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ABSTRACT 
This experiment was carried out to identify the effects of the inclusion of different 
levels of phytase enzyme in laying hen’s diets, on performance and egg quality. 
Hundred commercial layer hens (Lohmann) breeds at 32 weeks of age were 
distributed in a completely randomized design with four dietary treatment groups of 
twenty-five hens each. The treatments included 250, 500, and 750 gm phytase 
enzyme/ton feed respectively. Each treatment was divided into 5 replicates of 5 birds 
each. The replicate in the study was represented by battery cage (length 47cm, width 
40cm, and height 47cm). All experimental diets were formulated according to the 
guidelines given in the manual provided by the breeder company. The performance 
and egg quality parameters were recorded. Results revealed that all performance 
parameters were significantly affected by dietary treatments except egg weight which 
was not influenced by treatments. No significant differences were observed in egg 
quality of all treatment groups, except for (shape index, albumin weight, yolk 
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diameter, and Haugh unit). It is concluded that adding phytase enzyme at 750 g ⁄ ton, 
in diets of layer hens can improve feed intake, egg production, and feed conversion 
ratio. 
 Keywords: Phytase enzyme, Performance, Egg quality, Layer hens. 
 
INTRODUCTION 
The provision of good protein in short period of time in form of meat and eggs is the 
major contributing role of poultry in human nutrition (Daffa alla et al., 2015). In 
poultry management, nutrition is considered as a master prerequisite for a successful 
production. Approximately 70 % of the total cost of broiler feed is required to meet 
energy needs (Abdelgadir, 2009).Therefore feed cost represents the largest portion of 
the variable costs of poultry production  . 
Phosphorus (P) is an essential mineral in all diets for poultry. Due to the low content 
of available phosphorus in plants and the low phytase activity in birds, diets must be 
supplemented with an inorganic phosphorus source. However, P is considered as an 
expensive nutrient that commonly supplemented in poultry feed. It represents the third 
most expensive nutrients following proteins and energy. Bird's diets are generally 
formulated based on corn, soya bean meal, approximately two-thirds of the total P in 
plants, which are the major constituents of poultry diets, is in the form of phytate 
(Viveros et al., 2000). 
A number of researches have demonstrated that use of microbial phytase 
supplementation in feeding poultry has the ability to hydrolysis, releasing phytic acid 
in phosphate form (NRC, 1994). Adding microbial phytase in laying hen feed 
improves phytate P utilization and productive performance (Boling et al., 2000a, b; 
Jalal and Scheideler, 2001; Narahari and Jayaprasad, 2001; Keshavarz, 2003; Lim et 
al., 2003; Plumstead, 2007). Also maximize plasma P but had no effect on plasma Ca 
or Mn. Plasma Zn concentration was improved only when a high level of AMJC 
(equivalent to 1,000 U phytase kg-1 of feed) was used. Lan et al., (2002.) Francesch et 
al. (2005) and Jalal and Scheideler (2001) observed an enhancement in egg 
production, hen weight gain, feed conversion rate, egg mass and feed consumption in 
hens that were fed a diet supplemented by phytase when compared to hens fed a diet 
without phytase supplementation. Jong Hyuk Kim et al., (2017) mentioned that, 
superdosing level of 20,000 FTU/kg phytase in diets has a positive effect on egg 
production rate, but no beneficial effect on egg quality in laying hens. The objective of 
the present study was to find out the effect of phytase enzyme supplementation on 
performance of laying hens (feed intake, percentage of egg production, eggs weight 
and mortality rate), and to assess the internal and external quality of egg (shape index, 
yolk index, shell thickness, yolk color, the height of albumin and Haugh unit).  
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MATERIALS AND METHODS 
Experimental site and duration 
The study was conducted at the Poultry Production Training and Research Farm, 
College of Animal Production, University of Bahri. The period of the experiment was 
nine weeks.      
 
Experimental animals and design 
Hundred commercial layer hens (Lohmann) breed at 32 weeks of age was used. Birds 
were kept in standard management conditions (semi-closed system house prepared 
with battery cages). The averages of minimum and maximum temperature were 
documented during the experiment period, which ranged between 28 –30 C̊. Chickens 
were randomly assigned into four dietary treatment groups in completely randomized 
design. Each group was represented by 25birds which were distributed into 5 
replicates of 5 birds each. The replicate in the study was represented by battery cage 
(length 47 cm, width 40 cm and height 47cm). 
 
Experimental feed: 
Basal diet was formulated according to the guidelines given in the manual provided by 
the breeder company. Four experimental diets which were approximately iso-caloric 
and iso-nitrogenous but differing in the level of phytase enzyme were formulated. 
Phytase enzyme was included at graded levels of 250, 500 and 750grams / 1000 kg. of 
diet designated as groups 2, 3 and 4 respectively. The control diet (group 1) on the 
other hand contains no phytase enzyme. The four diets were randomly assigned to 
birds in different groups (1, 2, 3 and 4). 
 
