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ABSTRACT 

A 3 x 3 faclorial experiment was conducted to delermine Ihe effects of different 
available phosphorus (AP) I evels I n diets of Mamourah laying hens with or wi thout 
dietary microbial phytase (MP) supplementation on productive petformance (egg 
production rate, egg weight, egg mass and feed conversion). egg Qualify ( some 
exterior and interior parameters and Ca and P contents of egg sheil ). and some blood 
consli tuents (levels of plasma total protein. albumin and globulin . and activities of the 
transaminase enzymes: GOT and GPT ). Tibia bone length and wid th and its content 
01 Ca and P were also determined. Three isocalonc (ME of about 2760 kcaVkg)
isonilrogenous (CP of about 16 %) diets, containing AP levels of 0.405,0.269 or 0.135 
% were formulated with three levels of supplemental MP (0. 500 or 1000 Ulkg diet). 
All birds had a (ree access to feed and water Ihroughout the experimental period. from 
30 to 50 weeks of age. The obtained results can be summariZ:ed as follows: 
1- Regardless of MP supplementation, reducing dietary AP level from 0.405 to 

0.135% caused a significant increase in feed intake with concomitantly less efficient 
feed conversion, and signifICant reductions in eggshell weight and thickness, tibia 
bone width, and P content of eggshell, but Increased the activi ties of plasma 
transaminases ( GOT and GPT ). In addition, egg production of the layers was 
decreased; but not significantly, with reducing dietary AI' level. 

2- Independently of the effect o( dIetary AP level, the dietary supplementation with MP 
resulted in significant Improvements in egg production rate. egg weight, egg mass, 
feed conversion, and eggshell weight and thickness, as well as significant increases 
in tibia length and Ca content of the eggshell. Concentrations of lotal prOlein, 
albumin. Ca and P in the plasma of layers were significantly increased. whereas 
activi ties of GOT and GPT were reduced in response to dietary MP 
supplementation. 

3· There were significant interactions between the effects of dietary AP and 
supplemental MP levels 00 most of the estimated parameters. 

It can be concluded that supplementation of laying hen diets : in particular those 
containing low available phosphorus. with microbial phytase at a supplementary level 
of 500 Ulkg diet, may improve the perlormance of laying hens for egg production and 
leed conversion, with no detrimental effect on egg Quality. 

INTRODUCTION 

Generally. corn and soybean meal are the major feedstuffs in the 
diels of poultry. Unfortunately. many grains, oil seed meals and other plant 
ingredients conlain high concentrations of phytic acid, amounting to 60% to 
80% of their lolal phosphorus (Simons et aI., 1990). The phytale phospnorus 
is not available to poultry because they tack the endogenous digestive 
enzymes needed to hydrolyse phytate into inorganic phosphOrus and inositol. 
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This limited ability of birds 10 utilize phyla!e P creates two problems to poultry 
nutritionists . The first problem concems the formulation of diets that satisfy 
the birds' physiological need for phosphorus. and the second involves the 
environmental pollution by an inc;reased quantity of dietary P which is not 
absorbed and being excreted ' by birds in their droppings. The use of 
exogenous phytase enzyme has been applied to reduce the need for 
inorganic phosphorus supplementation and to improve the utilization 0 f the 
phosphorus present in plant feedstuffs (Sebastian et af., 1998). 
Supplementation of laying hen diets with 250 U of phytase/kg diet has been 
found to be equivalent to 0.8 9 of P from monocalcium phosphate (Van der 
K1is et al .. 1994). In a study with laying hens fed a corn·soybean basal diet, a 
supplemental level of 500 U phytase/kg diet was shown to have en effect 
equivalent to 1.0 g of inorganic P (Peter and Jeroch, 1993). Gordon and 
Roland (1997) reported that hens fed on a low nonphytate P (NPP)-diet with 
supplemental phytase, performed as well as hens fed diets containing higher 
levels of NPP without supplementary phyt.ase. It is well established also thai 
supplementing animal feeds with microbial phytase Increases P availability. 
These beneficial effects of dietary phytase supplementation have been 
reported in broilers (Sohail and Roland, 1999). However, EI Deeb at a/. 
(2000) observed no effect of supplemental phytase on some physica! 
measurements of bone (tibia length and width) in broiler chicks of 3 or 6 
weeks of age. Comparatively, liltle work has been published concerning the 
response of laying hens performance to dietary supplementation with 
phytase. Cartos and Edwards (1998) and Um and Paik (1999) reported some 
beneficial effects of supplemental phytase on most of production parameters 
of laying hens, and indicated that minerals' availability was improved and 
retention of Ca, P, Mg, Fe, and Zn was significanlty increased by dietary 
supplementation with phytase. 

