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This research was conducted to determine the effects of phytase or dicalcium phosphate (DCP) supplementa-
tion on performance, egg quality, serum total protein (TP), calcium (Ca) and phosphorus (P) level, tibia ash, Ca and P
concentration, excreta ash, Ca and P level of barley based protein deficient quail diets. A total of 270, 10 wk old
quails were used. Diets were insufficient in available P and had a different crude protein (CP) level (16, 18, 20%). It
was made phytase or DCP supplementation on each protein level. At the end of the study, quails had similar body
weight, body weight change and feed conversion ratio although feed consumption was affected by the CP level
(P<0.05). Egg weight was heaviest in 18, 20% CP level (P<0.05). Albumen index, Haugh Unit, serum TP and excreta
P level (P<0.05) were affected by CP percentages of the diet. Phytase increased the serum P concentration (P<0.05).
P excretion was lowest in control and phytase groups by 38% (P<0.01). As a result, the CP level of quail diets
shouldn’t be lower than 18% and DCP didn’t cause any improvement of the research criteria in the layer period. Phy-
tase can be used in this period if it is economical.
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BJINJAHUE HA TOJABABETO ®UTA3A U IK® BO XPAHATA 3A NIPENEJINI COCTABEHA
Ol JAYMEH CO ITIOHUCKA COAPKUHA MTPOTENHU BP3 HEP®OPMAHCHUTE, KBAJIMTETOT
HA JAJOUATA, HEKOU KAPAKTEPUCTHUKHA HA CEPYMOT, TUBUJATA U EKCKPETUTE

Ilenra Ha mcTpaxyBamaTa Oelle 1a ce YTBpPIHM BIMjaHHETO HA JojaBame (HUTasza wiM JuKanmuyMmdocdar
(JIK®) Bo xpaHara 3a IpeNeNUIN COCTaBEHa OJ] jadMEH CO IIOHHCKA COJpPXKHMHA IPOTEHHH Bp3 nepdopmaHcure,
KBaJIMTETOT HA jajliata, BKYIHUTE IpoTenHu Bo cepyMoT (BII), HuBoTo Ha kammym (Ca) u docdop (P), memenor Bo
tubujaTa, KoHIeHTpanyjata Ha Ca u P Bo THOMjaTra M memenoT BO eKCKpPeTOT M KoHIeHTpanujata Ha Ca n P Bo
exckpeToT. bea kopucrenu BkynHo 270 mpenenunu Ha Bo3pacT on 10 Hepgenu. XpaHaTa coppikelle HaMajaCHO
KOJIMYECTBO HCKOPUCTIUB (hocdop, a 3aCTaleHOCTa HA CypOBUTE NpoTenHH Oeme paszamuHa (16%, 18% u 20%).
®nrazata n JIKD® Gea nomaBanm Bo XpaHaTa Koja COAPXKH Pa3iIMueH HpOLEHT mpoTenHu. Ha kpajor on mcTpa-
JKYBamETO, TPETININIUTE UMaa CIIMYHA JKMBa Maca, IPOMEHaTa Ha JKMBaTa Maca M OJHOCOT IoMel'y KOHBep3Hujara Ha
XpaHa ¥ KOHCyMaIjaTa Ha XpaHa Oea IOJ BIMjaHUE Ha HUBOTO HA cypoBute npotennu (P<0,05). Macara na jajuara
Oermre 1morojema IpH KOpHCTEHE Ha XpaHa koja coapxu 18% u 20% mnporennu (P<0,05). Mugekcor Ha anbymeH,
XodoBuTe eqUHUIN, BKYIHHTE IMPOTEUHHM BO CEPYMOT M HHMBOTO Ha (hocdop BO EKCKPEeTOT Oea IOJ BiIMjaHUE HA
COAp’KHHATA Ha CypOBHTE NPOTEHHU BO XpaHara. Puraszara ja 3roneMu KOHIEHTpanujata Ha (Gochop BO cepyMOT
(P<0,05). Exckpenmjara Ha ¢ocdopor Oemie HajMana Kaj KOHTpOJHATA Ipymna M Kaj rpymara co ¢wurasa (38%)
(P<0,01). Bp3 ocHoBa Ha pe3ynrarure Oemre 3aKIydeHO Jieka HUBOTO Ha CypOBH IIPOTEHHH BO XpaHaTa 3a MpeTeunn
He Tpeba ma Ounme moHmcko ox 18%. JlomaBamero Ha JIK® mHe mpupmonecyBa 3a mojoOpyBame Ha HCIIUTYBAaHUTE
KPHTEPHyMH BO EPHOJOT Ha Hecere. durazara Moske 1a ce KOPUCTH BO OBOj EPHO]] JOKOJIKY TOA € EKOHOMHYHO.

