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Introduction

Differences exist in availability of dietary plant
and mineral phosphorus between poultry species
(Rodehutscord and Dieckmann, 2005). In most
cereal grains and oilseeds the phytate P is the main
storage form of phosphorus and represents  50 to 85%
of the total P. Quail, like other poultry species, poorly
utilize phytate P and this affects the proper digestion
of dietary nutrients, increases the cost of diet and,
more importantly, promotes  environmental pollution
(Jongbloed and Lenis, 1998; Ravindran et al., 2000;
Selle et al., 2000; Adeola and Sands, 2003). Phytase
is an enzyme that hydrolyzes phytate to inositol and
inorganic phosphate. Since there is no natural phytase
in the gastro-intestinal tract of poultry, supplement-
ation of diets with exogenous phytase has been
proven to enhance the digestibility of phytate P (Nys

et al., 1999). Phytase reduces the need for
supplemental inorganic P to the diet and
consequently, the amount of P excreted into the
environment (Keshavarz, 2000; Selle et al., 2000;
Kies et al., 2001; Adeola and Sands, 2003; Yu et al.,
2004). Although a number of studies have demons-
trated the positive influence of microbial phytase on
the digestibility of dietary phytate phosphorous and
other nutrients in Japanese Quail (Coturnix coturnix
Japonica) (Bahtiyarca and Parlat, 1997; Saricicek et
al., 2005; Vali, 2010; Lima et al., 2011 a,b), there is a
paucity of evidence on the  effect of phytase on
growth and development of bone in quail. 

To evaluate the effect of phytase on bone
mineralization in white quail, blood P level and tibia
bone characteristics of young quail fed with corn and
soybean meal based diets with two levels of available
P (aP) with and without phytase were compared.
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Abstract:

BACKGROUND: Exogenous phytase enhances the utilization
of plant phytate phosphorus in poultry. OBJECTIVES: In the
present study the effects of exogenous phytase was investigated on
tibia bone characteristics of white quail. METHODS: In a 2x2
factorial arrangement, eighty, 11-day old unsexed chicks were
randomly divided into 4 treatments of 20 replicates. All birds
received one of four experimental diets with two levels of aP(5.2 or
3.9 g kg-1) and two levels of phytase (0 or 500 FTU kg-1).  On day
25, all birds were weighed, sacrificed, and blood samples were
obtained for the determination of blood phosphorus. Both tibiae
were excised for the determination of ash, calcium and phosphorus
content, bone length and thickness, and breaking strength.
RESULTS: Birds which had received lower aP diets showed lower
levels of blood phosphorus as well as tibia bone weight, ash,
calcium, phosphorus, bone thickness and strength when compared
with the higher aP fed birds. CONCLUSIONS: Adding phytase to
the lower aPdiet was able to restore the above-mentioned variables.
Phytase increases rigidity and strength of tibia by enhancing the
availability of phytate phosphorus to the quail. This is important,
particularly when the bird is grown for flight and hunting.



Materials and Methods

The experiment was carried out at the Poultry
Station, Veterinary Research Institute, Faculty of
Veterinary Medicine, University of Tehran, Tehran -
Iran. The experimental procedure was approved by
the Animal Research Committee of the University of
Tehran.  Atotal of 130 one-day old mixed white quail
chicks were housed in a wire cage with newspaper
litter in an environmentally controlled room, with 23
h constant lighting.  Chicks received a commercial
starter diet containing 2750 kcal kg -1 metabolisable
energy, 270 g kg -1 crude protein, 12 g kg -1 total
calcium and 5.2 g kg -1 aP, until 11 days of age. In a
2×2 factorial arrangement, eighty individually
identified, unsexed birds with similar body weights
(55±0.8 g), were randomly assigned into 4 wire cages
(90 × 60 × 40 cm). Each cage contained 20 birds and
each bird was regarded as one experimental unit
(replicate). All birds received one of four iso-
energitic, iso-nitrogenous corn-soybean meal based
experimental diets which were formulated to meet or
exceed the nutritional requirements of quail as
established by the NRC (1994) (Table 1). Diets were
arranged to contain two levels of aP (Treatments A
and B=5.2 g kg -1, Treatments C and D=3.9 g kg -1)
and two levels of a commercially available phytase,
Natuphos 5000®G (Treatments Aand C = 0 FTU kg -
1 , Treatments B and D=500 FTU  kg -1) (BASF SE,
Lampertheim, Germany). One FTU (phytase enzyme
unit) is equivalent to the amount of enzyme that
liberates micromole inorganic phosphorus per
minute from 0.0051 mol/L sodium phytate at 37°C
and at pH = 5.5 (Hall et al., 2003). Birds had free
access to experimental diets in mash form and fresh
water until 25 days of age. The experiment lasted two
weeks and on the last day of the experimental period,
all birds were individually weighed and the final body
weight was recorded. Then all birds were sacrificed
by cutting the carotid arteries and following
exsanguinations. Blood samples were obtained for
subsequent determination of phosphorus in blood
(BP) by photometric system. Left tibia was excised,
defatted, dried and ashed for the determination of
tibia weight (TW) and tibia ash weight (TAW).
Calcium and phosphorus contents of the ash samples
were determined using volumetric (Code 935.13) and

