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SUMMARRY

treatments of 3 replicates each (10 birds each) in experiment for 5 weeks of age. A

factorial design (3x2) was used in which there were three levels of multienzymes, optizyme
(0, 250, 500 mg/kg diet) and two levels of phytase enzyme (0, 1500 FTU/kg diet). No significant effects
due to treatments on both European production efficiency factor (EPEF) and European broiler index
(EBI). Bursa percentage was significantly higher in birds fed 250 mg/kg optizyme plus 1500 FTU/kg
phytase. Immune organs, such as spleen and bursa of Fabricius were significantly increased with both
multienzyme, optizyme plus phytase supplementation. It could be concluded that multienzyme optizyme
supplementation at the level of 250 or 500 mg/kg plus 1500 FTU/kg phytase improved significantly
(P<0.05) immune status of broiler chicks.

Atotal of 180 unsexed 1-day old IR broiler chicks were randomly distributed into 6
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INTRODUCTION

Poultry industry is becoming increasingly receptive to the use of exogenous enzymes
supplementation. Enzyme supplementation to the poultry rations has a positive effect on feeds
digestibility and leads to better productivity and performance.

The cost of poultry feed ingredients represents about 60 —70% of the total production cost, and hence,
feed formulation is a critical approach in poultry industry. Feed utilization can be met with inclusion of
enzymes, antimicrobials, probiotics, or prebiotic or natural products (Al-Khalaifah, 2018).

Moreover, supplementation of commercial enzymes can increase the nutritive value of feed
ingredients and diets as well as allow greater flexibility in diet formulation. It has also a potential effect
on mitigation of the environmental pollution by reducing the excretion of some elements such as nitrogen
and phosphorus in poultry manure. Broilers that received multienzymes through drinking water recorded
the highest weekly weight gain when compared to those given enzymes through the feed, and both groups
had higher growth than unsupplemented controls (Gupta et al., 2014)

Liu et al. (2017) investigated the effect of multienzymes containing phytase, protease, and xylanase at
1,000, 2,000, and 2,000 U/kg of broiler feed, respectively. The authors showed that multienzymes
significantly improved polymeric 1g receptor (plgR), secretary IgA (slgA), and ileal counts of
Lactobacilli and Bifidobacteria and significantly reduced lesions in the intestine, serum a-toxin
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antibodies, mucin 2 expression, and ileal count of Clostridium perfringens. However, the strength of the
multienzyme effect depends on the protein content in the diet. The authors pointed that high non-
conventional protein in the diet can lead to increased occurrence of subclinical necrotic enteritis, while
multienzyme supplementation can reduce this effect in broiler chickens by enhancing the gut immunity.

Therefore, the objective of the present study was to investigate European production efficiency factor,
European Broiler Index and some immune organs.

MATERIALS AND METHODS

The present study was carried out at the Poultry Research Farm, Poultry Production Dept., Faculty of
Agriculture, South Valley University, Qena, Egypt.

Management and experimental design:

A total of 180 (IR) broiler chicks (one day old) were randomly divided into 6 treatments. Each
treatment was divided into 3 replicates of 10 each. The birds were reared at 34°C temperature as standard
brooding temperature and then, gradually reduced to reach 24°C at the end of the experiment. A light
schedule used was 23 h of light during the entire period of the experiment, and the level of relative
humidity ranged from 55 to 60%. The enzyme was supplemented in addition to the diet and was not
included in the nutrient matrix. Birds were fed on starting commercial diet (Table 1) containing (23%
crude protein, ME, 3000 Kcal. /Kg) from one day old of age and growing commercial diet containing
(21% crude protein, ME, 3000 Kcal. /Kg) from 3 to 5 weeks of age(marketing), diets were formulated
according to the Nutrient Recommendations for poultry (NRC, 1994).