Many reports indicated that the minimum requirement of. P for laying 
hens is below 0.50% of the diet (Day et al., 1987). Abdallah at aI, (1993) 
found that increasing total P in the diet of laying hens from 0.55 to 0.90% had 
no signifICant effect on egg production, shell weight. or feed intake. Feeding 
of pullets with diets containing non-phyt.ale P (NPP) at levels ranged from 
0.45 to 0.15% of the diet through three stages of a laying cycle from 25 to 72 
weeks of age, had no significant effect on Iheir laying performance compared 
with that of their control counterparts fed a 0.454% NPP-diel continuously 
(Scheklerler and Sell, 1986; Sell et al., 1987). Supplementing microbial 
phytase to corn·soya diels containing tow P level improved P and amino 
acids digeslibility (Rutherfurd et af .• 2002) and increased Ca, Mg and Zn 
availabilily ( Viveros at al., 2002). Bragg et af. (1971) studied the transfer 01 
calcium from the diet 10 the egg shell using 45Ca as a tracer. These 
investigators suggested that 60 to 70% of egg shell calcium was derived from 
the diet . 

This experiment was conducted to determine the effect of dietary 
supplementation with microbiat phytase on performance. egg production. 
exterior and interior eg9 quality, bone parameters ' and some blood 
consliluents in Mamourah laying hens fed different dietary levels of available 
phosphorus. 
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MATERIALS AND METHODS 

This stvdy was carried out at EI·Girnmizah Poultry Slation, Animal 
Production Researches Institute. Ministry of Agriculture. A total number of 
180, 30·week·old Mamourah laying hens and 18 cockerels were randomly 
distributed into nine equal groups. each of which composed of 2 replicates of 
10 females and 1 male each. Birds were housed in floor pens with free 
access to feed and water. and were subjected to a total of 16 hr continuous 
lighVday. Three corn-soy basal diets were formulated as shown in Table 1. 

i ' 

phosphate 
salt (NaCI) 

& Min. mix.' 

phosphorus, AP o,{, 
% 

,% 

23.75 
00.00 
7.50 
1.60 
0.30 
0.25 
0.10 

3.33 
0.40 
0.81 
0.37 

1 
3. 12 
2.72 

23.50 
0.60 
7.00 
0.85 
0.30 
0.25 
0.10 

2763.20 
3.32 
0.27 
0.81 
0 .36 

15.78 
3.17 
2.73 

70.11 

, , ~~~:E~ii~~;~~ I 81 ; 5,OOOmgVIt. B2 ; 1, 
i acid, 19m, Biotin; I,OOOmg 

manganese: 40g Iron; 40g l ine; 2g copper, 20 Iodine; 10m 
., Calcula ted according to NRC (1984) . 
••• Determined accor-tljng to the methods or AO.A.C (19SO) 

23.05 
1.90 
8 .30 
0.10 
0.30 
0.25 
0.10 

3.31 
0.13 
0.80 
0.34 

3.27 
2.75 

.15 

These diets were formulated to be isocaloric (ME of about 2760 kcaUkg) and 
isonitrogcnous (crude protein of about 16 %), and to contain three dietary 
available phosphorous levels (0.405, 0.269 or 0.135%) with three 
supplemental phytase levels (0 , 500 or 1000 Ulkg diet). These experimental 
diels were given to the birds during the period tram 30 to 50 weeks 01 age. 
Pullets were weighed al the beginning and at the end of the experimental 
period. Eggs number, egg weight and egg mass were recorded daily through 
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the experimental period (20 weeks). Feed consumption was recorded weekly 
and then feed conversion (g feedlg egg) was calculated. Egg quality was 
evaluated at 4-week intervals. In each test. 10 eggs from each dietary 
treatment were collected, individually weighed and broken-oul in order 10 
separate their shells, yolks 'and albumens. The individual weights of yolk, 
albumen and shell (with membranes) were recorded and calculaled as 
percenlages of egg weight. Also. Ca and P concentrations in eggshells ash 
were determined (A.O.A.C.1980). 