spectrophotometric methods (Code: 964.06),
respectively, according to the AOAC (http://
aoac.org/). Right tibia was used for bone geometrical
parameters including bone length (BL) and width
(BWi) using a micrometer. The ratio of bone width to
bone length (BWi/BL) was calculated. The tibia
weight/length index (TW/BL) was determined by
dividing the bone weight by its length (Seedor et al.,
1991). The Robusticity Index was also calculated by
dividing the bone length by the cube root of tibia
weight (Mutus et al., 2006).

Bone-breaking strength (BBS) analysis was also
conducted on right tibia using an Instron Materials
Tester (Model 4486, Instron Corp., Canton, MA),
according to the method described by Jendral et al.
(2008). Briefly, each bone was placed on 2 support
points measuring 2.5 cm apart. Ashear plate,  80 mm
in length and 1 mm wide, attached to a 50-kg load cell
with a crosshead speed of 20 mm/min, was introduc-
ed to the midpoint of the same facial plane of each
bone and the breaking strength was recorded in
Newton.

Analysis of response variables between each
treatment was carried out using one-way analysis of
variance (ANOVA) of Minitab system (Minitab 13.2
statistical package, Minitab Inc. State College, 2000).
Fisher's LSD procedure was used to obtain
confidence intervals for all pair wise differences
between means. General linear model (GLM)
procedure was used to determine the main effects of
factors (aP level, Phytase, aP level × Phytase) on the
response variables. Statements of statistical
significance are based on a probability of p<0.05.

Results

Although no st atistical analysis was carried out on
body weight gain of the birds, there was no notable
difference in body weight gain among the
experimental treatments as the mean body weight
gain of treatments A, B, C and D were 112, 109, 107
and 111 ±1.4 g, respectively. Those birds fed on lower
aP diet without phytase had the lowest BP among the
experimental groups (Table 2). However, adding the
enzyme restored the BP of these birds. The
experimental birds fed on lower aP diet without
phytase also had the lowest TW, TAW, TCaW, TPW,
BBS and BWi. The same birds showed the lowest
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ratio of BWi/BL and TW/BL but the highest ratio of
Robusticity Index, as well. The addition of phytase
enzyme, particularly to the lower aP diet increased
TW, TCaW, TPW, BBS, BL and BWi. The ratio of
BWi/BL and TW/BL Index were also improved by
the enzyme.  Interactions were observed between
dietary aP level and phytase enzyme in TW, TCaW,
TPW, BB S, BWi and BWi/BL. 

