Soybean meal (44% CP) 15.00 15.00 15.00 15.00
Barley 25.00 25.00 25.00 25.00
Wheat bran 12.00 12.00 12.00 12.00
Clover hay 30.00 30.00 30.00 30.00
Molasses 3.00 3.00 3.00 3.00
NaCl 0.30 0.30 0.30 0.30
Premix® 0.30 0.30 0.30 0.30
Di-Ca-phosphate 0.30 0.30 0.30 0.30
DL-Methionine 0.40 0.40 0.40 0.40
Pomegranate by-products (PBP) 0.00 1.00 1.50 2.00
Total 100 100 100 100
Chemical composition (%DM basis)
DM 91.02 91.37 91.18 91.18
oM 91.42 90.77 90.68 90.59
CP 17.18 17.21 17.22 17.29
CF 13.71 13.92 14.10 14.43
EE 3.81 3.77 3.76 3.73
NFE 56.72 57.87 55.60 55.14
Ash 8.58 9.23 9.320 9.410
Methionine 0.63 0.63 0.63 0.63
Lysine 0.80 0.79 0.79 0.79
Calcium 0.84 0.83 0.83 0.83
Available phosphorus 0.31 0.31 0.31 0.31
Digestible energy (Kcal/Kg DM)® 2784 2774 2770 2770

& Mineral and vitamin mixture supplied per kg of diet: Vitamin A 10,000 IU, Vitamin
D3,1,800 UI; Vitamin E, 15 mg; vitamin K3, 4.5 mg; Vitamin B1, 0.5 mg; Vitamin B2, 4
mg; Vitamin B12, 0.001 mg; Folic acid, 0.1 mg; Pantothenic acid, 7 mg; Nicotinic acid, 20
mg; I, 1 mg; Mn, 60 mg; Cu, 5.5 mg, Zn, 75 mg; Fe, 40 mg; Co, 0.3 mg; Se, 0.08 mg.

® Digestible energy (DE) was calculated according to Lebas (2013)

Chemical analysis of pomegranate by-products (Punica granatum L.)
powder and experimental diets were detected according (AOAC, 2007) as
shown in Table 2. The chemical analysis and the fraction of phenolic and
flavonoids compounds of pomegranate by-products powder were presented
in Tables 2.
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Table 2. Chemical analysis of pomegranate by-products powder (on DM

basis).
Total Total
Items DM OM CP CF EE NFE Ash phenols Flavonids
(%0) %) %)
Pomegranate

by-products  88.74 87.20 1021 19.71 2.87 5441 12.80 1.72% 0.21%
powder (PBP)

Yellowcorn 88.00 98.60 7.7 23 38 8480 1.40

Analyzed according to AOAC (2007).

Flavonids and  phenolics were determined in Micro Analysis Lab., Food
Technology Research Institute by A high-performance liquid
chromatographic (HPLC).

A digestibility trial was conducted to determine the nutrient digestion
coefficients and the nutritive value of the experimental diets according to
(Perez et al.. 1995). Twelve male New Zealand White rabbits were used in a
digestibility trial and allotted randomly to four groups of three rabbits each.
Rabbits were housed in individual metabolism cages and fed the
experimental diets for a period of 7 days (preliminary period) for adaptation
then faeces were collected every 24 hours for 5 consecutive days (collection
period). Samples of daily faeces of each rabbit were taken and oven dried at
70° C for 48h, then samples were ground and stored for proximate chemical
analysis. Samples of feed and dried faeces were analyzed for dry matter
(DM), crude protein (CP), ether extract (EE), crude fiber (CF), and ash
according to (AOAC, 2000). The nutritive values of the experimental diets
expressed as DCP and TDN were calculated according to Cheeke et al.
(1982). Digestible energy (DE, Kcal/Kg diet) was calculated as follows: TDN
x 44.3 according to (Schneider and Flatt, 1975).

Pomegranate by-products, which include defective fruits, skins, seeds
and peels, in wet form with moisture content of 60-65%. So, they were dried
by sun-drying to 9-10% moisture, then ground by hammer mill and were kept
for subsequent processing.

Live body weight was determined weekly throughout the experimental
period, and weight gain was calculated. Feed consumption was determined
precisely and calculated as grams per rabbit per day, during the all
experimental period. Unused feed from each cage was collected daily, weighed
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and taken into consideration for the calculation of feed consumption,
accordingly, feed conversion was easily calculated (g feed / g gain).

