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Estimation of Growth Curve Parameters and Analysis of Year
Effect for Body Weight in Hanwoo
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ABSTRACT

This study was conducted to investigate the genetic characteristics of growth stages in Hanwoo, to
provide useful information in farm management decisions. Data were taken from the nucleus herds of three
farms, Namwon, Daegwalyong and Seosan, comprising 27,647 cows, 14,744 bulls, and 1,290 steers in
between 1980 and 2004. According to the growth curve by year, the residuals for cows and bulls were
68.49 and 54.29, respectively, under the Gompertz model. The values were lower than in other years.
Parameters, A, b and k were estimated as 423.6+5.8, 2.387 £0.064 and 0.0908 +0.0033 in cows and
823.3+15.3, 3.584+0.070, 0.1139+0.0032 in bulls, respectively. The fitness was higher under the
Gompertz model than under the logistic model: monthly and daily estimation for cows were 379.3 + 7.509,
2.499 + 0.057, 0.114+0.0045 and 367.1+1.9003, 2.3983 +0.012, 0.004 + 0.00003, respectively. Estimated
residual mean squares were 31.85 and 998.4 in their respective models. Monthly and daily estimation of
bulls were 834.6+22.00, 3.319+0.062, 0.104 +0.0037 and 796.0 +6.128, 3.184 +0.014, 0.003 + 0.00003,
respectively. Estimated residual mean square were 66.18 and 2106.5. Monthly and daily estimation of
steers were 1049.1 + 144.2, 3.024 + 0.008, 0.067 +0.0096 and 1505.1+ 176.6, 2.997 + 0.067, 0.001 + 0.0001,
relatively. Squares, 186.0 and 1119.1. In terms of growth characteristic estimated by Gompertz model, body
weight for cows and bulls were 139.53 kg and 307.03 kg, and the daily gains were 0.52 kg and 1.04 kg,
respectively. Body weight for steers was 385.94 kg at the inflection point. Body weight gain was 0.84 kg
in both models. Our results showed that cows had lower mature weight and daily weight gain, and
reached the inflection point earlier than bulls or steers.

(Key words : Growth curve, Gompertz model, Body weight, Residual mean square)
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Table 1. Means and standard deviation and distribution of records for body weights of
Hanwoo cows by year group(12 month)

Group Period OBS Means SD Min. Max.
1 1980~1984 100 188.41 39.30 89.00 342.00
2 1985~1989 134 170.74 25.00 106.00 224.00
3 1990~1994 239 197.45 33.03 127.00 300.00
4 1995~1999 164 192.27 36.05 102.00 304.00
5 2000~2004 95 233.45 33.65 136.00 306.00
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Table 2. Estimates of growth curve parameters using Gompertz model in each year group
by Hanwoo cows

Year Group Parameters

A=SE, kg b+SE k+SE RMS*
1980~1984 3384+ 52 2.304 +0.117 0.1149 +0.0063 135.0
1985~1989 420.4+10.4 2.186 +0.055 0.0706 + 0.0036 80.08
1990~1994 4236+ 58 2.387 +£0.064 0.0908 +0.0033 68.49
1995~1999 4232+ 6.4 2442 +0.075 0.0923 +0.0037 87.30
2000~2004 392.1+10.7 2.465 +0.250 0.1250 +0.0127 643.1

* Residual mean square.

Table 3. Estimates of growth curve parameters using Gompertz model in each year group
by Hanwoo bulls

Year Group Parameters

A+SE, kg b+ SE k £ SE RMS*
1980~1984 426.2+21.3 4552 +1.974 0.2265 + 0.0573 5291.7
1985~1989 694.2+27.7 3.111+0.169 0.1077 +0.0077 457.4
1990~1994 823.3+15.3 3.584 + 0.070 0.1139 +0.0032 54.291
1995~1999 599.8 +25.9 5.150 + 1.207 0.1926 +0.0280 2644.3
2000~2004 650.6 + 30.5 3.398 + 0.495 0.1346 +0.0178 2387.9

* Residual mean square.
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Table 4. Estimates of growth curve parameters and residual mean square(RMS) using three
nonlinear models in Hanwoo cows population by month

Parameters
Model
A+ SE, kg b+ SE k + SE RMS
Gompertz 379.3 £ 7.509 2.499 + 0.057 0.114 £ 0.0045 31.85
Logistic 345.0 £ 7.895 7.133+0.539 0.190 +0.0102 98.81
Richard 421.2 +£27.91 0.622 +0.254 0.081 +£0.0173 29.15

Table 5. Estimates of growth curve parameters and residual mean square(RMS) using three
nonlinear models in Hanwoo cows population by day

Parameters
Model
A=+ SE, kg b+ SE k + SE RMS
Gompertz 367.1+ 1.9003 2.3983 +£0.012 0.004 +0.00003 998.4
Logistic 3340+ 1.1992 6.7620 £ 0.070 0.006 = 0.00005 1065.4
Richard 4945 + 17.680 0.9504 + 0.014 0.001 +0.00013 1047.3
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Table 6. Estimates of growth curve parameters and residual mean square(RMS) using three
nonlinear models in Hanwoo bulls and steer population by month

