Egypt. Poult. Sci. Vol (28) (111): (815-832)

EFFECT OF DIETARY METABOLIZABLE ENERGY

AND MICROBIAL PHYTASE LEVELS ON BROILER

PERFORMANCE, NUTRIENTS DIGESTIBILITY AND
MINERALS UTILIZATION

by
Abdallah A. Ghazalah” and Mohmed A. Alsaady™
*Anim. Prod. Dept. , Fac. Agric. , Cairo University, Egypt.
** Anim. Prod. Dept., Fac. Agric. , University of Damascus. Syria.

Received: 3/8/2008 Accepted: 18/8/2008

ABSTRACT: An experiment designed in a 2 x 4 factorial arrangement was
conducted to study the effect of using different levels of metabolizable
energy ( 3100 and 2900 kcal/kg starter diets and 3200 and 3000 kcal/kg
grower diets) , along with different levels of phytase (0, 500, 750 and 1000
FTU/kg diet ) in broiler diets on their growth performance , nutrients
digestibility, minerals utilization and economical efficiency . Diets were
formulated to be isonitrogenous , being contain 21% and 18% CP during
starter and grower periods, respectively . A total number of 240 one-day
old Arbor Acres broiler chicks were randomly and equally divided into 8
groups , each in three replicates . The experimental birds were reared under
similar managerial and veterinarial conditions and offered feed and water
ad libitum up to 42 days of age . At this age , a digestion trial was carried
out to study the effect of dietary treatments on nutrients digestibility , blood
constituents and tibia analysis

The obtained data showed that the group of chicks fed high ME diets
supplemented with 750 or 1000 FTU/kg recorded heavier live body weight
(LBW) and body weight gain (BWG) values than those fed the
corresponding low ME diets. However, phytase addition at 750 or 1000
FTU/kg gave similar LBW and BWG values and were higher ( P<0.05) than
the control group . Although, the dietary ME combined with phytase
additions did not significantly affect the amount of feed intake , however, the
group of chicks fed high energy level supplemented with 750 FTU/kg of
phytase recorded ( P<0.05) the best feed conversion while those fed the
phytase — free low energy diets had recorded the worst value . The
interaction between dietary energy level and phytase supplementation
significantly affected both ether extract and crude fiber digestibility . In
addition, such interaction significantly affected tibia weight and its calcium
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content , while tends to decrease ( P>0.05) the activity of alkaline phytase of
plasma. As a result to the former findings, the group of chicks fed the high
energy diets supplemented with phytase at 750 FTU/kg recorded the lowest
feed cost needed to obtain one kilogram of body weight gain compared to
the control. Therefore, from the economical and nutritional points of view,
it is concluded that phytase addition at 750 FTU/kg to adequate energy
diets is more valuable and economical .

INTRODUCTION

Most of poultry feed ingredients are from plant origin which
contains some components that are hardly digested by monogasterics
because of the lack of endogenous enzyme secretions . These compounds
also decrease the utilization of other dietary nutrients , leading to depress
performance . Phytic acid is one of these compounds that may cause various
problems due to its mostly presence in cereals , oil seeds and their by-
products ( Cromwell et al., 1993). Therefore, it is well documented that
microbial phytase supplementation enhances phytate hydrolysis and
increases the availability of nutrients bound to the phytic molecule (
Sebastian et al ., 1997) . As a result , phytase addition to broiler diets can
improve body weight and feeutilization

(Waldroup et al., 2000 ; Desouky, 2001 ; Lan et al., 2002 ; Wu et al., 2003
; Abd El-Hakim and Abd Elsamee,2004 ; EI-Ghamry et al., 2005 and
Ghazalah et al., 2006).

It is well known that poultry tend to eat to satisfy their energy needs,
because energy is necessary for providing the body with heat needed for
maintenance and doing many physiological functions ( Attia et al., 2001 ;
Shaapan, 2004 and Ramadan, 2005). Studies reported that energy utilization
could be improved by phytase addition into broiler diets, that may be
attributed to liberation of calcium ions necessary for ce¢ — amylase activity
which is involved in starch digestion ( Ravindran et al., 1999 ; Kies et al.,
2001 ; Attia, 2003a,b ). It has been postulated also that calcium phytate may
increase the formation of metallic soaps in the gut lumen , with a
corresponding reduction in the utilization of energy from saturated fats(
Ravindran at al., 2000) .

