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Abstract: Phytase produced by Aspergillus niger improves the digestibility of nutrients in monogastric. The
response of laying hens to diets varying in energy with and without phytase (1,200 IU) supplementation was
evaluated in a factorial arrangement study. The treatments assessed were two energy levels (2,918 vs. 2,870
kcal metabolizable energy/kg of dry matter) with or without phytase. At the commencement hens were 35
weeks of age, and the experiment lasted 60 days. Egg mass, egg number, egg weight, yolk color (yellow and
red), shell resistance, and production index were similar among treatments (p>0.05). Energy level had no effect
(p>0.05) on intake and lightness of yolk, but affected shell resistance (p<0.05). Phytase had no effect on intake,
egg weight, lightness or yellow of yolk (p>0.05), but, egg mass and number, and red color of yolk were
changed (p<0.05). Significant interaction of energy and enzyme were observed for lightness (p<0.05) and intake
(p<0.05). The phytase addition to low energy diet has an important impact when is use on hen feeding.
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INTRODUCTION

Phytate (hexa-inositol phosphate) is present in all vegetable ingredients used in animal feeding.
Furthermore, the structure is poorly digested in the gastro-intestinal tract of egg producing hens, since they
don’t produce the enzyme phytase. The phytate presence in laying hen diet limits the use of minerals and other
nutrients, including energy (Keshavarz and Austic, 2004; Liu et al., 2007). This anti-nutritional effect of the
phytate was demonstrated in broilers, in which the digestibility of energy and amino acids declined as dietary
phytate increased (Ravindran et al., 2006). 

On the other hand, it is well documented that the phytase hydrolyses phytate links and increases the
digestibility of important minerals such as phosphorus (Auggspurger and Baker, 2004; Cowieson et al., 2006);
hence the use of phytase as a tool to improve energy utilization has not been sufficiently demonstrated.
Recently, studies have demonstrated that the addition of phytase to conventional diets improves the digestion
of energy in broilers (Cowieson et al., 2006; Keshavarz and Austic, 2004; Liu et al., 2007; Tugba Bingol et
al., 2009).

There is limited information on the effect of phytase on the digestion and utilization of nutrients, especially
energy and amino acids (Auggspurger and Baker, 2004; Cowieson et al., 2006; Tugba Bingol et al., 2009),
the application of phytase in layer feed has not been optimized according to the diet type and phytate level
in the diet. The current study examined the effect of phytase on feed intake, egg production, eggshell quality,
and the digestion of minerals, energy in layer canola-soybean and by products-based diets.

MATERIAL AND METHODS

Thirty five weeks old Bovans White hen (n = 320) were used to evaluate four dietary treatments in a 2
x 2 factorial arrangement. Treatments consisted of two levels of energy (2,870 vs. 2,918 kcal/kg) with or
without Aspergillus niger phytase addition (control vs. 1,200 IU). The diet composition was prepared to fulfill
the NRC (1994) requirements, and is presented in table 1.

Hens were housed in elevated wire cages (4 hens per 12×18 inches cage) and provided with feed and
water for ad libitum consumption throughout the study. During the experimental period, birds were exposed
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to a schedule (hours) of 16 light and 8 dark per day. The temperature was kept between 20 and 35°C using
mechanical ventilation. 

The vitamin and mineral mix supplied (per kilogram of diet): vitamin; A, 9100 IU; D3, 2200 IU; E, 19
IU; K3, 2.3 mg; B1, 2.0 mg; B2, 7.0 mg; B6, 4.5 mg; B12, 0.018 mg; Nicotinic acid, 38 mg; folic acid, 0.8 mg;
biotin, 0.15 mg; choline chloride, 270 mg; minerals; Mn, 120 mg; Zn, 15 mg; cu, 120 mg; Se, 0.25 mg; I,
1.02 mg; Fe, 60 mg.

