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ABSTRACT 
 

An experiment was carried out to investigate the effect of feeding some different 
plant diets containing different metabolizable energy (ME) supplemented with an 
enzyme preparation (Phytase) on growth performance, nutrient digestibility, carcass 
traits, some bone and blood parameters of broiler chicks. The current study was 
designed as a 2 x 3 factorial arrangement by using different levels of ME (3000, 2900 
and 2800 kcal/kg starter diets and 3100, 3000 and 2900 kcal/kg grower diets and 
3200, 3100 and 3000 kcal/kg finisher diets), with two levels of phytase (0 and 750 
FTU/kg diet). Diets were formulated to be isonitrogenous, containing 23% and 21% 
and 19% crude protein during starter, grower and finisher periods, respectively. The 
obtained data showed that regardless of phytase, decreasing dietary ME level in 
starter, grower and finisher periods 100 or 200 kcal/kg below control negatively 
affected economic efficiency and significant reduced percentage of abdominal fat, 
final live body weight, body weight gain, feed intake, feed conversion ratio, liver 
percentage, spleen percentage and had no significant effect on all carcass traits and 
carcass parts or blood parameters of broiler chicks except triglyceride, total lipids, uric 
acid and GOT and finally length and width of tibia. Phytase supplementation had 
significant effect on weight gain, tibia ash, tibia Ca, tibia P, plasma P and digestibility 
of crude fiber, ether extract and ash retention. According to the economical study 
feeding chicks balanced diets supplemented with microbial phytase at level of 750 
FTU/kg is more successful in view of growth and economical evaluation of broiler 
chicks. 
Keywords: Phytase, metabolizable energy, broiler performance, carcass traits, and 

blood parameter,. 

 
INTRODUCTION 

 
Phytic acid is a compound that may cause various problems due to its 

mostly presence in cereals, oil seeds and their by-products. 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). Phytase is a much studied enzyme, with 
the first modern series of studies conducted in the 1960’s early research on 
the application of phytase to poultry diets showed results to improve 
availability of phytate phosphorus to poultry, particularly in young birds. 
However, it is not until the 1990’s that phytase became economically feasible 
for use in animal/poultry feed (Remus, 2005). It cannot be secreted by the 
chicken (Van et al., 1997), requiring thus its addition to the diet in the form of 
salt. Phytase addition to broiler diets can improve body weight and feed 
utilization (Abd El-Hakim and Abd Elsamee, 2004; and El-Ghamry et al., 
2005). Supplementation of phytase must be done with precaution because an 
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excess or a deficiency can decrease the availability of minerals (Lonnerdal, 
1989). There are two good reasons for supplementing poultry feeds with 
phytase. The first reason is to reduce the harmful environmental impact of 
phosphorus from animal manure in areas with intensive livestock production. 
Several studies have found that optimizing phosphorus intake and digestion 
with phytase reduces the release of phosphorus in manure by around 30%. 
The second reason is based on the fact that phytate is capable of forming 
complexes with proteins and inorganic cations such as calcium, magnesium, 
and zinc. The use of phytase not only releases the bound phosphorus but 
also these other essential nutrients which led to higher nutritional value of the 
diet (Keshavarz, 2003 and Panda et al., 2005). 

Dietary energy level appears to be the most important factor affecting 
feed intake. Change in the energy content of the diet will normally result in an 
inverse change in the total amount of feed consumed and will therefore 
influence the intake of essential nutrients (Slagter and Waldroup,1990). 
Hunton (1995) found that nutrients intake can be influenced by different levels 
of energy in diet. Therefore, deficiency of nutrients may occur in poultry by 
increasing the energy content in the diet. In contrast, feed intake as well as 
nutrients utilization are increased by low level of energy in the diet.  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 (Ramadan, 2005). Many studies showed 
that energy utilization could be improved by phytase addition into broiler diets 
that may be attributed to liberation of Ca ions necessary for alpha-amylase 
activity which is involved in starch digestion (Kies et al., 2001). Broiler 
chickens have traditionally been fed relatively high energy diets to promoting 
efficient feed utilization, it is also assumed that  this type of diet maximizes 
growth rate (Leeson and Summers, 1991).The higher concentration of energy 
induced a higher content of abdominal fat (Nahashon et al., 2005). Diet 
energy dilution had a triple influence on carcass weight or yield of breast 
meat, although it was lessened the abdominal fat of male broiler chickens, 
however, the carcass weight and breast meat yield of male broiler were 
linearly decreased as the diet was diluted for both energy and protein 
(Lesson et al., 1996). 

The current study aimed to examine the effect of different levels of 
dietary energy with or without enzyme preparation (phytase) on body weight 
gain, feed consumption, feed conversion and mortality rate. 
 

MATERIALS AND METHODS 
 

        The present study was carried out at the Poultry Nutrition Farm, Poultry 
Production Department, Faculty of Agriculture, Ain Shams University, Egypt, 
to investigate the effect of enzyme preparation on energy utilization in broiler 
diets. One hundred eighty chicks divided into six treatments, and birds were 
reared under similar managerial conditions. Feed was presented in mash 
form in metallic feeders while an automatic nipple drinkers presented water, 
both feed and water were provided ad-libitum. Birds were vaccinated in 
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drinking water against Newcastle disease by Hitchner B1 vaccine at 7 days 
and Lasota vaccine at 17 and 27 day-old and Gumboro disease at 14 day-
old. 

