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ABSTRACT

Three experiments with different stage of Hanwoo steers (average BW of 167 kg, 355 kg and 449 kg,
respectively) were conducted to examine the effect of different quantities of CP intake with similar DM
intake on protein balance and N excretion. Twelve Hanwoo steers in each experiment were offered three
diets containing three levels of protein (9, 14 and 18 % on DM basis) in the concentrate formulated with
using different amount of ground corn grain or corn gluten meal. There were significant effects of
increasing CP intake on CP digestibility but not on DM digestibility. Despite different CP intake, apparent
fecal N outputs were not significantly affected. However, amounts of N excreted into urine increased
(p<0.05) with increasing CP intake. There was an obvious effect of live body weight on efficiency of
body protein conversion of CP consumed in excess of animal requirement for maintenance, with slopes of
70% and 46 ~39 % for growing and fattening stage, respectively. Nitrogen excretion into feces and urine
in this experiment was 70 % of the daily N consumption for fattening stage, compared with 60 % for
growing stage.

(Key weeds: CP intake, Growth stages, Hanwoo steers, N excretion)
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Protein Utilization and N Excretion in Hanwoo Steers

7} Agel A e gol the 3 EF
MEALRE Felstuia AF Fel ue v
4 o184 Aols Atk B 4@l v
A 53 A UA g 2 Aot gl

=

= 3] 18] diAtelldA] §Fe] 3.29 Mcal @}
3.20 Mcal/kg= 2 =}e]”7} ¢l corn gluten meal
(CGM)3} ground corn(GC)=  ©]-8-3F1(Susmel
S, 1991) CGM2.Z GCE 0%, 7.2%, 14.2%
AL 7F Ao A AzE wiFArEe] 3
# ZemA ke 9.2(Low), 14.0(Medium),
184%(ngh)o]};\_L 1%214 Jﬂ-ﬁ— 7\1:]—131411 ?5]-
22 54960 THTable 1).

3. Alermal ¥ mANEE
W wigatse] Jolnjgd der|leor

20:800.% &Sl Mg om, AbRE AT 2
W(HE7]1F) 09:009F 17:000] & 23] o5 &g

Table 1. Ingredient and crude protein con-
tents of experimental concentrate

CP levels?

Low Medium High

Ingredients (% as fed basis)
Ground corn grain 727 65.5 58.5

Item

Corn gluten meal - 7.2 14.2
Beet pulp 25.1 25.1 25.1
Limestone 1.6 16 1.6
Salt 04 04 0.4
Vitamin mix ” 0.2 0.2 0.2
Crude protein(% DM)

Experiment 1 9.8 14.0 18.9

Experiment 2 8.7 14.8 19.0

Experiment 3 9.1 13.2 17.4

3 Within protein concentration (9.2 and 18.4% DM),
low, medium and high CP was formulated.

® Contained following nutrients per kg : Vitamin A,
2,650,000 IU; Vitamin D3, 530,000 IU; Vitamin
E, 1,050 IU; Niacin, 10,000 mg; Mn, 4,400 mg;
Zn, 4400 mg; Fe, 13,200 mg; Cu, 2,200 mg; I,
440 mg; Co, 440 mg; B.H.T, 10,000 mg.
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Table 2. Effect of crude protein intake levels on nutrients intake and digestibility of

Hanwoo steers in trial 1

procedure(SAS,
Ae)t P
linear effectE

1. AlEMFHE

A3 1, 29 304 FAFS AT 2%=
wolgh AbRE d® AAsSHlaL, A7 L(Table
2)°] 73~75g DM/BWkg ",
65~689 DM/BWkg®” —18]3L 213 3(Table 4)
2 76~86g DM/BWkg""” H9Ioith wigars
o ZALZ O AHE &S e Ago]l Hit
DM HHZF T2l CP A4
29} 30] 7~8%2]
10 ~ 11 %, High

80:202 A8kt
ZF HES Low e
HelE B3l

443

™

~ 3}
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polynomial contrastsE ©]-8-3}
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AE 39 Medium2} HightollA 2+ 1571 2
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-

1

Ho

49 1,

Medium—-+=

=]
=

2(Table 3)+=

CP levels P
Item SEM?
Low Medium High Linear
Body weight (kg) 161.4 160.9 177.8 236
DM intake (kg/d) 3.3 3.7 0.6
(9/BWkg"™) 72.9 72.3 75.0 6.2
Rice straw 15.0 145 15.3 15
Concentrate 57.9 57.8 59.7 4.8
DM digestibility (%) 58.9 66.2 67.8 3.2
CP intake (g/d) 261.2 355.6 531.7 66.1 0.004
(% DMI) 7.9 10.9 145 0.9 <0.001
CP digestibility (%) 34.0 52.2 62.5 43 0.008