Performance and egg quality 
Birds were acclimatized for the first week of the experiment. Afterwards, the number 
of eggs produced by birds in each pen was recorded in a daily basis during the 
remaining 8 weeks of the experiment. For egg quality investigations, 40 eggs were 
collected by the end of week 5 (2 eggs from each pen with a total of 10 eggs per 
treatment). Following the same procedure, additional 40 eggs were also collected at 
the end of week 9 of the experiment (Table 2). 
Eggs from each treatment were sampled to measure, egg weight, shape index, %age of 
shell, shell strength, shell thickness, albumin height, albumen diameter, albumin 
weight, yolk height and diameter, yolk weight and Haugh units. Egg weight was 
determined by digital scale while shape index was determined by measuring the width 
and the length of the egg using slide caliper and the shape index was expressed as 
Shape index= (width/length) X 100. Shell strength was obtained by using shell weight 
percentage to total of egg weight, Shell thickness was a mean value of measurements 
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at three locations on the egg (air cell, equator, and sharp end) measured by using dial 
pipe gauge. Albumin height and diameter were determined by standard tripod 
micrometer. On the other hand, Yolk height was determined by a micrometer and yolk 
width by a slide caliper to determine the standing up quality of the yolk. Moreover, 
Haugh units were calculated with the HU formula (log H+7.37-1, 7.) based on the 
height of albumen determined by a micrometer5 and egg weight, where H=height of 
white. 
 
 

Table 1: Ingredients and chemical composition of the basal diet. 
Ingredients                                                      (%) 
Sorghum grain 52 
Groundnut cake 14.91 
Wheat bran 18 
Super concentrate* 5 
Dicalcium phosphate 0.35 
Limestone 9 
NaCl 0.3 
Lysine 0.2 
Methionine 0.04 
Antimyctoxins 0.2 
Total 100 
Chemical analysis 
ME (kcal/kg) 2750 
Crude protein (%) 18.5 
Methionine 0.38 
Met+cystien 0.67 
Lysine 0.76 
Calcium 4.5 
Available phosphorus 0.40 

 
*Each kg of super concentrate contained: crude protein 35%, crude fat t2%, crude fiber 4.5%, 
calcium 6-8%, phosphorus 4.6%, lysine 6%, methionine 2.5%, methionine+cysteine 3%, sodium 2.3 
ME:2000kca/kg. 
Added vitamins/kg: vitamin A 200.000 IU, vitamin D3 40.000 IU. Vitamin E 300 mg, vitamin K3 40 
mg, vitamin B1 30 mg, vitamin B2 80mg, vitamin B3 180 mg, vitamin B6 40mg, vitamin B12 
120mg,niacin 500mg,folic acid 15mg,biotin 400mgcholine chloride 10.000mg. 
Added minerals/kg: iron 1.200 mg, zinc 1.000mg, copper 120mg, manganese 1.200mg, iodine 10mg 
and selenium 4mg. 
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Table 2: Time table of experiment procedures 

Age of layer 
hens/weeks Task Remarks 

At the 30 weeks  Feed formulation  
At the 31 weeks Commencement of the feed trial  
At the 32 weeks Acclimatization  

At the 33 weeks 
The beginning for taking 
performance parameters 

 

At the end of 36 weeks First egg samples for investigate Total number of samples 40 

At the end of 40 weeks 
Second egg samples for 

investigate 
Total number of samples 40 

 
Statistical Analysis 
The collected data from the four experiments were analyzed using one way analysis of 
variance (ANOVA) and PROC GLM of SAS. (SAS, 2003). Means were separated by 
Duncan multiple range test (Steel and Torrie, 1980) at P<0.05. 
 
RESULTS AND DISCUSSION 
Effect of graded level of phytase enzyme supplementation on the performance of 
laying hens is shown in Table (3). Enzyme supplementation produced significant 
(p<0.05) reduction in feed intake at the highest level of inclusion (750g) and showed 
no effects at the other levels. This result disagree with Ciftic et al (2005 ) who 
reported improved feed intake of layers fed graded levels of microbial phytase with 
increasing phytatse level. The present results also disagree with Keshavarz (2003) 
who reported no significance effect of phytase supplementation on the performance of 
four strains of laying hens fed different levels of non phytate phosphorus with and 
without phytase. However, no significant difference (p>0.05) in feed intake was noted 
between birds fed 250 and 500 grams phytase and those fed the control diet. This 
means that, certain level of phytase is necessary to cause the feed depression observed 
under this study. However, results showed that there was no significant (p>0.05) 
difference between treatment groups in egg weight, all treatment group values were 
similar. These result agree with (Scott. et al. (1999, Ingrid, et al, 2018) who indicated 
that phytase supplementation had no significant effect on egg weight. On the other 
hand this result disagree with Ciftic, et al (2005) who reported improved egg weight in 
layers fed increasing levels of microbial phytase. Difference in these results could be 
attributed to the source of phytase. On the other hand, result showed significantly 
(p<0.05) higher percentage in both of feed conversion ratio and egg production. These 
result agree with Jalal and Scheideler, (2001) who found that supplementation of 
phytase in normal, corn soybean meal diets improved feed conversion ratio. On the 
other hand, Augspurger, et al, (2007) and Silversides et al., (2006)  found no change 
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in FCR when different doses from a 6-phytase, produced by E. coli in White Leghorn 
hens. 
 

