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Studies on Extrusion Procedures of Wheat Bran and Dietary Levels of
Phosphorus in Nutrients Availability of Broiler Chicks

1. H. Kim and C. S. Kim
College of Agriculture, Dankook University

SUMMARY

Dietary levels of 0%, 0225%, 045% inorganic phosphorus in the form of tricalcium phosphate were
included in two different experimental diets, which contains 40% of wheat bran with or without extru-
sion.

It is to examine the effects of extruded wheat bran containing different levels of inorganic phospho-
rus on the performanqe of broiler chicks, including the nutrient availabilities, compared with that of
the diet containing non-extruded wheat bran.

The results are as follows ;

1. Regardless dietary levels of inorganic phosphorus, the weight gain in general was higher for the
groups fed non-extruded wheart bran but little significance was seen between the groups of extruded
and the non-extruded.

However, the effect of dietary inclusion of inorganic phosphorus on the weight gain was evident,
and the gain was higher in the groups receiving the higher levles of inorgainc phosphorus but failed
to observe the significant difference between the added groups of 0225% and 045% of inorganic
phosphorus, suggesting that a considerable amount of phytin phosphorus in wheat bran is available
to meet the requirement.

2. For the feed intake, there was a tendency for the groups fed extruded wheat bran consuming
more feed, compared with that of the non-extruded but-little significance was observed. This was also
true between the groups of receiving 0225% and 045% inorganic phosphorus.

3. The feed efficiency was improved by the addition of inorgainc phosphorus, but failed to observe
the significance between the added groups.

4. The dry matter digestibility was improved in proportion to increasing the levels of inorganic pho-
sphorus for the both groups of extruded and the non-extruded. This indicates that addition of extru-
ded wheat bran has little effects on improving the digestibility.

5. Within the added groups of 0.225% and 045% inorganic phosphorus, the protein digestibility was
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increased with including the extruded wheat bran in the diet However, the effect on body weight

gain was not evident.

6. The calcium and phosphorus content of tibia was shown the tendency of increasing with increa-

sing the dietary levels of inorganic phosphorus but close correlation with dietary levels of inorganic

phosphorus was not noted in tibia contents of calcium and phosphorus.
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Wi phytates] FIBKS of$- {EF8}H, Hay(19
42)el| 2lstd dolut FIHolA phytic acid7t Calcium-
Magnesium phytates} MR FETTR SHch &
8 Ca, Zn, Mg Fe, Cu, Mn 59 2(f £& 3K §%
o] 53} phytic acid7t A 23t EEHA BA
B g HENFIEZ (Reddyst Salunkhe, 1981 5 Obe-
rleas, 1973 ; Maddaiah 5, 1964 ; Vohra ¥, 1965) #X
HEs] Flftko] ¥ed, ol& phytated] &l &7]
wj Zojt}, T o] phytic acide Be FWHA 2]

¥ $9(53] gamylase o} FEEg A8 BT M
EFcofactor)Q! Codt Z¥FH)E /AR 0 AE
9 (Cheryan, 1980) phytic acid wheat a-amylase
MEFH(Cawleyst Mitchell, 1968). L fFo]L9
&3 AYE phytic acide] MR HREY, HEE
L8y 224 7142 Ak

ODell £(1972)¢ el3td Y7lgodE Ao & PF
76% 7} phytate phosphorus FREZ glady, BAd s
81% 7} phytate phosphorus FRER FERG I AL
W25 legume seedol A & PF 80% 7} phytate phos-
phorus F4BEoIth(Lolaset Markakis, 1975). NAS-NRC
(1984) 9} Nelson® Ferara(1968) ZE ¥ HEA
Jd £FHe A Pe AWK G& 60—70%
23in, 971 & HAee] &&ol 70% ol phytic
acidel &8-e 34%gxn I} ol phytic acidE
ERED FRSY TEE Life MRAZEAR
EaHe FiRES BNz @S v st
(Smithst Rackis, 1957 + Omosaiye$t Cheryan, 1979).