Discussion

Based on the recommendations of NRC (1994),
dietary Ca and aPrequirements of quail at starting and
growing stages are 8 and 3 g kg -1, respectively, with

the ratio of Ca/aP= 2.66. However, Costa et al. (2011)
recommended that the dietary Ca level for broiler
quail from 1 to 21 days of age could be set at 12 g kg-1.
In our experiment, in order to evaluate the influence
of phytase enzyme on the characteris-tics of tibia
bone, the amount of total calcium in all experimental
diets was kept constant at the level of 12 g kg -1 and
the amount of aP was set at two levels of 5.2 (ratio of
Ca/aP = 2.30) and 3.9 g kg -1 of diet (ratio of Ca/aP =
3.07), respectively. As a result, the chosen dietary
ratios of Ca/aPin this experiment were 15% higher or
15% lower than recommended Ca/aP ratio by NRC
(1994). This experiment did not aim to evaluate the
influence of aP level and/or phytase on body weight
gain, feed intake and feed conversion ratio of the
birds, as it is frequently reported that diets with aP
levels much lower than the aP levels used in this
experiment had no negative influence on growth
performance of broiler quail (Sacakli et al., 2006;
Alfotieh and Bessei, 2008; Vali, 2010). Sacakli et al.
(2006) showed that reducing dietary available Pfrom
3.5 g kg -1 to 2.0 g kg -1 had no effect on BWG, feed
intake and FCR of quail. Alfotieh and Bessei (2008)
reported that diets containing very low amounts of
available phosphorus fulfilled the requirements of
quails and had no effect on BWG and FCR. 

Adecrease in BPof the birds fed on a diet with the
lower level of aP when compared with BP of higher
aPfed birds, and an elevation in this variable because
of adding phytase to the low aP diet has also been
demonstrated in quail as well as in other poultry birds
(Fernandes et al., 1999; Brenes et al., 2003; Juanpere
et al., 2004; Wu et al., 2004; Sheikhlar et al., 2009;
Vali, 2010, Akyurek et al., 2011).

The above result indicates that the added enzyme
enhanced the bioavailability of dietary phytate P in
the intestinal lumen of the bird by releasing phosphate
group form phytate molecule. Phosphate group was
then absorbed and increased the blood phosphorous
level.  

Lower mean values for TW, RTW, TAW, RTCaW,
RTPW, BBS, BWi and BWi/BL in birds fed on lower
aP diet when compared with the birds fed on higher
aP diet, and an enhancement in the above variables
with the aid of phytase, are in agreement with
previous reports.

Bahtiyarca and Parlat (1997) showed that phytase
supplementation at 0.1% level of diets containing
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Feed Ingredients
Adequate

Diet
(g kg-1)

Marginal
Diet

(g kg-1)
Corn 492 492

Soya Meal (44%) 440 440
Vegetable Oil 20 20

Calcium Carbonate 16 20
Vit-Min Premix* 4 4

Di-Calcium Phosphate (18% P) 19 13
DL-Methionine 2 2

L-Lysine 1.5 1.5
Salt 4 4

Sand 0 2
Zinc Bacitracin 0.5 0.5

Choline  Chloride  (60%) 1 1

Nutritional Composition
Metabolizable Energy (kcal kg-1) 2810 2810

Crude Protein 233 233
Crude Fat 42.1 42.1

Crude Fiber 41.5 41.5
Total Calcium 12.0 12.0

Total Phosphorus 7.8 6.5
Available Phosphorus 5.2 3.9

Total Sodium 2.0 2.0
Methionine 5.6 5.6

Lysine 14.3 14.3
Methionine+Cystine 9.4 9.4

Table 1. Feed ingredients and calculated nutritional compos-
ition of experimental diets for broiler quail from 11 to 25 days
of age. *Vitamin and mineral premix supplied per kg of diet;
Retinol acetate 24 mg, Cholecalciferol 24mg, Tocopherol
acetate 30mg, Thiamine 1.8mg, Riboflavine 6.6mg, Calcium
panthotente 10mg, Nicotinic acid 30mg, Pyridoxine
hydrochloride 3mg, Cyanocobalamin 0.015mg, Biotin 0.1mg,
Folic Acid 1.0mg, Choline Chloride 500mg, Menadione 2mg,
Manganese 99.2mg, Iron 50mg, Zinc 84.7mg, Copper 10mg,
Iodine 1mg, Selenium 0.2mg.



0.45 and 0.35% aP significantly improved tibia ash
and breaking strength in comparison with control
group fed 0.45% aP without phytase. Sacakli et al.,
2006 noted that tibia ash was reduced for the quails
fed diet low in aP compared to the adequate diet.
However, the addition of phytase to the diet
containing low-level of aP improved tibia ash. 

