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ABSTRACT

Two hundred fifty eight Hanwoo steers were used in a completely randomized design experiment to
determine the effects of ad [libitum or restricted feeding of concentrates on body weight (BW) gain, feed
intake, blood metabolites and hematological parameters. Steers were assigned at 6 months of age to
feeding groups of ad libitum (T1) or restricted (T2) by 18 months of age. Steers in both groups were fed
ad libitum from 19 months of age. The restrictive feeding levels were 1.2~1.5% of BW for the growing
period and 1.7~1.8% of BW for the early fattening period. Average daily gains were significantly higher
in T1 than in T2 from 10 to 14 months of age, but were significantly higher in T2 than in Tl from 20
to 24 months of age (p<0.05). Total dry matter intake (DMI) was higher in T1 than in T2 at 10, 12 and
16 months of age (p<0.05). Total DMI of T2 was higher than that of T1 at 22 months of age (p<0.05).
Feed conversions were significantly lower in T2 than in T1 from 20 to 30 months of age (p<0.05). Blood
albumin concentrations were significantly higher in T2 than in T1 at 12, 14, 16 and 18 months of age.
Blood triglyceride concentrations were significantly higher in T1 than in T2 at 14 and 16 months of age
(p<0.05). Blood inorganic phosphorus concentrations were significantly higher in T2 compared with T1 at
8, 10, 16 and 22 months of age (p<0.05). Mean corpuscular volume and mean corpuscular hemoglobin
were significantly lower in T2 than in T1 from 8 to 12 months of age(p<0.05), but those were
significantly higher in T2 than T1 from 10 months to 12 months of age (p<0.05). Present results may
indicate that the restricted feeding for the growing period does not show adverse effects on body weight
gain with better feed conversion for the following late fattening period.
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Table 1. Formula of experimental concentrates for various growing stages

Ingredients (%) Grower" Fattener- 1 ? Fattener- I1”
Corn, ground 33.93 32.98 49.76
Wheat, ground 12.50 25.00 20.00
Corn gluten feed - - 1.04
Wheat bran 15.00 15.00 17.03
Tapioca 6.00 9.00 -
Alfalfa 5.00 1.00 -
Soybean meal 1.00 - 0.60
Cottonseed meal 5.00 3.64 -
Rapeseed meal 8.00 4.04 5.00
Perilla meal 5.00 - -
Linseed meal 1.25 - -
Bypass fat 0.57 — -
Tallow -— 0.40 -
Cane molasses 3.50 7.00 5.00
Limestone 1.50 1.32 1.04
Tricalcium phosphate 0.55 — —
Salt, suncured 0.70 0.40 0.40
Sodium bicarbonate 0.12 0.12 0.12
Magnesium oxide 0.08 — —
Potassium sulfate 0.20 - -
Vitamin premix” 0.10 - -
Mineral premix’’ — 0.10 0.10

" Grower: concentrate feed for the growing stage (6~12 months of age).

* Fattener- I : concentrate feed for the early fattening stage (13~18 months of age).

* Fattener-II: concentrate feed for the late fattening stage (19~30 months of age).

9 Vitamin premix: vitamin A, 6,000 [U; vitamin Ds, 1,200 U per kg.

% Mineral premix: K, 0.08%; S, 0.05%; Fe, 30 ppm; Zn, 50 ppm; Mn, 40 ppm; Cu, 10 ppm; Co, 0.5 ppm; I,
0.53 ppm; Se, 0.13 ppm; Mg, 0.03% per kg.
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Table 2. Chemical composition of concentrates and rice straw(as-fed basis)

Items Grower Fattener-I Fattener-11 Rice straw
Moisture (%) 12.0 12.1 11.9 12.0
Crude protein (%) 14.1 12.1 11.2 4.5
Ether extract (%) 2.9 2.9 29 2.2
Crude fiber (%) 3.1 3.2 3.1 28.3
Crude ash (%) 5.6 5.4 52 15.1
NFE" (%) 62.3 64.3 65.7 38.0
Calcium (%) 1.0 0.9 0.9 0.3
Phosphorus (%) 0.5 0.4 0.3 0.1
TDN” (%) 70.0 70.6 71.9 38.0