Table (1): Feed ingredients and chemical analyses of basal diets.

ltem 0 — 2 weeks 3 — 5weeks
(Starter) (Grower)
Ingredient, %:
Corn (grains) 54.00 59.20
Soybean Meal (44%) 32.85 28.00
Corn Gluten Meal (62%) 6.50 6.00
Soybean Oil 2.70 2.50
Di-Calcium Phosphate 1.46 1.52
Limestone 1.51 1.80
Premix 0.30 0.30
Salt (NaCl) 0.30 0.30
DL-Methionine 0.28 0.28
L-Lysine HCL 0.10 0.10
Total 100 100
Chemical analysis (Calculated):
Crude Protein % 23.18 21.20
ME Kcal/ Kg diet 3009 3040
Calcium % 1.10 0.93
Available Phosphorus % 0.42 0.42
Lysine % 1.19 1.07
Methionine & Cysteine % 1.06 1.01

Each 3 Kg of premix contains: Vitamins: A: 12000000 1U; D3 2000000 1U; E: 10000 mg; K3: 2000 mg; B1:1000
mg; B2: 5000 mg; B6:1500 mg; B12: 10 mg; Biotin: 50 mg; Choline chloride: 250000 mg; Pantothenic acid: 10000
mg; Nicotinic acid: 30000 mg; Folic acid: 1000 mg; Minerals: Mn: 60000 mg; Zn: 50000 mg; Fe: 30000 mg; Cu:
10000 mg; I: 1000 mg; Se: 100 mg and Co: 100 mg.
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Experimental design:

The chickens were fed three levels of Optizyme enzyme (0, 250 and 500 mg/kg diet and two levels of
Phytase enzyme supplementation (0 and 1500 FTU/kg diet). One FTU of Phytase enzyme activity (FTU)
is defined as the activity of 0.030 pg of Phytase. Optizyme is a commercial multienzyme consists of
multienzymes product containing proteases, amyloglucosidase, xylanase, B-glucanase, cellulases and
hemicellulases, (Product of Optivite International LTD). One unit (FTU) is equal to the enzyme activity
that liberates 1 umol or tho-phosphate from 5.1 mmol of sodium phytin per minute at 37° C and pH 5.5.
(Marketed by BASF, Germany). The experimental treatments were as follows: T1 (0 mg/kg diet
optizyme and 0 FTU/Kkg diet phytase); T2 (0 mg/kg diet optizyme and 1500 FTU/kg diet phytase); T3
(250 mg/kg diet optizyme and 0 FTU/kg diet phytase); T4 (250 mg/kg diet optizyme and 1500 FTU/kg
diet phytase); T5 (500 mg/kg diet optizyme and 0 FTU/kg diet phytase); T6 (500 mg/kg diet optizyme
and 1500 FTU/kg diet phytase).

Broilers in each replicate were weighed (g) as a group replicate and feed consumption was also
weighed weekly till 5 wks of age. Body weight gain (BWG) (g/chick) and feed conversion (FCR, g feed/g
gain) were calculated.

After calculation of viability percentage and FCR, the European Production Efficiency Factor (EPEF)
and European Broiler Index (EBI) were used to evaluate the growing performance of broilers as
suggested by Marcu et al. (2013) as follows:

EPEF= Viability (%) x BW (kg)*100/Age (d) x FCR (kg feed/kg gain)
EBI = Viability (%) x ADG (g/chick/day) *100 /FCR (kg feed/kg gain) x 10

Where: ADG (g/chick/d) = TWG (total weight gain)/ days of growth period.

At 35 days of age, a random sample of 3 growing birds from each replicate were slaughtered after 8 h
fasting according to the Islamic method using a sharp knife and cutting into the jugular vein, carotid
artery and windpipe, processed. Some organs (liver and immune organs as spleen, and bursa of fabricius)
were removed and weighed.

Statistical analysis:

The data were statistically analyzed by factorial design (3 x 2), three levels of optizymes and two
levels of phytase enzymes using ANOVA and General Linear Models (GLM) Procedure of SAS software,
Version 9 2 (SAS (2009) procedure. Duncan’smultiple range tests (Duncan 1955) was used to determine
differences among means when treatment effects were significant. Significant differences were
considered to exist when (P<0.05). The mathematical model was as follows:

Yijk= p+ Oi+ Pj+ (OV)ij+ Eijk

Where:

Yijk: any observation; u= the population mean.