Three periodical diets were formulated; starter from 1 to 14 days of 
age, grower from 15 to 28 days of age and finisher from 29 to 42 days of age. 
The experiment was conducted to study the effect of using three energy 
levels being normal (NME), medium (MME) and low (LME) metabolizable 
energy, each with two levels of microbial phytase in 3 x 2 factorial design. 
The composition and calculated analysis of the experimental diets (without 
phytase supplementation) are presented in Table (1). The energy levels 
applied were 3000, 2900 and 2800 kcal ME/kg during starter and 3100, 3000 
and 2900 kcal ME/kg during grower showed in and 3200, 3100 and 3000 kcal 
ME/kg during finisher periods representing high, medium and low 
metabolisable energy levels, respectively. Diets were formulated to contain 
23, 21 and 19 % CP for the starter, grower and finisher diets, respectively. 
Phytase levels supplemented to each energy level were 0, and 750 FTU/kg. 
The microbial phytase used was Natuphos® 500, a commercial preparation 
of BASF Corporation, Germany, with phytase activity of 500 units/g. The live 
body weight, weight gain and feed consumption and feed conversion ratio 
(feed/gain) were calculated weekly. A record of mortality of experimental 
birds was also maintained during the entire experiment. Five birds from each 
treatments, having body weight around the average of treatment were 
selected and sacrificed by severing the carotid artery and the jugular vein. 
The data on carcass yield and giblets were calculated as percentage of live 
weight. Also, relative weights of liver, gizzard, spleen, heart, abdominal fat 
were recorded. In addition breast yield, thigh yield, drumstick yield, and back 
were recorded. Blood samples were collected simultaneously during 
slaughtering at 42 days of age. Tibia of left leg were removed, cleaned of 
flesh and all soft tissue, oven-dried and dry tibia weight, length and breaking 
strength were determined. The tibiae were ground for procedure of the 
chemical analysis.  At 42 days of age, five chicks from each treatment were 
selected and housed individually in individual cages that allowed excreta 
collection. Excreta voided were recorded along three days collection period to 
study the effect of energy with and/or without adding enzyme phytase in dry 
matter, crude fiber, crude protein, ether extract, and ash retention. 

Overall data were subjected to one way analysis of variance General 
Linear Model (GLM) procedure of SAS (1998) user’s guide according to the 
following model: 

Y = μ + T + E 
 Where: Y = is the effect of the observation 
 μ = is the overall mean 
 T = is the effect of the different treatments 
 E = is the experimental error 



Abdelhady, A. Y. M. et al. 

 518 

1



J.Animal and Poultry Prod., Mansoura Univ., Vol.2(12), December,2011 

 

 

519 

In addition, two-way analysis of variance was used to test the effects of 
dietary energy levels and effect of phytase. 

Y = μ + T + P + T*P + E 
 Where: Y = is the effect of the observation 
 μ = is the overall mean 
 T = is the effect of the treatments (energy level) 
  P = is the effect of the phytase 
  T*P = is the interaction between treatment and phytase 
 E = is the experimental error. 
 

RESULTS AND DISCUSSION 
 
Growth performance: 

Table 2 and 3 summarize growth performance of broiler chicks during 
all periods. Data showed that initial live body weight (LBW) values have no 
significant differences among all tested groups. The results cleared that 
chicks fed (NME) diets recorded significantly (P≤0.05) higher (LBW) than 
those fed (MME) and (LME) diets. it was observed that decreasing dietary 
ME level had significant effect on final LBW, BWG, of broiler chicks, Table 2 
indicated that during the whole experimental period, the lowering diet ME at 
MME 100 and LME 200 Kcal/kg decreased LBW by 6.4 and 14.25% 
respectively, While with phytase addition, live body weight increased 
significantly (P≤0.05) by 2.64% than control negative group (0 FTU). 

The effect of the studied factors on FI and FC are summarized in 
Table 3 the analysis of variance showed that was no significant differences 
were observed in FI within different experimental groups in starter, grower 
and finisher periods. Although this was significant during the whole period of 
the study. Chicks fed medium energy diet (MME) consumed more feed (4359 
g) compared with chicks fed (NME) diet (4284 g) and (LME) consumed less 
feed (4067 g). During the whole period of the study, the results cleared that 
chicks fed MME diets recorded significantly (P≤0.05) higher FI values (102%) 
than those fed NME (100%) and LME (95%) diets. Although, no significant 
differences were found in feed intake (FI) between chicks fed phytase (0 and 
750 FTU/kg) diets. 

Values presented in Table 3 showed significant (P>0.01) differences 
in feed conversion ratio between NME and all tested groups in grower and 
finisher periods and the whole experimental period. Feed conversion ratio 
was significantly improved for chicks fed diets with NME.  During 6 weeks of 
age the best FCR was observed for chicks fed NME (1.93) compared with the 
MME (2.08) and LME (2.14). In addition, the feed conversion ratio did not 
significantly affected by adding phytase in the experimental diets. 

These results agree with the finding of Jensen et al. (1970) and 
(Fisher and  Wilson,1974) who found that an “extra caloric” effect for dietary 
supplemented fat and suggested that wide caloric/protein ratios in poultry 
ration can be used for maximum gain and feed efficiency. 
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Also, other research has established that feeding broilers diets containing 
high apparent metabolizable energy concentrations improved LBW (Hidalgo 
et al., 2004). The same conclusion was reached by Greenwood et al. (2004) 
as they found that birds fed 3200 Kcal ME/Kg diet had greater BWG than 
those fed 3050 Kcal ME/kg diet. During the finishing period, increasing 
energy level significantly increased LBW and BWG (Elmansy, 2006). In 
contrast, Saxena and Thakur (1985) concluded that LBW and BWG were not 
significantly affected by dietary energy levels (2800, 2900 or 3000 Kcal 
ME/kg diet). Aksakal and Bilal (2002) showed that adding phytase to broiler 
chicks increased feed intake. 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. These results 
opposed Attia et al., (2001) who found that phytase addition to high energy 
broiler diets 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 (Lan et al., 2002), release of other minerals 
affecting feed utilization (El–Deeb et al., 2000) and to the increase in 
nutrients digestibility (Camden et al., 2001) . 

Nahashon et al. (2005) concluded that broiler fed diets with 3200 Kcal 
ME/kg diet in finisher diets had the best FI value. Reece et al. (1984) 
concluded that the highest level of ME (3109 Kcal ME/kg diet) improved FCR 
by 2.2 and 2.6%, respectively. Also, Nahashon et al. (2005) showed that FCR 
significantly improved with increasing energy level (3200 Kcal ME/kg diet) 
during the finishing period. 
mortality rate : Under the condition of the present study all birds appeared 
healthy and the total mortality number was 16 chicks during the whole 
experimental period. The Mortality number showed no indication that could 
be related to the experimental diets, most of mortality cases were at the first 
days of the experimental period. This result coincides with the finding of 
Moshad (2001) who reported no effect of phytase supplementation on 
survivability results. 
Carcass traits and carcass parts: 

Table (4) shows that effects of dietary energy were not significant on 
dressing percentage, gizzard, heart. But dietary energy was significant effect 
(P≤0.05) on liver and spleen percentage however, Phytase addition was not 
significant on all criteria. There was significant difference for abdominal fat 
among treatments. The highest value of abdominal fat percentage belonged 
to the treatment NME, which was higher in ME energy. Lowering ME in diets 
resulted in decrease abdominal fat. On the other hand, phytase 
supplementation not significantly affecting on abdominal fat percentage. 

