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ABSTRACT

This study aimed to estimate growth curve parameters in Hanwoo cattle using nonlinear models. Body weight records were collected
from the Hanwoo Research Center, the Nonghyup Hanwoo Improvement Center, and commercial farms. Animals were categorized
by sex and feeding system, and growth was modeled using Gompertz, Richards, and von Bertalanffy equations.For breeding cows,
estimated mature weights were 416.411.4 kg (1980s), 451.51+1.5 kg (1990s), and 442.7+1.4 kg (2000s) with the Gompertz model;
488.01+4.2 kg, 497.7£3.0 kg, and 484.6%2.2 kg with the Richards model; and 426.5+1.5 kg, 462.3%+1.6 kg, and 451.3*+1.4 kg with
the von Bertalanffy model. For fattening heifers, mature weights were 756.5+9.0 kg (Gompertz), 782.3%20.0 kg (Richards), and
816.51+12.3 kg (von Bertalanffy). In bulls, mature weights at the Hanwoo Research Center were 801.2+7.3 kg (Gompertz), 892.6+19.7
kg (Richards), and 905.5+10.7 kg (von Bertalanffy); at the Improvement Center, they were 563.0+7.4 kg and 612.5+10.1 kg using
Gompertz and von Bertalanffy, respectively. For steers, estimates from Gompertz and von Bertalanffy were 893.24+10.4 kg and
1065.0117.3 kg (Research Center), 1046.2+11.2 kg and 1285.53-20.8 kg (Improvement Center), and 903.31+13.6 kg and 1037.2+£21.4
kg (farm). Richards model parameters were often not estimable in certain subgroups. Overall, the von Bertalanffy model showed
the best overall fit and stability, making it the most suitable model for describing Hanwoo growth and supporting breeding and
management strategies.
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Table 1. Estimation of growth curve parameters for breeding cows by birth period.
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Times logle! A+ SE kg b+ SE k+SE m + SE RMS
1980 ~ 1989 Gompertz 4164 T 1.4 22439+ 0.0101 0.0793 = 0.0005 0.8509 = 0.0160 8793

Richards 4880+ 42 09947 +0.0028  0.0309 + 0.0010 769.0

von Bertalanffy ~ 4265+15  0.5551 %+ 0.0018 0.0651 = 0.0005 835.5

1990 ~ 1999 Gompertz 451.5+15 24112 +00114 00826 +0.0006 1.0840 + 0.0258 12273
Richards 4977 +30 09697 + 0.0058  0.0420 = 0.0010 1127.9

von Ber talanffy 4623 +16 05862+ 0.0021 0.0676 = 0.0005 1176.0

2000 ~ 2009 Gompertz 4427 +14 24472+ 00157 01041 +0.0008 09503 + 00175  1548.0
Richards 4846+22 10186 +0.0033  0.0510 + 0.0010 1322.8

von Bertalanffy 451314  0.6002 £ 0.0029  0.0871 = 0.0006 1450.8

"A: the parameter for the asymptotic limit of the weight when age(t) approaches infinity; b: the log-function for the proportion
of the asymptotic mature weight to be gained after birth; k: the parameter for maturing rate, a function of the ratio of
maximum growth rate to mature size; m: the parameter for breakpoint adjustment

“RMS: residual mean square
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1980~ 1989 1990~ 1999 2000 ~2009

Figure 1. Comparison of growth curve for breeding cows by birth period.

2,319 HAI2Q} D[N HISPO| HETM H

=T
2005AFE] 200997HA] S8t oF A H A9 n| G4k vl SotA ] TS l w3k Ay £ 250 A% sigells fogk 2t
o7} A& oI5 A 2-0] 742 Gompertz ZFONA 2] A4 H|F5-2 455.1 £ 2.0 kg, Richards o)A 502.1 + 4.0 kg, von
Bertalanffy 2 30l|A] 462.5 & 2.0 kg = YEFHTHTable 2).

Table 2. Estimation of growth curve parameters for breeding cows born in 2005-20009.

Parameters’ -
Model A+ SE, ke b+ SE k= SE m + SE RMS
Gompertz 4551 + 2.0 24227 £00245  0.0968 = 0.0011  0.8905 & 0.0248 1886.2
Richards 502.1 + 4.0 10172 £ 0.0039  0.0439 = 0.0016 1615.1
von Bertalanffy 4625+ 2.0 0.5935 =+ 0.0045 0.0811 =+ 0.0010 1777.0

"A: the parameter for the asymptotic limit of the weight when age(t) approaches infinity; b: the log-function for the proportion
of the asymptotic mature weight to be gained after birth; k: the parameter for maturing rate, a function of the ratio of
maximum growth rate to mature size; m: the parameter for breakpoint adjustment

" RMS: residual mean square

HHH o) A ] &A= A4 AlFo] O A4 FAHE A=, Gompertz ZONlA] 756.5 £ 9.0 kg, Richards © g0l 782.3 £ 20.0
kg, von Bertalanffy ;.80 4] 816.5 + 12.3 kg= LEFGTH(Table 3).