Oi: Optizyme levels effect (i = 1, 2 and 3), Pj: Phytase levels effect (j = 1 and 2), (OP)ij: Interaction of
Optizyme levelsx Phytase levels.

Eijk: Experimental error.

RESULTS AND DISCUSSION

European production efficiency factor (EPEF) and European broiler index (EBI):

Date presented in (Table 2), showed that European Production efficiency Factor (EPEF) and European
Broiler Index (EPI) did not significant (P<0.05) affected by either Optizyme or Phytase enzyme levels or
by their interactions. The obtained results are disagreement with Attia et al. (2020) who showed that
enzyme application increased EPI compared to the unsupplemented control. EI Harthi et al. (2020) found
that Phytase supplementation significantly improved production index.

It could be concluded that multienzyme supplementation at the level of 250 or 500 mg/kg optizyme
plus 1500 FTU/kg phytase improved immune status in the form of immune organ relative to body weight
of broiler chicks.
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Table (2): Effect of treatments on European Production Efficiency Factor and European Broiler
Index of broiler chickens.

Treatment Production index

EPEF EBI
Optizyme levels (mg/kg)
0 (0) 297.07+15.53 289.60+15.36
250 (01) 296.00+13.60 288.70+13.46
500 (02) 299.68+9.49 292.29+9.39
Phytase levels (FTU/KQ)
0(P) 299.17+8.98 291.7648.90

1500 (P1) 295.99+11.76 288.63+11.62
Interactions

OxP 279.73+14.88 272.46+14.87
OxP1 314.40+26.53 306.73+26.22
O1xP 307.67+19.09 300.20+18.94
01xP1 284.32+20.21 277.19+19.97
02xP 310.10+10.54 302.61+10.40
02xP1 289.25+15.39 281.96+15.23

Means in the same columns with different superscript are significant different (P<0.05).
EPEF= European Production efficiency Factor. EBI= European Broiler Index.

Liver and some immune organs (spleen and bursa of fabricius):

Data presented in (Table 3), showed that liver, some immune organs (spleen and bursa of fabricius
relative to BW) had no significant (P<0.05) affected by either Optizyme, or Phytase enzyme alone.
Concerning of liver weight and percentage, the obtained results are in agreed with Salem et al. (2008)
who reported that dietary multienzyme avizyme supplementation had no significant effect on most of
carcass traits studied liver relative weights. Ismail et al. (2006) found that avizyme had not significantly
affected internal organs percentage (liver and heart) of broilers. Mohamed et al. (2005) found that adding
avizyme to broiler diets did not affect liver, weight and relative to weights. Qota et al. (2002) found that
phytase addition at 500 U/kg to broiler diets contained 10% linseed cake did not significantly affect liver
percentage. Attia et al. (2001) found that phytase supplementation at 700 U/Kg diet did not affect body
organs (liver eight and percentage) of broiler chicks fed low protein low-energy diet. EI-Kelawy et al.
(2012) found that the use enzymes supplementation (Avizyme) had no significant differences was shown
in spleen and bursa absolute and relative weight.On the other hand, the obtained results are in
disagreement with Viveros et al. (2002) who found that phytase reduce liver weight in broiler chickens.