Due to this confliction and bearing in mind the economic aspects, this
study aimed to study the interaction effect of dietary energy and phytase
levels in view of broiler performance , nutrients digestibility , blood and
tibia analysis .
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MATERIALS AND METHODS

This experiment was conducted to study the effect of using two energy
levels being high

( HME) and low (LME) , each with four levels of microbial phytase in 2 x 4
factorial arrangement on growth , feed utilization , nutrients digestibility ,
tibia analysis and economical efficiency of broiler chicks. Energy levels
applied were 3100 and 2900 kcal ME/kg during starter ( 0 — 3 wks ) and
3200 and 3000 kcal ME/kg during grower (4 — 6 wks) periods representing
high and low energy levels , respectively. Phytase levels supplemented to
each energy level were 0 , 500 , 750 and 1000 FTU/kg . Diets were
formulated to contain 21 and 18 % crude protein for the starter and grower
periods , respectively, being less than the strain recommendation in order to
benefit from phytase addition . The composition and calculated analysis of
the experimental diets ( without phtase supplementation )are presented in
Table (1) . Accordingly , a total number of 240 one-day old Arbor Acres
broiler chicks were randomly and equally divided into 8 groups , each in
three replicates . The experimental birds were reared under similar
managerial and veterinarial conditions and offered feed and water ad libitum
up to 42 days of age . At this age , a digestion trial was carried out to study
the effect of dietary treatments on nutrients digestibility , blood constituents
and tibia analysis . The criteria of growth performance in terms of live body
weight (LBW) and feed intake (FI) were recorded per period in order to
calculate body weight gain (BWG) and feed conversion (FC). Digestibilty
of nutrients were carried out using individual three birds from each
treatment in which feed intake and excreta voided were recorded along 3
days collection period . The collected excreta were sprayed by 2% boric
acid solution to prevent any loss in ammonia, then dried in an oven at 60 °C
for 24 hours, thenafter weighed, finely ground and kept for chemical
analysis according to AOAC (1990) methods. Fecal nitrogen was
determined in dried excreta according to the method of Jakobsen et al.
(1960). At the end of the experiment, four birds from each treatment were
randomly taken , fasted for about 12 hours and slaughtered . Blood samples
were taken from the slaughtered birds and plasma was separated by
centrifugation at 3000 r.p.m/15 minutes and assigned for subsequent
determination of calcium , phosphorus and alkaline phosphatase activity
using Sigma procedures No. 586, 360-UV and 104, respectively, Sigma
Diagnostics, St. Louis, Mo., USA. The left tibia was also removed, cleaned
from all adhering tissues, fat extracted, dried , weighed and then ashed for
determination of calcium ( Lehman and Henry, 1984 ) and phosphorus
(Tietz, 1986 ). Finally, the experimental treatments were economically
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evaluated based upon the price of local market at the year 2008 , in terms of
the feed cost needed to obtain one kilogram of live body weight gain as
described by Ghazalah et al. (2005).

The obtained data were subjected to analysis of variance using the general
model of SAS software (SAS,1990) and treatment means were compared
using Duncan’s new multiple range test (Duncan,1955).

RESULTS AND DISCUSSION
Growth performance :

Data presented in Table ( 2 ) indicate the main effects of either dietary
energy level or phytase supplementation on growth performance of broilers.
At 6 weeks of age, the results cleared that chicks fed HME diets recorded
significantly ( P<0.05 ) higher live body weight ( LBW ) and body weight
gain values than those fed LME diets . Although, no significant differences
were found in feed intake ( FI ) between chicks fed HME and those given
LME diets , however, the former had recorded significantly ( P<0.01) better
feed conversion ( FC ) than the other group which fed LME diets.
Regarding the phytase level, no significant differences were detected in all
previous parameters within treatments ( Table 2 ) . Data of the chicken
growth performance in terms of LBW, BWG, FI and FC as affected by the
interaction between dietary energy level and phytase supplementation are
presented in Table ( 3 ). The initial LBW for all treatments was nearly
similar ( about 49 g ) which may create a suitable condition to appraise the
effect of dietary treatments during the subsequent period. However, at 42
days of age, significant differences ( P<0.05 ) had been observed with
regard to LBW and BWG values among treatments. Moreover,
supplementing broiler diets with microbial phytase either at 750 or 1000
FTU/kg surpassed those groups which fed diets supplemented with
microbial phytase at 500 FTU/kg or without phytase supplementation . At 6
weeks of age, the addition of microbial phytase to the HME diets at 500,
750 and 1000 FTU/Kkg increased LBW by 2.05, 6.35 and 7.77% and BWG
by 2.20, 6.51 and 8.02%, respectively, compared to their corresponding
control diet without phytase supplementation. While with LME diets, the
improve in LBW and BWG at 6 weeks of age amounted to 2.85, 7.83 and
7.26% for LBW and 2.98, 8.09 and 7.5 % for BWG , respectively compared
to the control diet .These findings declared the adequacy of phytase addition
to broiler diets up to 750 FTU/kg diet.

