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Effect of Crude Phytase Supplementation on Performance
of Broilers Fed Different Levels of Phosphorus

S.J. Lee', I.S. Um!, I. K. Paik’ and J. G. Lee?
'Department of Animal Science and Technology, *Department of Biotechnology,
College of Industrial Science, Chung-Ang University
Ansung-Si, Kyonggi-Do 456-756

ABSTRACT ! An experiment was conducted to measure the effect of crude phytase supplementation on the grow -
ing performance, blood concentrations of some minerals and tibia characteristics of broiler chickens. Day - old 240
male broiler chickens (Avian®) were randomly zallotted to four treatments. There were six replicates per treatment,
and ten chicks per replicate. Treatments consisted of two levels of crude phytase (0 and 600 U/kg) made from
Aspergillus ficuum and two levels of non - phytate P (0.45 and 0.35% NPP for the starter period, and 0.35 and
0.25% NPP for the grower period), making the experiment 2 X 2 factorial. The starter period was from hatch to 21
d of age, and grower period was from 22 to 35 d of age. Feed intake and weight gain of chicks fed diet containing
phytase were higher (P<Q.05) than those of chicks fed diets without phyiase, however, no differences was found in
feed/gain, mortality, and nutrient gvailabilities regarding the phytase supplementation. Chickens fed diets with low
NPP and phytase excreted lower P than did birds fed diets containing normal NPP without phytase. The level of
NPP and phytase did not affect N excretion. The Ca availability was increased by feeding low NPP diet. Dietary
phyvtase increased the availabilities of P and Mg, but decreased those of Fe and Zn. There was interactions between
dietary NPP level and phytase addition on mineral availability. Tibia was lighter and shorter in low NPP groups, and
heavier in phytase treated groups, The tibial contents of Ca, P and Mg decreased in low NPP treated groups, but
increased in phytase treated groups. The ash content of tibia of chickens fed diet with phytase was higher than that
of birds fed diets without phytase. These data suggest that the crude phytase supplementation to broiler diets con -
taining low NPP level improves growth performance and mineral availability and, reduces fecal P excretion.

(Kew words : broiler, non - phytate P, crude phyiase, growth performance, mineral availability, P excretion, tibial
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Ingredients g/L
Glucose 30.0
Sodium nitrate 8.6
Potassium phosphate - dibasic 0.17
Magnesium suifate - 7HzO 0.5
Ferrous sulfate 0.1
Potassium chloride 0.5
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Table 2. Formula and composition of broiler starter (1~21 d) diets

171

Ingredients Treatments’
T1 T2 T3 T4
__________________________ G —mmm e e mo e

Corn, ground h8.85 5H8.85 58.85 58.85
Soybear meal {(44% CP) 22.20 22,20 22.20 2220
Corn gluten meal 11.59 11.99 11.95 11.99
Rapeseed meal 2.00 2.00 2.00 2.00
Tricalcium phosphate (18% P, 32% Ca) 1.65 1.65 1.13 1.13
Limestone (.88 0.88 1.32 1.32
Animal fat 1.60 1.50 1.50 1.50
Broiler premix* 0.22 0.22 0.22 0.22
Salt 0.40 0.40 .40 0.40
DL - Methionine (50%? 0.14 0.14 0.14 0.14
[ysine - HCI (78%) 0.18 0.18 0.18 0.18
Sand - = 0.07 0.07
Phytase?® - + - +

Total 100.00 100.00 100.00 100.00

Calculated composition

ME, kcal/kg 3100.00 3100.00 3100.00 3100.00
Crude Protein, % 23.00 23.00 23.00 23.00
Lysine, % 1.10 1.10 1.10 1.10
Methionine + Cystine, % 0.90 0.90 0.90 0.90
Calcium, % 1.00 1.00 1.00 1.00
Non - phytate phosphorus. % 0.45 0.45 0.35 0.35
Total phosphorus, % 0.72 0.72 0.62 0.62