There was significant (P<0.05) interaction effect between Optizyme and Phytase enzyme levels on
spleen weight, bursa weight and bursa percentage relative to BW. Birds in the groups (O1xP1) and
(02xP) had significant (P<0.05) the highest spleen weight (P<0.05) than other groups. However, birds in
the group (O1xP1) had significant (P<0.05) the highest bursa weight and bursa percentage than other
groups. The obtained results are consistent with Saleh et al., (2019) who found that dietary xylanase (Xyl)
and arabinofuranosidase (Abf) supplementation had beneficial impacts on immune response in broiler
chickens fed low-energy diets. Saleh et al. (2018) mentioned that the exogenous multienzyme complexes
may be included in the low-energy diet to enhance the performance of broiler chickens (Avi- zyme®
>Hemicell® >Megazyme®), improving the immunity of broiler chickens.( Seidavi et al. (2017) reported
that broilers treated with Probio enzyme (mixture of probiotic cultures and enzymes) showed a
satisfactory immune response compared with control. Improved immunity against New Castle virus
(Ghosh et al., 2016)

Sadeghi et al. (2015) reported that the dietary inclusion of a probiotic-enzyme mixture had no
significant effect on the immune parameters of chickens but improving the immune response in birds
when challenged with a pathogen. Exogenous enzymes can enhance broiler productivity and likely
immunity too, that may represent an alternative to the use of sub-therapeutic doses of antibiotics (Talebi
et al., 2008).

No significant effects due to interactions between optizyme and phytase on liver weight and liver and
spleen percentages.
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Table (3): Effect of treatments on liver, spleen and bursa of fabricius weight and percentages of
broiler chickens.

Treatments Liver Spleen Bursa

Wt. % Wi % Wi %
Optizyme levels (mg/kg)
0(0) 44.3+1 2.15+0.08 3.23+0.49  0.15%0.02 4.20+0.45  0.20+0.02
250 (O1) 46.4%2 2.20+0.07 3.58+0.30 0.17+#0.01 4.95+0.51  0.23%0.02
500 (02) 48.4+1 2.2620.07 3.46%0.37 0.1620.01 4.3620.42  0.200.01
Phytase levels (FTU/kg)
0(P) 45.1+1 2.174#0.05 3.25+0.32  0.15+0.01 4.64+0.34  0.22+0.01
1500 (P1) 45.1+1 2.17¢0.05 3.25+0.32  0.15+0.01 4.64%0.34  0.220.01
Interactions
OxP 42.0%2 2.09+0.06 2.56+0.54° 0.12+0.02 4.63+0.87%°® 0.23+0.04%
OxP1 46.5%2 2.20+0.16 3.90+0.70®® 0.18+0.03 3.76+0.28%° 0.17+0.01%
O1xP 45.5+3 2.20+0.10 3.00+0.28®° 0.14%0.01 4.20+0.51°® 0.20+0.01%
01xP1 47.3+3 2.21+0.13 4.16+0.18° 0.19%0.00 5.70+0.72° 0.26+0.02°
02xP 47.7+1 2.22+40.11 4.20+0.37° 0.19+0.02 5.10+0.40%® 0.26+0.01%
02xP1 49.1+2 2.30+0.12 3.73+0.12° 0.12+0.00 3.63+0.43® 0.17%0.01°

a-CMeans in the same columns with different superscript are significant different (P<0.05).

This work was executed to study the effect of supplementing multienzymes, optizyme and phytase
levels on broiler production index and some immune organs of broilers chickens during 1-35 days of age .

The enhanced in BWG as a result of multienzyme supplementation as mentioned in articles 1&2 may
be due to the increased nutrient availability and absorption as a result of increased digestibility of the
ingested diets, as suggested by Choct (2006), Attia et al. (2012), and El-Kelawy.(2012)

Adding exogenous enzymes that hydrolyze the NSP of vegetable ingredients in the diets for
monogastric enhances the energy availability and use of nutrients, and thus enhances feed conversion
ratio (Shirmohammad and Mehr, 2011). The increase in the release of nutrient due to enzyme
supplementation as phytase resulted in higher nutrient available for absorption, as demonstrated by the
increase in intestinal villi length, and thus for biochemical reaction in favor of anabolic reaction and
muscle buildup (Attia et al., 2012) and for immune function as well (Yang et al., 2010 and Attia et al.,
2017).