As was evidenced in Table ( 3 ), the
interaction between dietary energy and phytase levels did not significantly
affect the amount of feed intake, however, the group of chicks fed the HME
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diets supplemented with 750 FTU/kg recorded ( P<0.01) the best feed
conversion ( 1.91 ). In addition, no significant differences in feed
conversion values were detected when phytase was supplemented at 1000
FTU/kg either to HME or LME diets , compared to the corresponding
control diets, confirming the adequacy of 750 FTU/kg to be used in broiler
diets. On the other hand, the worst feed conversion value was obtained by
the group of chicks fed the LME diets without phytase supplementation,
being 2.1 . In this connection, Johnston and Southern (2000) reported that
phytase supplementation into broiler diets did not affect their feed
consumption, while improved feed/ gain ratio. Attia et al., (2001) found that
phytase addition to high energy diets of broilers resulted in the best feed
conversion value. Such improvement in feed conversion of corn-soybean
meal based diets may be attributed to an increase in absorbed phosphorus
(Desouky, 2001; Lan et al., 2002), release of other minerals affecting feed
utilization( EI —Deeb et al., 2000) and to the increase in nutrients
digestibility( Camden,2001) .

It is worthy to note that no mortality due to any of the experimental
treatments were observed during the all period of feeding . Therefore, all the
experimental chicks were in a good health recording 100% viability.

Nutrients digestibility :

Data of nutrients digestibility of the experimental diets as affected by the
interaction between dietary energy and phytase levels are presented in Table
(4). It is worthy to note the values of dry matter ratio ( dry matter excreta /
dry matter fed ) were nearly similar and ranged between 0.21 and 0.24
indicating the similarity in feeding value among the dietary treatments. The
interaction effect appeared significantly only on ether extract (EE) and crude
fiber (CF) digestibility. In this respect, Attia et al., (2001) observed a
significant improvement in CF digestibility with phytase addition to broiler
diets, which was explained by most of phytic acid located within cell walls.
Moreover, the positive effect on EE digestibility was in agreement with the
findings of Kies and Van Hermert (2000); Attia et al., (2001); Lan et al.,
(2002) and Shirely and Edwards (2003) who stated that phytase may prevent
the formation of insoluble metallic soaps in the gastrointestinal tract, which
may improve lipid utilization of the diets. On the other hand, no significant
effects were observed among dietary treatments regarding crude protein
(CP), nitrogen free extract (NFE) and organic matter (OM) digestibility.
This could be explained based upon the experimental diets which were
isonitrogenous and their contents of all the nutrients were similar either at
starter or grower periods, respectively.
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Blood and Tibia analysis :

The effect of dietary energy and phytase levels on plasma content of
calcium , phosphorus and alkaline phosphatase activity at 6 weeks of age are
shown in Table( 5 ). Results of plasma calcium and phosphorus content
were nearly similar with no significant differences within all the treatments.
However, it seems from the data obtained that whatever the dietary energy
level (HME or LME) , phytase supplementation tend to decrease
significantly the activity of alkaline phosphatase . This can be explained by
increasing homeostatic balance between phosphorus and calcium by
increasing the absorbed phosphorus in order to elevate plasma phosphorus
content , which lead to decrease the activity of alkaline phosphatase in
blood. These results are in agreement with the findings of Huff et al., (1998)
who reported that the decreasing in plasma alkaline phosphatase activity
associated with the diets supplemented with microbial phytase might reflect
the down regulation of this enzyme resulting from the increasing availability
of phosphorus. Similarly, Lan et al., (2002) showed that there was no
significant effect of using phytase on the average values of plasma calcium ,
while such addition of phytase may lower the alkaline phosphatase activity.

The effect of interaction between dietary ME and phytase levels on
tibia analysis are shown also in Table( 5 ). The obtained data nearly
indicated similar values of tibia ash and phosphorus content of tibia among
all the dietary treatments. In this respect, Ahmed et al., (2000); Lan et al.,
(2002) and EI-Medany and EI-Afifi (2002) found that phytase
supplementation to broiler diets had no effect on tibia ash percent. However,
the results showed that when microbial phytase had been added at 750
FTU/kg either to HME or LME broiler diets, both tibia weight and calcium
content were significantly increased . This confirmed the effective role of
phytase in releasing calcium from phytate complex. In this connection,
Viveros et al., (2002); Shirley and Edwards (2003); Augspurger and Baker
(2004) and Onyango et al.,(2004) reported that phytase addition to broiler
diets revealed significant increase in tibia ash and minerals content
compared to those unsupplemented.

