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Abstract: An experiment was conducted to determine effects of non-phytate phosphorus (NPP)
and microbial phytase on performance, nutrient utilization, tibia development and plasma parame-
ters in 1 to 21-day-old broiler chicks fed with a corn-soybean meal diet and to evaluate the equiva-
lency values of microbial phytase for inorganic phosphate (Pi). On the day of hatch, 400, mixed
sex, Arbor Acres chicks were allotted into treatments of ten chicks per pen with four pens per
treatment. Ten experimental diets were formulated. Diet 1 (basal diet) to 4 contained 2.1, 2.9,
3.7, and 4.5 g/kg NPP. The PP content in all diets was 2. 4 g/kg. To the basal diet, diet 5 to 10
was supplemented with microbial phytase 250, 500, 1 000, 2 000, 4 000 and 8 000 U/kg, respec-
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tively. The results showed that body weight gain, feed intake, feed conversion rate, plasma Pi

concentration, tibia length and strength, tibia ash weight and content, tibia P, and total P reten-

tion increased, but mortality and plasma alkaline phosphatase activity decreased with dietary NPP

or phytase levels increasing. The relationship between dietary NPP or phytase levels and broilers

growth was quadratic. When 8 000 U/kg phytase added, about 94. 84 % phytate phosphorus was

hydrolyzed, and broilers growth performance was equal to those fed with diet of 4.5 g/kg NPP.

The model to predict inorganic phosphate releasing from phytate phosphorus by microbial phytase
was as follows: y = 0. 425 4 log, (1 + x/250) + 0.283 (n=7, R®*= 0.915 3,P=0.000 7),
where y is the phosphate releasing (g/kg) and x is the microbial phytase level (U/kg). This

experiment indicated that high level microbial phytase could hydrolyze almost all phytate phos-

phorus and the model could be helpful to poultry diets formulation for nutritionist and managers.
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Table 1 Composition of the experimental diets %

JF Bl Ingredient fi# 1 Diet 1 Ak 2 Diet 2 fAME 3 Diet 3 Wk 4 Diet 4
F >k Corn 62.78 62.41 62.02 61.72
&Ml Soybean meal 29. 14 29. 14 29. 14 29. 14
5.9l Soybean oil 1. 00 1. 00 1.00 1.00
¥l Swine lard 0.13 0. 26 0. 40 0.54
EKFEHH Corn gluten meal 3.15 3. 20 3.25 3.31
fi %5 Limestone 2.26 1.96 1. 67 1.38
iR & 45 Dicalcium phosphate 0.48 0.97 1. 46 1.95
L-## 2 iz £F L-Lysine 0.21 0.21 0.21 0.21
DL-FE 4% DL-Methionine 0.16 0.16 0.16 0.16
44 IR B Vitamin premix’ 0. 04 0. 04 0. 04 0. 04
MR ICE WIR B Trace mineral premix’ 0.15 0.15 0.15 0.15
FALRE#K Choline chloride 0.20 0.20 0.20 0.20
B Salt 0. 30 0.30 0.30 0. 30

B I35 4 i Nutrient composition

FAMACHE AME / (M]/kg)® 12.25 12.25 12.25 12.25
HLE 1 CP? 20. 00 20. 00 20. 00 20. 00
WL CP 20. 82 20. 27 20. 36 20. 11
5 Ca® 1. 00 1. 00 1. 00 1.00
%5 Ca' 1. 15 1.14 1.19 1.11
BB Total P? 0. 45 0.53 0.61 0.69
BB Total P! 0. 44 0. 50 0.59 0.67
MR ¥ Phytate P? 0. 24 0. 24 0.24 0. 24
TH R ¥ Phytate P! 0.22 0. 25 0. 25 0.23