' Broiler premix provides followings per kg of starter diet? vitamin A, 12,960 [U: vitamin 23, 3300 TU: vitamin E. 11mg: vitamin

Kz . 2.4mg: vitamin By, 2.6mg: vitamin Bz . 5.9mg: vitamin B, 3.3mg: vitamin By, 15gg; Niacin, 52.8mg: Folic acid, 1.4mg;

Blatin, 72mg Calpanto, 110mg Zn, 58.8mg: Mn, 72.2mg; ‘e, 62.4mg: Cu. bmg: 1. 1.3mg Mo, 0.12mg Endox, 72mg; Se,

0.12mg: Nap,S0,. 120mg.

2 Supplemented at the level of 600 U/kg diets with crude phytase made from Aspergiffus fictuan at Chung - Ang University.
8 T1, Control diet (starter, 0.45% NPP. grower, 0.35% NPP): T2, T1+500 U phyvtasefkg diet:

NPP, grower, 0.25% NPP): T4, T3+600 U phytase/kg diet.
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Table 3. Formula and compoesition of broiler grower (22~35 d) diets

Ingredients Treatments?
T1 T2 T3 T4
[ e O mmmmmmm e -

Corn, ground 65.63 65.63 65.63 65.63
Soybean meal (44% CP) 20.62 20.62 20.62 20.62
Corn gluten meal 7.30 7.30 7.30 7.30
Rapeseed meal 2.00 2.00 2.00 2.00
Tricalcium phosphate (18% P, 32% Ca} 1.18 1.16 0.65 D.65
Limestone 1.05 1.05 1.50 1.50
Animal fat 1.50 1.50 1.50 1.50
Broiler premix! : 0.27 0.27 0.27 0.27
Salt 0.27 0.27 0.27 Q.27
DL - Methionine (50%) .03 0.03 0.03 0.03
Lysine - HC| {78%) .16 0.186 0.16 0.16
Sand - - 0.07 0.07
Phytase? - + - +

Total 100.00 100.00 100.00 100.00

Calculated composition?

ME, kcal/kg 3100.00 3100.00 3100.00 3100.00
Crude protein, % 20.00 20.00 20,00 20.00
Lysine, % 1.00 1.00 1.00 1.00
Methionine + Cystine, % 0.72 0.72 0.72 0.72
Calcium, % 0.90 0.50 0.90 0.50
Non - phytate phospherus, % C.35 0.35 0.25 (.25
Total phosphorus, % 0.61 0.61 0.51 0.51

! Broiler premix provides followings per kg of starter diet: vitamin A, 12,960 TU: vitamin D, 3300 [U: vitamin E, 1 1mg: vitamin

Ks, 2.4mg; vitamin B,, 2.6mg: vitamin B, 5.9mg; vitamin B, 3.3mg; vitamin B,z 15pg; Niacin, 52.8mg: Folic acid, 1.4mg;

Bictin, 72mg: Calpanto, 110mg: Zn. 58.8mg; Mn, 79.2mg; Fe., 62.4mg: Cu, 6mg: [, 1.3mg! Mo, 0.12mg Endox, 72mg Se.

0.12mg: Nap504, 120mg.

2 Supplemented at the level of 600 U/kg diets with crude phytase made from Aspergiilus ficuim at Chung Ang University.
3 T1, Control diet (starter, 0.45% NPP, grower, 0.35% NPP): T2, T1+600 U phytase/kg diet:: T3, Low - P (starter, 0.356%

NPP, grower, 0.25% NPP}: T4. T3+600 U phytase/ke diet.
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Table 5. The availahility of organic matter (OM) and crude ash in broiller chickens