Parameters
Type Model
A+ SE, kg b+SE k+SE RMS
Mal Gompertz” 834.6+ 22.00 3.319 £ 0.062 0.104 £ 0.0037 66.18
ale
Logistic? 691.0+ 19.36 13.19 +0.996 0.202 £ 0.0095 246.1
ot Gompertz 1049.1 +144.2 3.024 +0.008 0.067 + 0.0096 186.0
eer
Logistic 762.7 + 66.62 10.16 +0.746 0.142 £ 0.0128 278.5

Y

sas program expression > model weight = A x exp(—B % exp(—k x month))

2 sas program expression > model weight = A/(1 + B x exp(—k x month))

Table 7. Estimates of growth curve parameters and residual mean square(RMS) using three
nonlinear models in Hanwoo bulls and steer population by day

Parameters
Type Model
A+SE, kg b+ SE k +SE RMS
Ml Gompertzl) 7960+ 6.128 3.184 £0.014 0.003 £ 0.00003 2106.5
ale
Logisticz) 657.6+ 3.006 1254 +0.1293 0.007 + 0.00005 2280.8
S Gompertz 1505.1 +176.6 2.997 £ 0.067 0.001 +0.0001 1119.1
teer
Logistic 936.9+ 51.27 9.280 £ 0.294 0.003 £ 0.0001 1143.3

Y sas program expression > model weight = A x exp(— B x exp(— k x day))
2 sas program expression > model weight = A/(1 + B x exp(— k x day))
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Table 8. Growth characteristics at inflection point on growth curves by two models for Hanwoo

Type Model Inﬂe((r:;m h[))omt (kgC/;r(r)n\Ac;tr?[h,rafjeay) Weight ?Izgl)nflectlon

Cow Gompertz 7.85 15.90(0.52) 139.53
Logistic 10.34 16.38(0.53) 172.50

Bul Gompertz 1153 31.89(1.04) 307.03
Logistic 12.76 34.89(1.14) 345.50

Steer Gompertz 16.51 25.85(0.84) 385.94
Logistic 16.32 27.07(0.88) 381.35
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Table 9. Growth standard using the Gompertz models and means by age for body weight in

Hanwoo
Cow Bull Means
Age
H M L H M L Cow Bull Steer
0 33.61 31.14 28.81 32.49 30.20 27.99 23.53 25.57
1 42.64 40.82 39.09 43.64 42.03 40.43 34.57 38.72
2 52.83 51.97 51.18 57.05 56.60 56.14 43.97 48.24
3 64.93 64.45 64.07 75.28 73.99 72.75 60.97 68.07 71.08
4 80.14 78.08 76.21 97.83 94.19 90.70 75.9 84.34 75.75
5 96.50 92.66 89.10 123.64 117.04 110.80 94.57 116.21
6 113.72  107.93 102.55 152.41 142.33 132.87 116.38 152.95
7 13147 12367 116.39 183.73 169.75 156.68 129.49 167.84 177.6
8 14944  139.62 130.43 217.12 198.92 181.96 145.87 200.19 184.01
9 167.35 15558 14451 252.05 229.46 208.42 161.94 241.07 212.17
10 18496 17134 158.48 287.99 260.95 235.74 174.19 264.36 238.56
11  202.04 186.74 172.20 324.41 292.98 263.62 190.49 306.53 263.28
12 21845  201.63 185.57 360.82 325.17 291.77 202.61 335.34 272.98
13 23405 21591 198.48 396.80  357.17 319.90 217.45 352.87 287.86
14 248.75  229.49 210.87 431.96 388.67 347.77 227.92 383.35 321.26
15 26251  242.32 222.69 466.01 419.41 375.16 237.16 420.72 345.6
16 27529 254.37 233.88 498.69 449.16  401.88 251.03 436.2 3735
17 28711 265.61 244.44 529.82 477.74  427.77 257.94 478.64 398.22
18 297.96  276.06 254.35 559.28 505.03  452.70 269.93 494.61 419.73
19 307.90 285.72 263.61 586.97 530.94  476.58 280.5 517.37 427.26
20 31695 294.62 272.24 612.88 555.40  499.34 286.75 550.72 475.62
21 32516  302.79 280.24 636.98 578.39 520.93 299.61 583.42 493.73
22 33260 310.27 287.65 659.32 599.90 541.33 3125 606.47 526.9
23 33931 317.09 294.48 679.94 619.96 560.53 318.42 626.34 552
24 34535  323.30 300.77 698.91 638.59 578.55 325.69 643.94 591.96
25 350.78 32894 306.54 332,57

H : Approximate the maximum limits in 95% Confidence, M : Approximate the minimum limits in 95%
Confidence, L : Approximate the medium limits in 95% Confidence.
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