 Standard error of mean.
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Table 3. Effect of crude protein intake levels on nutrients intake and digestibility of

Hanwoo steers in trial 2

CP levels P
fem Low Medium High SEm” Linear
Body weight (kg) 363.3 356.6 3524 16.0
DM intake (kg/d) 5.4 5.5 5.5 0.0

(9/BWkg""™) 64.8 66.6 67.6 2.3
Rice straw 131 13.2 134 0.5
Concentrate 51.8 53.3 54.2 18
DM digestibility (%) 68.5 69.3 72.1 2.2
CP intake (g/d) 376.7 617.1 789.6 0.0 <0.001
(% DMI) 7.0 11.3 144 0.0 <0.001
CP digestibility (%) 34.1 534 60.6 4.2 0.04

9 standard error of mean.

Table 4. Effect of crude protein intake levels
Hanwoo steers in trial 3

on nutrients intake and digestibility of

CP levels P
Item SEM? @ ————

Low Medium High Linear
Body weight (kg) 469.5 397.3 472.7 32.6
DM intake (kg/d) 7.6 7.7 1.7 0.0
(a/BWkg °™) 75.6 86.2 75.9 45
Rice straw 155 175 155 0.9
Concentrate 60.2 68.7 60.5 3.6
DM digestibility (%) 65.1 69.0 69.6 2.2

CP intake (g/d) 540.7 764.3 995.0 4.1 <0.001

(% DMI) 7.1 10.0 13.0 0.0 <0.001

CP digestibility (%) 36.6 489 56.7 3.2 0.021

? Standard error of mean.

v 13~14% oAk §89-9 Al 19 |
oMl Atge] Astel WHEE HUE Eo]Y|
A= AR Fo CP FFEe 119 2o 1
o|4to] H @&ttt 3l (Hungate, 1966). S-8-9-
£ o83 AT AAAE Alm F CP

TS 12% AT W AR AHFH oY

A¢] olfFEES HYE veEbi(Brannan 5,
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.



Oh et al. ; Protein Utilization and N Excretion in Hanwoo Steers

skl (EEE, 1999). ol gk o]F wiol &
APEET(ERE, 2002) 7 A F9- ARSAR
TBRMWKERMEHETER, 2000)14= 3
12%S At g, B oAM= LowT
o] HA dAHFFHT °of 4~5% S,
Medium7-+= ¥4 AFZF +F, High7 H& A
A BTl 1~2% =3k

A% 1004 Hit 167 kgl FAIZo] A
DM ¥ CP AHAHES T ASEFZ(sHT
2002) 4 A B gy AAS-S] FER 8
T2} BlaslH, 0.6kge] U SAlol Zadh
DM Q=K Zg ui9kal, CP AFHZES
High ol A gko] 0.6kgel 43 Ao 275
= 4709d Euk E9kth b AlFo] 355kge!
A3 2949] DM AHFHS 43 S 0.6 kgell
2% DM 87-FETE WokARE Medium=-2F
High2] CP A &S o7& WU} =9t} 1
2} 238 3042 DM HFHHFS 0.6kgel LT
ZAlol 7%= ol aL, MediumT-¢}F High
T-¢] CP AHFS 7T Esi)

CP Aol T7letHA EE 3ol DM
Ashgo] b oY, oA Ql Aol gl
th A 1, 29 39] Low CP A3F&LS 34~
37%°] W2 A 3] SHekal, Medium = 50
~53%, HighT& 57~67 %o & RE AF oA
CP HHZo] F7tstHA] CP Ash&e 244
© Z(linear) S7HP<0.01, 0.05)8= Ao & e}
Wtk LowT¢} B]LEte] MediumT 2 High+
o] A3lE F7kE= A 104 242 57 %, 92
%, A% 2014 Z+7) 58%, 96 NE w7}
o Btk v A3 3elA= A2 36 %,
56 %= 23 13} 29] S7HEY} vlalskH o 42
% 7A3kgT)