Phytic acide B9 & Caxt ARt TEHE
calcium phytate®] g2 gol Casl Bk E *Feidh
(Harrison®™ Mellanby, 1939). ©}¥ phytate phospho-
use A #eEHS Ad REFXFAAE o= A=
HESAY, BERE 53, KN FIAle 2
SRS

o]# & phytate phosphorusd] °]84& F3A17)7]
918 Phytate’t E° = EEHFHE steam pelle-
ting8+®, BT} bone ash SEIA Pl Fiftko] #
# 5] 9 (Summers 5, 1966) wheat bran steam pelle-
tingfro 28 RY A &Fo] BMELR AN
(Cave 5, 1965; Summers &, 19682). 1Y =&
5ol A steam pelleting®] rice bran®]\}t wheat bran
2% po] FAKRS BMANNAE RFYAT(Corley
£, 1980). ol8l @ FERE SummersT(1968b)l 23
e ZRIAE —HKIAY § FHE BEAsA
BFOtol gt pelleting® 7, P9 Fffiko] Bnst= o
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o] BAFKNE A% pelletingd 7%, Hot&l(Su-
mmers 5, 1966)$} siA] Bayley$t Thomson, 1969 :
Bayley ¥, 1975) 2% P9] Fifitko] HmAct ol @
HwES 21BF peletingt2 24 & K759 B4kl
o8 ZHE7b ettt 2o, phytate phosphoruss]
FAkel HEsA gttt B (Corley S, 1980).
7] ¥ ZAFo] FFESE phytate phosphoruss]
FiAtES €9 4 A4, 84 festa e & v
A dmigREiEo AN fiEsted AA JldE 4
lod, ole RIEMes F8E EHhE Reth

3%<} phytate phosphorus®] fAkHy EHe 2¥3
oz wEA ¥ gloy, MTREA =& phytate
phosphoruss] EEey H = FIAK Bk A
£ oEE mo) 2o g, F RS extrusion &
BEEE <este SBRike mkiEd @& 9
Jlge] HERD FARS MBI A5 X
Ak

0. #% R Bk

1. ABUE X EA

& FASBPRIS 1989%F 3A 23RFE 44 28H7HA
% 3pAMHcIRNS, 2 F A AL BEMEE BT
& F & AR otk 22 AREFES HH
LBy SHe & X2 ZEBH BYHEESS 88
BEZ RBREJN BESAT.

2. ¢t EY R HRIE

F RBIMe Bl REH ¥9 BEHAA IN-
DIAN ’RIVER AZ broiler & ®old] 1087}E]E & -
4 27} eriad e MBS TEIHHA o
o BER REglol 1208l 3% battery caged] A
T2 HF EEsdqd.

3. ABEH

= ARe BBHHE extrusione 2 BER @&
07]1&3 135Ce} 145C2 extrusiond Y7L 4
EPEES 40% ) AIsA BREekFE TEAoH,
CaERES 434z ddAg o= #4392, PY
pHae ANTELZ 0%, 0225%, 045% KHEL 52

BEd GHinstch adx & ARk HHEASH 2
BEAE SRy MERe ¥ 13 E 294 2 b
s} zth

ABHE 271 &9 extrusiond Insta-Pro H&EQ
single screw extruder® fEfAste] BESIAH

Table 1. Feed composition of basal diet(%)

-286-

Ingredients A B C
Wheat bran 40 - -
Wheat bran® - 40 -
Wheat bran? - - 40
Soybean oil meal 25 25 25
Yellow com 2667 2667 2667
Tallow 5 5 5
Methionine 046 046 046
Vitamin & Mineral® 14 14 14
Antiviotic 0.13 0.13 013
Limestone 1 1 1
NaCl 0.3 03 03
Total 100 100 100
Crude protein 2183 2190 2218

1) Extruded wheat bran (135C)
2) Extruded wheat bran (145C)
3) Vitamin and mineral mixture is sufficed NRC re-

quirement
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Table 2. Chemical composition of experimental diet(% )"