VYRR R TUR B kg ADRAR A 4EAE R AL8 000 TU4EAE R Dy o1 000 TUZEA: R E,20 TU; 44 R K. 0.5 mes MR 2.0
mg; ¥ % ,8. 0 mg; MR .35 mg; 4EE R Bs»3.5 mg; 4i/E K Biz,0. 01 mg;iZ 2. 10. 0 mg; MR .0. 55 mg; £ % ,0. 18 mg.
P T R BUR K A ke BRI 8K, 100 me; £F.100 me; 4 .8 me;fh . 120 mg; . 0. 7 mg; il .0. 3 mg, *iF5AE . SLTIME

! Vitamin premix provided the following (per kg of diet) ; vitamin A, 8 000 IU; vitamin D;, 1 000 IU; vitamin E, 20 IU; men-

adione, 0.5 mg; thiamine., 2. 0 mg; riboflavin, 8.0 mg; niacin, 35 mg; pyridoxine, 3.5 mg; vitamin By, , 0. 01 mg; panto-

thenic acid, 10. 0 mg; folic acid, 0. 55 mg; biotin, 0. 18 mg. * Trace mineral premix provided the following (per kg of diet) ; i-

ron, 100 mg; zinc, 100 mg; copper, 8 mg; manganese, 120 mg; iodine, 0.7 mg; selenium, 0.3 mg.® Calculated value.

' Determined value
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Table 2 Effect of NPP and phytase on growth of 1 to 21-day-old broilers

JOBL] MRS/ (g/ke) HHBREE/(U/ke)  MIE/(g/H) REH/(g/H) MWE/ REH FET-Z/ %%
Treatment NPP Phytase BWG FI FCR Mortality
1 2.1 0 335. 68¢ 629. 24¢ 0.566" 20. 00"
2 2.9 0 472, 24" 798. 28" 0.621* 5.00"
3 3.7 0 554. 75* 893.13¢ 0.653" 0P
4 4.5 0 556. 54° 918. 63* 0.637¢ 7.50"
5 2.1 250 440. 04 765. 38¢ 0. 604" 7.50"
6 2.1 500 451. 487 790. 92 0.601* 5.00"
7 2.1 1 000 493,97 840. 00 0.618" 2.50°
8 2.1 2 000 509. 11" 856. 25 0.627¢ 7.50"
9 2.1 4 000 532. 68" 873.78" 0. 640" 2.50°
10 2.1 8 000 545.00° 889. 50° 0. 643" 2.50°
SEM 10.771 9 14.631 5 0.006 0 1.377 5
EFRAR df P P value
Source of variation
Kb PR Treatment 9 < 0. 000 1 < 0. 000 1 0.038 8 0.042 2
MR W NPP 3 < 0.000 1 < 0. 000 1 0.034 3 0.075 3
14 B2 i Phytase 6 < 0.000 1 <C0.000 1 0.096 8 0.003 3

FE NPP 2.1 g/kg Al A o I3 Jin A R 1l v 42 = 1A
R {38 F (P<C0. 000 1) 2R & (P<C0. 000 1) il 4]
B (P=0.096 8) , FRIRIET- R (P=0. 003 3), iG]
I 250 U/ kg AH R B P XS (A1 R FLR: £ 4 A

8 000 U/kg 48] Jo Itf # 25 % (P=>0. 05)
2.2 (AMRAFEERBE N EERER K EX M RIEIRAI

H1 & 3 WL, BT R NPP KSF- T &, 3% Piovk

SRl AR A A B R L AT R S AR R 4 000
U /g e 1 i IRF » PR A (A6 F SR et L B R AL 6
FET- R 5% AL (NPP 4.5 g/kg) J i B2 i 7K F