Kunyuynn 360poBu: jaumen; [JK®; ¢purasza; npoTenHu; npeneimim.

INTRODUCTION ism. The majority of P (approximately two-thirds)
] . in the feedstuffs of poultry is contained in the
Phosphorus (P) is one of the most essential chemical structure of phytic acid or its salts, which

and expensive macrominerals for the living organ- are known as phytates (Pallauf and Rimbach
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1997). The NRC (1994), nonphytate phosphorus
(nPP) recommendation for the layer Japanese quail
was 0.35%. For this reason, diets are usually supple-
mented with an inorganic P, generally dicalcium
phosphate (DCP). The world is now faced with a P
crisis driven by the declining global reserves of rock
phosphate (Abelson, 1999). Furthermore, excess P
is excreted and can lead to environmental damage.
In recent years, one of the most common methods
of reducing phosphorus excretion is the supple-
mentation of poultry feed with phytase. Phytase
hydrolyzes phytate phosphorus thus the addition of
inorganic P can be decreased to make economical
and environment friendly production.

Several reports have indicated that in addition
to improving P availability, the availabilities of a
number of amino acids to poultry can be increased
by the addition of phytase to the diet (Yi et al.,
1996; Sebastian et al., 1997; Namkung and Leeson,
1999; Ravindran, 1999). Because dietary nitrogen
(N) intake affects nitrogen content in manure, diet
management has been recognized as a means to re-
duce ammonia emissions from poultry operations
(Latshaw and Zhao, 2011). In addition to reduceti-
ons in inorganic P supplementation, phytase in-
creases in protein-amino acid utilization would
also enable producers to feed lower-protein diets
and reduce N excretion, thereby creating both eco-
nomic and environmental advantages.

The first aim of this research was to evaluate
the influence of phytase or DCP supplementation
on performance, egg quality, serum total protein
(TP), calcium (Ca) and phosphorus (P) level, tibia
and excreta ash, Ca and P concentration of barley
based quail diets, the second one was to determine
the interaction with phytase and protein and also
find the optimum crude protein (CP) level of layer
diets which did not negatively affect the birds per-
formance, egg production and quality.

MATERIAL AND METHODS

Two hundred seventy Japanese quails were
located randomly to nine experimental diets at ten
replicates (3 birds in each cage) and fed from 10 to
20 weeks of age. The quails were fed equal daily
amount of essential amino acids in barley-soybean
meal diets that provided 16, 18 or 20% CP and a
calculated metabolisable energy (ME) level of
2900 kcal/’kg. The experimental diets were ar-

ranged by NRC (1994) recommendations except
for P and CP content. Control diets (0.19-0.24%
nPP) were used, and supplemented the control diet
with exogenous phytase (500 FTU kg’ of phytase)
or DCP in each protein level (Table 1). The micro-
bial phytase (CBS 517.94), used in this study was
a Peniophora lycii product (Rovaphos-Trouw Nu-
trition). Quails were fed mash form feed ad-libit-
um and given free access to water. Feed samples
were analyzed as described by AOAC (1990).

Feed consumption and body weight gain (de-
termined individually) of chicks were recorded and
feed conversion ratio (FCR) calculated weekly.
Egg production and weight were determined daily
and biweekly, respectively. At the end of the ex-
periment (20 weeks of age), four quails were se-
lected randomly from each group and killed by
cervical dislocation to removed left tibia and blood
samples were collected in 3 of them. Sera were
separated and then stored at —20 until assayed.
Concentrations of TP, Ca and P level of serum
were measured by a commercial kit in a spectro-
photometer. Tibia ash, Ca and P content of dried, fat
free tibia bone were detected as described by AOAC
(1990), after determination of tibia physical charac-
teristics such as weight, width, length. An experi-
ment completion, a 2 day, 5 excreta samples were
collected in each group to find the level of ash, Ca
and P (AOAC, 1990). All research data were ana-
lyzed by the two way ANOVA procedure using
Minitab 15 software for the analysis of variance as
a completely factorial design. Significant differ-
ences among treatments were identified by Dun-
can’s multiple range tests (Duncan, 1955).