Treatments Added P?
0 0225 045

Items NonE® E-135" E145° NonE E-135 E-145 NonE  E135  El45
Crude protein 2183 21.90 22.18 21.96 2300 2248 2217 22.56 22.16
Crude fat 8.72 826 840 859 844 813 833 7.93 793
Crude ash 7.10 758 8.07 762 7.69 7.99 729 8.06 8.09
Carbohydrate 51.67 5149 51.04 5117 4981 5134 5148 50.51 5173
Calcium 1.66 1.68 1.63 1.68 165 159 1.60 164 167
Phosphorus 0.52 0.64 0.65 0.75 089 | 0.88 1.09 111 110

1) Dry matter basis 2) Tricalcium phosphate as phosphorus source

3) Non-Extrusion 4) Extrusion (135C)

5) Extrusion (145C) .
Table 3. Chemical composition of excreta(faeces and urine) in different treatment(%)?

Treatments Added P?
0 0.225 045

Items Non-E® E-135" E-145 NonE E-135 E-145 NonE  E-135  E-145
Crude protein 33.90 3121 3353 2040 2440 24.85 25.82 28.30 2749
Crude fat 114 1.19 206 171 227 2.30 305 257 241
Crude ash 15.36 14.83 14.12 14.85 14.77 14.48 15.95 16.49 1529
Carbohydrate 46.65 44.86 43.05 - 4653 5022 4967 37.30 45.19 4691
Calcium 353 327 284 282 271 2.66 2.63 271 2.56
Phosphorus 0.81 115 0.99 131 154 155 213 222 225

1) Dry matter basis
3) Nen-Extrusion
5) Extrusion (145C)

4) Extrusion (135C)

£ F KRS dxoldN AzAA RS R
EYRS U5 o dxd H- K& /AR G
Atz EASA 282, X BB # - Ko A
SFifEie E 3904 Re vst 2o

6. BEHE A BEGE

B 2 RREeS ¥ —BERS 222 pepsin
MERL A.0.ACRO8BHA AstAch otvjxdt &
$7& Mason $(1980)9] Wyoz A AAF o o}
v =4 34 7] (Biotronic LC 50000 & A}8-3te] B33}
9tk 22T phytate 5 #7& Wheelerst Ferrel(1971)

2) Tricalcium phosphate as phosphorus source

o o&te FFIch WPES BE e HE(F
B 6B ol BRI, HTH BEAN AR BE
& Fete Fagch SARETES BB BESASL,
o ERIS B BERES ¥t Taksled, MREER
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B2 RSBE/BRY RH&EX1006 &stq @R
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7. MEHRE

#Et@mEE IBMPC2 S.A.S program& FIM3HY
Duncken’s multiple range test(Steelt Torrie, 1980)°l
oA BFEMES BESHES

o, &R A BE

1. REF| U7 ML

27]¢9 —# HRY R FPE KH5S E 4904
nE vie o] MEAH, MR, MK, BB, 7T
BERERY, FALHS NonExtrusion BEEY Ext-
rusionREEN M A §AF K5eEE BA2H,
E3) Ps} RS EES NonExtrusion SREES] W3]
ExtrusionfE BB/} th: Foj=¥ AR 232
phytic acid®] 4@ & NonExtrusionf2EE s} 135C=2
Extrusion® BEEA 13%22 #Z& HEE 2
o] 145C2 Extrusion® BIEECIA ot WA ste &
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Table 4. Chemical composition of wheat bran(%)?

Treatments Wheat bran
Items Non—E? E—135Y E—145Y
Crude protein 1682 1689  17.00
Crude fat 393 349 342
Crude ash 582 545 581
Crude fiber 761 7.36 849
NFE? 5549 5699 5611
Carbohydrate® 6310 6435 6480
Calcium 045 048 055
Phosphorus 0.71 0.71 0.66
Phytic acid” 135 132 128

1) DPry matter basis 2) Non-Extrusion

3) Extrusion(135C) 4) Extrusion (145C)

5) NFE.(Nitrogen Free Extract)=100-(moisture-+
Crude protein+Crude fat+
Crude ash+Crude fiber)

6) Carbohydrate= 100-(Moisture + Crude
Crude fat+Crude ash)

7) Air dry matter basis

protein+

ting &7t Gl A2 HS AL 5 &x2e
#37t oA & ¢ F U

BRES W7g9 £ oluxAt FHEE WEY KR
E 5914 2 vks} Zon Non-Extrusion BREEREC]
ME 1367%, 135CE Extrusiondt REEE 1502%,
145C2 Extrusion® EEEE 1549% 2 Non-Extru-
sion BEER} Extrusion REREMN =& K&

Table 5. Amino acid composition of wheat bran in dif-
ferent treatment(%)?