Treatments’ oM Protein Fat Fiber NFE Ash
—————————————— e L) B et T
Ti 79.8 75.5 84.1 13.0 90.3 38.8
T2 79.4 74.3 86.1 16.0 895 39.4
T3 78.7 71,4 841 13.0 89.8 38.5
T4 79.1 74.1 83.7 11.6 89.6 40.0
SEM 051 216 1.79 1.74 052 1.19
df = - e --- Probabilities ------ e
Treatments 3 (0.0466 0.430G1 0.6377 0.0235 0.5315 0.8574
Phosphorus 1 0.1493 (0,2335 0.4154 0.1374 0.6881 0.9160
Phytase 1 0.8b41 06845 05867 0.5840 0.2134 0.2829
P*Phytase 1 0.5381 0.2835 0.4030 0.1428 0.5091 0.6428
77777777777777777 —mremeeeeeee—— Maineffect -- - L
Phosphorus
Control 79.5 74.9 85.1 14.5 89.9 39.1
C-0.1% NPP 73.9 727 83.9 12.3 89.7 39.2
Phytase
0 Ulkg 79.2 73.5 841 13.0 90.1 38.6
600 U/kg 79.3 74.2 849 13.8 89,5 39.7

', T1, Control diet (starter, 0.45% NPP, grower, 0.35% NPP): T2, T1+600 U phyvtase/kg diet: T3. Low - P (starter. 0.356%
NPP, grower, 0.25% NPP): T4, T3+4+600 U phytase/kg diet.

(P<0.05). AR EE&T AbdEeli= Aeltel =]z} 8l P2} N2l wideke Table 8ellA R nle} 2o}, P ujd
v}, P &&o] W& ALZ ¢ phyvtase H7MA] ALBA F ST g AFEQA P FolFe vl @S =E2 P g7t
S A%l phytase "7l vl&) SrtEloq], Fd 21.4%7A] F2l8tAl (P<0.05) Tr43b9l 2, I3 phytase
£2 P HeF9 viest FAE en ) ol o2 A A7y 7 B YR 7.3%7)) #-o)dkA Baskaith
& (Simons F, 1990: Broz &, 1994 Kornegay %, T2 PH} phytase®] 452082 Fe4)e] vhelbA] o
1986: Sebastian 5, 1996) 2] ZH3tel {algh 2oz, orth N uld = e P A4 phytase Aol o)
phytase H7teol 2J&) P &F4=& Z7}, phytate - mineral B2 wha] ¢rgltl Kaornegay (1998) &= P iEe] @2 A}
complexi 2E o e FEa e s o) &, inositold] o] & 2o AR kg % 200-1.200 U phytase® H7latd
(Simons %, 1990), £23-& F7 (Knuckles?} Retschart, 0.45% 2] NPP A2]7o| vl&] P wjideko| 25~54%71=
1987), 2212 opr|iedte] o) && v Sol &gt Ze ottty staick g Schoener & (1950)& 19§
ALE T <t 350 7Hal 9] F-A7F Po0OsE 55 kg wll-d 8} | phytase®

Table 5ellA B wpe} o] thAbrEHE HAlste] A& Abse]) A7V 39 55 kg Pp0s9 92 435~525 vl
WUA0) FES P FEolv phytase 37 el 28l daE 7F gk ok Aok sisith F71E o] 88 Table 7
bR opskvt ubilal AW gl 2R ol s P°l off Al Bz ute} o) W FFL P g7 Ca ol &8
FEe] W2 Aert B2 A S LYo, phytase % S freleil iz ot BE 718 o]l 8ol 9%
el & muhwalel o] 8-fo] Frhshs Ado| ?\15’5«9_ £ 7 gh3toh PF Mg ol 882 phytase H7)kel £]3)
LA FoakE 2% ek Schoener (1992) 2 Simons F2latA F7HE Sl Sk Fedt Zn o] 88-& f-208kAl 4o
2} Versteegh (1990) = phytase? A 7t7F A&, =g 2k PR phytase ] W 3382 ZE FEA AN F2
AE2] Aol g fel= FFE A A Kotz 9 g vhaetty, £ A 532 P A2l 39 phyrase H7HA)
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Table 6. The amount of P and N excreted from chick -
ens fed experimental diets with or without