RE AF] LowT 430l 34~37%2]
2 wokd Y1 WS 8 2 s As)
el X ] AslEo] TFAoRE RigE Aol
7] wiizel Ashr]dE e o] &4l ofH
Hs7E A=A gk o] ag-HTh =
2ERL AMS-] HEE9el FHRAS
cannulaZ &ske] Asldd gouds &
T793%F Hannah 5(1991)2] A&~
5 O goTte 19 HA A4

o K

il

S d= AAPFF] 434902 TS
Aol 9 AaTe dAh HAZY

G Fol el vl W ZTro] wh9] oAt
A 288 —326 %t —59 %7t 27t dAgA
Sgoll kg Azoln, Krysl 5(1989) %= -2
A5 ANE Huslt) Prairie hays W+

stAA s Ao 012, 0.24% R
tokes 5-(1988)°] AFNA %= —37, 113}
)t W9l AshE, 36, 633 71%9]
AdasgS Bausgith vl A3
W HEE9] Eald ) 4 (RDP)S U5
ol R A estEr] %
S7F= A "(Castillo 5,
2001b). ¥ A& LowT9 CP AHHAH T2
- AAS-o] fAREGE e e 556g
BWkg"' (% %, 2006) Hrt} o s 529
BWkg*'0$17] mjiol Alsgkdase] Frtm

MolA fradawkel AAALTS A
3eta, o)l Az oy W xowig
Zskgo] ughd Aow  dvkEnh uwhebA

COME Z7hA171 ¥ Age] MediumT-s} High
ToIME Lowsh vlastel Aed @hol
washa, metd Aol f9 Aol A
HAang £E0 NEAAG 27 4 F70

7] wjEol] AA =z 23S 52 %, 63 %E

2= AdelM cp A (g/d)ol S7FeiA
N vjlAdgE Z718ka, 2 58 291S w N
o] Z7}2 Yeldti(Table 5, 6, 7). &= N #jAd
Hg/d)> CP AF =] S7letiA A9 13 2

-

A= 2474 0 2 (linear) E7HP<0.05)3H%1 A7
AE 3= Z7kEd] gt linear £33+ ¢l
At wEkA CP AT 59 = N HjdES

£ ¢

—373—



Oh et al. ; Protein Utilization and N Excretion in Hanwoo Steers

Table 5. Effect of crude protein intake levels on crude protein balance of Hanwoo steers

in trial 1
CP levels P
Item SEM?
Low Medium High Linear
CP intake (g/d) 261.2 355.6 5317 66.1 0.004
CP losses (g/d)
Feces 171.2 1705 198.4 329
Urine 46.3 80.2 113.6 18.9 0.034
CP retention (g/d) 43.7 104.9 219.6 43.8 0.005
Ration of CP intake (%)
Feces 66.0 47.8 375 4.3 0.008
Urine 17.6 23.2 217 5.6
CP retention 16.4 29.0 40.8 6.5 0.03
Ration of absorbed CP (%)
Urine 51.6 44.8 34.7 10.6
CP retention 48.4 55.3 65.3 10.6

? Standard error of mean.

Table 6. Effect of crude protein intake levels on crude

protein balance of

Hanwoo steers

in trial 2
CP levels P
Iltem - : SEM? :
Low Medium High Linear
CP intake (g/d) 376.7 617.1 789.6 0.0 <0.001
CP losses (g/d)
Feces 248.1 287.6 3111 194
Urine 123.8 203.2 266.2 32.2 0.025
CP retention (g/d) 49 126.2 212.3 32.9 0.006
Ration of CP intake (%)
Feces 65.9 46.6 39.4 4.2 0.04
Urine 32.9 32.9 33.7 4.9
CP retention 13 20.5 26.9 5.0
Ration of absorbed CP (%)
Urine 97.8 61.8 55.6 10.0
CP retention 2.2 38.2 44.4 10.0

 Standard error of mean.

gl zrell zkol7} YAtk B N wjdEHgd)S A
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Table 7. Effect of crude protein intake levels on crude protein balance of Hanwoo steers in

trial 3
CP levels P
Item - - SEM? :
Low Medium High Linear

CP intake (g/d) 540.7 764.3 995.0 4.1 <0.001
CP losses (g/d)

Feces 342.9 390.8 431.1 24.6

Urine 186.3 222.7 265.7 96.7
CP retention (g/d) 88.3 150.8 298.3 40.9 0.003
Ration of CP intake (%)

Feces 63.4 51.1 43.3 3.2 0.021

Urine 20.3 29.1 26.7 4.8

CP retention 16.3 19.7 30.0 4.9 0.037
Ration of absorbed CP (%)

Urine 54.8 60.1 47.2 10.5

CP retention 44.9 39.9 52.8 11.3

9 standard error of mean.