Y NFE: nitrogen-free extract.
? TDN: Total digestible nutrients(calculated value).
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Table 3. Effects of ad libitum and restricted feeding of concentrates on body weight gain,
feed intake and feed conversion in Hanwoo steers

Age,mo Treatment’ BW”(kg) ADG (kg/d) CI"(kg) RIP(kg) TDMI®(kg) FC”
2 - 63.8+ 5.4 - - - - -
4 - 81.2+ 4.0 - - - - -
6 - 142.8+ 5.1 - - - - -
o Tl 200.9+ 6.1  0.91+0.03  3.9+0.1 1.5+0.1 54403  5.9+03
T2 2002+ 5.0  0.81+0.04  4.1+0.2 1.6+0.0 57404  7.0+0.6
Tl 251.9+ 6.7  0.98+0.05° 6.1+:0.4 1.0+0.0° 7.140.6°  7.2+0.5
10 T2 2350+ 59  0.63£0.02° 2.9+0.1° 2.3+0.2° 52+04°  8.3+0.6
Tl 313.5+ 7.0 0.96+0.04°  7.4+0.6" 0.9+0.0° 83+0.5°  8.6+0.5
12 T2 265.5+ 6.3°  0.62+0.05° 3.4+0.4° 2.7+0.1° 6.140.3°  9.8+0.3
14 Tl 372.1% 7.82 0.84:&0.041 7'0i0'5i 0.9+0.1° 79+04  9.4+0.2
T2 3102+ 6.5°  0.76£0.03° 4.4+03 3.0+0.3" 74405  9.7+0.4
Iy Tl 417.5+ 8.52 0.81+0.05 8.3io.4z 1.240.2° 9.510.72 11.7+0.6
T2 359.9+ 7.2°  0.73£0.04  5.7+0.2 2.4+0.3" 8.1+0.5° 11.1+0.5
8 Tl 464.7+ 84*  0.69+0.02  8.0+0.5" 1.3+0.2° 9.340.5  13.5+0.7
T2 401.2+ 8.5° 0.7120.06  6.6+0.3" 2.4+0.4° 9.0+40.3  12.7+0.4
20 Tl 496.9+ 9.92 0.58+0.03°  7.9+0.4 1.5+0.2° 9.4+0.3 16.210.62
T2 442.8+ 93°  0.73:0.07°  7.7+0.5 2.5+0.3" 10240.6  14.0+0.3
” Tl 537.6£10.3  0.64+0.04° 7.4+03° 1.4+0.2 8.8+04°  13.8+0.5
T2 498.4+10.4  0.86£0.07° 9.2+0.6" 1.4+0.1 10.640.5"  12.3+0.2
o Tl 571.6+12.0  0.55+0.04° 7.9+0.4 1.3+0.1 9.240.3 16.7i0.72
T2 545.9+11.5  0.71£0.08" 8.4+03 1.0+0.0 94+0.5  13.2+0.4
. Tl 599.4+13.0  0.49+0.02  7.5+0.4 1.3+0.2 8.8+0.4 17.910.52
T2 577.6+16.1  0.58+0.05  7.4+03 1.140.2 8.5402  14.7+0.2
- Tl 632.5+15.2  0.56£0.06  8.0+0.5 1.4+03 9.4+0.5 16.8i0.6i
T2 61334163  0.64+£0.05  7.5+0.4 1.3+0.2 8.8+0.3  13.8+0.4
30 Tl 670.0+18.8  0.60+£0.07° 8.5+0.5 1.5+0.4 10.0+0.7  16.7+0.7*
T2 647.8420.9  0.73£0.08" 8.8+0.6 14403 102406  13.940.3"
Mean+S.D.

“® Means with different superscripts in the same column differ significantly(p<0.05).

VT1: ad libitum feeding of concentrates; T2: restricted feeding of concentrates.