At the end of study, three hens from each treatment were 
slaughtered in order to measure the length and width of rightlibia. The bones 
were dried. crushed and then, ashed at 600 °C for 16 hours in a muffle 
furnace . Calcium and phosphorus were determined according to A.O .A.C 
(1980). Blood samples were individually collected during slaughtering in 
heparinized tubes, then plasma samples were obtained by centrifugating the 
tubes at 4000 rpm for 15 minutes and stored al -20 OC until analysis. 
Commercial kils were used 10 measure the levels of tolal prolein (TP) 
(Ooumas, 1975) and albumin (A) (Doumas at 81., 1971) in blood plasma, then 
globulin (G) concentration, and albumin/globulin (A/G) ratio were calculated. 
Levels of plasma Ca and inorganic P and activities of plasma glutamic 
oxaloacetic transaminase (GOT) and glutamic pyruvic transaminase (GPT) 
were determined (Reitman and Frankel, 1957). Concentrations of Ca 
(Moorhead and Biggs, 1974) and inorganic P (Glodenberg and Fernandez. 
1966) in blood plasma of the experimental laying hens were also determined. 

A completely randomized design, with a factorial arrangement of 
treatments (3x3), was used. Data were analyzed using the General Unear 
Model (GLM) procedure of Statistical Analysis System (SAS, 1994). 
SignirlCant differences among means were 5 eparated by Duncan 8 s multiple 
range test (Duncan, 1955). 

RESULTS AND DUSCISION 

Performance for egg production and feed conversion : 
Results in Table 2 indicated that irrespective of the effect of 

supplemental phytase (MP), layers fed t he lowest d ielary level (0.135%) of 
available phosphorus (AP) put on a signifICantly (PSO.05) tess body weight 
gain compared to those fed either 0.269 or 0.405% AP-diets . Regardless of 
the effect of dietary AP level, layers fed on diets supplemented with the 
microbial phytase (MP) at inclusion rate of either 500 or 1000 U/kg, attained 
similar weight gains, but significanlly (PSO.05) higher than thai of layers fed 
on diets without supptementary MP (0.0 UfI<g). 80th effects of dietary AP and 
supplemental MP were interacted on layers body weight gain. On Ihe 
contrary, Yossef et al. (2001) reported that there was no significant effect of 
dietary phosphorus (AP) I evel, with 0 r w ithoul phytase supplementation, on 
body weight of laying hens. However, it should be pointed out that hens do 
nol necessarily have to gain weight throughout the laying period. rather than 
maintaining their body weight, in order 10 perform satisfactorily. In this 
respect, Summers and Leeson (1977) slaled that any gain in body weight 
aher commencement of egg production should be minimal as the hen is 
essentially at her mature body weight. 
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Table (2): Effects of different dietary levels of available phosphorus and 
microbial phytase on the performance of Mamourah laying 
hens for production and feed conversion, throughout 

significantly 

Irrespective of the effect of MP supplementation, dietary fJJJ level had 
no significant effect on eggs number (EN), hen-day egg production rate 
(EPR). egg weight (EW) Of daily egg mass (EM). However, daily feed inlilke 
(FI ) and feed conversion (Fe) of layers were significanlly (PSO.05) affected by 
Ihe dietary AP level. Layers fad on the 0.135% AP-diets consumed more feed 
and exhibited a significanlty (PSO.05) poorer feed conversion compared 10 
Ihose fed the 0.269 or 0.405% AP·die!s (Table 2). Independently from the 
effect of dietary AP level, results in Table 2 showed that layers fed on diets 
supplemented wIth MP at inclusion rate of either 500 or 1000 Uf,(g performed 
equally for EN. EPR. EW. EM and Fe. and achieved a signifICantly (PSO.OS) 
better performance than layers fed diets without supplementary MP (0.0 
U/kg). There were significant interactions between Ihe effects of dietary /lP 
and supplemental MP levels on EW. EPR, EM, FI and Fe (Table 2). 