These results opposed those of Naher (2002) who that reported 
increase carcass yield by addition of phytase enzyme. Dressed weight was a 
function of live weight. Also these results opposed by Howlider and Rose 
(1989). Also, Nahashon et al. (2005) who found that carcass yield 
significantly improved by increasing dietary energy levels. Shrivastav and 
Panda (1991) confirmed that fat content of whole carcass was significantly 
increased with increasing energy content of the diet. 
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         The reduction in abdominal fat content of broilers in response to 
decreasing dietary ME level in the present study agrees with the results 
reported by Deaton and Lott (1985) and Rabie and Szilagyi (1998) who found 
that the relative weight of abdominal fat increased as dietary energy level 
increased. Similarly, Leeson et al. (1996) reported significant reductions in 
abdominal fat pad as percentage of carcass weight in response to decreasing 
ME contents in broiler diets from 3300 to 2700 kcal/kg. On the other hand, it 
has been reported that increasing concentrations of dietary ME will not alter 
abdominal fat percentage if the ratio of calories to CP remains constant 
(Hidalgo et al., 2004). In this respect, Raju et al. (2004) found that the 
percentage of abdominal fat was significantly increased as the dietary energy 
level increased.  

However, feeding different treatments had no significant effect on 
carcass parts (percentage of breast, thighs, drumstick, back, and wings) of 
broiler chicks in this study. These results agrees with previous findings of 
Angel, et al.,(2007) but contradicts with those of Pillai,et al., (2006) who 
showed that phytase supplementation significantly increased percentages of 
most of carcass merits. Holsheimer and Ruesink (1993) observed that 
carcass yields were unresponsive to dietary ME level, within a range of 2750 
to 3250 kcal of ME/kg of diet. In other study, Hidalgo et al., (2004) reported 
similar carcass yield responses to increasing ME concentration in the diets of 
straight-run broilers. In addition, Downs et al. (2006) found that dietary energy 
did not influence carcass characteristics of broiler chicks.  
Nutrients digestibility: 

Data of nutrients digestibility of the experimental diets for 6-week-old 
broilers as affected by the dietary energy and phytase levels are presented in 
Table (5). It is worthy to note the values of dry mater ratio (dry mater excreta 
/dry mater fed) were nearly similar and ranged between 0.210 and 0.242 
indicating the similarity in feeding value among the dietary treatments. The 
phytase effect appeared significantly only on ash, ether extract and crude 
fiber digestibility. More ever energy had no significant effect on all nutrients 
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. The positive 
effect on EE digestibility was in agreement with the findings of 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 or 
finisher diets. On the other hand Phytase applied herein, however, did not 
affect nutrient digestibility of broiler chicks, with the exception of a slight 
significant increase in ash, crude fiber and ether extract digestibility of birds 
fed diets supplemented with 750 FTU/kg compared to those fed negative 
control (0FTU/kg).  
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These results can be explained by that phytase enzyme had a positive 
influence on digestive enzymes of gastrointestinal tract that leads to the 
increase in ash retention observed in birds. These results are in agreement 
with previous findings on broiler (Rutherfurd, et al., 2004; and Mondal, et al., 
2007). 
Blood parameters: 

The results in Table (6) showed that the Plasma values of cholesterol, 
calcium creatinine and GPT had not significant difference among treatments. 
Chicks fed LME showed lower values for plasma total lipids and triglycerides 
and higher value for uric acid. The effect of phytase on plasma P was 
significant (P<0.05). Phytase supplementation insignificantly decreased 
plasma Ca and increased plasma P. Moreover, addition of phytas releases a 
large amount of P from phytate-bound P and leads to high blood phosphate 
levels, which reduce blood Ca as the adverse relationship mentioned 
above.Concerning the transaminases activity, which is generally used as a 
sign of liver function, plasma AST (GOT) showed significant (P<0.01) 
differences within different energy tested groups which reached lower value 
with the LME. On the contrary, plasma ALT (GPT) values were not 
significantly affected by different treatments  

Total protein (TP), g/dl, albumin and globulin for the studied groups 
during different periods, not presented in table 6 .The Plasma values of total 
protein, albumin, globulin, and A/G ratio were not significantly affected by 
different dietary treatments. These values ranged from 4.70 to 4.42, 2.20 to 
2.40, and 2.22 to 2.31 g/dl for total protein, albumin and globulin, 
respectively. This results is contradicts with Sebastian et al. (1996) who found 
that phytase addition in broiler diets reduced plasma Ca. Although Similar 
results were reported by Lou-Hong Zing et al. (1997) who reported that blood 
P was increased by phytase supplementation to broiler diets. In all 
treatments, it was noticed addition of phytase increased plasma P level. 
When phytate is hydrolyzed by microbial phytase, it may release all 
constituents’ minerals, myo-inositol and inorganic phosphate (Wodzinski and 
Ullah, 1996). 
Bone measurements and composition: 

Values of bone measurements tibia weight, tibia ash, tibia calcium and 
tibia phosphorus percentage are given in Table 7 At six weeks of age there 
were no significant differences between the all different treatments in tibia 
weight. Data of tibia length showed that, birds fed deficient energy LME had 
significantly lowest (P<0.05) values followed by that fed NME and MME. But 
phytase had not significantly effect on tibia length. Data of tibia width showed 
that, birds fed NME diet and birds fed deficient energy MME had significantly 
highest (P<0.05) values followed by that fed the control LME. However, 
phytase had not significantly effect on Tibia width.Tibia breaking strength 
values showed that broiler fed different treatments were not significantly 
different. 
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The percentage of broilers tibia ash was significantly increased by the 
addition of dietary phytase and were not affected by deficient ME diets. This 
agrees with the several studies on broilers (Zyla, et  al., 2000 and  Mondal, et 
al., 2007), pekin  ducks  (Orban, et al., 1999) and turkeys  (Atia,  et al., 2000). 
However, it disagrees with those reported  by Bozkurt, et al., (2006). In this 
connection; Augspurger and  Baker (2004)  reported  that  phytase addition to 
broiler diets  revealed significant increase in tibia ash and minerals content 
compared to those unsupplemented.        