Slaughtering and carcass characteristics

At the end of the experimental period (14 weeks old), five male rabbits
from each group were randomly taken, fasted for 12 hours, individually
weighed and immediately slaughtered. Slaughter procedure and carcass
analysis were carried out as described by Blasco and Ouhayoun (1996). After
complete bleeding, pelt, viscera's and tail were removed then the carcass and
its components were weighed as an edible parts. The non edible parts
including lung, spleen, stomach, large intestine, small intestine and kidney fat
were also weighed as percentage of pre-slaughter weight. Dressing
percentage was calculated by dividing the hot dressed carcass weight by pre-
slaughter weight and expressed as a percentage.

Determination of biochemical parameters

Thirty five blood samples (5 ml from each rabbit) were collected
during slaughtering and centrifuged at 3000 r.p.m. for 15 minutes to separate
blood plasma. Plasma total protein, aloumin, glucose, total cholesterol, LDL,
HDL-cholesterol, total lipids, and creatinine were colormetrically determined
using commercial kits (purchased from Bio-diagnostic, Egypt), according to
the manufacturers' instructions. Plasma globulin concentration was calculated
by difference and Albumin/Globulin ratio was calculated. Blood antioxidant
constituents were assayed by colorimetric technique using commercial Kits
(Biodiagnostic, Egypt). Blood plasma malondialdehyde (MDA) and
glutathione peroxidase (GPx) activity were assayed using the method of Chiu
et al., (1976). Superoxide dismutase (SOD) activity was assayed according to
Misra and Fridovich (1972). Total antioxidant capacity (T-AOC) was
determined according to Koracevic et al. (2001) and catalase (CAT) activity
was measured according to Aebi (1984).

Economical efficiency (%)

To determine the economical efficiency of the experimental diets for
body weight gain, the costs of feed required for producing one kg of body
weight gain was calculated. The cost of the experimental diets was calculated
according to the price of different ingredients prevailing at local market, as
well as, the price of tested materials at the time of experimentation.
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Economical efficiency (%) was calculated as a ratio between the return of
weight gain and the cost of consumed feed.

Statistical analysis

The obtained data were statistically analyzed using the general linear
model procedure of SAS® Software Statistical Analysis (SAS, 2002). All
results were analyzed using this model according to as follows:

Yij= p+ Ti+ eij;

Where: Yij= the observation of ij; p = Overall mean; Ti= Effects of i
(treatments) and eij= Experimental random error.

Differences among means were tested by Duncan's multiple range test
(Duncan, 1955).

RESULTS AND DISCUSSION

Chemical analysis of pomegranate by-product powder

The chemical composition of the PBP was examined and presented in
Table 2. Crude protein content of PBP was 10.21% was being similar to that
reported by Zeweil et al. (2013) being 10.06%. However, EE content (2.87%)
in pomegranate by-products powder was lower than that reported by Zeweil
et al. (2013) being (2.40 g/kg DM). In addition, PBP had a higher CF content
(19.71% vs. 11.43%). In this connection, Zeweil and EI-Gindy (2016)
reported that pomegranate peel contained 90.00, 82.12, 9.61, 2.35, 13.07,
57.09 for dry matter, organic matter, crude protein, ether extract, crude fiber,
nitrogen free extract.

Natural antioxidants including phenolic compounds may act to confer
an effective defense system against free radical attack. The amount of total
phenols was 1.72% and total flavonids was 0.21 %. In this connection.
Zeweil et al. (2016) stated that the total phenolic content of pomegranate peel
was 272 mg GAE /g DM. Moreover, Azoz and Basyony (2012) reported that
total phenolic content was 270 mg GAE / g Dry weight of this pomegranate
by-product.

Growth performance traits

Results of some growth performance traits are presented in Table 3.
The obtained results demonstrated that rabbits fed diet supplemented
with1.5% of PBP had the heaviest (P<0.05) final body weight (2161.5 g) and
average daily weight gain (28.46 g/rabbit/day) at the whole period (5-12
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Table (3). Growth performance of growing rabbits fed experimental diets
containing different levels of pomegranate by-product powder
(PBP) from 5-12 weeks of age.