RESULTS

Body Weight (BW), Body Weight Change
(BWCQC), Feed Intake (FI) and Feed Conversion Ra-
tio (FCR)

There were no interactions between P and CP
levels of diet in respect to all research criteria.

The mean values of BW, BWC, FI and FCR
were presented in Table 2. Neither phytase not
DCP affected BW, BWC, FI and FCR. However
CP level of diet was significantly affected by FI
(P<0.05). The lower FI was observed in 16% CP
as compared with the other groups.
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Table 1
Ingredients and nutrient composition of the experimental diets
Feeds,% Cl6 Fl6 DCPI6 C18 FI8 DCPI18 C20 F20 DCP20
Barley 49.00 4946  48.00  45.10 4505 4555  41.00 41.00  41.00
Corn 1990 1940 19.80  18.00 18.00  18.00  17.67 17.61  17.70
Soybean meal 17.54  17.50  18.00 2330 2330 2140 2660 26.60  25.70
Fish meal 1.00  1.00 1.00 1.00  1.00 2.20 240 240 3.00
Sunflower oil 505 5.07 5.28 538 537 5.39 540 540 5.45
Limestone 629  6.29 5.71 627 627 5.70 6.11  6.11 5.70
DCP - - 1.00 - - 0.82 - - 0.63
DL-Methionine 0.19  0.19 0.19 0.16  0.16 0.15 0.12  0.12 0.12
L-Lysine 0.19  0.19 0.18 0.03  0.03 0.03 - - -
L-Treonine 0.14  0.14 0.14 0.06  0.06 0.06 - - -
Salt 035 035 0.35 035 035 0.35 035 035 0.35
Vitamin mixture' 025 025 0.25 025 025 0.25 025 025 0.25
Mineral mixture” 0.10  0.10 0.10 0.10  0.10 0.10 0.10  0.10 0.10
Phytase - 0.06 - - 0.06 - - 0.06 -
Total 100 100 100 100 100 100 100 100 100
Calculated and analyzed nutrient values
ME, keal/kg’ 2849 2845 2850 2849 2846 2850 2848 2845 2850
Crude protein,%* 1609 1602  16.10  18.10 18.09  18.08  20.00 20.10  20.06
Crude fat, %" 720  7.20 7.40 750 7.50 7.50 750 7.50 7.50
Crude fibre,%" 290 290 2.87 3.00  3.00 2.97 310  3.10 3.00
Crude ash,%* 9.00  9.00 9.40 920  9.20 9.40 9.40  9.40 9.40
Calcium* 250 250 2.50 250 250 2.50 250 250 2.50
Total phosphorus,%"* 038 038 0.39 0.40  0.40 0.43 046  0.46 0.47
nPP’ 0.19  0.19 0.35 020 020 0.35 024 024 0.35
Methonine’ 045 045 0.45 045 045 0.45 045 045 0.45
Met+sistin® 073  0.73 0.73 0.76  0.76 0.76 078  0.78 0.78
Lysine’ 1.00 100 1.00 1.00 100 1.00 L2 112 1.12
Arinine’ 1.00 100 1.00 115 115 1.15 130 1.30 1.30
Threonine’ 0.74  0.74 0.74 0.74  0.74 0.74 077  0.77 0.77
Linoleic acit’ 420 420 4.40 440 440 4.40 440 440 4.40

Abbreviations: C16: Control with 16% CP; F16: Phytase with 16% CP; DCP16: DCP with 16% CP; C18: Control with 18% CP;
F18: Phytase with 18% CP; DCP18: DCP with 18% CP; C20: Control with 20% CP; F20: Phytase with 20% CP; DCP20: DCP with 20% CP.