Phytase supplementation to diets increased the content of Ca and P in 
the tibia compared to unsupplemented diets However, phytase had not 
significantly effect on tibia Ca and P. This is a good indication of increased 
availability of P from phytase mineral complex by the action of phytase 
(Sebastian, et al., 1996; Mondal, et al., 2007). This findings are similar to 
previous work with broilers and ducks, in which dietary phytase increased 
tibia ash and P percentages. These results are in accordance with those 
findings of Salem et al., (2003) who reported that addition of phytase to 
broiler diets increased tibia ash, Ca and P. This might be due to inorganic P 
release from the phytate molecule due to phytase supplementation and 
subsequently an increase in P availability and utilization by bones.   

Therefore, the beneficial effect of phytase supplementation on tibia 
can be explained by understanding the negative role of phytic acids forming 
complexes with different cations; i.e. Ca, Mg, K, Mn, Fe and Zn and reduces 
their availability. Results of Viveros et al., (2002) and El-Husseiny et al., 
(2006) explains more by indicating that phytase supplementation diets had 
increased relative Ca and P retention by broiler chickens when compared to 
the negative control (0 FTU/kg) diet. 
Economical Efficiency : 

Table (8) showed averages of feed intake, 
prices of one Kg diet, total feed costs (LE),   average weight gain, net 
revenue, economical efficiency and relative economic efficiency for growing 
chicks. The economical efficiency of the present study could be calculated 
based mainly upon the total feeding cost and live body weight gain. Results 
showed that the  group  of chicks fed  LME diet recorded the  lowest  feed 
cost needed to obtain one kg of BWG (2.11 L.E ), while those fed NME diet 
had the highest value( 2.23 L.E). However, assuming T2 had the best 
economical value and performance index which is better by 3.0% than the 
control. At general using phytase increase the relative economic efficacy by 
4% than negative control. From This results it can be concluded that feeding 
chicks with balanced diets supplemented with microbial phytase at level of 
750 FTU/kg is more successful in view of growth, feed utilization and 
economical evaluation of broiler chicks. 
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 تأثٌر انزٌم الفٌتٌز المٌكروبً علً الاستفادة من الطاقة فً علائق بداري التسمٌن
 اسمدددد ابدددرا ٌم الفسدددام و  ،سدددٌد عبدددد الدددرسمن ابدددرا ٌم  ،عبدددد الدددرسمن ٌوسددد  مسمدددد 

 فتسى عبد العظٌم مسمد
 جامعة عٌن شمس –كلٌة الزراعة  –قسم انتاج الدواجن 

 
تةثيير مستضرةر  جامعة عين شمس لدراسةة -كلية الزراعة  -لدواجنبمزرعة تغذية اأجريت هذه الدراسة     

انزيم الفيتيز مع مستويات مختلفة من الطاقة المميلة علي الاداء الانتاجي ومعاملات هرم المركبةات الغذاييةة 
طةةاير بهبةةردب عمةةر يةةوم وزعةةت  081اسةةتخدم عةةدد  وقةةوا العمةةام و خ ةةاي  الةةدم والكفةةاءا الاقت ةةادية  

طيةور  وربيةت الطيةور  6طةاير   معاملةةف  ةي خمةس مكةررات بكةة مكةررا  01معاملات )  6 عشواييا إلى
 2X0تضت نفس المةرو  البيييةة مةع تمةديم الغةذاء والمةاء ب ةورا ضةرا  اجريةت التجربةة بت ةميم اض ةايي 

كيلةةو كةةالورك   كةة  علةة   2811و 2011و 0111ضيةةا اسةةتخدمت يةةلاا مسةةتويات مةةن الطاقةةة المميلةةة )
 0111و  0011و  0211كيلةو كةالورك   كة  علة  نةاميف واخيةرا ) 2011و  0111و  0011)بادئف يم 

وضةد انةزيم   كجةم علة ف مةع  051كيلو كالورك   كجم عل  ناهيف مع مستويين من انزيم الفايتيز ) فر و 
 % بروتين خام  ي مرضلة البادئ والنامي والناهي علي التوالي   00و  20و  20
 
 

 التجرٌبٌة كم ٌلً :وكانت المعاملات 
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                   العليمة الممارنة -1
 Control (T1) 

 T2))       عليمة الكنتروة + ارا ة انزيم الفايتيز  -2
 (T3)     كيلو كالورك عن العليمة الممارنة 011عليمة منخفرة بممدار  -3
   (T4)م الفايتيزكيلو كالورك عن العليمة الممارنة بالارا ة الي انزي 011عليمة منخفرة بممدار  -4
 (T5)      كيلو كالورك عن العليمة الممارنة 211عليمة منخفرة بممدار  -5
   (T6)      كيلو كالورك بالارا ة الي انزيم الفايتيز 211عليمة منخفرة بممدار  -6

 :والنتائج المتسصل علٌها  ٌمكن تلخٌصها كالتالً
 اولا تاثٌر الطاقة: 

 ي وزن الجسم ضتى عمةر أسةبوعين ب بينمةا عنةد عمةر  جميع المعاملات لم يلاضم أى اختلا ات معنوية بين 
أسةةابيع كانةةت الطيةةور المغةةذاا علةةى عليمةةة الممارنةةة أيمةةة معنويةةا مةةن الطيةةور المغةةذاا علةةي علايةة    6و  4

منخفرة الطاقة وكان وزن الجسم المكتسب لعلاي  الممارنة كةان اعلةى مةن العلاية  المنخفرةة الطاقةة  امةا 
كيلةو كةالورك  011للاسةتلالا  العلة  كةان اسةتلالا  الطيةور المغةذاا علةي علاية  منخفرةة الطاقةة بالنسبة 