In contrast, Osman et al., 2009 were not able to
show the influence of dietary P level or phytase on
tibia ash of the birds in their experiment. However
they reported that tibia relative weight decreased as a
result of decreasing the dietary aP level.  

An increase in calcium and phosphorus content of
the tibia bone, particularly in birds fed with lower aP
diet in response to the addition of phytase, is a clear
indication of an effective degradation of phytate
phosphorus in the GI tract of the bird by the enzyme
and hence an enhanced absorption and utilization of
phosphate groups for bone mineralization.

Osman et al., 2009 showed that tibia length of
quail chicks was significantly increased as a result of
adding microbial phytase to low aP diets. In their
experiment, in response to the added phytase, tibia
breaking strength of the same birds was also
significantly increased. 

In our experiment phytase was not only able to
increase the length of tibia bone, but also increased
the tibia width in both high and low aPfed birds. This

helps tibia bone towards a higher rigidity and
strength. An 11.3% reduction in BBS of the birds that
received lower dietary aP in this experiment and
restored BBS of the same birds when the diet
contained phytase (11.1%), supports the above-
mentioned findings. The bone weight/bone length
index is a simple index of bone density obtained by
dividing bone weight by its length (Seedor et al.,
1991). The higher the index the denser the bone. In
contrast, the low Robusticity Index indicates a strong
bone structure (Mutus et al., 2006). A notable
reduction in the TW/BL index (|«|10.5%) and an
elevation in Robusticity Index (|«4.5%) of the lower
aP fed birds without phytase in comparison with
higher aP fed birds confirms the BBS results and is a
clear indication of that the level of dietary aP has a
significant influence on the bone structure and
rigidity. Although phytase appeared to have no
impact on both indices in higher aP fed birds, it was
successful in increasing TW/BLIndex of lower aPfed
birds up to 6.7%.

In conclusion, this study showed that adding
phytase enzyme to corn-soybean meal diets improves
the characteristics of the tibia bone in quail chicks.
Phytase supplementation not only increases the
bioavailability of dietary phytate phosphorus, but
may also increase the utilization of other required
dietary nutrients for the bird and subsequently
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5.2 g kg-1 aP 3.9 g kg-1aP
SEM

Statistical Significance

0  FTU
Enzyme

500 FTU
Enzyme

0  FTU
Enzyme

500 FTU
Enzyme aPLevel Phytase aPLevel

×Phytase

BP(mg/dl) 5.58bc 5.04ab 4.64a 6.00c 0.28 * * NS

TW (mg) 515b 520b 473a 510b 12 * * *

TAW (mg) 249b 235ab 223a 234ab 6.9 * NS NS

TCaW (mg) 91.5b 92.2b 76.9a 91.1b 3.20 * * *

TPW (mg) 47.7ab 50.0b 43.8a 48.3b 1.43 * * *

BBS (N) 61b 60b 54a 60b 1.9 * * *

BL(mm) 53.6a 54.4ab 54.1ab 55.1b 0.41 NS * NS

BWi (mm) 2.90b 3.18c 2.73a 3.07bc 0.07 * ** *

BWi/BL(%) 5.41b 5.83c 5.03a 5.56b 0.11 *** *** ***

TW/BL(mg/mm) 9.64b 9.55b 8.72a 9.31b 0.21 *** * NS

Robusticity Index 6.69 a 6.76 a 6.99b 6.94b 0.07 *** NS NS

Table 2. Influence of adding phytase to corn-soybean meal diets with two levels of available phosphorus (aP) on blood phosphorous level
and tibia characteristics of broiler quail from 11 to 25 days of age. a,b,c, Variable means with different superscripts in each row  are
statistically different (n = 20, p<0.05); NS, Not significant; *, p<0.05;**, p<0.01; ***, p<0.001; SEM, Standard error of  mean. BP, Blood
phosphorus; TW, Tibia weight; TAW, Tibia ash weight;  TCaW, Tibia calcium weight; TPW, Tibia phosphorus weight; BBS, Bone
breaking strength (Newton); BL, Bone length; BWi, Bone width; BWi/BL, Bone width / bone length ratio; TW/BL, Tibia weight / Bone
length index.