Experimental diets (%)

Items 0.0 1.0 15 2.0 +*SEM
Control PBP PBP PBP
No. of Rabbits 9 9 9 9
Initial body weight (g/rabbit) 567.0 566.50 568.0 567.0 45.17
Final body weight (g/rabbit) 1988.0° 20675  2161.5° 2143.0°  47.86
Average daily weight gain (g/rabbit/day)
Weeks 5-8 28.37 28.43 30.77 30.14 1.21
Weeks 9-12 22.78° 25.17% 26.14° 26.432 1.09
Weeks 5-12 25.58° 26.80%° 28.46° 28.28% 0.65
Average daily feed intake (g/rabbit/day)
Weeks 5-8 76.96° 76.59° 80.59° 80.16° 0.77
Weeks 9-12 92.44% 90.39° 90.89° 94.79° 1.08
Weeks 5-12 94.94° 95.39° 95.89° 99.79° 0.83
Feed conversion (g feed/g gain)
Weeks 5-8 2.71 2.69 2.62 2.66 0.12
Weeks 9-12 4.06° 3.59%  347° 3.58% 0.21
Weeks 5-12 3.71° 355  3.36° 3.52% 0.18

a, b, Mean values with the same letter within the same row did not differ significantly (P>0.05).

weeks), followed by those received 2.0, 1.0% and control groups,
respectively. However, body weight gain at (5-9 weeks) and (9-13 weeks)
were not affected (P<0.05) by PBP supplementation among tested levels.

The results of the present study clearly indicated that dietary
supplementation of different levels of PBP had a positive effect on growth
performance of growing rabbits. The improvement in body weight gain was
due to that pomegranate by-product is an important source of bioactive
compounds, such as flavonoids, phenolic acids, diterpenes, saponins and
tannis and it possess anti-inflammatory, anti-therosclerotic, antitumor,
antimutagenic, anticarcinogenic, antibacterial, or antiviral activities (Abdel
Motaal and Sherif, 2011; Cai et al., 2004; Li et al., 2006). In addition, these
compounds have received much attention for their high antioxidative activity
by scavenging free radicals which cause oxidative stress that can lead to
cellular damage (Lampe, 1999; Al-Moraie et al. 2013).
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Concerning the feed intake, the obtained results showed that rabbits
group fed 1.5% PBP diet consumed higher (P<0.05) amount as compared the
other treated groups during the first period (5-8 weeks old). While, rabbits
group fed 2.0% PBP diet consumed higher (P<0.05) amount compared to the
other tested groups during both the second period (5-8 weeks old) and the
whole period (5-12 weeks old). These results are in agreement with those of
Azoz and Basyony (2012) who observed that rabbits fed diets supplemented
with dried pomegranate waste at 0.5, 1.0 and 1.5% levels were higher
(P<0.01 & P<0.05) in feed intake than the control group. Besides, Mady et
al. (2016) found that rabbits fed diets supplemented with 5, 10 and 15% of
pomegranate peel recorded the highest values of daily weight gain and feed
intake compared to the control group. On contrary, Fayed et al. (2012)
demonstrated that diets containing 0.5, 1.0 and 1.5% pomegranate peel
reduced total feed intake and also live body weight of rabbits at the end of the
experiment.

Supplying rabbit diets with PBP at each treated level resulted in an
improvement in FCR when compared to the control group during the
different experimental periods. The obtained results also, revealed that
rabbits group fed 1.5% PBP diet recorded better (P<0.05) FCR than that of
the control group during the second and whole periods. The results herein
are somewhat agree with those reported by Bostami et al. (2015) who
concluded that supplying Ross broilers diets with fermented pomegranate
by-products at 0.5, 1.0 and 2% could improve growth performance.

Improvements in feed conversion ratio of the PBP diets as compared to
the control group, may be due to the biological function of pomegranate
fruits by-products; peels and seeds, powder, which have much higher
exceptionally content of lysine, isoleucine and amino acids containing
sulpher (Methionine and Cysteine), which are usually deficient in the most
feedstuffs (Rowayshed et al., 2013). The possible reasons may be attributed
to the use of polyphenols limit lipoperoxidation and preserve animal health
(Georgiev et al., 2014) also, natural antioxidants can protect the intestinal
mucosa against oxidative damage and pathogens and limit peristaltic activity
in digestive disorders preventing diarrhea (Kermauner and Laurencic, 2008).
It could be suggested that dietary supplementation of (PBP) may be useful to
improve health and overall growth performance in growing rabbits.
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Digestibility and nutritive value of the experimental diets