كيلو كالورك  معامة التضويةة الغةذايي  211الاعلي يلية عليمة الممارنة واخيرا المغذاا علي عليمة منخفرة 
 لطيور مجموعة الممارنة  أ رة من الأخرى المغذاا على علاي  منخفرة الطاقة

  الت ا ي للطيور المغذاا على عليمة الممارنة تساوت مع العلاي  منخفرة الطاقة نسبة 

  دهةةون الةةبطن بمسةةتوك الطاقةةة  ةةي العليمةةة ضيةةا انخفرةةت النسةةبة الميويةةة بانخفةةا  وتةةثير الكبةةد والطضةةاة
 الطاقة 

  بانخفا  الطاقةة انخفة  مسةتوك الةدهون الكليةة والجلسةريدات اليلاييةة وانةزيم الكبةدGOT ارتفعةت  بينمةا
 نسبة ضم  اليوري   ي الدم  

  النسبة الميوية لطوة وعر  عممة السا  انخفرت بانخفا  الطاقة  ي العليمة  

  لم يتثير أك معامة لللارم بالمعاملات الغذايية المدروسة باختلا  مستوك الطاقة  ي العليمة 

 ادية   بانخفا  الطاقة انخفرت تكلفة التغذية والعايد الكلي والكفاءا الاقت  
 ثانٌا تاثٌر اضافة انزٌم الفٌتٌز: 

  ارا ة انزيم الفيتيز ضسنت من وزن الجسم ب ورا معنوية  ةي مرضلةة النةاهي بينمةا لةم يملاةر أك تةثيير  ةي
   كذل  لم يتاير استلالا  العل  او كفاءا التضوية الغذايي أك من المراضة المختلفة

  ي الدم بينما لم يوير علي مستوك الكالسيوم  ي الدم ارا ة الفيتيز ادك الي زيادا نسبة الفوسفور  

  ارا ة الفيتيز ادك الي زيادا  ي نسةة الكالسةيوم والفوسةفور والرمةاد  ةي عممةة السةا   بينمةا لةم ية ير علةي
 قوا الكسر او وزن عمام السا  

  ضسن الفيتيز من كفاءا هرم الدهون والاليا  الخام والرماد المضتجز 

 ز الةةي تضسةةين الكفةةاءا الاقت ةةادية ب ةةفة عامةةة وعنةةد ارةةا تم الةةي العليمةةة الممارنةةة ب ةةفة ادك ارةةا ة الفيتيةة
 % ممارنة بالعلمية الممارنة  4خا ة ضيا ادت الي زيادا الكفاية الاقت ادية 

من نتاي  هذا الدراسة يترح انة بتغذيةة كتاكيةت التسةميت علةي علاية  متزنةة مةزودا بةالانزيم الفيتيةز 
وضةةدا انةةزيم لكةةة كيلةةو جةةرام علةة  ادت الةةي اداء انتةةاجي جيةةد للطيةةور وكةةان معةةدة  051وك الميكروبةةي بمسةةت

 الاستفادا من العلاي  أ رة  
وضةةدا  يتيةةز  051مةةن الا رةةة مةةن الناضيةةة الاقت ةةادية ارةةا ة الفيتيةةز الةةي العلايةة  المتزنةةة بمسةةتوك 

 ضسن الاداء الانتاجي اوالاقت ادك الفيتيزالي العلاي  منخفرة الطاقة لم ي وعدم خف  الطاقة وان ارا ة

 
 قام بتسكٌم البسث

 

 جامعة المنصورة –كلٌة الزراعة  خلٌل الشسات شرٌ أ.د / 
 كفر الشٌخ جامعة –كلٌة الزراعة  نعمت الله عبد الغنى مسمد بدوىأ.د / 
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Table (2): Effect of different dietary treatments on live body weight (LBW) and body weight  gain (BWG) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Items 
Treatments 

Live body weight (g) body weight gain(g) at different periods in days 
% 

1 day 14 days 28 days 42 days  (0-14)  (15-28)  (29-42)  (0-42) 

Control T1 39.80 250.70 1135
a
 2240

a
 210.90 884

a
 1105

a
 2200

a
 100% 

T2 39.40 260.75 1140
a
 2285

a
 221.35 879

a
 1145

a
 2246

a
 102.06% 

T3 39.85 240.40 1115
a
 2120

b
 200.55 875

a
 1005

b
 2080

b
 94.54% 

T4 40.00 245.20 1125
a
 2160

b
 205.20 880

a
 1035

b
 2120

b
 96.35% 

T5 39.75 245.00 1015
b
 1900

c
 205.25 770

b
 885

c
 1860

c
 84.55% 

T6 40.70 245.00 1000
b
 1980

c
 204.30 755

b
 980

c
 1939

c
 88.14% 

Sig. ns ns * * Ns * ** **  

       Phytase level  

0 FTU/KG 39.80 245.37 1088 2087
b
 205.57 843 998 2047

b
 100% 

750 FTU/KG 40.03 250.32 1088 2142
a
 210.28 838 1053 2102

a
 102.68% 

Sig. ns ns ns * Ns ns ns *  

       Energy level  

NME 39.60 255.73 1138
a
 2263

a
 216.13 882

a
 1125

a
 2223

a
 100% 

MME 39.93 242.80 1120
a
 2140

b
 202.88 877

a
 1020

b
 2100

b
 94.47% 

LME 40.23 245.00 1008
b
 1940

c
 204.78 763

b
 933

c
 1900

c
 85.46% 

Sig. ns ns ** ** Ns ** ** **  

a...c    Means within column in each group with different superscripts are significantly different .  
* = significant ( P≤0.05)                              ** = significant ( P≤0.01 )                      ns  = not significant  
T2 = control+ enzyme phytase,          T3 = (-100) Kcal,           T4 = T3+ enzyme phytase,        T5= (-200) kcal,        
 T6= T5+ enzyme phytase NME : Normal metabolizable energy                           MME  Medium metabolizable energy                          
  LME : Low metabolizable energy 
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Table (3) : Effect of different dietary treatments on feed intake and feed conversion ratio of broiler chicks

                  Items 
 
Treatments 
 

feed intake (g) 
during different periods in days 

% 

feed conversion ratio (g feed: g gain) 
during different periods in days 

% 

(0-14) (15-28) (29-42) (0-42) 
FCR 
(0-14 

FCR 
(15-28) 