'"Provided per kg of premix; vit. A 12.000.000 IU, vit. D3 3.000.000 IU, vit. E 30.000 mg, vit. K3 3000 mg, vit. B; 2500 mg, vit. B 6000 mg,
niacin 35.000 mg, Ca-D-pantotenate 12.000 mg, vit Bs4000 mg, vit Bi> 15 mg, folic acid 1000 mg, biotin 45 mg, choline chlorid 125.000 mg

“Provided per kg of mineral premix; Fe 60.000 mg, Cu 5.000 mg, Mn 80.000 mg, Co 200 mg, Zn 60.000 mg, I 1000 mg, Se 150 mg.
3Calculated analyses.

*Determined analyses.

SBased on NRC (1994)
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Egg production and quality weight, albumen height, and cracked/broken eggs
ratio although the egg weight was found lowest in
16% CP (P<0.05). Controversially the highest al-
bumen index and the Haugh unit were recorded in
16% CP, as compared with the other groups

(P<0.05).

The effect of treatments on egg production
and some egg quality parameters are given in Ta-
bles 2-3. There were no significant differences in
egg production, egg mass, shell thickness, shell

Table 2

Mean performance value of Japanese quails influenced by dietary levels of P and crude protein

Groups Initial BW 10w BW BWC (1-10 w) FI(1-10 w) FCR (1-10 w) Egg prod. (1-10 w)
(& (& (& (g/b/w) (g/2) (%/b/d)
P effect
Control 234.8+2.66 244.0+2.83 10.13£2.21 227.7+4.00 2.54+0.04 81.19+2.43
Phytase 230.8+2.48 243.6+3.07 11.77+£2.58 221.5+£3.72 2.51+0.03 79.37+1.58
DCP 235.5+2.86 247.2+3.02 11.234+2.06 229.68+3.74 2.57+0.04 80.77+2.08
CP effect
16 CP 234.9+2.89 242.2+3.36 8.71+2.83 218.0+3.58° 2.54+0.041 78.38+2.35
18 CP 230.8+2.37 245.7+2.66 13.3842.10 231.844.06° 2.5140.039 81.98+1.47
20 CP 235.3+£2.72 246.9+2.84 11.18+1.83 229.6+3.50° 2.5740.040 81.08+2.13

2% Mean values within a column indicated with different superscripts are significantly different (p<0.05)

BW: Body weight, BWC: Body weight change, FI: Feed intake, FCR: Feed conversion ratio

Table 3

Mean egg quality of Japanese quails influenced by dietary levels of P and crude protein

Groups Egg weight Eggmass  Shell thickness Shell weight Albumen height Albumen Haugh unit ~ Broken egg
(® (g/b/d) (mm) (® (mm) index (%) (% total egg)
P effect
Control 12.85+0.127 10.39+0.300  0.23+£0.002  1.07+£0.013  3.62+0.073 4.88+¢1.20  83.03+£0.497  3.54+0.940
Phytase 12.62+0.115 10.03+0.238  0.23+0.002  1.06+0.010  3.70+0.070 5.1041.13  83.714£0.422  4.41+0.809
DCP 12.80+0.119 10.37+0.301  0.23+0.002  1.07+0.013  3.66+0.070 5.04+1.21  83.17+0.485  2.28+0.485
CP effect
16CP  12.50£0.120° 9.82+0.322  0.23+0.001 1.05£0.013  3.77+0.060 5.22+0.96" 84.20+0.405* 4.77+1.000
18CP  12.88+0.122% 10.54+0.227  0.23£0.002  1.07+0.012  3.54£0.070  4.82+1.18" 82.36+0.485" 2.83+0.497
20CP  12.91£0.108* 10.45+0.266  0.23£0.002  1.08+0.012  3.67£0.075  4.98+1.29% 83'32j1[,0'4593 2.55+0.656

%% Mean values within a column indicated with different superscripts are significantly different (p<0.05)

Tibia parameters Table 4. Tibia length, width, dry matter content,
ash level, Ca and P content of tibia ash didn’t ef-
fect any experimental procedure through the study

(P>0.05).