These results are in agreement with those reported by Summers et 
al. (1976) who found that feeding the laying hens on low AP·diet had no 
significant effect on egg weigh!. Yossef 8/ al. (2001) found that eggs number 
and egg mass were increased in response to phytase supplementation to low 
AP·diels allaying hens. Gordon and Roland (1997) reported that leeding of 
taying hens with 0.1% AP·diet decreased egg production and feed 
consumption compared to 0.2 10 0.5% AP-diet, but 0.1 % AP-diel 
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supplemented with 300 U of phytase/kg diet completely corrected the 
adverse effects. Other reports indicated that the adverse effect of low A P
diels on laying hens performance can be completely alleviated in the 
presence of phytase in the diel (Punna and Roland, 1999; Keshavarz, 2000). 
Even Ihough, in Ihe present study no differences were detected in the 
performance of layers fed diets supplemented with MP at levels of SOO or 
1000 U/k.g, other reports in the literature indicated that. dietary 
supplementation with phytase at a level of 300 Ulkg, was more effective than 
the lower supplementary phytase Jevel (150 Ulkg diet) in resloring the 
performance of laying hens fed low-P (0.25 - 0.15% AP) diets to that of hens 
fed a control diet (0.45% AP) (Keshavarz. 2003). 

Egg Quality Traits : 
Regardless of the effect of supplemental MP, results in Table 3 

showed that increasing dietary level a f APt a 0 .405% s ignlficantty (PSO.05) 
improved most of the external and internal egg quality traits. With the 
exception of albumen and yolk percentages, layers fed the 0.135% AP-d iets 
produced eggs of sIgnificantly (PSO.05) lower values (or egg shape i!)dex, 
shelt weight %. shell thickness and yolk index, compared to those produced 
by layers on the 0.405% AP-diets. On the other hand, layers fed on the 
0.269% AP-diets produced eggs of significantly (PSO.OS) higher yolk weight 
%, and egg shape and yolk indices, but had similar shell weight % and shell 
thickness compared 10 those laid by layers on the 0.135% AP-diels . 

Table (3) : Effects of different dietary levels of available phosphorus and 
microbial on external and Internal egg quality traits1 

70" 
78.&0 13.01 

s ignificantly. 1: Mean. ,.pr.senl .n .v.rag. 
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Dietary AP level had no significant effect on Haugh Units score. 
Independenlly from the effect of dietary AP level, supplemental M.P at 
inclusion rate 0 f 5000 r 1 000 Ulkg S ignirlCantly (PsO.OS) increased the' egg 
shape index, and eggs shell weight % and thickness. but had no significant 
effecl on albumen weight % or Haugh Units score. Erratic significant (P:S;O.05) 
differences were observed. however. in yolk weight % and yolk index due to 
the effect of supplementary MP level. Effects of dietary AP and supplemental 
MP levels on egg quality trails were also interrelated. 

These results are in partial agreement with lhose reported by Gordon 
and Roland ( 1998). 0 n the 0 Iher hand, Yasser et al. (2001) fed Gimmizah 
pullets on diets containing 0.25 01' 0.40% AP supplemented with phytase at 
levels of 0, 600 or 1000 Ulkg, and found that interior egg quality and shell 
thickness were not affected by either dietary AP or supplemental phytase 
levels. lim et al. (2003) concluded that. supplementation of microbial phytase 
at a level of 300 U per kg diet of laying hens can improve egg production, and 
decrease the percentage of broken and sofHhell eggs, but the effects of 
phytase supplementation were modified by the dietary levels of Ca (0.3 and 
0.4%) and NPP (0.15 and 0.25%), during an experimental period from 21 to 
41 weeks of age. 
Blood Parameters: 

The effects of dietary AP and supplemental MP levels on some blood 
constituents of 50·week·old Mamourah laying hens are presented in Table 4. 
Independently of the effect of supplemenlal MP, no significant differences 
were observed in the levels of plasma total protein (TP). atbumin (A). globulin 
(G) and AJG ralio. or in plasma Ca and P concentrations due to the effect of 
dietary AP level. However, the actMties of ptasma GOT and GPT were 
significantly (P.sO.OS) increased with reducing dietary AP level to 0.135% of 
the diet. Regardless of the effect of dietary AP level, MP supplementation at 
either 500 or 1000 Ul1<g diet signifICantly (P.sO.05) increased the levels of 
plasma TP, A, Ca and P, but significantly (P.sO.05) reduced the activities of 
plasma GOT and GPT. There were significant interactions between the 
effects of dietary AP and supplemental MP levels. only for plasma TP, G, AJG 
ralio. Ca and P levels. 