FCR 
(29-42) 

FCR 
(0-42) 

Control T1 297 1415 2545 4277
b
 100% 1.41 1.60

b
 2.30

c
 1.94

c
 100% 

T2 322 1407 2542 4291
b
 100.31% 1.41 1.60

b
 2.22

c
 1.91

c
 95.96% 

T3 310 1443 2583 4356
a
 101.85% 1.42 1.65

b
 2.57

a
 2.09

a
 108.74% 

T4 318 1425 2598 4361
a
 101.96% 1.40 1.62

b
 2.51

a
 2.06

b
 106.22% 

T5 304 1348 2383 4054
c
 94.79% 1.43 1.75

a
 2.69

b
 2.18

a
 108.72% 

T6 311 1299 2450 4080
c
 95.38% 1.40 1.72

a
 2.50

a
 2.10

bc
 96.27% 

Sig. ns ns ns *  Ns * * *  

     Phytase level 

0 FTU/KG 304 1402 2504 4229 100 1.42 1.67 2.50 2.07 100% 

750 FTU/KG 317 1377 2539 4244 100.34% 1.40 1.65 2.41 2.02 94.01% 

Sig. ns ns ns ns  Ns Ns ns Ns  

      Energy level 

NME 310 1411 2543 4284
b
 100% 1.42 1.60

b
 2.26

b
 1.93 

c
 100 

MME 314 1434 2590 4359
a
 102% 1.41 1.64

b
 2.54

a
 2.08

b
 109.70% 

LME 307 1323 2417 4067
c
 95% 1.42 1.74

a
 2.60

a
 2014

a
 104.61% 

Sig. ns ns ns *  ns * * **  

a... Means within column in each group with different superscripts are significantly different.  
* = significant ( P≤0.05)    ** = significant ( P≤0.01 )              NS  = not significant  
T2 = control+ enzyme phytase,         T3 = (-100) Kcal,         T4 = T3+ enzyme phytase,             T5= (-200) kcal,             T6= T5+ enzyme phytase 
NME : Normal metabolizable energy      MME  Medium metabolizable energy   LME : Low metabolizable energy 
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Table (8) : Effect of different dietary treatments on economic efficiency 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

                  Items 
 
Treatments 

Economic efficiency 

 v  ag  f    
 inta   ( g)  

price/ kg 
feed

1
 

(L.E) 

Total feed 
cost 
(L.E) 

 v  ag  
w ight  gain 

( g)  

Total 
revenus 

Net 
revenus

2
 

Economic 
efficiency 

Relative 
efficiency 

P  fo  anc  
 Index  

Control T1 4.26
b

 2.23 9.39
a

 2.20
a

 26.88
b

 11.49
ab

 186.20
ab

 100% 115.23
a

 

T2 4.27
b

 2.23 9.42
a

 2.25
a

 27.42
a

 12.00
a

 190.97
a

 103% 119.59
a

 

T3 4.34
a

 2.14 9.15
b

 2.08
ab

 25.44
c

 10.29
c

 177.92
c

 96% 101.23
b

 

T4 4.34
a

 2.14 9.16
b

 2.12
b

 25.92
c

 10.76
bc

 182.86
b

 98% 105.01
b

 

T5 4.03
c

 2.11 8.41
c

 1.86
d

 22.80
d

 8.39
d

 171.06
d

 92% 87.18
c

 

T6 4.06
c

 2.11 8.45
c

 1.94
b

 23.76
d

 9.31
d

 181.04
b

 97% 94.12
c

 

Sig. *  ** ** * * **  ** 

         Phytase level  

0 FTU/KG 4.21 2.16 8.99 2.05
b

 25.04 10.05
b

 178.39
b

 100% 101.21
b

 

750 FTU/KG 4.22 2.16 9.01 2.10
a

 25.70 10.69
a

 184.96
a

 104% 106.24
a

 

Sig. ns  ns * ns ** **  ** 

      Energy level 

NME 4.26
b

 2.23 9.41
a

 2.22
a

 27.15
a

 11.74
a

 188.58
a

 100% 117.41
a

 

MME 4.34
a

 2.14 9.16
a

 2.10
b

 25.68
b

 10.52
b

 180.39
b

 96% 103.12
b

 

LME 4.05
c

 2.11 8.43
b

 1.90
c

 23.28
c

 8.85
c

 176.05
c

 93% 90.65
c

 

sig. *  ** ** ** ** *  ** 

a...d    Means within column in each group with different superscripts are significantly different .  
* = significant ( P≤0.05)                             ** = significant ( P≤0.01 )                    ns  = not significant 
T2 = control+ enzyme phytase,         T3 = (-100) Kcal,         T4 = T3+ enzyme phytase,             T5= (-200) kcal,             T6= T5+ enzyme phytase 
NME : Normal metabolizable energy                MME : Medium metabolizable energy               LME : Low metabolizable energy 
1
 Based on average  price of  diets during  the experiment al time.         

2
 Net  revenue  per unit  feed  cost .   
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  Table (5) : Effect of feeding different dietary treatments on digestibility of nutrients of the experimental diets 
                  Items 
Treatments DMR

1
 

Digestibility of nutrients ( % ) 
OM CP EE CF Ash NFE 

Control T1 0.213 83.94 70.25 81.92
b
 19.54

c
 41.36

b
 89.82 

T2 0.224 85.62 69.55 83.45
a
 21.82

bc
 43.05

a
 90.00 

T3 0.210 84.80 72.42 80.85
b
 22.45

b
 39.82

c
 89.15 

T4 0.204 82.39 72.85 82.35
ab

 19.86
c
 43.77

a
 92.45 

T5 0.242 84.56 70.86 82.76
ab

 20.58b
c
 40.14

b
 91.24 

T6 0.231 85.24 71.44 83.85
a
 25.33

a
 42.35

ab
 90.65 

Sig. ns ns ns * * * ns 
          Phytase level  

0 FTU/KG 0.222 84.43 71.18 81.84
b
 20.86

b
 40.44

b
 90.07 

750 FTU/KG 0.220 84.42 71.28 83.22
a
 22.34

a
 43.06

a
 91.03 

Sig. ns ns ns * * * ns 
           Energy level 

NME 0.218 84.78 69.90 82.69 20.68 42.21 89.91 
MME 0.207 83.60 72.64 81.60 21.16 41.80 90.80 
LME 0.237 84.90 71.15 83.31 21.96 41.25 90.95 
Sig. ns ns ns ns ns ns ns 

a, b and c Means within column in each group with different superscripts are significantly different . 
T2 = control+ enzyme phytase,         T3 = (-100) Kcal,         T4 = T3+ enzyme phytase,             T5= (-200) kcal,             T6= T5+ enzyme phytase 
NME=normal metabolizable energy ,   MME=medium metabolizable energy and    LME=Low metabolizable energy 