There weren’t found any differences of tibia
physical characteristics, ash content and Ca, P per-
centage of tibia. These findings are summarized in

Maced. J. Anim. Sci., 2 (4) 389-396 (2012)
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Table 4
The effect of treatments on tibia characteristics
Groups Tibia length Tibia width Tibia DM Tibia ash Tibia P Tibia Ca
(mm) (mm) (%) (%) (% ash) (% ash)
P effect
Control 32.940.287 3.16+0.040 92.95+0.184 45.74+1.12 16.42+0.148 32.9240.578
Phytase 33.240.371 3.1140.052 92.69+0.143 45.90+0.86 16.2840.191 33.724+0.824
DCP 32.3£0.347 3.17+0.037 92.7240.155 46.09+1.22 16.59+0.187 34.50+0.600
CP effect
16 CP 32.894+0.267 3.1940.042 93.06+0.161 44.85+1.23 16.53+0.093 34.284+0.648
18 CP 33.00+0.410 3.14+0.047 92.79+0.114 45.60+0.91 16.52+0.237 33.58+0.634
20 CP 32.5340.361 3.1240.040 92.51+0.171 47.2940.93 16.24+0.168 33.28+0.785

Serum TP, Ca and P level

In the layer period, phytase supplementation
on barley based quail diets had a significant effect
on the serum P level (P<0.05) (Table 5). The low-
est mean value was determined 7.31 mg/dl in the

control group. The CP level didn’t effect the serum
P content although the CP content of diets affected
the serum TP level, the highest value was found in
the group of 20% of CP (P<0.05). The serum Ca
level didn’t change any research treatment
(P>0.05).

Table 5
The effect of treatments on some serum and excreta parameters
Groups Serum TP Serum P Serum Ca Excreta ash Excreta P Excreta Ca
(g/dl) (mg/dl) (mg/dl) (%) (% ash) (% ash)
P effect
Control 3.73£0.271 7.3120.059° 20.35+0.331 22.384+0.818 0.7420.043" 522i0248 IIIIIIIIIIIIIII
Phytase 4.28+0.132 7.84+0.132° 20.53+0.431 21.29+0.570 0.75%0.035" 4.794+0.235
DCP 4.09+0.225 7.52+0.122% 20.31+0.431 20.24+0.548 1.19+0.034* 5.08+0.190
e
16 CP 3.58+0.227° 7.63+0.142 20.62+0.391 21.70+0.717 0.95+0.068* 510i0194 IIIIIIIIIIIIIII
18 CP 4.06£0.167% 7.53+0.060 20.32+0.442 22.06+0.783 0.82+0.075° 5.03+£0.308
20 CP 4.46+0.184+ 7.51£0.168 20.24+0.235 20.16+0.432 0.9120.053% 4.95+0.184

A B Mean values within a column indicated with different superscripts are significantly different (p<0.01).
% ® Mean values within a column indicated with different superscripts are significantly different (p<0.05).

Excreta ash, Ca, P level

Excreta results are presented in Table 5. Phy-
tase or DCP supplementation on barley based
which has a different CP level of quail diets didn’t
affect the excreta ash content. P excretion was af-
fected by phytase supplementation of diet. The
lowest P excretion was in Phytase and the control
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groups (P<0.01). Interestingly the CP level of diet
also changed the P excretion (P<0.05) and the
lowest excretion of 18% CP than the other groups.

DISCUSSION

In this research phytase didn’t affect BW,
BWC, FI and FCR. These results are with conflict-
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ing Carlos and Edwards (1998), Jalal and Schei-
deler (2001), Fassani et al. (2011), who reported
that the addition of phytase significantly improved
BW, FI and FCR, and only FCR, respectively. On
the other hand Fassani et al. (2011) reported that
phytase didn’t change F1. Van der Klis (1997) no-
ticed that the body growth and the tibia ash of lay-
ing hens can be positively affected by supplement-
ing phytase when the diets contain 0.12% nPP.
Similar results were found by Panda et al. (2005).
In this research phytase did not effect the perform-
ance parameters. These findings may be attributed
to the nPP level of our experimental diets (0.19%
min.). In another research no differences were
found when 0.18% nPP diets with no phytase sup-
plements were compared to 0% nPP diets and
1,000 FTU/kg phytase (Narahari and Jayaprasad,
2000).