increase the bone mineralization. This leads to
increasing the bone rigidity in quail, particularly
when the bird is grown for flight or hunting purposes.
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ìXéú  |ÆI kAìþ AüpAó, 1931, kôoû 6, yíBoû 3,  451-941     

OBSýpÖýPBqGpg¿õ¾ýBR AuPhõAó koyQ ðþ WõWú|øBÿ Gélôýò OÓnüú ylû GB Wýpû|øBÿ
moR – ÞñXBèú uõüB

GùrAk ìñ¿õoÿ
*

ìùvB ouPãBoÖBÆíþ   ìùpkAk ìlüp¾BðÏþ   süç øñpqAk
âpôû GùlAyQ ôOÓnüú kAï ôÆýõo, kAðzßlû kAìLryßþ kAðzãBû OùpAó,|OùpAó, AüpAó.

|(||koüBÖQ ìÛBèú:  22||  gpkAk ìBû  1931  ,  Knüp} ðùBüþ:  7  |yùpüõoìBû  1931)| |

|̂ßýlû 
qìýñú ìÇBèÏú:Aðrüî|øBÿ ÖýPBq GB ìñzBF gBoWþ uHI GùHõk GßBoâýpÿ Öv×pÖýPBOú âýBøþ koÆýõoìþ|yõðl.||ølÙ:koìÇBèÏú cBÂp, ASpAR

ÖýPƒBq GƒB ìñzBF gBoWþ Gpôütâþ|øBÿ AuPhõAó koyQ ðþ Gélôýò|øBÿ u×ýl ìõok Gpouþ ÚpAoâpÖQ.|oô} ÞBo:OÏlAk 08 ÚÇÏú WõWú

Gélôýò 11 oôqû OÏýýò WñvýQ ðzlû Gú ¾õoR O¿BkÖþ ôGB @oAü{ ÖBÞPõoüê 2 |×| 2 Gú ̂ùBoOýíBoôøpOýíBoyBìê 02 OßpAoOÛvýî ylðl. OíBï

KpðlâBó üßþ Aq ̂ùBoWýpû @qìBüzþ GB kôuÇe Öv×pÚBGê kuPpx (gk/g2/5 ô9/3)ôkôuÇe ÖýPBq (gk/UTF 005 ô0) oA koüBÖQ Þpkðl.

ko52 oôqâþ, OíBï KpðlâBó Oõqüò ômGe ylû ôðíõðú|øBÿ gõó GpAÿ OÏýýò ÒéËQ Öv×pgõó Agn âpkülðl. øpkôAuPhõAó koyQ ðþ Gú ìñËõo

OÏýýƒò ìÛƒBküpgBÞvPp, Þévýî ôÖv×p, Æõë, ÂhBìQ ôÚloR yßññlâþ AuPhõAó ÚÇÐ ôgBoZ âpkülðl. ðPBüY:KpðlâBó koüBÖQ Þññlû

Wýpû|øBÿ GB Öv×pÚBGê AuP×Bkû KBDýò koìÛBüvú GB KpðlâBó OÓnüú ylû GB uÇõf GBæOpÖv×pÚBGê kuPpx, ìÛBküpKBDýò|Opÿ Aq Öv×pgõó, ô

øí̀ñýò ôqó, gBÞvPp, Þévýî, Öv×p, ÂhBìQ ôÚloR yßññlâþ AuPhõAó koyQ ðþ oA ðzBó kAkðl. ðPýXú âýpÿ ðùBüþ:AÖrôkó ÖýPBq Gú

Wýpû|øBÿ GB uÇõf KBDýò|OpÖv×pÚBGê kuPpx ìõWI GBqâpkAðló ìPÓýpøBÿ ÖõÝ yl. ÖýPBq Aq ÆpüÜ GBæ Gpkó ÚBGéýQ kuPpuþ Öv×pÖýPBOú,

AuPdßBï ôìÛBôìQ AuPhõAó koyQ ðþ oA AÖrAü{ ìþ køl.

ôAsû|øBÿÞéýlÿ:| |Öv×pÖBGê kuPpx, ÖýPBq,  g¿õ¾ýBR AuPhõAðþ, Gélôýò.
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