1
DMR : Dry matter ratio     OM : Organic matter    CP : Crude protein         EE: Ether extract  CF: Crude fiber           NFE: Nitrogen free extract 

   a    (6)    ff ct of f   ing  iff   nt  i ta y t  at  nts on so    blood parameter. 
                  Items 
Treatments 

Total lipids 
(mg/dl) 

Cholesterol 
(mg/dl) 

Triglycerides 
 ( g   )  

Ca
1
 

(mg/dl) 
P 

(mg/dl) 
Creatinine 

(g/dl) 
Uric acid 

(g/dl) 
GOT/AST 

(IU/I) 
GPT/ALT 

(IU/I) 
Control T1 592

a
 134 145.33

a
 9.85 3.78

c
 1.48 2.15

b
 77.20

a
 16.44 

T2 602
a
 139 144.80

a
 9.94 3.98

b
 1.40 2.11

b
 74.82

a
 14.84 

T3 591
a
 140 140.91

b
 8.58 4.01

ab
 1.42 2.28

a
 75.50

a
 16.20 

T4 570
b
 128 145.00

a
 9.42 4.29

a
 1.52 2.20

ab
 72.75

a
 14.88 

T5 553
c
 121 128.90

c
 9.35 3.84

b
 1.46 2.36

a
 62.43

b
 15.12 

T6 556
c
 138 133.62

c
 10.05 4.21

a
 1.35 2.24

ab
 66.95

b
 15.20 

Sig. ** ns * ns * ns * ** ns 
       Phytase level 

0 FTU/KG 578 132 138.38 9.26 3.88
b
 1.45 2.20 71.71 15.92 

750 FTU/KG 576 135 141.14 9.80 4.16
a
 1.42 2.18 71.50 14.97 

Sig. ns ns ns ns * ns ns ns ns 
        Energy level  

NME 597
a
 136 145.07

a
 9.90 3.88 1.44 2.13

b
 76.01

a
 15.64 

MME 580
b
 134 142.96

b
 9.00 4.15 1.47 2.24

ab
 74.13

a
 15.54 

LME 554
c
 130 131.26

c
 9.70 4.02 1.41 2.30

a
 64.69

b
 15.16 

Sig. ** ns * ns ns ns ** * ns 
a, b and c Means within column in each group with different superscripts are significantly different .  
* = significant ( P≤0.05)       ** = significant ( P≤0.01 )     NS  = not significant  
T2 = control+ enzyme phytase,         T3 = (-100) Kcal,         T4 = T3+ enzyme phytase,             T5= (-200) kcal,             T6= T5+ enzyme phytase 
NME : Normal metabolizable energy      MME  Medium metabolizable energy   LME : Low metabolizable energy  

1
Ca   : Calcium                    P   : Phosphorus 
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Table (7) : Effect of dietary treatments on some bone measurements and composition. 

 i ta y  Treatments 
 Bone measurements 

 Tibia Weight  
(g)  

Tibia Length 
(Cm) 

Tibia Width 
(mm) 

Tibia Breaking 
Force (Kg/cm

2
) 

Tibia Ash % Tibia Ca % Tibia P % 

Control T1 6.81 9.48
a
 9.03

a
 28.69 40.66

ab
 14.02

b
 7.27

b
 

T2 6.85 9.28
a
 9.85

a
 29.50 42.46

a
 15.17

a
 8.51

a
 

T3 6.18 8.03
bc

 8.63
b
 28.28 38.68

c
 13.85

b
 7.44

b
 

T4 6.45 8.76
b
 9.26

a
 28.91 41.34

a
 14.76

a
 7.94

ab
 

T5 6.98 8.33
b
 7.76

c
 27.41 38.57

c
 14.07

b
 7.14

b
 

T6 5.98 7.76
c
 7.37

c
 27.02 39.87

b
 14.14

b
 7.68

b
 

Sig. ns * * ns * * * 

          Phytase level 

0 FTU/KG  6.65 8.62 8.47 28.13 39.30
b
 13.98

b
 7.29

b
 

750 FTU/KG  6.43 8.60 8.83 28.48 41.22
a
 14.69

a
 8.04

a
 

Sig. ns ns ns ns * * * 

            Energy level 

NME 6.83 9.38
a
 9.44

a
 29.09 41.56 14.59 7.89 

MME 6.31 8.40
b
 8.94

b
 28.59 40.01 14.31 7.69 

LME 6.48 8.05
b
 7.56

c
 27.21 39.22 14.11 7.41 

Sig. ns * * ns ns ns ns 

a, b and c Means within columns with no common superscripts differ significantly  
* = significant ( P≤0.05)    ** = significant ( P≤0.01 )     NS  = not significant  
T2 = control+ enzyme phytase,         T3 = (-100) Kcal,         T4 = T3+ enzyme phytase,             T5= (-200) kcal,             T6= T5+ enzyme phytase 
NME=normal metabolizable energy , MME=medium metabolizable energy and LME=Low metabolizable energy 
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  Table (4) : Effect of dietary treatments on carcass traits and carcass parts of broiler chicks  

                Items 
Treatments 

carcass traits carcass parts% 

Body 
weight 

Carcass 
weight 

Dressing 
(%) 

Liver 
 ( )  

Gizzard 
 ( )  

Heart 
 ( )  

Spleen 
 ( )  

  .  Fat 
 ( )  