Economical Efficiency :

It is worthy to note that the experimental diets were adjusted to be
similar in all nutrients except the ME level. According to guide lines of
economical evaluation, the production costs include chicks price, feed cost,
medicine and medical care, body weight gain, labor cost, fuel, electricity,
depreciation cost for equipments and other miscellaneous items. However,
in this study, all the formentioned items are similar per chicl within the
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different treatments except for the feed cost and the final live body weight
that had been affected either positively or negatively by treatments.
Therefore, the economical efficiency of the present study could be
calculated based mainly upon the total feeding cost and gain in live body
weight. Results of the economical evaluation as affected by the dietary
treatments are illustrated in Table ( 6 ). The group of chicks fed the HME
diet supplemented with 750 FTU/kg (T3) recorded the lowest feed cost
needed to obtain one kg of BWG( 4.497 L.E ), while those fed the LME diet
without phytase supplementation (Ts) had gave the worst value( 4.912 L.E).
Compared to the control group of each energy set, the relative economical
value of T3 (HME + 750FTU/Kkg) surpassed the other treatments having the
HME set. While, the group of chicks of T; (LME +750FTU/kg) and Tg (
LME + 1000FTU/kg) surpassed the other treatments of LME set. However,
assuming T, (HME phytase free) is a general control, the best economical
value had been obtained by T3 (HME + 750 FTU/kg) which is better by
4.0% than the control. However, the all other treatments except T4 (HME
+1000 FTU) gave economically lower values than the control. This means
that feeding chicks HME diets with added microbial phytase at 750FTU/kg
iIs more successful in view of growth , feed utilization and economical
evaluation of broiler chicks.
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Table (1) : Composition and calculated analysis of the experimental diets

Ingredients (%)

Starter (0 — 3 weeks)

Grower (4 —6 weeks)

Yellow corn 61.66 60.34 68.15 69.09
Soybean meal 44% 24.16 23.00 18.95 24.30
Corn gluten meal 60% 7.80 7.85 5.84 2.00
Vegetable oil 2.01 0.05 2.89 0.59
Wheat bran 0.50 4.90 0.50 0.50
Dicalcium phosphate 1.75 1.75 1.65 1.61
Limestone 1.15 1.13 1.10 1.09
Vit. & Min. mixture’ 0.30 0.30 0.30 0.30
NaCl 0.35 0.35 0.35 0.35
DL- methionine 0.12 0.12 0.09 0.12
L-lysine HCI 0.20 0.21 0.18 0.05
Total 100 100 100 100

Calculated analysis® :

ME kcal / kg 3100 2900 3200 3000
CP % 21.02 21.12 18.00 18.02
Ca % 0.90 0.90 0.85 0.85
Av. Phos % 0.45 0.45 0.42 0.42

Meth. % 0.49 0.49 0.41 0.42

Meth. + Cyst. % 0.86 0.86 0.74 0.74
Lys. % 1.06 1.06 0.90 0.90

(1) Supplied per kg of diet : Vit.A, 12000 IU; Vit.D; 22001U; Vit.E, 10mg; Vit.K, 2mg; Vit.B;, 1mg;
Vit.B,, 5mg; Vit.Bg, 1.5mg; Vit.B,, 10ug; Nicotinic acid, 30mg; Folic acid, 1mg; Pantothenic acid,
10mg; Biotin, 50pg; Choline chloride, 250mg; Copper, 10mg; Iron, 30mg; Manganese, 60mg; Zinc,
50mg; lodine, 1mg; Selenium, 0.1mg and Cobalt, 0.1mg.

(2) According to NRC (1994).

Table (2) : Main effects of dietary energy and phytase supplementation
on live body weight (LBW ) , body weight gain (BWG ) , feed

intake ( F1 ) and feed conversion ( FC) of broilers.

Item Age Energy level Sig. Phytase level ( FTU/KQg) Sig.
(wk) | HME | LME 0.0 500 750 | 1000

LBW 6 2129° | 2016" * 1988 | 2037 | 2129 | 2138 | NS

BWG | 0-6 | 2079* | 1966 * 1938 | 1987 | 2079 | 2088 | NS

Fl 0-6 4069 | 4056 | NS | 3944 | 4045 | 4106 | 4157 | NS

FC 0-6 1.96° | 2.07° | ** 204 | 204 | 198 | 1.99 | NS

d...b Means within row with different superscripts are significantly different .

* = significant ( P<0.05)

** = significant ( P<0.01)
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Table (3): Effect of ME x phytase interaction on live body weight (LBW), body weight gain

(BWG), feed intake (FI) and feed conversion (FC,feed /gain) of broilers.