Table 1: Diet composition (kg/ton).
ME Kcal/ kg Phytase (1200 IU/kg) 2916 2870

------------------------------------------- --------------------------------------------------
+ - + -

Sorghum grain 584.000 549.000 596.000 562.000
Soybean meal (45%) 127.000 118.000 125.000 117.000
Dry distiller grain plus soluble 80.000 80.000 80.000 80.000
Calcium 97.000 98.000 97.000 97.000
Meat meal 36.000 40.000 36.000 40.000
Corn gluten 35.000 35.000 35.000 35.000
Acidulated oil 31.000 49.000 20.000 38.000
Canola ------- 16.000 -------- 15.000
Salt 2.500 2.500 2.500 2.500
Vitamin and mineral mix 2.500 2.500 2.500 2.500
Sodium bicarbonate 2.500 2.500 2.500 2.500
Lysine, HCl 1.690 1.720 1.720 1.740
Methionine 0.950 0.940 0.940 0.940
Roxaphilltm 0.240 0.240 0.240 0.240
Phytase 0.080 -------- 0.080 --------
Orthophosphate -------- 5.500 -------- 5.500
Calculated analysis
ME, Mcal/kg 2.92  2.92 2.87 2.87
Fiber, % 3.29 3.33 3.35 3.31
Available phosphorus, (g/kg) 0.40 0.39 0.40 0.39

The experimental diets were daily prepared and fed for 12 weeks. Feed intake, laying rate, quality and
egg weight were recorded daily and samples taken on days 1, 20, 40, and 60 of the trial. The egg mass was
calculated by multiplying egg weight by daily production. The conversion was calculated by dividing the
weight of egg production between the feed consumed. Mortality was assessed and recorded daily during the
experiment.

The parameters feed intake and egg production were corrected for hen mortality. Yolk color (L = lightness,
a = redness, and b = yellowness) was tested using a Minolta colorimeter. Eggshell quality measurements were
determined using a micrometer (Model 232, Zonachain Corp., Shangai, China). 

Experimental data were subjected to ANOVA procedures for completely randomized designs using the
statistical package of SAS establishing an alpha of 0.05 to declare differences among treatments (SAS, 2002).
The mathematical model used was the following.

Xij = μ +ai+ eij

In the above model:

Xij: numeric value of each view.
μ: population mean.
ai: effect of each evaluated treatment.
eij: is the effect of experimental error.

RESULTS AND DISCUSSION

No significant effects (p>0.05) of diets or their interaction with enzyme on egg mass, eggs number, egg
weights, yellow color of yolk, red color for yolk, eggs resistance, daily individual production. However, reports
had demonstrated that supplementation of phytase generally enhanced the egg production. Liu et al., (2007)
using phytase in laying hens reported the augmentation on the feed intake and digestibility of the phosphorous,
calcium and amino acids. Silverside et al., (2006) reported no effect of enzyme addition on intake or feed
efficiency.
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Lightness of the yolk color averaged 59.8. No significant effect of energy level was observed on lightness
of yolk, or intake. But, no significant effect of phytase was observed on eggs weights, lightness and redness
of yolk, or intake (p>0.05). Novak et al., (2008) reported that using enzymes augmented redness of the yolk,
but observed no effect on yolk lightness. Authors reported that decreasing energy decreased redness. Wu et
al., (2005, 2007) using hens aged 21-36 weeks reported little effect of dietary energy density on egg yolk color
which is in accordance with the results obtained in the present trial using the minolta.

Egg shell resistance was affected by the dietary energy level (p<0.05). Phytase addition affected
significantly the egg mass, number, redness of yolk, and daily individual production (p<0.05). Nezhad et al.,
(2008) using 300 phytase units on a soybean-corn based diet contained 1% of available phosphorous reported
the augmentation of shell resistance. On the other hand Liu et al., (2007) using Hy-line hens observed that
the phytase reduced shell resistance but increased thickness. In the present trial a significant effect of diet
energy density and phytase was observed on yolk lightness (p<0.05) and intake (p<0.05). 

Table 2: Egg production.
ME, Kcal/ Kg Phytase (1,200 IU/kg) 2,916 2,870

-------------------------------------- ----------------------------------------
+ - + -

Feed Intake g/day 116.03 114.31 110.12 115.85
Egg production, % 84.37 87.91 80.71 86.47
Feed to egg yield ratio 2.18 2.02 1.98 2.10
Egg weight, g 62.95 64.19 62.87 63.63
Egg mass, g / hen 52.95 55.66 50.35 54.91
Yolk color
Lightness (L) 59.99 59.70 59.40 60.40
Yellowness (b) 51.58 48.98 49.95 49.66
Redness (a) 4.73 3.70 4.48 4.23
Shell resistance, g 4,013.56 3,848.81 4,401.12 4,416.75

Conclusion:
Considering the results of the present study it can be concluded that using of enzyme phytase has little

effect on egg production but increases the egg mass when the diet contains sorghum grain and soybean meal
as main ingredients.
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