The numerically improved EPPI due to enzymes supplementation was concurred with greater villi
length for the group on 250 or 500 mg/kg optizymes multienzyme plus 1500 FTU/; g phytase
supplementation. However, the effect of multienzyme depends on diet composition and the type of
enzyme (Zanella et al., 1999). The addition of exogenous enzymes that hydrolyze the NSP of vegetable
ingredients in the feeds for monogastric enhances the availability of energy and use of nutrients and thus
enhances FCR (Shirmohammad and Mehr, 2011).

The use of multienzymes optizymes and phytase enhanced immune organs. This enhancement in
immunity could be attributed to redistribution of nutrients toward immunity, the availability of nutrients
increased for physiological response, immunity, and antioxidant utilization for eliminating free radical
resulting from both non-enzymatic and enzymatic reactions due to decreasing nutrient demands for
growth. In addition, phytase enzyme, which can improve nutrient availability by chickens, such as
protein, energy, and minerals (Choct et al., 2006). The absolute and relative weight of the spleen was
significantly different compared to the control group. The weights of the bursa of Fabricius were not
different (Seidavi et al., 2017).

In addition, Khaksar et al. (2012) found that the relative weight of immune organs (thymus, spleen,
and the bursa of Fabricius) was not influenced by enzyme supplementation.

These results suggest that it is possible to dilute nutrient profiles of broiler diets during the growing
and finishing phases without negative effect on EPEI and FCR while improving immune response as in
immune organs relative to body weight. These results agree with those reported by Abudabos (2012). The
present results indicate that enzymes supplementations improved the immunity of broiler chicks as
measured by organ changes. This was concurred with an increasing diameter of large follicle of the bursa
of Fabricius for the group supplemented with 250 or 500 mg/kg multienzymes. The increase in the
follicular diameter of the bursa of Fabricius indicates an increase in the number of B-lymphoblasts that
leads to the formulation of B-lymphocytes that internally form antibodies.

511



Metwally et al.

REFERENCES

Abudabos, M. A. (2012). Effect of enzyme supplementation to normal and low density broiler diets based
on corn-soybean meal. Asian. J. Anim. Vet. Adv., 7:139-148.

Al-Harthi, M. A., Y. A, Attia, A. S., EI-Shafey, and M. F. Elgandy (2020). Impact of phytase on
improving the utilisation of pelleted broiler diets containing olive by-products. Italian Journal of
Animal Science, 19(1), 310-318.

Al-Khalaifah, H.S. (2018). Benefits of probiotics and/or prebiotics for antibiotic-reduced poultry. Poult
Sci. 97:3807-15. doi: 10.3382/ps/pey 160.

Attia, Y.A., S. A.Abd EI-Rahman and E.M. A. Qota (2001). Effects of microbial phytase with or without
cell-wall splitting enzymes on the performance of broilers fed suboptimum levels of dietary protein
and metabolisable energy. Egypt. Poult. Sci. J. 21:521-547.

Attia, Y.A, H Al-Khalaifah, M.S. Ibrahim, A.E.A. Al-Hamid, M.A. Al-Harthi and A. EI-Naggar (2017).
Blood hematological and biochemical constituents, antioxidant enzymes, immunity and lymphoid
organs of broiler chicks supplemented with propolis, bee pollen and mannan oligosaccharides
continuously or intermittently. Poult. Sci., 96:4182-92. doi: 10.3382/ps/pex173.

Attia, Y.A, W.S. El-Tahawy, A.E.H.E. Abd EIl-Hamid, S.S. Hassan, Nizza A. and M.l. El-Kelaway
(2012). Effect of phytase with or without multienzyme supplementation on performance and nutrient
digestibility of young broiler chicks fed mash or crumble diets. Ital J Anim. Sci. (2012) 11: e56. doi:
10.4081/ijas.e56.

Attia, Y. A, M. A., Al-Harthi and A. S. El-Shafey (2020). Influence of Different Time and Frequency of
Multienzyme Application on the Efficiency of Broiler Chicken Rearing and Some Selected Metabolic
Indicators. Animals, 10(3), 450.