Tr. ME Phytase LBW, g LBW , g BWG ,g FI ,g FC
No. | Kcal/kg | FTU/kg at day old at 6 weeks 0 - 6 weeks 0 — 6 weeks 0-6
weeks
T, | HME zero 49.4 +0.03 2046° +34.3 1996° + 34.4 3942 + 45.6 1.97% +0.01
T, | HME 500 48.8+0.21 2088% + 26.1 2040% + 26.3 4030 + 66.6 1.97% +0.01
T, | HME 750 49.3 +0.03 2176% +80.1 2126% + 80.1 4068 + 83.2 1.91%+0.03
T, | HME 1000 49.3 +0.20 2205% +61.1 2156% + 61.3 4236 + 113.7 | 1.96% +0.01
T: | LME zero 49.5 + 0.05 1929° +66.1 1879° + 66.1 3944+ 95.8 | 2.10°+0.02
T, | LME 500 49.2 +0.21 1984™ + 41.4 1935 +41.3 4059 + 79.6 2.09°+ 0.02
T, | LME 750 49.1 +0.20 2080% + 95.3 2031% + 95.3 4143+ 1156 | 2.04™+0.06
Ts | LME 1000 49.3+0.06 2069% + 46.7 2020% + 46.6 4078 + 51.7 | 2.02%°+0.05
Sign. NS * * NS *%

a ....c : Means within the same column with different superscripts are significantly different ,
* =significant (P <0.05)

** = significant (P <0.01)

NS = not significant
LME : Low metabolizable energy .

HME : High metabolizable energy
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Table (4):Effect of ME x phytase interaction on nutrients digestibility of the experimental diets.

Treat ME Phytase Digestibility of nutrients (%)

T, HME zero 0.23 73.37 89.67° 18.33° 89.33 83.33
T, HME 500 0.21 71.15 90.33% 19.33%¢ 89.33 82.67
T, HME 750 0.24 74.33 89.67° 26.33% 87.67 82.00
T, HME 1000 0.21 69.87 89.00%° 18.33" 88.33 81.67
Ts LME zero 0.23 67.49 82.67° 25.00%° 88.33 80.67
Ts LME 500 0.21 69.85 83.33° 27.67%° 89.00 82.00
T, LME 750 0.22 72.92 81.33° 29.33% 89.33 83.00
Ts LME 1000 0.21 72.17 85.33> 25.00%° 90.33 83.00
Sign. NS NS * * NS NS
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a ....c : Means in the same column with different superscripts are significantly different ,
NS = not significant * = significant ( P <0.05)

HME : High metabolizable energy

LME : Low metabolizable energy

DMR : Dry matter ratio CP  : Crude protein EE
CF  : Crude fiber NFE : Nitrogen free extract OM

: Ether extract
: Organic matter
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Table (5):Effect of ME x phytase interaction on plasma constituents and tibia analysis of the
experimental broilers .

Treat ME Phytase Plasma constituents Tibia analysis
No. Kceallkg | FTU/kg Ca P AlK. Phos. Ash (%) | Ca(%)
(mg/100ml) | (mg/100ml) (U/L) Weight (g)

T, HME zZero 12.69 16.00 3.87° 8.83" 42.19 39.97°
T, HME 500 13.43 16.99 3.31% 8.897"° 43.35 40.16™
T, HME 750 13.10 16.52 2.72° 9.12° 44.01 41.97°
T, HME 1000 11.23 15.37 2.73° 9.13? 44.02 41.74°
Ts LME zero 13.95 14.84 4.09° 8.72° 41.74 39.77°
Te LME 500 13.66 16.05 3.01° 8.84"° 42.69 41.14%®
T, LME 750 12.44 15.58 2.84" 9.04% 43,57 42.09°
Ts LME 1000 13.30 14.95 2.72° 9.01%° 43.60 41.77°

Sign. NS NS * * NS *

a ....c : Means in the same column with different superscripts are significantly different,
* = significant ( P < 0.05)
HME : High metabolizable energy
LME : Low metabolizable energy

NS = not significant

Ca

: Calcium

P : Phosphorus

AlK. Phos. : Alkaline Phosphatase
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Table (6) :Economical evaluation of the experimental treatments (ME x phytase interaction) .

