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In conclusion, the best perfonnance was seen when 0.20 ECL 

or 0.2 ECL+ 0.4 OP or 0.2 ECL+ 0.2 OP were incorporated as feed 
additives in laying diets as it gave the best economical and relative 
efficiency values. 
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INTRODUCTION 
Waste materials from a wide range ofagro-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. The bulk of the wastes 
from agriculture or food processing are not suitable for food, a significant 
proportion (30-70%) of the dry weight of these wastes are carbohydrates other 
than cellulose (Forage, 1979). 

Citrus juice processing is one of the more important food industries in 
the world. It produces an enonnous quantity of processing residue (Ting and 
Rouseff, 1983). This constitutes about 50% of the weight and thus provides an 
excellent model for the production of value-added products. The peel and 
other by-products are ultimately dried and marketed as a cattle feed. 

Orange peel contains high concentrations of phenols (Manthey, 2004). 
Its extract contains significant amount of beta-carotene (Ghazi, 1999) and is a 
good source of vitamin C (Rinzler, 1990). Citrus peel consists of significant 
antioxidant activity compounds that attributable to minor-occurring flavones 
(Manthey, 2004 and Anagnostopoulou et al., 2005). Hesperidins, the most 
important flavanone of orange peel, has antioxidant and diuretic effects in rats 
(Kroyer, 1986; Galati et al., 1996 and Tirkey et al., 2005). Furthennore, its 
constituents may counteract enzymatic lipid peroxidation processes (Mtambo 
et al., 2000). 

Ascorbic acid plays a modulating role during stress in guinea pigs 
(Odumosu, 1982). Also, it has a positive effect on broiler perfonnance raised 
under hot climate with low mortality (Skrivanova et al., 1999 and AI
Homaidan, 2000) and a synergistic antioxidant effect (Mahfouz et al., 1997). 
Vitamin C or polyphenols increased the antioxidant enzymes in red blood cells 
(Dragsted et al., 2001). Therefore, it can influence the blood concentration of 
fibronectin which may be related either directly or indirectly to collagen 
metabolism (Hsu. et al., 1999). Furthennore, it playa role in lowering viral 
antigenicity and protection as well as enhancement of the immune system of 
the infected rabbits (Elghaffar et al., 2000). 

Flavonoids are plant pigments able to inhibit or kill many bacterial 
strains, to destroy some pathogenic protozoa and to scavenge free radicals. 
Yet, their toxicity to animal cells is low. Citrus by-products are rich in 
Esperidin, Eriocitrin and Narirutin, flavanones with immune modulating 
properties. A great problem in poultry feeding is the control of animal 
infections such as coccidiosis, which could be faced by natural products other 
than drugs. . 

Hasin et ale (2006) studied the chemical composition of dry orange 
peel. They found that dry orange peel contained nutrient compounds on dry 
matter basis; moisture (12.6%), CP (5.6%), EE (3.7%), CF (20.0%), NFE 
(55.1 %), ash (3.0%), Ca (0.45), total phosphorus (0.30) and total xanthophylis 
mg/Kg (83.02). 
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Immune Responses: Values of total immune response are listed in 

Table (5). No significant effects on immune response as a result to NFA 
supplementation was found in laying hen diets throughout the whole 
experimental period. However, the diet including 0.2% ECL+ 0.4% OP (diet 
7) supplementation in laying diets showed the best insignificant values in 
primary immunity response throughout the whole experimental period as 
compared to the control diet and other experimental groups. Regarding to 
secondary immunity response all of the dietary treatments surpassed the 
control, hens fed diet 3 (0.4% ECL) or diet 9 (0.4% ECL + 0.4% OP) had 
higher values of secondary immunity response as compared to the control diet, 
but the difference did not reach significance. Slightly improvement (not 
significant) in cellular immunity response was found by adding NFA to the 
diet of laying hens with the exception of diet 2 (0.2% ECL) and 5 (0.40% OP) 
which was lower than the control. Regarding to hematocrit, red blood cells 
and white blood cells, it can be noted that hens fed diets 3 (0.4% ECL), 6 
(0.2% ECL + 0.2% OP) and 8 (0.4% ECL + 0.2% OP) had insignificantly 
higher values, respectively, as compared to the control diet. 

The results indicated that level and type of NFA supplementation 
insignificantly affected all immune response parameters (Table 5). From this 
table, it can be observed that any level of the dietary treatments surpassed the 
control for primary immunity response, secondary immunity response, cellular 
immunity and nearly hematocrit. Concerning type of addition, hens fed ECL 
had insignificantly higher secondary immunity response, cellular immunity 
and hematocrit, while, those fed (ECL +. OP) mix containing diets had 
insignificantly higher primary immunity response, hemoglobin, red blood cells 
and white blood cells (Table 5). In this respect, Ibrahim (2005) reported that 
orange peel without or with NaCI and sorrel with NaCI significantly increased 
the red blood cells and white blood cells compared to the control group. In 
case of orange peel, it may be due to the adequate amount of alpha-tocopherol 
in rabbits blood that simultaneously ingested the highest amounts of the 
vitamin C. The improvement in immune system in orange peel treatment was 
agreed with Ding et al. (2004) Who found that orange peel could greatly 
improve the immune function. The same trend in orange peel may be due to 
the antioxidant activity. Manthey (2004) showed that, the significant amount 
of the total antioxidant activity in orange peel was attributable to minor
occurring flavones. Orange peel extracts constituents may counteract 
enzymatic lipid peroxidation processes (Malterud and Rydland, 2000). 