? BW: body weight; ¥ ADG: average daily gain; ¥ CI: concentrate intake; ” RI: rice straw intake;
9 TDMI: total dry matter intake; ” FC: feed conversion(feed/gain, kg/kg).
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Table 4. Effects of ad libitum and restricted feeding of concentrates on serum albumin,
BUN, cholesterol and triglyceride concentrations in Hanwoo steers

Age,mo  Treatment" Alb?(g/dl) BUN”(mg/dl) Chol(mg/dl) Tg”(mg/dl)
—- 3.6+0.2 92426 151.8+28.6 30.3+17.4
4 —- 3.740.1 9.142.8 134.6+29.7 14.8+ 7.8
—- 3.440.2 16.2+4.6 89.1+11.7 8.0+ 4.2
Tl 3.240.2 14.0+0.8 116.0+8.2 19.0+ 3.3
8 T2 3.6+0.3 13.0+1.4 94.0+20.9 17.4+ 4.5
Tl 34402 15.1+1.9 123.6+10.3 27.9+ 1.0
10 T2 37404 14.342.4 108.0+21.6 25.7425.2
Tl 32+02° 14.4+1.1 112.0+16.4 19.6+ 2.4
12 T2 3.5+0.2° 13.642.6 105.2+20.8 17.1£11.1
Tl 3.0+0.2° 14.3+1.4 104.7+7.2 16.8+ 1.9°
14 T2 3.240.2° 13.341.2 96.349.5 142+ 2.7°
Tl 3.140.2° 15.141.2 126.5+8.7 10.3+ 1.3°
1o T2 3.440.2° 14.8+1.3 114.6+11.9 8.4+ 1.0°
Tl 32+02° 17.0£1.5 142.6+13.0 73+ 0.5
8 T2 3.4+0.1° 16.7+1.3 128.4+17.3 6.8+ 2.0
Tl 3.5403 16.842.4 153.1+14.3 17.1+ 3.4
20 T2 37403 16.442.5 148.7+17.2 16.2+14.9
Tl 3.540.0 15.6£2.5 155.3+7.1 9.7+ 33
2 T2 3.540.2 15.2+1.2 143.9420.5 10.8+ 2.6
Tl 3.5+0.5 15.642.4 131.5£12.1 20.7+ 2.4
o T2 3.5402 16.4+2.5 137.0+15.1 20.3+ 4.1
Tl 3.9+02 14.6+1.4 113.9+19.4 8.4+ 3.5
26 T2 4.0+0.1 15.0+2.1 147.0+36.9 52+ 2.4
Tl 3.9+03 14.6+1.7 135.4+20.7 54+ 2.1
2% T2 4.0+0.2 15.7+1.4 155.9424.3 4.8+ 3.1
Tl 41402 14.5£2.9 121.0+21.9 6.3+ 2.7
30 T2 3.9403 13.842.3 126.6+25.1 6.6+2.7
Mean+S.D.

** Means with different superscripts in the same column differ significantly(p<0.05).
Y T1: ad libitum feeding of concentrates; T2: restricted feeding of concentrates.
2 Alb: albumin; * BUN: blood urea nitrogen; 9 Chol: cholesterol; Tg: triglyceride.
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S, AF 14 9 1eEHE e TI79 1279
83 triglyceride =5 ZHZF 168 vs 142 2
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oA foldor o o ER(p<0.05)
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Table 5. Effects of ad libitum and restricted feeding of concentrates on serum IGF-T,
glucose, inorganic phosphorus and calcium concentrations in Hanwoo steers

Age, mo Treatment”  IGF-I” (ng/ml) Glu?(mg/dl) 1PY(mg/dl) Ca”(mg/dl)
2 —- 217.3+ 46.4 99.5+13.8 10.3+0.6 11.340.7
4 —- 253.7+ 43.2 94.6+ 3.6 9.5+0.5 10.3+0.3
6 —- 228.8+155.0 86.3+17.4 8.8+1.4 10.540.8

Tl 107.7+ 16.6 78.0+ 8.2 7.5+0.2° 10.9+0.3

8 T2 107.8+ 45.7 75.8+17.0 9.8+0.8" 10.8+0.4

Tl 229.9+126.1 80.6+10.5 9.7+0.2° 10.9+0.5

10 T2 141.8+ 67.2 76.8+18.0 10.7+0.2° 10.940.6
Tl 172.8+103.4 91.1+ 6.4 7.9+0.2 10.8+0.8

12 T2 99.4+ 65.5 88.2+ 838 8.5+1.1 10.8+0.5
Tl 304.5+128.0 85.2+ 4.4 7.7+0.3 10.6+0.5

14 T2 245.6£103.5 81.9+ 42 8.0+0.4 10.2+0.4
Tl 293.9+153.5 86.2+ 7.1 7.8+0.2° 10.540.5

16 T2 383.3+132.6 84.6+ 6.4 8.2+0.3" 10.2+0.4
Tl 241.3+105.2 84.9+ 54 7.9+0.2 10.3+0.6

8 T2 299.7+148.3 85.6+ 7.1 8.0+0.5 10.140.2
0 Tl 264.3+ 83.1 75.6+ 42 8.2+0.3 10.140.3
T2 241.6£111.8 774+ 92 8.3+0.5 10.3+0.4