Treatments Wheat bran
Amino acid Non—E? E—-135 E~145Y
Lysine 0.65 052 047
Histidine 0.74 0.62 0.70
Arginine 0.85 0.80 0.84
Threonine 043 048 0.51
Valine 0.60 0.68 0.69
Methionine 022 031 034
Isoleucine 041 0.43 053
Leucine 0.83 0.31 0.80
Phenylalanine 0.59 0.65 0.68
Cystine 0.17 028 024
Aspartic acid 104 128 132
Serine 084 0.69 0.73
Glutamic acid 400 493 495
Proline 0.58 0.80 0.83
Glycine 064 065 0.70
Alanine 0.68 071 0.76
Tyrosine 040 0.38 040
True protein 1367 1502 1549
Crude protein 1682 1689 1700
NPN® 315 187 151
EAA-N® 549 558 580
NEAA-N” 818 944 9.69

1) Dry matter basis
3) Extrusion(135C)

2) Non-Extrusion
4) Extrusion(145C)

5) NPN : Non-Protein Nitrogen compound
6) EAA-N: The Nitrogen sum of Essential Amino

Acid

7) NEAA-N: The Nitrogen sum of Nonessential
Amino acid
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¥R 283 ExtrusionREREEZ} Eobdol =t
#hndte HiTE BAR, o8 HAS 4 REEE
o4 NPN(Non-Protein Nitrogen Compound : FFEEHRR
gFRLaY)d FRBEKRS BEY Aoz fhEch
28 BE olulxeit F lysined] HEE B9, BE
BES} @ingte] we} 065%, 052%, 047% 2 oA
£ HEe FolE # AMth ole Lrlke] 4 7
Fo N BB (maillard reaction: JERSSENT 52
KiE)Yo] dojut HE(glucose)F KIESHA =], o
¥ (glucose) B KIEste BERE #8& U4F olvix
291 lysined] EEE olvxrlolmz AR KEF Iy-
sine®] §&& WAL Aoz Harh

MESRHAY HESHS #d¢ NPNY |82
Non-Extrusion BEE)A 3.15%, 135CE Extrusiong
BEEENA 187%, 145C2 Extrusiondt HEEA 1
51% 2 REEEY Find) we Hishs EEE B
k.

2. R

RS X 6M B vlst 2ol TCP(Tricalcium
phosphate) ¥ElZ MBS 0% HNE A%, 78

#o1= Non-Extrusion BREEL} Extrusion¥t BREE
A REREC 2R oy, 4ERKA =2dHA
Non-Extrusion JREE7l 145CZ Extrusion® EEE
Bk 21% Wty aslm 13502 Extrusiondt
REERCOE 4%7) Bt £ 215BAME
ExtrusionfZ2E X ot Non-Extrusions@EEs} ot 18
pret A g, 28 AT 2HIB] =288 NonExt-
rusionf2¥EEE ] W3 ExtrusionEERE A BEEE ]
®Binste Hge 2

Non-Extrusionf2EE 2 r} ExtrusionfEEE 7} 288 #
3} 2A#EAck H2i Bhsle HEE 2Hed,
ol& 28H#RT 32B#A Extrusiond U71&9 F
Fitke] ZA EE Ao o NS WITK
#eo] 0225% 7%, THERN = 135C2 Extrusion® &
BEAAM ¥33, NonExtrusionfiZEE, 145CE Ext-
rusion® RERE £o2 Bl =ath(P<0.05). 1
AU 4AT 3288IE Non-ExtrusionfRERE 7}
Extrusion® EEEC #insle HEE Bojlmzy
A% AN HHEES ¥ol: Non-ExtrusionfFEE
7} 135CZ Extrusion¥ EEEM ] o 4% £ty
3, 145C2 Extrusion® @EERTIE o 3% #inst