Treat ME Phytase FI/bird Feed cost | BWG/bird | Feed cost/ Relative feed cost / kg
No. Kcallkg | FTU/kg | Kg/6wks | L.E/bird | Kg/6wks | KgBWG BWG
T HME Zero 3.942 9.35 1.996 4.680 100% 100%
T, HME 500 4.030 9.62 2.040 4.720 100.8 100.8
Ts HME 750 4.068 9.56 2.126 4.497 96.0 96.0
Ty HME 1000 4.236 9.89 2.156 4.587 98.0 98.0
Ts LME Zero 3.944 9.23 1.879 4,912 100° 104.9
Ts LME 500 4.059 9.40 1.935 4.858 98.9 103.8
T LME 750 4.143 9.56 2.031 4.707 95.8 100.6
Ts LME 1000 4.078 9.48 2.020 4.693 95.5 100.3

HME : High metabolizable energy

LME : Low metabolizable energy

FI  : Feed intake

BWG: Body weight gain

a  :Assuming that T; is the control of HME set experimental diets

b : Assuming that Tsis the control of LME set experimental diets

aa : Considering Tj as a general control for all the experimental diets

826



Metabolizable Energy , Phytase , Broiler , Growth , Feed Utilization , Tibia .

REFERENCES

Abd El-Hakim, A. S. and M. O. Abd El-Samee (2004). Effect of feeding
systems and phytase supplementation on the performance of broiler
chicks during summer season. World's Poultry Congress, 8 — 13
June, Istanbull, Turkey.

Ahmed, T. S.; M. Rasool; M. Sarwar; U. Ahson and Z. U. Hasan(2000).
Effect of microbial phytase produced from a fungus Aspergillus
niger on bioavailability of phosphorus and calcium in broiler
chickens. Anim. Feed Sci. Tech., 83 : 103 —114.

Association of Official Analytical Chemists (1990), A. O. A. C. Official
Methods of Analysis, 15" ed. Published by the A.0.A.C.,
Washington, D.C.

Attia, Y. A. (2003a). Responses of growth performance, carcass
characteristics, meat quality and plasma constituents of male
Campbell ducks to dietary levels of methionine and phytase and
their interactions. Egypt. Poult. Sci. J., 23 (I11) : 557 — 580.

Attia, Y. A. (2003b). Performance, carcass characteristics, meat quality
and plasma constituents of meat type ducks fed diets containing
different levels of lysine with or without a microbial phytase. Arch.
Anim. Nutr.,57 : 39 —48.

Attia, Y. A.; S. A. Abd ElI-Rahman and E. M. Qota (2001). Effects of
microbial phytase without or with cell- wall splitting enzymes on
the performance of broiler fed marginal levels of dietary protein
and metabolizable energy. Egypt.Poult. Sci. J., 21( I1): 521 547.

Augspurger, N. R. and D. H. Baker (2004). High dietary phytase levels
maximize phytate-phosphorus utilization but not affect protein
utilization in chicks fed phosphorus or amino acid- deficient diets.
J. Anim. Sci., 82: 1100 — 1107.c

Camden, B. J. (2001). Effectiveness of exogenous microbial phytase in
improving the bioavailability of phosphorus and other nutrients in
maize- soybean meal diets for broilers. J. Anim. Sci., 79: 289 —
297.

Cromwell, G. L.; T. S. Stahly; R. D. Coffey; H. J. Monegue and J. H.
Rondolph (1993). Efficacy of phytase in improving the
bioavailability of phoephorus in soybean meal and corn-soybean
meal diets for pigs. J. Anim. Sci., 71 : 1831 — 1840.

827



Abdallah A. Ghazalah and Mohmed A. Alsaady

Desouky, Zeinab, M. A. (2001). Effect of supplemental microbial phytase
on productive performance of broiler chickens. Ph. D Thesis,
Faculty of Agric. Ain Shams Univ., Egypt.

Duncan, D. B. (1955). Multiple Ranges and Multiple F- Tests. Biometrics,
11:1-42.

El-Deeb, Mariam, A. ; H. Sharara and M. N. Makled (2000). Enhance
calcium and Phosphorus utilization by enzyme phytase
supplemented to broiler diet containing rice bran. Egypt. Poult.
Sci. J., 20: 546 — 566.

El-Ghamry, A. A.; M. A. Al-Harthi and Y.A. Attia (2005). Possibility to
improve rice polishing utilization in broiler diets by enzymes or
dietary formulation based on digestible amino acids. Archiv. Fur
Gelfugelkunde, 69: 49 — 56.

El-Medany, N. M. and S. F. EI-Afifi (2002). The effect of microbial
phytase on utilization of protein and phosphorus in broiler rations.
Egypt. Poult. Sci. J., 22: 427 — 443.

Ghazalah, A. A.; A. H. Abd El-Gawad; M. S. Soliman and Amany W.
Youssef (2005). Effect of enzyme preparation on performance of
broilers fed corn-soybean meal based diets. Egypt. Poult. Sci. J.,
25: 295 — 316.