Economical efficiency (EEt): Table 6 showed the economical 
efficiency (EEf) and the relative economical efficiency (relative EEf) values. 
Hens fed diet 2 (containing 0.20% ECL) gave the best economical and relative 
~fficiency values being 1.429 and 110.6 %, respectively followed by hens fed 
'~t 7 (0.2% ECL+ 0.4% OP) (1.345 and 104.1%, respectively), diet 6 (0.2% 

1 L+ 0.2% OP) then diet 5 (0.4% OP), all of which are superior compared to 
tk control diet without supplementation. Whereas, those fed D8 (0.4% ECL + 
O.~:% OP) had the worst corresponding values, being 1.185 and 91.68%, 
respectively. The relative efficiency varied between -8.32 to +10.6 % which is 
oLminor importance relative to the other factors of production. 

In conclusion, the best performance was seen when 0.20% ECL or 
0.2% ECL+ 0.4% OP or 0.2% ECL+ 0.2% OP were incorporated as natural 
fe,~d additives in laying diets as they which gave the best economical and 
relative efficiency values for egg production. 
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.,! 36Table 5 : Effects of Egyptian clover dry leaves and orange peels as natural feed additives in Hy-:.... 
laying hen diets on immune response. t'-... 

~ 
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Primary Secondary Cellular i Hemoglobin I Hematocrit
Items 

immunity immunity immunity I g/dL . % 

Treatments: 
1 (control) ~.50±\.28 6.50±1.70 \.08±0.1fl I 9.39±1.00 
2 (U.2% ECL ') 6.00±1.28 7.50±1.i0 l.U6±0.10 ! 8.92±1.22 
3 (O.~ %ECL) 9.50±1.28 10.0±1.70 1.35±0.10 i 8.66±1.00 
.t (0.2 %OP") i 8.50±1.28 8.50±1.70 . 1.33±0.10 8A5:::1.00 
5 (OA °1..OP) i 5.00±1.28 8.00±1.70 1.02±0.10 I 8.53±1.22 
6 (0.2 %ECL+O.2'~t" OP) i 8.50±1.28 7.50±1.70 I.II±O.IO I 8.78±1.00 
7 (0.2 % ECL+OA% OP) I \0.5±1.28 7.00±1.70 I.ll±O.IO I 8.62±1.00 
8 n:A %ECL+O.2% OP) ~ 7.50±1.28 (j.00±L70 I 1.27±O.10 i 9A7±1.22 
9 (OA %ECL+OA% OP) I 7.50±1.28 \0.0±1.70 I.I\±O.\O 9.53±1.22 
Over all mean 7.50±OA3 8.\1±0.57 1.61±O.03 8.90±0.37 
Level of NFA% : 
0.00 ~.50±\.61 6.50::\.53 1.08±0.12 9.39±0.89 35.08±2.8..1 
0.20 7.25±\.\..1 8.00::1.08 1.20±0.09 8.6~±II.b9 I 39.06±2.211 
OAO 7.76±0.93 8.50±0.88 1.16±0.07 8.68±0.55 38.26±1.7..1 
0.60 I 9.00±1.I~ 7.50±1.08 1.19±0.09 8.96:::0.69 \ 39AO±2.20 
0.80 I 7.50±\.6\ 10.0::\.53 1.\1±0.12 9.53:::1.09 39.86BA7 
Tvpe ofNFO: 
ECL 7.75±1.l2 8.i5±1.l5 1..21±0.09 i 8.7i±O.53 ~0.76±2.01 

or 6.iS±\.12 8.25:±:1.15 1.18±0.09 I 8.48±0.53 38.52±2.01 
ECL+OP 8.50±0.79 8.13±0.8\ I 1.15±0.06 I 9.02::0.38 38.\7-'-lA2 

I Mean ± Standard error of the mean. 
*ECL (Egyptian clover dry leaves) **OP (orange peel) 

White I f".t
Red I I

blood blond cells I ~ 
cellslO·xmmJ 

, 10J xmmJ 

35.07±2.77 
38.00B.J9 
~2.60±2.77 

39.77-::.2.77 
36.6~±3.39 

35.1I1I±2.77 
38.02±2.77 
~lo4S±3.39 

39.86±3.39 
13804\::1.02 

I 3.61±0.26 I 68.75±8.15 
J.76±0.31 i 56.29±9.98 
3.18±0.26 1 75.00±8.15 
3.\8±0.26 \ 6~.61±8.\5 

13.38±0.31 i 65.65±9.98 
I 3.26±0.26 I 72.83±.'I.15 

3AO±0.26 ! 7.t.75±8.15 
3.53±0.31 I 73.75±9.98 
3.63±0.3\ i 71.8R::9.98

§ 3Al±0.09 I 69.69=3.00 
~ 

3.61±0.2..1 1 68.75±7A3~ 
3Al±0.19 I 61.28±5.76 

~ I 3.26::0.\5 I 7\.85±J.55 
:::: 3...I5±0.19 I 7..1.35±5.76 

3.63±0.30 I 71.88±9.\ 0 
~ 

~ 
13A\±0.18 I 67.52::J.52"l::1 

:::: I 3.26±0.18 I 65.02±..l.52!::l 
ol:l 13A3-'-0.12 i 73...l0::3.20 
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