Table 6. Average body weight gain of experimental chicks during 1st to 32nd days of age(g/head)

Days
Treatments 7 14 21 28 32 Tatal
Added PY
0 Non-E? 107+ 1754 140+ 24° 132+ 50° 1124 51° 40+ 32° 531+ 86°
E-135% 107+ 8¢ 97+ 18¢ 117+ 51 174+ 80° 84+ 28° 579+ 155°
E-1459 109+ 10% . 116+ 42+ 98+ 26 119+ 37° 84+ 64° 526+ 83°
0225 Non-E 145+ 17* 2404 42 273+ 61* 408+ 71 223+ 64° 1288+ 224*
E-135 148+ 15% 236+ 31° 280+ 87° 371+ 126° 202+ 60° 1237+ 275
E-145 1344 14° 231+ 3¢ 287+ 35° 414+ 97 189+ 55° 12554 194*
045 Non-E 159+ 16 263+ 24 319+ 46° 449+ 54° 196+ 52° 1380+ 148*
E-135 140+ 16> 275+ 27 32643 417431 206+ 28° 1366+ 115°
E-145 152+ 9* 2624 24 286+ 22° 409+ 48° 2324 30" 1340+ 106

1) Tricalcium phosphate as phosphorus source
3) Extrusion (135C)
5) Mean + standard deviation

2) Non-Extrusion
4) Extrusion (145C)

* Values with different superscripts in the same column are significantly different(ab,c,d<0.05)
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U] FRink¥Eol 045% 7%, 7BEYe
Non-Extrusionf2®E7} Extrusion@EERD &AW,
148 #3} 21A#lE Non-ExtrusionstEEE ¥ o} 135C
2 Extrusion¥ REESF o 5% 2%4 Hinste
fEme Bech e, 288 oF 8%7) BAE
ok 32H#lE Tl Non-ExtrusionstEE R Th 135
T2 Extrusion® REENA o 5% 9 #ins} 145C=
Extrusion¥ BEEAA <o 18%22 HMste HEg
BEQRAE, 7A#E 2888 B Fo| Fol A
A MRS 2 NonExtrusionfREE ] u)¥
135C2 Extrusion® BREEANM < 129 RP= 9
ZR7} 913, 145CE Extrusiond REEAME of
3%z Biste H@Es 20

TH, EIBRERS KEF ERNES dgusto o
225% A F #A$, Non-Extrusionf@EEANH & 143%
o] |ing} 135CE Extrusiondt REEANA & 114%,
145C2 Extrusion® BREECAME 139% 2 8
THP<005). TRAT, EHEERS HRINEY B¢ &
BRE Y] Kigo] 045% % AS 0225% FHiESH of

ule o] NonExtrusionfBEEANAM 7%<] @ingxt
135C2 Extrusion¥ BEEIA 10%, 145C2 Extru-
sion® MEEAA < 7% 9] R L BYo, FE
e ol ¢ UTh ole HEF EREl 045
% A=dte FL FUYW EEBHEE EKEAN
ZRInEE, AIFIAY phytate phosphorus7t BERIS = F
AEUS S &l 4 glen] phytate phosphoruse]
FIAKLS 40-50%2 3"

FARBRES ¥ 7904 B upsh o] MEiEREHEC]
whnk¥Eo] 0% 7<%, Non-ExtrusionfiEEe] w3
135C2 Extrusion® EEANA HMmatRon, o] B
the 145CE Extrusiond REEC)A o Eistch
SEIRERE ] HIIKEEC] 0225% 73§ 145CE Extru-
siond REEJAM o #\istych E8BEe ik
Hgo] 0225% 7% 145CE extrusiondt MEEANA 7t
# st oo, Non-ExtrusionfBEE, 135C2 Ext-
rusion® EE <ojich 2 extrusions] =&
B #ine 938 &+ A