” Tl 366.6+125.3 56.3+ 6.3° 6.0+0.8° 9.9+0.4
T2 344.6+108.6 741+ 7.9° 7.0+0.4° 10.0+0.6

Tl 179.0+ 60.2 75.8+11.0 7.340.9 9.5+0.5

4 T2 280.0+106.8 80.2+ 7.4 6.9+0.6 9.8+0.4
26 Tl 2733+ 73.1 75.7+ 43 6.9+0.6 9.3+0.6
T2 319.9+ 60.9 81.6+ 7.7 6.5+0.9 9.2+0.1

28 Tl 229.0+ 45.9 78.6+ 2.4 6.9+0.6 9.4+0.3
T2 242.8+ 60.5 75.8+10.7 6.6+0.8 9.2+0.2

% Tl 194.7+ 60.4 787+ 4.1 6.5+1.0 9.2+0.3
T2 216.8+ 29.3 747+ 79 6.9+0.7 9.4+0.3

Mean+S.D.

*® Means with different superscripts in the same column differ significantly(p<0.05).
Y T1: ad libitum feeding of concentrates; T2: restricted feeding of concentrates.
? IGF- 1 : insulin like growth factor- I ; ¥ Glu: glucose;  IP: inorganic phosphorus; * Ca: calcium.

FES gEAT d 5 caleium FEE 1270E#H ] 11.03~11.08 mg/didl]
g AXSe F P A 20702 H0] 8.83~9.28 my/dlFE FAFTHE B
TEE AF 23/0€30 753848 mg/dloll ] AL9tE FARSE AES Bt ulebd B AE
2070 el 7.08~7.30 mg/dlZ Fagorn, dF AR AP LS #AHe] e FF
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Table 6. Effects of ad libitum and restricted feeding of concentrates on WBC, RBC, Hb and
HCT values in Hanwoo steers

Age,mo  Treatment” WBC?(10mm’) RBC’(10°/mm’) Hb"(g/dl) HCTY(%)
- 13.0£2.5 10,657.3+2,434.4 12.7+1.8 30.343.5

- 10.242.5 8,952.5+2,024.0 12.3£1.0 30.543.7

- 10.6+5.3 8,193.8+2,123.6 12.7£0.9 30.2+5.4

Tl 9.6+3.9 8,494.0+ 592.0° 12.840.5 33.743.4

8 T2 9.342.5 10,217.0+1,437.6" 13.541.2 34.743.2
Tl 8.5+1.1 9,140.1+ 530.7° 15.0£1.3 35.442.6

10 T2 8.7+1.8 10,711.7+1,609.7" 14.2+1.8 36.3+4.9
Tl 54+03° 8,335.0+1,050.1 13.940.1 33.842.1

12 T2 8.742.6" 9,770.0+1,754.2 13.1£1.5 32.443.4
Tl 7.0£13 9,965.0+ 308.9 14.5+0.5 41.1+1.4

14 T2 8.542.9 9,826.2+1,055.0 14.8+1.6 42.546.2
6 Tl 4.9+0.8 9,615.1+1,053.3 14.8+1.2 44.8+3.0
T2 6.5+1.7" 9,543.1+ 997.1 152413 45.543.5

Tl 3.740.1 9,450.0+ 400.0 13.740.8 41.3+1.6

8 T2 59429 9,444.4+1,614.4 14.4+2.5 43.147.9
2 Tl 5.2+0.1 10,2633+ 699.5 15.8+0.8 45.5+4.1
T2 6.2+1.6 8,931.7+1,028.2 15.4+0.6 39.6+2.8