FEREAN (P<C0.000 1), 3% AKP 3§ ¥ K (P <<
0.000 1), ML Ca F1 L8 H & & A2 52 W (P>
0.05),
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Table 3 Effect of NPP and phytase on plasma minerals, total protein and AKP in 21-day-old broilers
JOEL] EHE PR WE/ (g/ke) L 2 i #5/(mg/100 mL) ToHLw BIEE R i P R T
Treatment NPP /(U/kg) Phytase Ca /(mg/100 mL)Pi /(g/100 mI)OTP /(U/L)AKP
1 2.1 0 14. 00 2. 50 3.37 3 948.5°
2 2.9 0 12. 66 4.39% 3.02 3 062.4"
3 3.7 0 10. 35" 6.26" 2.79 1 700, 8¢
4 4.5 0 11,87 7.24° 3.10 1 958. 9«
5 2.1 250 13.63* 3. 54% 3.04 4 014. 6°
6 2.1 500 14. 63 3. 357 3.01 4 080. 8"
7 2.1 1 000 13.92* 4, 40¢ 3.16 4 006. 5°
8 2.1 2 000 11.59® 5.91° 3.14 2 873.3"
9 2.1 4 000 10. 93" 6. 67" 3.07 2 572.6"
10 2.1 8 000 11,43 6.38% 3.18 2 287, 2h
SEM 0.342 3 0.261 4 0.038 4 156.873 2
TR KB df P{i P value
Source of variation
b PR Treatment 9 0.096 3 <C0.000 1 0.195 0 <0. 000 1
Ik #H B2 W NPP 3 0.187 0 <C0.000 1 0.195 0 <<0.000 1
14 FR Biff Phytase 6 0.263 5 <C0.000 1 0.5350 0.000 2

1 NPP /K 2. 1 g/kg SRk o S I Ad 12 it

U/kg B}, 1L %% Pi ¥k B A AKP 35 4 35 2] X

HE 4

M=

AR ML Pk BE (P<0. 000 1), FEAR AKP % 4%
(P=0.000 2), ¥ F /3% Ca ¥ fE(P>0.05),
M3 S 3 H & &R 52 M R g R Y (P>
0.05), IMAEIRESF 250 U/kg B, L3¢ Pi ¥k B 4 3k
Atk )RR AL I8 R R WS A 1 000 U/kg B, 1ML 2% Pi
W5 NPP 2.9 g/kg 4AHY ; IS Ak Pk 3] 4 000

B
n

% 4

(NPP 4.5 g/kg) /K3 (P>0.05),
2.3 (ARMIEEMBMEREBKENEEREIFNE
)

i 22 4 0] UL, Bl AR B NPP K SEF+ 5, 188 K B
(P<C0.000 1) 3R EE(P<C0.000 1) . KAy E & (P<<
0.000 1) 5HX &8 (P<<0.000 1) K& & (P<