B S) FRIKHEC] 045% Sl E 135CE
Extrusion® BEEEA ¥32, Non-Extrusionf2EE,

Table 7. Average feed efficiency in chick till 5 weeks of age(%)

Treatments Added PY
0 0225 045
Items Non-E? E-135¥ E-145° NonE  E-135 E145 NonE  E-135  E-145
Weight gain(g) 531 579 526 1288 1237 1255 1380 1366 1340
Feed intake(g) 992 1023 1131 2001 1922 2040 2137 2189 2144
FER® 187 177 215 155 155 163 154 160 160

1) Tricalclum phosphate as phosphorus sourcé
3) Extrusion (135C)
5) Feed Effeciency Ratio

145C2 Extrusion® BEE oz o] st
Ak

2%, Non-ExtrusiongZ¥EE<} 135CZ Extrusiond
REE A% RERE Kink¥o EE&4E M
HERES #instdAw, 145C2 Extrusiondt BE
Eo] S SEBEle Hinkigel 0225% 71X 8
ndtlz, EBEMES Hink¥ol 045% M e <3t
Biste @HES 2o HkEERe E 794 Be

2) Non-Extrusion
4) Extrusion (145C)

shsh ol REERMC HEMY ZRE Fol¥ §
fs

3. WM Bfex
BRNH HLERL E A e e o

D &4 MR
el ZhnkEse] 0225% 73-%, Extrusion B
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B ARl RAE HFoT, EmifEE
Fhnk#o] 045% AAME e KEE B
ol Extrusion B2EEfFo] B4 2889 HLR A
e PE 3L Tk

RIEYE Bind wE B4 MRS Extrusion
ERRE] BAglo] REBEHEY Hik¥o #E5
g EY Wt HEHITE & 4 Ao, o
7190 A {H{ERo] fEMaEpte] Fako] HBHA EHR
o2 fEAseeS Bad & Atk

2) ERE HR

EAE HRe ESBEHEe s ge 0%
7%, 135C2 Extrusion® BEE7} Non-Extrusionit
EE) v dkAgk, 145C2 Extrusiondt BEE]
A Non-ExtrusionfREE] w8l 4% Bx #@instgd
o ] RTos REEA BAgl AvHo=
HiLEe] et

EBREES) FRITK#EC] 0225% 7S EFMERC
£ {iERoe] 34 EolA oo, Non-ExtrusionfFEEH
t} 135C¢} 145C2 Extrusion® BEEEA zZtzF 14
%9} 11%4 ®Binstsich ol P HIBRERS 045%
2 BENE B¢, EAKY H{L®Eo] Non-Extrusion
FEEE ] H]s] 135CS} 145C2 Extrusiondt BRERE]
A =3t NonExtrusionftZEERT} 135C2 Extru-
sion® BEEJ} 28% Bt en. 145C2 Extru-
sion¥ REEE 22% #mslycth 28U BBRBRER
o] HEES FolE £ gk

Barre(1956) ¢ 28} 7o} Fol phytate-proteine]
mEtEE AH FEAHEY H{kRe Holzcn sy

Table 8. Digestibility of nutrients in experimental diets(%)

2.}, Extrusion [ E ¥ A-$ phytate-protein H&
B mtto g BRHSY MR FEd Aoz 4
Z+gch

¥, 22 Extrusion BfFolA & EIBMRIAS &
Ki¥o] FolNm2H HEEHY WERo] HEFHINL
o, ol MRS R Rl & EBMRA Al
2 P RZTERCl 24 HFEW ERETGD £

RERERIQ U7]-&2] pepsini{LFE L Non-Extrusion
(8958% )] w]3] 135CS} 145C2 Extrusion?d REE
oA Z+zt 8273% s} 8361% 2 tha WolX e A
2oy, FEES flslen EHHEC F2 typsin
5 BH BAE EHd d¥ S\dde 3¢ 19
4, BAAAY Hikd BRdY & ¢7e geos
2 Pepsin H{bFo] A HERL g ¢+ o
I AZdd,