Ghazalah, A. A.; M. O. Abd-Elsamee; M. A. ElI-Manyalawi and Eman
S. Moustafa (2006). Response of broiler chicks to microbial
phytase supplementation in diets differ in available phosphorus
sources and levels. Egypt. Poult. Sci. J., 26: 1321 — 1341.

Huff, W. E.; P. A. Moore,Jr.;G. R. Huff; J. M. Balog; N. C. Rath; P. W.
Waldroup; A. L. Waldroup; T. C. Daniel and V. Raboy (1998).
Reducing inorganic phosphorus in broiler diets with high
available-P-corn and phytase without affecting broiler
performance or health. Poult. Sci., 77: 1899 — 1904.

Jakobsen, P. E.; S. G. Kirston and H. Nelson (1960). Digestibility trials
with poultry. 322 bertning fraforsgs laboratoriet, udgivet of stants.
Husdyrbugsud valy-Kabenhaven.

Johnston, S. L. and L. L. Southern (2000). The effect of varying mix
uniformty (simulated) of phytase on growth performance, mineral
retention and bone mineralization in chicks. Poult. Sci., 79: 1485 —
1490.

828



Metabolizable Energy , Phytase , Broiler , Growth , Feed Utilization , Tibia .

Kies, A. K. and K. H. F.Van Hemert (2000). Phytase: a remarkable
enzyme, in: selected topicsin animal nutrition, biochemistry and
physiology. Reviews presented at the symposium on the occasion of
the retirement of Dr. R. R. Marquardt, W. C. Sauer and J. He.
EDS., PP. 119 — 136 Winnipeg, Edmonton, Canada.

Kies, A. K.; K. H. F. Van Hemert and W. C. Sauer (2001). Effect of
phytase on protein and amino acid digestibility and energy
utilization. World's Poult. Sci., 57: 109 — 125.

Lan, G. Q.; N. Abdallah; S. Jalaludin and Y. W. Ho (2002). Efficacy of
supplementation of phytase producing bacterial culture on the
performance and nutrient use of broiler chickens fed corn soybean
meal diets. Poult. Sci., 81: 1522 — 1532.

Lehman, H. P. and J. P. Henry (1984). Calcium determination. In clinical
diagnosis and management by laboratory methods. 17" ed. J. P.
Henry, Edsaunders, Philadelphia, PP.1431 — 1438.

National Research Council , NRC (1994). Nutrient Requirements of
Poultry. 9" Rev. ed. National Academy Press, Washington, DC.

Onyango, E. M. ; M. R. Bedford and O. Adeola ( 2004 ). The yeast
production system in which Echerichia coli phytase is expressed
may affect growth performance, bone ash and nutrient use in
broiler chicks. Poultry Sci., 83 : 421 — 427 .

Ramadan, Nehad A. (2005). Broiler performance as affected by dietary
energy source and level. Ph.D Thesis, Fac. Agric., Cairo Univ..

Egypt.
Ravindran, V.; S. Cabahug; G. Ravindran and W. L. Bryden (1999).

Influence of microbial phytase on apparent ileal amino acid
digestibility of feedstuffs for broilers. Poult. Sci., 78: 699 — 706.

Ravindran, V.; S. Cabahug; P. H. Selle and W. L. Bryden (2000).
Response of broiler chickens to microbial phytase supplementation
as influenced by dietary phytic acid and non- phytate phosphorus
levels. Il. Effects on apparent metabolizable energy, nutrient
digestibility and nutrient retention. Br. Poult. Sci., 41: 266 — 274.

SAS, Institute (1990). SAS/STAT Users guide: Statistics, 8eds. SAS
Institute INC., Cary NC., USA.

Sebastian, S,; S. P. Touchburn; E. R. Chavez and P. C. Lague (1997).
Apparent digestibility of protein and amino acids in broiler

829



Abdallah A. Ghazalah and Mohmed A. Alsaady

chickens fed a corn-soybean meal diets supplemented with
microbial phytase. Poult. Sci., 76: 1760 — 1769.

Shaapan, M. H. M. (2004). Response of broiler performance to dietary
microbial phytase, energy levels, amino acids and phosphorus
sources. Ph.D Thesis, Fac. Agric., Cairo Univ., Egypt.

Shirley, R. B. and H. M. Edwards,Jr. (2003). Graded levels of phytase
past industry standards improves broiler performance. Poult. Sci.,
82: 671 - 680.

Tietz, N. W. (1986). Textbook of Clinical Chemistry. N. B. Saunder Co.,
London, Philadelphia, 18.1.

Viveros, V.; A. Bernes; I. 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.