Results in Table (4) showed that rabbit groups fed diets supplemented
with 1.0, 1.5 or 2.0% PBP recorded significantly (P<0.05) higher digestibility
of DM, OM, CP, and CF compared to the control group. Besides, the
digestibility of DM, OM, CP, CF and NFE were higher (P<0.05) with rabbits
group fed diet supplemented with 2.0% PBP than the other treatment groups.
Meantime, insignificant differences in EE digestibility were observed among
rabbits groups fed 1.0, 1.5 or 2.0% PBP diets and control group. These
results disagreed with those reported by Fayed et al. (2012) who stated that
supplementation of 0.5, 1.0 and 1.5% pomegranate peel in rabbit diets had
lower digestible nutrients % (CP, EE, and NFE), while pomegranate peel
1.5% improved CF digestibility compared with the control group. On the
other hand, data of nutritive values illustrated that rabbit group fed 1.5 % or
2.00 % PBP recorded the highest (P<0.05)

Table (4): Effect of dietary pomegranate by-product supplementation on
digestibility and nutritive value of experimental rabbit diets.

Experimental diets (%)

| 0.0 1.0 15 2.0
tem Control PBP PBP PBP +SEM
Digestibility (%)
DM 66.80° 71.62° 72.75° 75.15° 1.47
oM 68.94° 72.63° 74.35° 77.05° 0.63
CP 71.68° 75.46° 80.94° 81.08° 0.64
CF 48.49" 56.78° 55.48° 56.94° 1.28
EE 82.89 82.55 85.53 82.87 1.65
NFE 72.47° 76.09% 76.11% 80.05° 0.71
Nutritive values
DCP (g) 12.32° 12.99° 13.94° 14.02° 0.28
TDN (%) 67.97° 71.75° 72.21° 73.84° 1.02

DE(kcal/kg) 3011.0° 3178.58°  3198.78° 3271.10° 45.01

a, b Means in the same row with different superscripts are significantly different (P<0.05).

values of DCP, TDN and DE as compared to the other treatment group.

The results obtained by the in vitro and animal studies confirmed that
phenolic compounds of PBP caused the modulation of gut microbiota and has
positive effects in terms of gut health protection (Mosele et al., 2015).
Several studies have reported that an important part of the ingested phenolic
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compounds reaches the large intestine, where it undergoes series of microbial
transformations that leads to the generation of related metabolites (Gonzalez-
Barrio et al., 2010; Mosele et al., 2015).

The radical scavenging activities in both gastric and duodenal phases of
in vitro digestion were even higher than those exhibited before being
subjected to a simulated digestion, presumably due to the dependency of
phenolic activity on pH of the digestion medium. For instance, high pH
values (alkaline pH) have been reported to increase significantly phenolics
scavenging ability (Fawole and Opara, 2016).

Carcass characteristics

The effect of PBP supplementation on the carcass characteristics of the
experimental rabbits is shown in Table 5. The obtained results revealed that
PBP supplementation in rabbit diet at 1.0, 1.5 and 2.0% did not significantly
affect all carcass traits studied. These results are in agreement with those
reported by Ali et al. (2008) who reported that rabbits fed 0.2% lemon extract
did not affect carcass weight, liver, heart, kidney, lungs, stomach, giblets and
total edible parts relative to the live body weight. Besides, Hassan et al.
(2014) showed that grape seed powder supplementation in rabbit diet at 0.5,
1.0 and 1.5% did not significantly affect all of carcass traits studied, except
for carcass weight.

Results also, clarify that supplying rabbit diets with PBP reduced
significantly (P<0.05) meat content of EE as compared to the control group.
While, supplying at each tested level of PBP had no effect on meat CP
content. It could be also, noticed that meat EE content decreased as
supplementation PBP increased from 1.0 up to 2.0%. The reduction of EE
may well be caused by significant amounts of dietary fibre phytochemical
components of pomegranate by-product powder.

These results are consistent with Mady et al., (2016) who found that the
supplementation of pomegranate peel at 1.5 and 3% in rabbit diets caused
decrease in ether extract of meat. These responses were similar to observation
by Ahmed et al. (2015) who stated that 0.5, 1.0 and 2.0 (%) of
pomegranate by-product supplementation reduced cholesterol and
saturated fatty acids content in breast meat of broilers. It has also, been
shown that the inclusion of natural antioxidant in animal diet not only slow
down oxidation, but also greatly improves meat quality when compared to
diets without an antioxidant (Brenes et al., 2016).
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Table (5): Effect of different experimental diets on Carcass characteristics and meat
chemical composition of growing rabbits.