3) Rkitty WX

Bk{bthe MERE MR HRink#el 0%
7% Non-ExtrusionfEZEE ¥t} 135CE Extrusionfi i
EdA Mgk = 145C2 Extrusion® BEE
A€ NonExtrusionfBEER T F7tatgich ol &A
HE=s HEe P @8TE kit Mol #l
B ERez AA FAYY 9ozt 474dd
EHEE O FnK#Eo] 0225% 3%, Non-Extrusion
BIEE7} 135C9 145CE Extrusion® BEERT ¥
{LXo] Eing o, Pe] &HIKEEe] 045% ZA-5-o1A
= 22 AYE FohE & A ol maillard reac-
tion2> 2 A8 lysines} ZAYSHe glucoses] FlftEol
o ERY ez 4

Treatments Added PV
0 0225 045
Ttems NonE” E-135® E-145 NonE E-135 E145 NonE E135 E-U45
Crude protein 3888 33.83 4048 5166 5894 57.09 4421 56.57 54.15
Crude ash 14.85 12.53 3111 29.63 27.00 3229 24.58 29.17 30.15
Carbohydrate 64.47 61.04 66.79 66.17 6168 . 6385 75.02 69.03 6649
Dry matter 60.64 5529 60.63 63.89 61.99 62.64 65.53 65.38 63.04

1) Tricalcium phosphate as phosphorus source
3) Extrusion (135C)

2) Non-Extrusion
4) Extrusion (145C)

-291-



4) K5 HER

Kool HItRS | fHink#el 0% 3%,
Non-ExtrusionftEBE Rt} 135C2 Extrusion®t BREE
NN B e ot 145CE Extrusion® BREE A&
HA3)(105%) HmFch. 22 EEREES] BT
A% RN Ko HeRe ERiES 2AE E
stk F-rlEiQle mink#Eel 0225% 7%, Non-Ex-
trusionfZEE e w8} Extrusiond MEEA i =
BnSFAE BAch ol e WiFAe EERERE
o] FpnkEEo] 045% ol EPdslen, Extru-
sionflZEE ]l 25% ) ujs] 135C<} 145C=2 Extrusion
T BEEJdNE 29%, 30% 2 Binstgo

4. Tibia®| ash, calcium, phosphorus &%

KEEA Ca R P g EL BB SFH
TS 4F RHFIME Cadt Pol AA st K

Ee 71 ad. o8 o2 Aty A Ca 2
Pe) FAES RMEse HEE F BRA Ca 2 PY
SELS NEste Hko) /M wol AR sttt
(Nelson, 1967 ; Dickerson, 1962 ; Itoh$} Hatano, 19
64 : Dilworth®} Elbert, 1965). 53] Nelson® Walker
(1960) FAEA Ca 2 PY FAKS FES 9%
HEoeA, BE BARS AT R 2ue
AR RFEES JiEste Aol o Hdsddn &
Ach zElx ojd Helelo] Qo] FEHYHE =& Vit D
o] FFEZEHEC HE AL tiba(BE), toe(E7}e,
beak(#2)), humers(EHE) =¥ sternum(¥H)o)
229 (ltoh$} Hatano, 1964), 1% tibial %net phos-
phorus®] FIFMES #FEs = HkozZA  Hurwitz(19
64)el o3 BE= A

A HEel KBEW ash, Ca, P &8 ¥ 99A
e uhsl ol

ot
=

Table 9. Effects of supplemental levels of inorgainc phosphorus on weight, ash, calcium, phosphorus of composition

in tibia(%)?
Treatments Added P?
0 0225 045
Items Non-E¥ E-135¥ E-145Y NonE E-135 E-145 Non-E E-135 E-145
Weight gain(g) 6.00 374 709 3095 3263 21.96 27.83 24.72 2757
Curde ash 3742 3656 3491 3854 3901 3940 39.22 3991 4028
Calcium 13.73 1369 1270 1385 1475 14.35 1411 1520 1357
Phosphorus 6.11 584 595 6.34 6.87 6.73 6.83 7.07 6.88
Ca/P 295 234 213 218 215 2.13 207 2.15 197