Breast Wing  Thigh  Drumstick Back 

Control T1 2219 1651
a
 74 2.82

a
 1.70 0.63 0.130

a
 2.90

a
 44.28 8.86 22.18 12.34 4.90 

T2 2264 1676
a
 74 2.79

a
 1.69 0.62 0.110

a
 2.98

a
 44.30 8.78 22.50 13.04 3.76 

T3 2099 1596
a
 76 2.41

b
 1.69 0.60 0.093

b
 1.80

b
 44.44 8.74 22.50 12.68 4.12 

T4 2134 1629
a
 76 2.43

b
 1.76 0.62 0.092

b
 1.88

b
 44.34 8.84 22.16 12.72 4.23 

T5 1874 1358
b
 72 2.17

c
 1.73 0.65 0.084

c
 1.01

c
 43.56 8.96 22.60 12.86 3.60 

T6 1954 1445
b
 74 2.18

c
 1.68 0.63 0.084

c
 0.99

c
 44.36 8.86 22.24 12.96 4.53 

Sig. ** * ns * ns ns * ** ns ns ns Ns ns 

      Phytase level 

0 FTU/KG 2064
b
 1535 74 2.47 1.70 0.63 0.10 1.90 44.09 8.85 22.43 12.63 4.21 

750 FTU/KG 2117
a
 1584 75 2.47 1.71 0.62 0.10 1.95 44.33 8.83 22.30 12.91 4.17 

Sig. * ns ns ns ns ns ns ns ns ns ns Ns ns 

      Energy level 

NME 2242
a
 1664

a
 74 2.81

a
 1.69 0.63 0.12

a
 2.94

a
 44.29 8.82 22.34 12.69 4.33 

MME 2117
b
 1612

a
 76 2.42

b
 1.72 0.61 0.09

b
 1.84

b
 44.39 8.79 22.33 12.70 4.18 

LME 1914
c
 1402

b
 0.73 2.18

c
 1.70 0.64 0.08

c
 1.00

c
 43.96 8.91 22.42 12.91 4.07 

Sig. ** * ns ** ns ns * ** ns ns ns Ns ns 

a...c    Means within column in each group with different superscripts are significantly different . 
* = significant ( P≤0.05)    ** = significant ( P≤0.01 )     NS  = not significant 
T2 = control+ enzyme phytase,         T3 = (-100) Kcal,         T4 = T3+ enzyme phytase,             T5= (-200) kcal,             T6= T5+ enzyme phytase 
NME : Normal metabolizable energy      MME  Medium metabolizable energy   LME : Low metabolizable energy 
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 Table (1) : Composition and calculated analysis of the experimental diets  

 

Finisher (29-42 d) Grower  (15-28 d) Starter (0-14 d)  
Ingredient 

T5, T6 T3, T4 
Control  
T1, T2 

T5, T6 T3, T4 
Control  
T1, T2 

T5, T6 T3, T4 
Control  
T1, T2 

% 

67.00 66.64 66.35 60.56 60.25 59.89 53.90 54.92 55.99 Yellow Corn 

22.40 19.80 17.20 31.53 28.85 26.29 38.80 33.65 28.79 Soybean meal (44%) 

5.55 7.48 9.34 3.20 5.14 7.01 2.20 5.70 8.99 Corn Gluten 60% 

0.50 1.50 2.50 0.50 1.50 2.50 0.50 1.00 1.50 Soybean oil 

1.50 1.50 1.50 1.43 1.44 1.46 1.60 1.60 1.60 Ca Carbonate 

1.64 1.66 1.66 1.63 1.64 1.64 1.80 1.82 1.85 Mono Ca Ph 

0.45 0.47 0.52 0.22 0.27 0.32 0.25 0.39 0.39 L-lysine HCl 

0.36 0.35 0.33 0.33 0.31 0.29 0.35 0.32 0.29 Dl-methionine 

0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 Salt  

0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 Premix* 

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 Total 

Calculated analysis** 

3000 3100 3200 2900 3000 3100 2800 2900 3000 ME, kcal/kg 

19.00 19.00 19.00 21.00 21.00 21.00 23.00 23.00 23.00 Crude protein % 

157.89 163.16 168.42 138.10 142.86 147.62 121.74 126.09 130.43 ME:CP ratio 

0.91 0.91 0.91 0.91 0.91 0.91 1.00 1.00 1.00 Calcium % 

0.45 0.45 0.45 0.46 0.46 0.46 0.51 0.50 0.51 Av. Phosphorus 

0.65 0.66 0.65 0.63 0.63 0.62 0.31 0.28 0.66 DL-Methionine % 

0.98 0.98 0.98 0.98 0.98 0.98 0.69 1.05 1.05 Meth. + Cyst. %. 

1.26 1.25 1.25 1.62 1.62 1.62 1.46 1.50 1.40 Lys. % 

Determined values 

91.28 90.75 91.66 90.23 89.45 90.45 91.40 91.12 91.08 Dry matter,% 

19.24 18.92 19.14 20.88 21.14 21.20 22.92 23.05 23.10 Crude protein % 

5.68 5.89 6.06 4.77 5.02 5.45 2.85 3.12 3.43 Ether extract, % 

3.72 3.84 4.22 3.28 3.36 3.58 3.07 2.77 2.85 Crude fiber, % 

4.41 4.85 4.82 5.52 5.78 6.89 3.95 4.04 4.52 Crude ash, % 

 * Co position of vita in an   in  a s p   ix.  ach 3  g of p   ix containing  15000000  .     .    50 g.    .    3000  g.    .  3    3000  g. 
   .  1    8000  g.    .  2  4000  g.    .  6  20  g.    .  12  15000  g.  Pantothenic acid,  60000 mg. Niacin, 1500  g.  o ic aci   200   g. 
 iotin  200000  g  vit    700 g .  ho in  ch o i    80 g .  n  80 g .  n  60 g .   on  10 g .  u  1  g .  o in    an    0.2  g . S   niu    
wh     a o3  was ta  n as a ca  i   up to 3 g  th   inclusion rate was 3kg  premix / Ton f   . ** Calculated analysis of the experimental diets 
were done according to (NRC, 1994). 
T2 = control T1+ enzyme phytase,         T3 = (-100) Kcal,         T4 = T3+ enzyme phytase,             T5= (-200) kcal,          T6= T5+ enzyme phytase 