Table 3. Estimation of growth curve parameters for fattening heifers born in 2005-2009.

Parameters’ "
Model A+ SE kg b+ SE k + SE m + SE HMS
Gompertz 756.5 £ 9.0 31406 £ 0.0462  0.0864 = 0.0018  6.0132+ 3.5158 9516
Richards 782.3 £ 20.0 04300 + 02032 0.0761 = 0.0063 950.0
von Bertalanffy 816.5 + 12.3 0.7116 = 0.0080  0.0656 = 0.0017 952.2

"A the parameter for the asymptotic limit of the weight when age(t) approaches infinity; b: the log-function for the proportion
of the asymptotic mature weight to be gained after birth; k: the parameter for maturing rate, a function of the ratio of
maximum growth rate to mature size; m: the parameter for breakpoint adjustment

"RMS: residual mean square
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Figure 2. Comparison of growth curves between breeding cows (BC) and fattening heifers (FH).

Table 4. Comparison of measured body weight (OBW, kg) and estimated body weight (EBW, kg) between
breeding cows and fattening heifers

Age Breeding cow (Ave + SE) Fattening heifer (Ave + SE)

EBW EBW
(month) OBW Gompertz von Bertalanffy OBW Gompertz von Bertalanffy
0 23.1 £ 0.154 40.4 31.1 23.0 = 0.703 32.7 19.6
3 69.9 £+ 1.305 74.3 70.7 74.0 &+ 3.117 67.0 58.6
6 129.2 £ 2.014 117.4 118.5 126.4 £ 2.086 116.6 114.8
9 193.1 = 2.158 165.1 168.3 191.7 = 2.453 178.7 181.4
12 2421 + 3.579 213.2 215.9 257.6 + 3.355 248.4 252.4
18 288.6 = 2.070 297.8 296.4 398.2 = 5.996 389.8 389.7
24 347.5 & 4.278 359.0 354.6 518.1 + 8.340 509.7 506.1
30 394.6 £+ 3.627 398.5 393.9 597.8 £ 9.202 597.0 596.4
36 446.8 £ 4.001 422.5 419.5 660.3 = 14.631 657.7 663.0
42 469.9 4= 4.380 436.6 435.7 721.1 &= 9.368 696.0 710.6
48 495.2 &= 5.068 444.6 445.9
60 451.8 456.2
72 454.1 460.1
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She- BN 9-2] A2 e TAlE kA TS ATB)2E Yol 2AE U 1980t A FlTHe] 27] A
2 Gompertz 2Ol A] 643.8 £ 4.4 kg, von Bertalanffy . ON|A] 737.1 £ 6.8 kg= FHEJ L, 19901 tholl+= Gompertz 2ol A

759.9 & 5.5 kg, von Bertalanffy 804 853.9 £ 8.3 kg, B

Bertalanffy 4] 905.5 & 10.7 kg2 FAHE oM, B

+10.1 kg= F7 = ATHTable 5).

Ztlo.

H T

ko

A2 Gompertz 201 A] 1038.5 £ 95.2 kg, von Bertalanffy &8 of|A]
1594.5 + 259.9 kg2 A= AT} 20008 ol = A F o] Gompertz E& ol 4] 801.2 £ 7.3 kg, Richards 230l A] 892.6 & 19.7 kg, von

Table 5. Estimation of growth curve parameters for two groups of bulls.

Gompertz =0l A 563.0 & 7.4 kg, von Bertalanffy =0l A] 612.5

. e Parameters »
fimes P e A+ SE, kg b+ SE k= SE m * SE RMS
1980 A Gompertz 643.8 £ 4.4 3.4132 = 0.0183 0.1315 % 0.0012 NE 934.8
~ Richards NE NE NE
1989 von Bertalanffy 7371+ 6.8 0.7367 &= 0.0027 0.0917 = 0.0011 957.6
1990 A Gompertz 759.9 £ 5.5 3.6333 &= 0.0296 0.1301 = 0.0014 NE 2119.2
~ Richards NE NE NE
1999 von Bertalanffy 853.9 =83 0.7707 &= 0.0045 0.0925 # 0.0013 2136.8
B Gompertz 1038.5 &= 95.2 3.1683 &= 0.0443 0.0793 % 0.0053 NE 1230.0
Richards NE NE NE
von Bertalanffy 1594.5 4= 259.9 0.7163 &= 0.0086 0.0438 + 0.0053 1230.4
2000 A Gompertz 801.2 =7.3 3.3430 £ 0.0231 0.1024 & 0.0012 3.3014 # 0.4378 2495.2
~ Richards 892.6 = 19.7 0.6874 &= 0.0567 0.0753 £ 0.0038 2477.5
2011 von Bertalanffy 905.5 + 10.7 0.7282 &= 0.0035 0.0725 & 0.0011 2477.3
B Gompertz 563.0 = 7.4 3.5077 &= 0.0398 0.1642 4= 0.0031 NE 1104.3
Richards NE NE NE
von Bertalanffy 612.5 = 10.1 0.7948 &= 0.0085 0.1264 & 0.0030 1117.7