Experimental diets (%)

ltems 0.0 1.0 15 2.0

Control PBP PBP PBP +SEM

Carcass characteristics
Pre-slaughter weight (g) 2255.00 2240.00 2236.66 2201.66 51.53

Hot carcass weight (g)  1298.33 1315.0  1318.33 1285.0 23.39
Dressing % 57.60 58.75 58.98 58.39 1.19
Edible Giblets* % 3.43 3.45 3.28 3.46 0.29
Total edible parts’ %  61.04 62.19 62.26 61.86 1.30

Meat chemical composition (%)
DM 29.28° 28.62%  28.02% 27.38" 0.49
CP 22.04 22.41 22.95 22.92 0.47
EE 4.68° 3.74® 3.01% 2.64° 0.32
Ash 2.55 2.48 2.06 1.82 0.53

a, b,c Mean values with the same letter within the same row did not differ significantly (P>0.05).
® Edible Giblets, % = ( Liver+ kidneys + heart) / Pre-slaughter weight (g)*100
@ Total edible parts, % = (Carcass wt. + edible giblets wt.) / Pre-slaughter weight (g)*100.

Conversely, results herein disagreed with those reported by Mady et al.
(2016) who found that inclusion of pomegranate peel at 1.5 and 3% in rabbit
diets increased (P<0.05) the content of dry matter and crude protein in rabbit
meat. Additionally, Emami et al. (2015) revealed that dietary dried
pomegranate seed pulp supplementation of growing Mahabadi goat Kids diet
up to 150 g/kg DM can improve the nutritional and functional properties of
meat and pomegranate seed pulp linearly increased (P = 0.01) fat content.

Blood plasma biochemical constituents

The effects of dietary supplementation of PBP on blood plasma
biochemical constituents (Within normal range) are showed in Table 6. The
obtained results revealed that the supplementation of PBP increased (P<0.05)
plasma total protein, aloumin and globulin levels compared to the control
group. There were no significant (P>0.05) differences in the plasma albumin
/globulin ratio among the rabbit groups fed the different treatment levels of
PBP and the control group. These results are in harmony with Salim et al.
(2014) who stated the rats group fed basal diet supplemented with 5% freeze
dried pomegranate seeds significantly improved total protein.
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Table (6). Effect of pomegranate by-product powder (PBP) on blood plasma
biochemical of constituents the experimental growing rabbits.
Experimental diets (%)

0.0 1.0 15 2.0 +SEM

Items PBP PBP  PBP
Control

Total protein (g/dl) 5.36° 6.14°  6.67° 7.18° 0.13
Albumin (g/dI) 2.92¢ 3.18°  355° 3.81° 0.02
Globulin (g/dI) 2.43 296  3.12° 3.37° 0.12
Albumin / Globulin ratio 1.20 1.07 1.14 1.13 0.04
Glucose (mg/dl) 94.162 85.52°  80.89° 74.47¢ 1.00
Creatinine (mg/dl) 1.01% 0.98*  0.95° 0.90° 0.008
Total lipids (mg/dl) 796.97° 71047 657.69°  638.08° 6.12
Total cholesterol (mg/dl) ~ 114.48° 99.79°  87.20° 84.51° 3.11
HDL (mg/dI) 39.77° 54.30*° 58.64° 62.15° 3.82
LDL (mg/dI) 50.72° 4438°  4176°  44.88° 1.62

a, b, ¢ Mean values with the same letter within the same row did not differ significantly (P>0.05).

The concentration of plasma glucose was decreased slightly by
increasing the supplemented PBP level from 1.0 to 2.0% in rabbit diets. On the
other hand, there were significant (P<0.05) differences in the creatinine values
among the rabbit groups fed the different tested levels of PBP. Moreover,
rabbits fed diet supplemented with PBP at 2.0% had the lowest level of plasma
creatinine compared to the other tested supplemented diets included the control
group.

The blood plasma total lipids, total cholesterol and plasma LDL levels
were reduced with supplying rabbit diets with PBP at each tested level
compared to the control group. Nevertheless, the blood plasma HDL level of
rabbits fed the control diet was significantly (P<0.05) higher than that of the
other experimental groups. As shown in Table 6, it could be concluded that
polyphenols and flavonoides of PBP had been able to reduce the total lipids,
total cholesterol and low density lipoprotein (LDL) concentrations of rabbits. It
was demonstrated that dietary antioxidants that protect LDL from oxidation
with respect to the concentration of phenolics (Singh et al., 2002).