’ Tl 10.5+1.7° 9,960.0+ 976.0" 173414 45.0+£1.0°
T2 8.4+12° 8,299.0+ 756.8" 14.0£0.9" 40.743.0°

Tl 10.3+1.4 8,782.3+ 120.7 13.0+0.3 40.6+3.4

# T2 92412 8,515.8+ 869.1 13.6+1.2 40.443.5
2 Tl 9.0+1.1 8,745.7+ 779.3 14.0+1.0 39.3+4.0
T2 8.0+2.6 8,551.7+ 715.0 15.140.5 36.4+3.7

Tl 10.5+4.6 8,120.0+ 316.9 14.5+0.4 412422

28 T2 11.643.2 8,330.0+ 774.8 14.6+1.4 39.843.8
% Tl 9.8423 8,236.3+ 813.7 14.7+1.4 39.8+4.3
T2 12.143.0 7,675.0+ 965.7 13.7+1.5 36.443.9

Mean+S.D.

*® Means with different superscripts in the same column differ significantly(p<0.05).
Y T1: ad libitum feeding of concentrates; T2: restricted feeding of concentrates.
? WBC: white blood cell; ) RBC: red blood cell; Y Hb: hemoglobin; 9 HCT: hematocrit.

IP ¥ calcium &%= AYE

A7) HoH)S

7] B9t AS

& A
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i)
2
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UAndersen?} Ingvartsen, 1984; Murphy 5, 1994b).
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Table 7. Effects of ad libitum and restricted feeding of concentrates on MCV, MCH and
MCHC values in Hanwoo steers

Age, mo Treatment' MCV2 (1) MCH(pg) MCHC"(%)
2 —- 30.0+7.5 10.4+1.5 41.9+1.1
4 —- 37.145.3 14.942.2 40.6+2.9
6 —- 37.143.1 16.543.2 41.2+4.8

Tl 39.8+2.3 14.9+0.3" 37.6£1.7
8 T2 34.4+44.1° 13.4+1.2° 38.9+1.7
Tl 39.742.6° 14.840.9° 36.5+1.8°
10 T2 34.243.9° 13.4+1.3° 39.2+1.5°
o Tl 413428 14.8+0.1° 34.7+0.1°
T2 33.844.6" 13.7+1.8° 39.6+3.2°
Tl 413424 14.5+0.7 35.241.0
14 T2 433+4.6 15.140.9 35.042.0
Tl 45.6+3.4 14.9+1.6 33.6+1.3
16 T2 48.0+4.7 16.1+1.6 33.4+1.1
Tl 43.8+0.7 14.5£0.6 33.240.6
18 T2 45.6+2.4 15.340.8 33.5£0.9
Tl 444422 15.541.8 35.145.0
20 T2 445424 17.541.8 39.142.0
” Tl 46.143.7 16.3+1.4 35.5+0.8°
T2 492425 16.91.0 34.3+0.8"
Tl 46.5+4.0 16.0+0.7 32.343.0
o T2 477435 16.1£1.5 33.7+0.9
Tl 44.9+1.8 16.140.6 35.8+1.5
26 T2 42,6422 17.4+1.7 41.6+4.7
s Tl 50.742.9 17.8+0.8 35.2+1.4
T2 479432 17.6+1.0 36.7+1.1
% Tl 48.342.6 17.9+1.1 37.1%1.0
T2 477439 17.9+1.0 37.6+1.7
Mean+£S.D.

** Means with different superscripts in the same column differ significantly(p<0.03).

YT1: ad libitum feeding group of concentrates; T2: restricted feeding group of concentrates.
Y MCV: mean corpuscular volume; > MCH: mean corpuscular hemoglobin;

Y MCHC: mean corpuscular hemoglobin concentration.

3. SHOHA} AF W3}l mXE G Table 6049} At
WBC, RBC, Hb, HCT, MCV, MCH %3}

F47) D vjEA7] wgirE AdForE 3 & 5L gy fdy o doi
$ AA$-9] WBC, RBC, Hb ¥ HCT & 89 oS24 7I52dHY JAd, x5 24 A4 W¥s

o orr e



Kwon et al. ; Ad libitum and Restricted Feeding in Hanwoo

HAAE 9} o35 Adslsd T3 g
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