Waldroup, P. W.; J. H. Kersey; E. A. Saleh; C. A. Fritts; F. Yatf; H. L.
Stilborri; J. R. Crum and V. Raboy(2000). Non-phytate
phosphorus requirement and phosphorus excretion of broiler
chicks fed diets composed of normal or high available phosphate-
corn with or without microbial phytase. Poult. Sci., 79: 1451 —
1459,

Wu, Y. B.; V. Ravindran and W. H. Hendriks (2003). Effect of microbial
phytase produced by solid-state fermentation, on the performance
and nutrient utilization of broilers fed maize and wheat based diets.
Br. Poult Sci., 44: 710 — 718.

830



Metabolizable Energy , Phytase , Broiler , Growth , Feed Utilization , Tibia .

) padld
95l il a3 g Aliaal) ABUaY (pe Adlide il ghene aladii) uils
A3 Gl yal) adan cDlalaa g aall) zlaal ALY o)) o
diamall pualiad) e Baldiu) g
Tt gaf deaa— T4 R e atlae

raa— 5 Al daaly — Ao 30 Ads — ) gaad) L) anid®

L — (Biad daala — 42,30 408 — ) guad) ZAY) anid *
Alieal Z8Ual (pe Aalise O gine pladiiad 3 A 0l 4 X 2 iliaa) avealy 4 ey el
sxS [ 5,088 3000 ¢ 3200 ) (ol BDle (e aaS [ 5,518 2900 ¢ 3100 )
¢ A1) LS yal) aan CBebes ¢ Al ) e (Adde aaS [ a3 s 5 1000
Cumy Ayl GDe i oL aalll CuSUST Apaboaiy) 56Ul 5 Apianall ualiall (e 3aliiY)
(gl 3= o sec ) ool ila ye alal gl 00 %18 « %21 e s sias
e 8ol Gl g ADL cilalia) (e DB B 8y as gl e (¢ sl 6= 4 ) Wil
Crad agy yee S0y D8 240 sae el b aaasad L Gl a5 ddl)
Cigoh i it CuSESH Ll e 3 Leie IS el 8 ) (s sl Ll s
Cuoal Al Al (B e 42 sae Sn5on b g el sl ani ge dle )
any s ARl LS ) aan D lae e 8380 cDelaall Ll A ) aias 4 jas
Clua L god dllgiual o1l g cuSEI ¢ 5s a3 . ladl dadie Jilaty aall Lo Db <l S

PARTA ;\.ﬂ:\jﬂ\ B;LASXU UJ}“ ‘_g BJ\.JJ\
Afied) Z8 (5 sime 3 Adlall GO e slaadl gl o Lo Jeasiiall i) < el
Lad Clais 38 paS [ a3 3aa 5 1000 5 750 Gl ginas (5 Sall il a3 A8Ls) aae
G e cude ) lally 2 lie auall ()55 (8320305 (al aall ()55 e IS e
¢ 750 by giaay il el 2 Gl aag ¢ paidid) 2l (s g o giad) AL
OS al Js Sl e ((Lisine g ) el il dgilinia Lad aaS [ a3 325 1000

831



Abdallah A. Ghazalah and Mohmed A. Alsaady

gl 61320 e 5 sima 58l ol 5l a3 A8l U saaae dliadd) A8l (5 gl
Al (e paS [ a3 B3n 5 750 (5 simar (oguSaall il Canal Levie dlld o2

Al g3 e LS Jumdl Ly sina ) salal) oy Aiaal) 28N e Mall (5 ginal) e 3y il

& simall 3 EDY e 313l ) gadal) ddand g0 o 3all Aak gat 3ol J8) culais Laiy ¢ o131
il A8l g 48U (5 ginee (e Jalall S L ) dalea) ey Aliead) A8l e i)
Gl ddae ()35 ¢ Y palitie g HAN GLIYY (e S aman dalea e igina |l
s ol il a3 L mid ) Jalal 13 ol Laiy p saadlS Cpa Lal sinag

G siuse b Axdiyal) (3Dl e 5l SIS cula a8 A8 il besg L ol LoDl
A i A aaS [ a3 80n 9 750 (5 siay (2 g Sl il L) lliae dliad) dsal)
Ll ol o3 (e 5. oall amall G5y B8l e plaslS e Jgeandl 2 DU ol3al
Cranll CuSES (301 a5 pSall ) ALl (g 5 53n Y 4 DplaiBY) Aalil) (e ey
soSad) il Adlia) Labaid) 5 Wile Jadl) ey dliaal) Z8UaN g Lol gina A diaddidl)

- A3 (e L) gine 5 ) Bl

832