Table 3: Effect of different levels of Phytase enzyme on Performance of layer hens 
Parameters Treatments ±SE L.S 

1 (control) 
 0 g 

2 
250g 

3 
500 g 

4 
750 g 

  

Feed intake (g) 0.537a 0.537a 0.549a 0.523b 0.002 ** 

Feed conversion 
ratio 

2.552a 2.523a 2.400ab 2.320b 0.032 * 

Egg weight  52.753 53.224 52.480 52.271 0.291 NS 

Egg production 28.600b 29.200ab 30.800a 29.875ab 0.310 * 

a ,b ꞊ mean followed by the different letters are significantly different(p<0.05). 
LS꞊ level of significance,±SE꞊ Standard Error. 
NS꞊ NO Significance (p>0.05),* ꞊ Significance (p<0.05). 
** ꞊ High Significance. 
 

Table 4: Effect of different levels of Phytase enzyme on egg Characteristics of layer hens 
Parameters Treatments ±SE L.S 

(Control) 
0 g 

1                        
250 g 

2                             
500 g 

3                                         
750 g 

  

Egg Weight 50.78  52.30  51.56  52.73   0.49 NS 
Shape index 73.94 ab 72.71b 75.88 a 76.10 a 0.42 * 
Shell weight 6.85  7.01  6.97  6.93  0.07 NS 
Percentage of the shell 13.53  13.29  13.40  13.14  0.14 NS 
Shell strength 4.83  4.57  4.31  4.43  0.09 NS 
Shell thickness 0.35  0.34  0.32  0.34  0.01 NS 
Albumin height 5.46  6.69  5.51  5.60  0.22 NS 
Albumin diameter 65.40  65.96  65.23  64.92  0.81 NS 
Albumin weight 20.81b 27.90a 28.17a 28.18 a 0.83 * 
Yolk height 10.97 b 16.49a 15.67a 15.48 a 0.52 * 
Yolk diameter 38.71 b 42.17 a 41.04ab 40.15 ab 0.40 * 
Yolk  weight 15.00  16.36  15.33 15.84  0.34 NS 
Haugh unit 73.50 b 85.04 a 74.76ab 74.39 ab 1.63 * 

Means within the same raw in each category carry different superscripts are significantly different 
(P<0.05). 
 
It has been well documented that the phytase supplementation improved egg 
production and reduced percentages of broken and soft eggs and P excretion, Lim et 
al. (2003). A positive effect on egg production was seen when phytase was included in 
the diet where Layers fed 1 200 FTU/kg phytase had higher egg production 
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percentage than those fed no phytase. Mellef et al.(2011) reported that inclusion of 1 
200 FTU/kg of a 6-phytase from A. oryzae produced a greater number of eggs laid in 
comparison to 800 FTU/kg, and likewise 800 FTU/kg was better than 400 FTU/kg in 
Hy-Line W36 hens. Ingrid et al., (2018) and Hassanien and Sanaa (2011) reported that 
high inclusion levels of phytase improved eggshell formation, leading to a stronger 
structure, probably due to more mineral availability, decreasing the incidence of 
broken eggs. Contrary to the current study, Meyer and Parsons (2011) and 
Augspurger et al., (2007) did not find changes in productive responses when using 
different levels of phytase from E. coli in W-36 Hy-Line layers and single comb white 
leghorn respectively. They attributed this to variation of the effects of phytase dose on 
shell parameters, which in turn can influence the production of marketable eggs.  

In the present study (Table 4) increasing levels of Phytase produced significant effects 
(P<0.05) in shape index, albumin weight, yolk diameter and Haugh unit and showed 
no observed effects in other parameters of egg characteristics.  The obtained results 
agree with that specified by Jalal and Scheideler (2001) who reported no significant 
effects of phytase supplementation in normal, corn-soybean meal feed on dry and wet 
shell percentage. Other researchers, In contrast, Hassanien and ELnagar (2011) 
indicated that dietary supplementation with phytase enzyme increased Haugh unit 
significantly compared to control group. 
 
CONCLUSIONS 
Based on the results of the present study, it can be concluded that the inclusion of the 
phytase enzyme up to 750 g ⁄ ton, which represent (0.075%), in diets of layer hens can 
decrease feed intake and improves egg production and feed conversion ratio and thus 
improve hen's productivity. In addition phytase supplementation has no negative 
effects on egg shell quality and thickness. 
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