AR IEEERB A EREEK T 21 R ABRFHETRHZE

Table 4 Effect of NPP and phytase on tibia parameters in 21-day-old broilers

JOEL] A 4 1R THEREG/(U/kg)  KEE/em  5REE/kg JK53 Ash W/ % /% PRIBE/ %
Treatment /(g/kg) NPP Phytase Length Strength g % Pi Ca P release
1 2.1 0 4,974 4,731 0. 40" 39. 29¢ 6. 86" 20. 52° —
2 2.9 0 5.65¢ 6.56¢ 0.50° 42.81¢  8.20"¢ 19,31 —
3 3.7 0 6.05" 8. 46" 0.68™  49,94° 9.03"  20.24" —
4 4.5 0 6.22° 10. 65° 0. 83" 51, 14° 9,04 19,45 —
5 2.1 250 5.59¢ 6.54¢ 0.59% 45,41  7.60% 18, 27" 47.21
6 2.1 500 5.67¢ 6.65¢ 0.54% 44,78  7.52¢ 17.94¢ 35. 87
7 2.1 1 000 5.86" 8. 35" 0.61%  45.73>  7.73%  18.42™ 51.74
8 2.1 2 000 5.98% 10. 83* 0.68% 49,48 8.28% 19,07 67.62
9 2.1 4 000 6.03" 11.33" 0.78"™  49.68"  8.33* 18,81 90. 30
10 2.1 8 000 6.26° 11.87¢ 0. 80" 51.71°  8.45"™ 19, 24" 94, 84
SEM 0.063 6 0.3918 0.0233 0.6592 0.1199 0.2132 —
. @Z%’—#Jﬁi ) df P1{H P value
Source Of variation
kb3 Treatment 9 <C0.000 1 <C0.000 1 <C0.000 1<C0.0001<C0.0001 0.1217 —
I M R B NPP 3 <C0.000 1 <C0.000 1 <C0.000 1 <C0.000 1<C0.000 1 0.708 2 —
Hif2 i Phytase 6 <C0.000 1 <C0.000 1 <C0.000 1 <C0.000 1<C0.0001 0.011 4 —
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0.000 1) . (HIRH Ca & & KZFm (P>
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VN I R 1t FT 4 = 1 i BE (P<<0..000 1) (5
JE (P<C0. 000 1), K4y 17 (P<C0. 000 1) 5 A% &%
i (P<C0. 000 1) DA Rz 8 % 5 (P<<0. 000 1), B AR IE
B CaggE(P=0.0114), #in 250 U/kg 14 1R i
Jai s B Ca & 8 A I A5 I8 B i A 55 ik ity 1) B 2 5
EHRE WM 500 U/kg A R B B, 12 B 1 B L

UK 533k 3] NPP 2.9 g/kg 2H AH 4 /9 K -5 %5
4000 U/kgtt B2 B B, B I3 B 85 7% 1 S0 i) At 45 b
X4 (NPP 4.5 g/kg) 2 F A 8% (P>0.05),
2.4 {AMRIFEBRBEMEREKENFIFARNE
1]

By 22 5 A UL, B A R NPP /K - FF 25, sl (P =
0. 000 8),Ca(P=0. 062 7) FUHLZE [ Jfi (P=0. 029 4)
FI IS 5 24 NPP K-y 3.7 g/kg B 3700 F FH 5
KB f 5 s NPP KOE I 21 4.5 g/kg B P R 22
Z AR A oA FR 4 A TR 5 T R
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Table S Effect of NPP and phytase on nutrient utilization in 17 to 20-day-old broilers

fib ¥ JE 1 R W TR g/ (U/ke) KB/ 7 5/ % T BE HEH/ %
Treatment /(g/kg) NPP Phytase Ca /(M]/kg) AME CP

1 2.1 0 70. 894 52. 53¢ 12. 54 56.51¢
2 2.9 0 74, 49 62. 50" 12.06° 56. 87
3 3.7 0 77.76" 63. 85" 12.58™ 60. 82"
4 4.5 0 63. 44° 58.27% 12.31" 59. 61
5 2.1 250 73.89% 65. 01 12.51™ 59, 71¢bed
6 2.1 500 78.01" 57.18 12.41% 57.97"
7 2.1 1 000 83.60° 68. 76 12.36™ 60. 93"
8 2.1 2 000 82.31" 57.12¢ 12. 49" 61.68"
9 2.1 4 000 84. 28" 68. 95" 12.58" 63.31°
10 2.1 8 000 85.07" 71.27° 12. 63" 62.13™
SEM 1.138 3 1.178 6 0.028 4 0.493 0

Source of variation df PAE P value
A FE Treatment 9 <C0.000 1 <C0.000 1 0.005 7 0.008 3
B B2 B NPP 3 0.000 8 0.062 7 0.003 5 0.029 4
1 R B Phytase 6 <C0.000 1 <0.000 1 0.436 1 0.021 9

VS A 9 T 1T 42 5 «P(P<C0. 000 1) ,Ca(P<C
0. 000 1) FUHLEE ([ (P =0. 021 9) | T 2, (H X} £
LA 5 Rl B TC 5 25 5% 0 (P=>0. 05) , V5 I A R i 7K
-2 500 U/ kg B, tP Fi] T 28 45 J it £ Mg 4 ) 35 4
s AR WK 1t 1000 U/kg J& » #5 4118 5% 43 F]
MR ERE G HERARE.