crude phytase supplementation

Treatments? Phosphorus Nitrogen
------ (mg/day/bird) --------
T1 319.2¢ 861.3
TZ 296.0" 882.4
T3 250.9¢ 928.3
T4 232.8¢ 931.8
SEM 9.01 71.49
df  ---—-- Probabilitiegs ———-——-
Treatments 3 0.0001 0.7853
Phosphorus 1 0.0001 0.3288
Phytase 1 0.0117 0.8389
P'Phytase 1 0.7334 0.8787
"""" Main effect ——-----
Phosphorus
Control 307.62 8718
C - 0.1%NPP 247.8° 930.3
Phytase
0 Ulkg 285.00 835.0
600 U/kg 264.4° 907.1

L T1. Control diet (starter. 0.45% NPP. grower, 0.35%
NFPP): TZ. T1+600 U phytase/kg diet: T3, Low - P
(starter. 0.35% NFP, grower, 0.25% NFP): T4, T3+600
U phytase/fkg diet.

¢, Values with different superscripts in the same column

within comparing treatments differ at P<0.05.
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3k o] 7 *]?ﬂ’éﬁ-}ﬂ* FrAbataivh SHH Zn o] §--of 3lolA
Roberson® Edwards (1994) 7} H.a1%h vl g)5l9 P 3
el War S W9k T phytase FIEIE Gt
stz B AlEedAE olgt fAME Ao E woic),
Oberleas (1973)°]) 2]&hA Alfel| &F% phytic acid=
A+ FEAEN A5 ZHolE AFE lmA 284
2-& HAdel=rl ozt HEL 43t FEA B
Asks oz A43A it whakA] el el A a)
A¥ B phytase Y7H, 53] Tark FH7b Aoy 3

e

B o] &40 2 HE B+ e d. o= phytased] =
Fo 9sted ZAsA AulelE AREe] gl FEAE
o] ®E|Ee] FF - o] 8-B FoF AtnEHY, P e
phytase 2|7k Zsh A HZA-E2 Po| £F] & FE
o) o] F&e) & AFE v A= HE AT vt
B F7)% g2 Table 8014 B vhe) 2} pe)
Atgd Eolvl phytase®] Hrlz B FEA
ADE-g v R 7] Fotont, A Ca, Mg, Zno] 3HEF2 A}
W P <53 phytase 3 7}of] ol g dFatgol
o], A9 Pyt &9 A]-“.°1] phytase #7FA] o1& &
=49 g gEE FrR7E AoE JEpsit g4
W Ca %2 T10] 9.82 meg/dIE W& A+ F, T3%
T42] 10.99 mg/dl 712] 3L 10.68 meg/dl¥ v} {2544 w
it o) P Eol W AR E AH3E Ay, R
Z 22 Falvl FoEER @3l ol &3F Caol F7t
H7] w2l Rer ARHET (Tayler?l Dacke, 1984).
B P g2 T47F 14.78 mg/dig 713 =<k3, 737}
12.80 mg/dlE 7HE wol Aozt 824 (P<0.05) & &)
elch Pernev 5 (1993) 3} Broz 5 (1994) & P 30
< AbE el phytase H7FAl % P Eeo| Srbsittn
815 2| Sebastian (1996} 7 J Zn #8552 X7}
aolzt gt sl B A e P =Fa
phytase H7}o]| W2 7328 AbE RFg0] glo) HAF P 4220
A1+ phytase 7V 8% “n 8% FESHA 7R3
3,92 P EoE Rl Aol §lded ols Zn
ol gFFelA 2 Aol AR Aolo]a] o] gt &=
7FA Rl Al Po] et
AE2 A, T8, 2811 el Table 9o A BoFE=
vlel vt A& FA9 Aol Alsu] P33 phytase
9] H7FA-TFol gl d3E wol A5Ee] PE Fi4] A
Zo] 7P 2 F3k 2w phytase A7 A Z2 FA4 7 Tt
stk A= Fdle Malitel zbelrt glaiv) olxE 4
H=PrEEEE 242 14 9 Fa, S 3ER s
o] Z+AEHA Fuk= Veltmann (1993) 2} Yoshida (1986)
o] Kl frAabeteith. ek P 5 0.1% FaAZ] A
£l phytase® #7138 F9 ZHo] A oz Adabsly]
=, ] phytase”} phyate® phosphate 757 o] &
8‘El°1 N FEAFE FAA S G0 FEe 7