1) Dry matter bais
3) Non-Extrusion
5) Extrusion (145C)

1) Tibia®) ash &&

BAEA ash 8RS EEEEY Hink#o 0%
7%, Non-ExtrusionfXEE7} 135C2 Extrusion® 5%
BERT 25tov, 135C2 Extrusiondt BEEE 145
T2 Extrusion® MEERT Egtoul, MEBRER
k¥ 0225% N FHEhukHgol 0% A4
€ @@ NonExtrusionsfBEEd] s} 135C2 Extru-
sion® EEEA ash &) @imstsla, 135CR}
£ 45C2 Extrusion¥ REE7F o Bsich BB
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2) Tricalcium phosphate as phosphorus source
4) Extrusion (135C)

ol mhnkiEol 045% 7%, F71eiQe] FhnkHEo]
0225% o)A veEld R e e B2y

SRR S] BINEA tibiad] ash €& =& A
2 Vanderpopuliere3(1961) o1 21#A & FHRe —
Bty on FiEHe] TS EigESY RNz
g M|y Joz ol olgt e FRE Corley
S5(1980) 90 % &R 2sich

2) Tibia® calcium &&
BEN Cao) 4B HEEAS HivkiEo] 0225



% 7%, Non-ExtrusionfZEE o] ¥]8f] 135C¢} 145C2
Extrusion® BERE7} ko Einkife BF &
k¥ 045% 7291 - = Non-ExtrusionfiEE 2 ot
135CE ExtrusionREE7} #Binste HHe BYo
U, 145C2 Extrusion® BREEAME Casl Eo)
wolAe EEE R4t ol EEENS g 73
%, 135Col4s] BB Extrusion Cadl FiBiS B
#ihe BH0l 8 4 2eg 2FYch

3) Tibia®] phosphorus & &

SRS HRinK#Eo)l 0225% 7% Non-Extru-
sionfZ¥E o] ¥|&] Extrusiond @EE7} 9tk Ext-
rusion REMEHFAME 145CE T 135C] A groo
ol ¢ ML EIKHERS HRIKEEE 045% 2 AR
P&z 22 FHas 2o F9rh

SEPERES] HRINEE(0225%, 045%)el4 Non-Ext-
rusionfZEE B o} Extrusion @EE7} WER P K
Bol e AL Byon, o AER Hi
HERES] FiftEol ®inEE FhIAT FEEL o
Art &¥ Singsen®(1947) 3 Sieburth$(1852)9
3} phytate phosphoruse E#%oll calcificatione 2 |
Aste Add KRS 949 FMEIAD e SR
A sdch

V. =

Extrusion® B2 971 &3 MR HowkEE
o F8 BER LR vXe BBES 4vrn
A EHE, SRBRE, SRERE, SRR MR
23 tibiadl SR BMbel distd W/EFA.

1 BHEEL il HimkiEo] 0225%, 045
%Y 7<% ExtrusionEEEXRT Non-ExtrusionfzERE
A T2 AYL B, REMY FEES Zol
E 4 ) 8 Extrusionfio] @AIglo] B
#e] HinZ FHRC ZEINeH HBE Hng F
BEE0225% S 045%) Aloldae HEKE BE
& 4 gisich

2) SRS SR HinES EHaRE
oA Non-ExtrusionBEEE X} ExtrusionfiEE A
S HAE FolE T AU
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3) MRS WSERS FMSDEA &
gouh, Pie HING T MIEE(0225% S} 045%) Ab
e AEEE BET & At

4) &Y HERS EEEEC Finkie] &
F& hEEY oY, Extrusion HE e AT $ 9
o}, '

5) Be Hming T REE(225% 9} 045%) At
ol BRE H{LEL NonExtrusion 2ot Extru-
sionFREE7} stov, B BN g8 U
o},

6) Tibias Ca’ Pe} &RE MBS FHIK
B} oe} @t HES BRou, oled B
Aol Pl WIKEERS Y BGE FotE
& 99t
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