These results are in partial keeping with those of Yossef et al. (2001) 
who reported tnat plasma Ca and P concentrations were significantly 
increased with addition of phytase to laying hen diels. On Ihe contrary, 
Triyuwanta et al. (1992) reported an increase in plasma Ca as a result of 
feeding laying hens diets containing various levels of available P ranged from 
0.44 to 0.64%. Furthermore, several studies conducted with laying hens, had 
indicated thai plasma P is positively correlated with dielary P level. (Zumbado 
and B rilton; 1983. Keshavarz. 1986; Triyuwanta a t al., 1992). On the other 
hand, Abdallah ef al. (1993) and Pan et af (1998) reported thai concentration 
of Ca or P in plasma of laying hens could be innuenced by Ihe level of dietary 
inorganic P supplementation. Edwards (1993) and Roberson and Edwards 
(1994) reported that supplementation of chicks diet with microbial phytase 
had no significant effect on plasma Ca. Generally, discrepancies may exist 
among results of the different studies concerning the changes which may 
occur in btood constituents of birds. as it was observed in the present case. 
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These discrepancies could be attributed to differences in quantitative and 
Qualitative composition of diets, nutritional status of birds. teed intake, strain 
and age of birds, time of blood sampling, levels and types of dietary Ca, P 
and supplemental phytase. or. stage of egg production. 

Table (4): Effects of different dietary levels of available phosphorus and 
microbial on blood plasma constituents In 50-week-

Variables 

NS NS NS NS 

4.21 5.75 

, meillnsi sillme 
slgnificanlly. 

Bonc minerolls: 
Data of the effects of dietary AP and supplemental MP levels on tibia 

length and width and its Ca and P contents in the 50·week-old experimental 
layers are summarized in Table 5, Regardless of the effect of dietary AP 
levels, no significant differences were observed in tibia length or in its Ca and 
P contents due to the effect of dietary AP le'lel. However, a signifICant 
decrease in tibia width was occurred with lowering AP levels in the diets. 
Independently of the effect of dietary AP level, supplementation of MP to the 
layers diets significantly (P~O.05) increased their tibia length. However, no 
signifICant differences were observed in layers tibia width or ils Ca and P 
conlents due to the effect of dietary MP supplementation. There were 
significant interactions between the effects of dietary A P and s upptemental 
MP levels, only for tibia length and tibia width. 
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Table (5): Effects of different dietary levels of available phosphorus and 
microbial on Ca and P contents of tibia bone. and 

1 

Variables 

11 .ec 11.25 
11 .50 1.25 

, means I same 
significantly. 

Egg shell minerals: 

p 
(%1 

H$ HS 

22.01 11.1 3 
24.23 II IS 

28.HI 

"" 

p 
(%1 

Results in Table 5 indicated Ihat, regardless of dietary MP 
supplementation a significant (PsO.05) decrease in egg shell Ca and P 
contents was observed with decreasing dietary AP levels. Irrespective of the 
effect of dietary M' level, dietary MP supplementation significantly (PSO.05) 
increased the Ca content of eggshelL Also, eggshell P conlenl was 
increased, but not significantly, due to the effect of dietary MP 
supplemental ion. A significant interaction was observed between the effecls 
of dietary AP and supplemental MP levels for egg shell Ca contents. 

It can be concluded that supplementation of laying hens diets; in 
particular those containing low available phosphorus, with microbial phytase 
at a supplemenlary level of SOO U/kg diet, May improve the performance of 
laying hens for egg production and feed cc..wersion. with no detrimental 
effects on egg quality. 
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