34 i
3.1 (AmAF B RS R B A K T X Y38 £ KA
spA
T 7R L BDRL NPP AP A R A S K
HZOC R L AR KPR RERE NPP Jh i 1 2 . fH 4 AR

NPP 3.7 g/kg 2H PG (A3 B R £ 5 FiRDRL S £ %2
SRR (NPP 4.5 g/ke) #124 . MRAEIA R NPP ok
5 AR YRR A R A, AT DL A R A A A A
B ORE & B AL R S B IR AE T AT 3 B AR
NPP /K343 %] 4.18.4.37.3.86 Fl 3.60 g/kg.
B TR TR 5] A X 1] MR e i AL AR 3 K 7 B R AR
F NRCH 72 7K F 1 38 SR £ 1 4 % 48 @ an 4 1
R SR 7Y G W NE S UR =T

IS INAE RS XS AE K B R B, 0L
2k B 5 Sebastian £ | Shirley il Edwards™ ) So-
hail il Roland""* fff 5% 2% % — 3. 5 T Hi B2 i & &
U R R A R AR R R, S E AR, K
JE 2 ok B SR BRI AR DR A R et
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B 55 SR FE R B 5 24 1R X K- R R R A S b
FEICHLBET B 1~21 H % A XS A NPP /KSR T
2.0 g/kg BFUCT G TR R A T AR GRDRH AL R L 45
A VAW AT DA B R X R A K T
S RHFG AL R 11 52 7E A R NPP K P 5K 5 5 R
W . AR B LR R NPP KSE N 2.1 g/kg. AR
A R AR U R 1 S R B R R e Ak S B
26
3.2 (AR AEAE BB 0 A BR AR K T X ML 2R R AR R M
R s, B A  NPP A Il T0 LB e i
ERMESR R . U TO ML IR A I B R R
Mg, M3 Ca v BE S FEATE A R IMK T Ca,
P SF- 1 R 5 153 3 0 3%, Ca/P H A B 56 A 4] R 1Y
5.60: TRAEF 1.64 + 1, I AKP 3% P2 ¥ %
K AL B 4% 2h 51 DLRE ™ 9 o0 250 A2 A PR
T ELAE S . ML Ca P ok B E MRS . a3
SR 1 T AR B LA B A R AR B A A i
56 v i) KRl 7K O X AL B 5T BTG R
VN AR BRI I Pk 32 B 28 6 B0 B S 1
L R il 7K T S Ukl R T 3 DA R i 4R e A R
WA 7K A R A0 R W R R . M 3K Caa R R i AT PR i /K
ST T G R R . YA R B K T 4 000
U/ kg . I 3% v BE 5 1E % BR2H (NPP 4. 5 g/kg) 4]
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it T 2 BR R o i . AN LB i 250 U/kg
Tl PR I I » F2 1 6 A L 35 ) A 8 35 v s X R
HORE R B 7K T2 2 000 U/ kg B J - 1 B2 L B2 AN
TR AR 2 ik B 6 B 41 (NPP 4.5 g/kg) 024 1Y
KAV MR 4 000 U/kg B JB 5 JK 43 T i 35 5]

X RRZH K- s FE R i 2 8 000 U/ kg B, if & W &5 5
KX AL K. Ca/P EG AR 7E 95 0 A R 16 119 4% 41
AR AN K GEHFTE 2.40 0 1 5 2.28 ¢ 1,

TEVEN 1) 70 2 LB W) 28 30 B 48 b o s B % K
SR E AR, AR DR K Sy o AN
Fe bR FEMRDRE NPP KV 5 18 B K 43 51 6 i 57 i 2 1
R TR ity B A T A T TG AL e A
3.4 (AREEBRBMANERBKENFSMNAER
A

Tkt NPP 5 Ca PIFHA R TR R . 40
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