2 © 2(linear) 718+ 3L(P<0.05), 23 3% 16
%, 20 %, 30 %= 2]A174 0 2 (linear) Z7FSFATH
(P<0.05). A& 2= LowT9 tAHITE N A
FH@o]l 45902 FALFETANAN AYetar
AdE FA CP QS 556 g/BWKg PR T} oF
20% A= AA AHA, wEbA o)l gas
o] 1%z dA3| Wekom, MediumT-¢F High
ToAlA 20 %9} 27 %= S 718H= quadratic &}
(P<0.001)Z H.SiTh

olfe]l Ads FFshH, CP HFAZo] 7t
ShEA @l o] 8 &= T, 5
3 & N e Z7le Bas 23 N e
(gd)= 71ttt 5, 19 2 N Ak g/d)
< A5 DM % CP §&Fo] 10 ~ 11 %(Medium
TyelA 13~ 14 %(High-H 2 S7shdA 23
1, 29} 39] & B3 N w3k g)= 27t
oF 25%, 18 %, 18]l 13% Z7}akith

B ARelA wiEAE o] CP e w4
SF5o dAHES CGME tiAIEH= Wil
7 A webA  MediumT-2F High7-2]
AHFE F7H= CeMell &3 Ao, CGM

AAsHEe] Erhe Ae adgd & ),

o Q

Medium—-2} High7-¢] & CcP ujAd
of & Aoz} gl& Fo= e
o] A3}f&o] ¥ ARE o]&dt= Aol
vz Cpol gk #F CP ARl TS
Zolaz} 3= AL I 53E 7|dEr] oy
Zo|tHTamminga, 1992). CGM¥} #+& UDP
o] e ARS HFHod 9
7b &= 53] AR |
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S, 1998; Wright 5, 1998; Swanson ‘5, 2000;
Castillo 5, 2001b) 374 <29 FHoA HH
o] FAEC ureal B NEU ¢ wag] B
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N &S Zol= =2o] 1 Fasit)
Castillo 5 (200la)°l <l EH3lEd]
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. 0t
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g 80 |
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G 70} R? = 0.406
X
[}
Z 60
y=-4.6785x+ 109.51
S0 1 R® = 0.8776
40

2 3 4 5 6 7 8 9 10 11 12 13
CP intake(g/BW?° ™)

Fig. 1. Relationship between crude protein
intake (g/BW°'®) and total nitrogen
excretion.
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3L 33T

AR CP Al F 2H(g/BWKg ™)l tigh &2
= N wjAaES AAEE Jebd Fig. 10 o8t
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6.0 y=0.7024x- 3.148

o R? = 0.9597
50 F & Trial 1

W Trial 2
€ a0t Trial 3
z y= 0.4877x- 2.1345
S 30 R? = 0.894
(9]
Q
& 20}
©
Qo
% 10 } y=0.3898x - 1.259

R? = 0.7047
0.0 : *
4 6 8 10 12 14

-10 L
CP intake(g/BW?° )

Fig. 2. Relationship between crude protein
intake and crude protein balance.

BWkg*"7H4] S718bdaA EnE 53 N ujAd
&5 85%°lA 55% 7HA] A HAEHGlar, 3
A% 35kgel AE 2= 4.5gBWkg® Pl A
10.0 g/BWkg*™7HA] CP A1F % =79l 100 %ol
A T0%71HA19] B N w85 A4S HAa,
AE 18T sl o] w2 FToR YERTH
HatAlFo] 449kge! A3 39 CP HFAHL

Table 8. Estimated N excretion amount from daily dry matter intake, crude protein
percentage and N excretion rate
Body weight Daily gain Dry matter Crude N excretion N excration
Intake® protein® rate”
(kg) (kg/d) (kg/d) (% DM) (%) (9/d)
150 0.8 36 14.9 60 52
200 0.8 4.4 12.9 60 55
250 0.8 5.2 12.0 60 60
300 0.8 6.0 12.0 60 69
350 0.8 6.7 12.0 70 90
400 0.8 7.4 12.0 70 100
450 0.8 8.1 12.0 70 109
500 0.8 8.8 12.0 70 118
550 0.8 9.4 12.0 70 126
600 0.8 10.1 12.0 70 136
650 0.8 10.7 12.0 70 144
700 0.8 11.3 12.0 70 152

¥ Values from Feeding Standard for Hanwoo steers(2002).

® Values from the current data.
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5.0 g/BWkg’™elA 10.0 g/BWkg*®o= 23
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v. 2 <
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AskEe FoAUAl Fkekdloy, AEAs)
2 o8l S7FeAl skl AFE CP A1
7= & N WEE S7tEde F2 = N
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AFE cPe AFH a&e S|4 <F
70%, H|S5 70 46 ~39 %R FA|E] A}
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