73‘;5'9] FEAEHE Table 104 Hi= nigl 2o} A
Fo FEEYHLE PrEo] o) 9FE B gkghor}
phytase #7tel 218 F-25k4 = Aqch FE W 3|82
gheko] FrhE phytates) A3 g B2 Eo] phytased] £



176

¢]41 7} & : Crude Phytased] #7} &3}

Table 7. The availability of minerals in chickens fed experimental diets with or without crude phytase

supplementation
Treatments! Calcium Phosphorus Magnesium Iron Zinc
------------------------------------ (%) -
T1 43.3%° 47.5% 17.8° 30.4° 23.6*
T2 41.7¢ 49 9° 19.6° 16.5° 8.80
T3 45.4P 47.1° 16.4° 24.8° 16.6%
T4 4982 55.1* 22,92 26.6° 19.0°
SEM 1.43 1.59 1.31 2.28 3.08
df e Probabhilities —- - - -~~~ e
Treatments 3 0.0006 0.0009 0.0023 0.0003 0.0042
Phosphorus 1 0.0003 0.0834 0.3799 0.2437 0.5209
Phytase 1 0.2635 0.0006 0.0010 0.0041 0.0233
P Phytase 1 0.0195 0.0432 0.0369 0.0004 0.0027
————————————————————————————————— Main effect -~-—-—---—-—------"-"-"-""-"-"---------
Phosphorus
Control 4250 48.7 18.7 23.5 16.7
C-0.1 %NPP 47,62 51.1 19.7 257 17.8
Phytase
0 U/kg 44 .4 47.2P 17.1° 27.6% 20.12
600 Ulkg 45,7 52.5% 21.32 21.6° 13.9b

1. T1, Control diet (starter, 0.45% NPP, grower, 0.35% NPP): T2, T1+600 U phytase/kg diet: T3, Low - P (starter, 0.35%
NPP, grower, 0.25% NFPP}: T4, T3+600 U phytase/kg diet.

2=t Values with different superscripts in the same column within comparing treatments differ at P<0.05.

Table 8. The amount of mineral in plasma of chickens fed experimental diets with or without crude phytase

supplementation

Treatments! Calcium Phosphorus Magnesium Iron Zinc
———————————————————————————— (mg/dl} —— - pg/dl
T1 g.82° 14.50°° 2.82 Q.56 167.6"
T2 10.822 14.42% 3.30° 0.65 169.82
T3 10.99° 12.80° 3.44° 0.60 206.07
T4 10.68¢° 14.78* 3.10% 0.46 180.5%
SEM 0.43 0.97 0.22 0.14 16.0
dfd @ e Probabilities ~——----------------- - -
Treatments 3 0.0200 0.1130 0.0249- 0.4728 0.0520
Phosphorus 1 0.0638 0.2838 0.0866 0.4014 0.2328
Phytase 1 0.2111 0.1302 0.4122 0.7386 0.5545
P Phytase 1 .0207 0.1018 0.0136 0.1963 0.0141
————————————————————————————————— Main effect -------------~=---------- -
Phosphorus
Control 10.32 14.46 3.06 .61 183.7
C-0.1 %NPP 10.83 13.79 3.31 0.53 186.0
Phytase
0 U/kg 10.40 13.65 3.13 0.58 186.8
600 U/kg 10.75 14.60 3.24 0.55 192.9

1, T1, Control diet (starter, 0.45% NPP, grower, 0.35% NPP): T2, T1+600 U phvtase/kg diet:: T3, Low - P (starter. 0.35%
NPP, grower, 0,25% NPP): T4, T3+600 U phytase/kg diet.