Choct, M. (2006). Enzymes for the feed industry: past, present and future.World’s Poult. Sci. J. 62:5-15.
Duncan, D. (1955). Multiple range and multiple "F" test. Biometrics 11:1- 42.

El-Kelawy M.I. (2012). Effect of feed form, pellet diameter and enzymes supplementation on productive
and physiological performance of broiler chicks (Ph.D. thesis), Faculty of Agriculture Damanhour
University, Damanhur, Egypt.

Ghosh, A., G. P.,Mandal, A.Roy and A. K. Patra (2016). Effects of supplementation of manganese with
or without phytase on growth performance, carcass traits, muscle and tibia composition, and immunity
in broiler chickens. Livestock Science, 191, 80-85.

Gupta, N.M.; J.S.Sasan; and A.D Singh (2014).Effect of oral feeding of multi-enzymes on growth
response of broiler chickens. Haryana Vet., 53, 156-157.

Ismail, F. S. A., Y. A Attia, F. A. M., Aggoor, E. M. A.Qota and E. A.,Shakmak (2006).Effect of energy
level, rice by products and enzyme additions on carcass yield, meat quality and plasma constituents of
Japanese quail. XIl European Poultry Conference, Verona 10-14 September 2006, Italy.

Khaksar V, A.Golian and H. Kermanshahi (2012). Immune response and ilealmicroflora in broilers fed
wheat-based diet with or without enzyme Endofeed W and supplementation of thyme essential oil or
probiotic PrimaLac®. Afr J Biotechnol. 11:14716-23. doi: 10.5897/AJB12.1237.

Liu N, JQ. Wang, KT. Gu, QQ. Deng, and JP. Wang (2017). Effects of dietary protein levels and
multienzyme supplementation on growth performance and markers of gut health of broilers fed a
miscellaneous  meal-based  diet. ~Anim Feed Sci  Technol. 234:110-7.  doi:
10.1016/j.anifeedsci.2017.09.013.

Marcu A, 1.Vacaru-Opris, G.Dumitrescu, L.Ciochina, A.Marcu and M,Nicula (2013). The Influence of
Genetics on Economic Efficiency of Broiler Chickens Growth Animal Science and Biotechnologies.
AnimSci Bio- technol.; 46:339-46.

512



Egyptian J. Nutrition and Feeds (2020)

Mohamed, M., A. El-Sherbiny, A.E. Hammouda, and H.M.A. Hassan (2005).Addition of phytase and
other enzyme preparation to low phosphorus-Low calcium broiler diets. Egypt. Poult. Sci., 25: 689-
702.

NRC (1994). Nutrient Requirements of Poultry.9th rev. ed. Natl. Acad. Press, Washington, DC, USA.

Qota, E. M. A., E A. Al-Ghamry, and G.M. El-Mallah (2002). Nutritive value of soaked linseed cake as
affected by phytase, Biogen supplementation or formulating diets based on available amino acid on
broiler performance. Egypt. Poult. Sci. 22:461-475.

Sadeghi AA, P Shawrang and S.Shakorzadeh (2015). Immune response of salmonella challenged broiler
chickens fed diets containing Gallipro®, a Bacillus subtilis probiotic. Probiotics and antimicrobial.
Proteins 7(1):24-30.

Saleh, A. A., H., Ali, M. A., Abdel-Latif, M. A., Emam, R.Ghanem and H. S. A.El-Hamid (2018).
Exogenous dietary enzyme formulations improve growth performance of broiler chickens fed a low-
energy diet targeting the intestinal nutrient transporter genes. PloS one, 13.(5)

Saleh, A. A, A. A, Kirrella, S. E., Abdo, M. M.,Mousa, N. A., Badwi, T. A. Ebeid and Mohamed M. A.
(2019). Effects of dietary xylanase and arabinofuranosidase combination on the growth performance,
lipid peroxidation, blood constituents, and immune response of broilers fed low-energy diets.
Animals, 9(7), 467.