In another way, FI was affected by the CP
level of the experimental diet. Feed consumption
decreased as protein intake decreased (P<0.05).
This result was similar to those obtained by Novak
et al. (20006).

In our study, feed supplementation with phy-
tase had no effect (P>0.05) on the egg production
and the egg weight, as the same results were found
by Carlos and Edwards (1998), Jalal and Schei-
deler (2001). Similarly, there were no significant
differences in the egg mass, shell thickness, shell
weight, albumen height, albumen index, Haugh
unit and broken eggs. Some authors recorded that
the egg shell quality and the broken egg to total
egg ratio were not different among treatments in
agreement with our results (Van der Klis et al.,
1997; Um and Paik, 1999; Lim et al., 2003; Kim et
al., 2005). But Jalal and Scheideler (2001) deter-
mined that supplemental phytase increased the egg
mass.

The CP level of barley based quail diet
changed the egg weight significantly (P<0.05).
The highest value occurred in 18 — 20% CP. This
result confirmed that Novak et al. (2006) and Mu-
rakami and Furlan (2002) reported that the egg
size depends greatly on the daily crude protein in-
take, since layers do not store large amounts of
protein.

The albumen index and the Haugh unit were
increased by decreasing dietary protein. Leeson
and Caston (1997), Novak et al. (2006) reported
similar responses as ours for Haugh units when
feeding low protein diets. In contrast, Hamilton
(1978) observed no significant change in Haugh
units when feeding low protein diets to laying

hens. In another way, we didn’t meet any research
about the albumen index and the CP level interac-
tion so it is needed to perform further study on this
subject.

Experimental treatments didn’t change any
tibia characteristics but Osman et al. (2009), dem-
onstrated that phytase supplementation increased
bone mineralization that led to increasing the bone
rigidity in Japanese quail chicks fed with low nPP
diets. This finding may be attributed to the age of
our animals because of their immature quail
chicks. In another study, investigators obtained
that low dietary nPP (below 1.3 g/kg) was not able
to support the optimum performance of hens dur-
ing the laying cycle (from 22 to 46 weeks of age),
either in maize or barley diets. The adverse effects
of a low P diet were more severe in hens on a
maize diet than in those on a barley diet. But
groups which consumed diet containing phytase
tibia ash percentage increased significantly
(Francesch et al. 2005).

Phytase supplementation had a significant ef-
fect on the serum P content. This conclusion was
supported by Carlos and Edwards (1998) who de-
termined that phytase supplementation on layer
diets increased the serum P level.

At the end of the experiment, significant re-
duction of P excretion can also be achieved. For
Um and Paik (1999), the reduction of P excretion
was 41% with the low P diet and supplementary
phytase. Keshavarz (2000) reported that supple-
mental phytase could lower by more than 34-47%
of P excretion by increasing P availability. In our
research, P excretion was decreased by 38% and
DCP groups were lower than it was reported by
Boling et al. (2000) (app. 50%).

Studies have shown that microbial phytase
improved availability of phytate phosphorus layer
diets. However, little research is available concern-
ing the influence of phytase on availability of Ca.
In this study, tibia, serum and excreta Ca content
weren’t influenced by any research treatment. We
suppose that, laying quails had enough of Ca level
of diets’ so they didn’t need more.

Murakami et al. (1993) and Pereira et al.
(2000) reported better performance of laying
quails when the birds were fed 18% CP, similar to
that found in our study. NRC (1994) recommended
20% CP, however, Pinto et al. (1998) found levels
of protein requirements (22.42%), Singh and Na-
rayan (2002) also reported 22% protein for quails

Maced. J. Anim. Sci., 2 (4) 389-396 (2012)
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in the production period. A higher level of protein
requirement was noticed by Vilar et al. (1991),
who observed higher egg production when the
quails were fed 24% CP in the diet. All of these
CP values were much higher than those found in
this study.

CONCLUSION

Our findings showed that, phytase or DCP
didn’t provide any improvement on quail perform-
ance, egg quality and tibia characteristics if the
diet nPP level was higher than 0.19%. There was
no interaction between P and CP level of diet. The
CP level of barley based quail diets shouldn’t be
lower than 18% for maintaining optimum egg
weight and quality.
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