7P Values with different superscripts in the same column within comparing treatments differ at P<0.05.
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Table 9. Weight, girth, and length of tibia of chickens
fed experimental diets with or without crude

phytase supplementation

Treatment® Weight Girth Length
= CIMl ———-—-=
T1 413 2.90 9.07°
T2 416° 2,79 9.02*
T3 3.39° 2,74 B.67°
T4 4.05* 2.86 8.90%
SEM 0.14 0.10 0.14
df - - Probabilities -----. —
Treatments 3 0.0001 0.2343 0.0052
Phosphorus 1 0.0001 (.4340 0.0024
Phytase 1 0.0003 0.9723 0.2749
P'Phytase 1  0.0003 0.0576  0.0888
--------- Main effect --—---—-
Phosphorus
Control 4.13° 2.84 9.04*
C-0.1 %&NPP 3.720 2.79 8.78b
Phytase
0 Urkg 3.76° 2.82 8.87
600 U/kg 4.08° 2.82 8.96

. T1: Control diet(NPP-starter:0.45%, grower:0.35%),
T2: T1+800 U phytasefkg diet, T3: Low - P{NPP -
starter:0.35%, grower:0.25%), T4: T3+600 U
phytase/kg diet

27b Vfalues with different superscripts in the same column

within comparing treatments differ at 7<0.05.
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ADAC 1990 Official Methods of Analysis (15th Ed.).
Association of Official Analytical Chemists Wash -
ington D.C.

Broz J, Odale P, Perrin - Voltz AH, Rychen G, Schulze
J, Simoes Nunes C 1994 Effect of supplemental

phytase on performance and phosphorus utilization
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Table 10. The contents of minerals in fat - free dry tibia of chickens fed experimental diets with or without crude

phytase supplementation

Treatments! Ash Calcium Phosphorus Magnesium [ron Zinc
9% DM emmmmmm—-- (% of tibia) ~----~---—-—--  -=--- (ng/g of tibia) -----
T1 50.9° 17.53° 8.50° 0.303 191,5% 169.8
T2 51.1° 18.642 8.62° 0.3172 192.9% 167.0
T3 48.8P 17.23b 7.83¢ 0.278¢ 210.3 160.9
T4 51.5% 16.93¢ 8.24P 0.300° 170.4° 167.1
SEM 0.72 0.32 0.16 0.009 0.002 0.54
-------------------------------- Probabilities --------—------mmm e
Treatments 0.0005 0.0001 0.0001 0.0001 0.0866 0.4811
Phosphorus 0.0767 0.0001 0.0001 0.0003 0.8541 0.2987
Phytase 0.0024 0.0448 0.0243 0.0013 0.0794 0.6626
P Phytase 0.0095 0.0009 0.0477 0.4587 0.0587 0.2784
————————————————————————————————— Main effect ————— - e
Phosphorus
Control 51.0 18.08¢ 8.60° 0.310 192.2 168.4
C-0.1 %NPP 50.2 17.08" 8.04° 0.2890 190.4 164.0
Phytase
0 U/kg 49.9° 17.38° 8.21° 0.291" 200.9 165.4
600 U/kg 51.3° 17.792 §.43 0.309° 181.7 167.1

L T1. Control diet (starter, 0.45% NPP, grower, 0.35% NPP): T2. T1+600 U phytase/kg diet:: T3, Low - P (starter, 0.35%

NPP. grower, 0.25% NPP): T4. T3+600 U phytase/kg diet.

a~b Values with different superscripts in the same column within comparing treatments differ at P<0.05.
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