Salem, Amina, A., Anwer, M.M. EL, Enaiat, M.Abo-Eita, and Namra, M.M.M., Eman (2008). Productive
and physiological performance of golden montazah male chickens as affected by feed restriction and
anizyme supplementation. Egypt Poult. Sci., 28:1137-1164.

SAS (2009). User’s Guide. Version, 9.2, 2002-2009, SAS institute Inc., Cary, NC, USA.

Seidavi A, M.Dadashbeiki, MH.Alimohammadi-Saraei, R.van den Hoven, R.Payan-Carreira, V.Laudadio,
and V. Tuffarelli (2017). Effects of dietary inclusion level of a mixture of probiotic cultures and
enzymes on broiler chicken's immunity response. Environ SciPollut Res, 24 (5): 4637-4644, DOI.
10.1007/s11356-016-8206-8.

Shirmohammad, F. and M.Mehri (2011).Effects of dietary supplementation of multi-enzyme complex on
the energy utilization in rooster and performance of broiler chicks. Afr. J. Biotechnol., 10: 7541-7547.

Talebi A, B Amirzadeh, B Mokhtari and H.Gahri (2008). Effects of a multi- strain probiotic (PrimaLac)
on performance and antibody responses to Newcastle disease virus and infectious bursal disease virus
vac- cination in broiler chickens. Avian Pathology 37(5):509-512.

Viveros, A., A.Brenes, l.Arija, and C. Centano (2002).Effect of microbial phytase supplementation on
mineral utilization and serum enzyme activities. In broiler chicks fed different levels of phosphorus
Poult. Sci.,81:1172-1183.

Yang X, B. Zhang, Y. Guo, P. Jiao and F. Long (2010). Effects of dietary lipids and Clostridium
butyricum on fat deposition and meat quality of broiler chickens. Poult Sci. 89:254-60. doi:
10.3382/ps.2009-00234.

Zanella I, N. Sakomura, F. Silversides, A. Fiqueirdo and M. Pack (1999). Effect of enzyme
supplementation of broiler diets based on corn and soybeans. Poult Sci. 78:561-8. doi:
10.1093/ps/78.4.561.

513



Metwally et al.

oS Bl aalll zlas elal Jare o Lagin JAlaill g il g an 55 oY) ey 31 (e Adlida cily gina
Carg oY) aalll zlad sdise ¢ (ousY) ZUNY) BslS Jalea | 31 Ligall (g as/Bd) dlyle
el slaed

4mmiuﬂu\£333ﬁi M\wﬂ&;mw‘,me@j‘lwmyﬁjw‘lmiuijh.uu

s b gu] — bguf drala — o) il LS - Gl gtl) Z UL a1

s - o 3l e gin drals - Ao i) LS - ] gl g UTY) a2

o - gl Bl - Longa) 133 Ao 31 2L~ pinlal 5 il g Y]
R A s F NN ot Y

(e JS B :)j,-.‘L 10) )Se 3 Lgie JS COlalaa 6 (A H sdie S ey sialsa s sae |R Gpans C—9535‘180 pladdiu) 8
Jna) a3 sY) aneiall il 3Y) (pe il sse B lia IS G (2 % 3) Glele apaal aladind o3 auld 5 Lghae &y a3 b
sina il an g Yl @l gl (aaS Adsasan 1500 5 sda) Dl a3l Ge Glsiua s (paS/alaalle 500 5 250
el o yd3ae i & (EBI) essY) aslll zlas 5505 ¢ (EPEF) (Y Y 5068 dalra (30 JS e clalrall
sl W1 Sl G A5 3am 5 1500 () ALaYl a5 V) 00 paS/alsaille 250 e Lgiins ot 1 palall d Ja sale JS
il g calay 3V da glda (e JS e slizall | galall Cile gana (8 L sina chla ) Lu sl 322 5 JadallS dpe i)

s siar Sl s 3l G ALSYL xS/l aalle 500 5l 250 (s sive i sl S s¥) ey 3V Laglia o) el (g i
Oansill CSUST Ao i) Al e (5 sine Guand ) (53] aaS /Al 53338 5 1500

514