In this respect, Azoz and Basyony (2012) showed that rabbits fed
different levels (0.5, 1.0 and 1.5%) of pomegranate waste in diets had
significant increase in high density lipoprotein (HDL), cholesterol when
comparing with rabbits fed the basal diet (Control). Moreover, all rabbit
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groups had a significant decrease in plasma total cholesterol, low density
lipoprotein (LDL) as compared with the control group. However, the present
results concerning blood parameters were found within the normal range for
the healthy rabbits.

Blood plasma antioxidant constituents

The effects of different levels of PBP on blood antioxidant constituents
of rabbits are presented in Table 7. A significant decrease (P<0.05) of plasma
MDA was observed in rabbits group fed diets supplemented with PBP
compared to the control group. An

Table (7). Effect of pomegranate by-product powder on blood plasma antioxidant
constituents of growing rabbits.
Experimental diets (%)

Items 0.0 1.0 15 2.0 +SEM
Control PBP PBP PBP
T-AOC(mmol/l) 0.55° 0.93° 1.17° 3.092 0.20
MDA (mmol/l) 12.88° 11.07°  8.71° 6.78¢ 0.33
SOD (ufl) 25.65" 28.61°  4217° 46.87* 0.30
GSH-Px (ufl) 0.85° 1.05™ 1.15° 2.65% 0.08
Catlase (u/l) 509.43° 54421 641.88°  632.61% 27.79

a, b,c... Mean values with the same letter within the same row did not differ significantly (P>0.05).

opposite effect was noticed regarding T-AOC, SOD, CAT and GPx, where
the values were significantly (P < 0.05) increased with increasing PBP levels
in rabbit diets (Table 7) . This result agrees with findings of Rajani et al.
(2011) who fed 1-day old male broilers diets contained pomegranate peel at
15 mg/kg and found that pomegranate peel was the most effective
antioxidant. In the study of Fayed et al. (2012), it was noticed that blood
plasma total antioxidant capacity (T-AOC) significantly increased with
increasing pomegranate peel content for rabbits fed diets supplemented with
0.5, 0.1 and 1.5% pomegranate peel.

These results confirm that the antioxidant activity of PBP is mainly
due to the powerful antioxidants (polyphenols, total phenols, and total
flavonoids), which present in high level in pomegranate by-products (seeds
and peels) as well as improving the immunity by activation of antioxidant
enzymes GSH and GPx (Salim et al., 2014). It seems that the bioavailability
of minerals, vitamins and polyphenols in pomegranate by-products may
elicit in rabbit beneficial effects which improve rabbit health. The inhibition
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of lipid peroxidation activity of the pomegranate peel is one of the important
roles of antioxidants which protect biological membranes of living cells
(Manasathien et al., 2012).

Economical evaluation

The effects of the PBP inclusion on economical efficiency as illustrated in
Table (8) indicated an improvement in economical efficiency and net revenue when
rabbit diets were supplemented with 1.0, 1.5 and 2.0% PBP compared to the control
diet. Additionally, rabbits fed 1.5% PBP diet recorded the best net revenue. This
improvement may be due to the enhancement of rabbits performance in this group,
under Egyptian environmental conditions.

Table (8). Economic efficiency of experimental diets containing
pomegranate by-product powder.

Experimental diets (%)

Item 0.0 1.0 15 2.0
Control PBP PBP PBP
Initial weight (Kg) 0.567 0.5665 0.568 0.567
Final weight (Kg) 1.988 2.0675 2.161 2.143
Average total weight gain/rabbit (kg) 1.421 1.501 1.593 1.576
Total revenue /rabbit (LE)* 39.788 42.028 44.604 44.128
Total feed intake/rabbit (Kg)® 5.316 5.341 5.369 5.588
Price of feeding/kg (LE) 3.100 3.070 3.052 3.035
Total feed cost /rabbit (LE) 16.48 16.40 16.39 16.96
Net revenue/rabbit (LE) 23.31 25.63 28.22 27.17
Economical efficiency(EE)® 141 1.56 1.72 1.60
Relative economical efficiency
(REE)* 100 110.63 121.98 113.47

! Assuming that the price of one kg LBW equal, 28 L.E.

2 According to the price of ingredients available at the experimental time.
®Net revenue/rabbit = Total revenue /rabbit (LE) - Total feed cost /rabbit (LE)
* EE = Net revenue / Total feed cost / rabbit (LE).

®REE = EE of treatments other than the control/ EE of the control group.

Conclusively, the findings of this study demonstrated that supplementation
of PBP in rabbit diets supplemented with1.5% of PBP caused to improve growth
performance and antioxidant status of rabbits. Besides, the pomegranate by-products
diets achieved better economical efficiency than the control diet.
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