"A: the parameter for the asymptotic limit of the weight when age(t) approaches infinity; b: the log-function for the proportion
of the asymptotic mature weight to be gained after birth; k: the parameter for maturing rate, a function of the ratio of
maximum growth rate to mature size; m: the parameter for breakpoint adjustment

"RMS: residual mean square

“A: Hanwoo Research Center population(0~36 months); B: performance testing population(6~12 months)

FEAFA| 338 72 Gompertz 23 2} von Bertalanffy 28 ol|A] = 2tk 7F 2 2fo] S Ho|z] &tom, Ad< %2 von Bertalanffy &
oA o 24 A=, o]= o)A AL(Kaps 5, 2000; Forni 5-, 2009)°14] von Bertalanffy 23 0] 42] A% EAS F45t= 1
Zetsicta B e Avtel doE et E35] A D B)oIA = Al7|of 2 JAFarA o] Hol 7} 3A| Uelg=d, o]= 35
ko] 257} AJSHE] o] Qlo] A4 A Fof| ish H&let o] of2 7] ufjE o2 Tk

A

4312 7H90| HETM

AA| Hl=&-9-9] A S ehe-A AR HThA), $HA8 HHE®B), 57022 &57sto] 7 2, 474 siel 5L 4
& A Foll A 2o 7+ LrEH T,

19958 KB} 2002W7HA] A Aol A= Gompertz 23 0lA] 709.0 + 13.6 kg, von Bertalanffy 23 o|4] 819.6 + 21.8 kg= F4 =
A3, B A} ¢ Fetoll A= Gompertz =& T} von Bertalanffy 230l A ZF2}F 1148.1 + 31.5 kg, 1562.8 + 70.8 kg2t 1070.1 + 44.0
kg, 1322.5 + 82.0 kg= LFEFSTE 2003 5-E] 2011E7FA] = A ZLE°] Gompertz 23 0l|A] 893.2 + 10.4 kg, von Bertalanffy 2.3 ol A]
1065.0 + 17.3 kg2 A% 10 H, B 152 Gompertz 0l A] 1046.2 + 11.2 kg, von Bertalanffy 2|4 1285.5 + 20.8 kg, C L&
2 Gompertz 20l 4 903.3 & 13.6 kg, von Bertalanffy 2Ol A] 1037.2 & 21.4 kg= 7% = $ATHTable 6).
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Table 6. Estimation of growth curve parameters for three groups of steers.

. Parameters "
Times Model AL SE kg b= SE K= SE mEsE
1995 A Gompertz 709.0 £ 13.6 3.3368 &= 0.0461 0.1067 &= 0.0027 1.7564 &= 0.2660 1411.9
~ Richards 990.8 = 99.4 0.9275 4= 0.0452 0.0497 & 0.0091 1369.6
2002 von Bertalanffy 819.6 = 21.8 0.7249 % 0.0045 0.0737 &= 0.0024 1377.2

B Gompertz 1148.1 &= 31.5 2.8433 = 0.0133 0.0576 £ 0.0015 NE 2598.7
Richards NE NE NE

von Bertalanffy 1562.8 = 70.8 0.6652 * 0.0026 0.0348 = 0.0014 2599.5

C Gompertz 1070.1 = 44.0 2.6703 &= 0.0269 0.0593 &= 0.0027 NE 2127.5
Richards NE NE NE

von Bertalanffy 1322.5 & 82.0 0.6337 &= 0.0042 0.0389 # 0.0025 2133.8

2003 A Gompertz 893.2 =104 3.0874 &= 0.0167 0.0821 % 0.0011 NE 1684.8
~ Richards NE NE NE

2011 von Bertalanffy 1065.0 = 17.3 0.6910 =+ 0.0023 0.0553 # 0.0010 1633.1

B Gompertz 1046.2 = 11.2 2.9353 &= 0.0083 0.0740 &= 0.0009 NE 1692.5
Richards NE NE NE

von Bertalanffy 1285.5 = 20.8 0.6745 = 0.0012 0.0490 % 0.0008 1695.3

C Gompertz 903.3 £ 13.6 2.8911 + 0.0226 0.0806 #= 0.0016 NE 1061.6
Richards NE NE NE

von Bertalanffy 1037.2 £ 21.4 0.6665 *= 0.0036 0.0570 £ 0.0015 1046.1

"A: the parameter for the asymptotic limit of the weight when age(t) approaches infinity; b: the log-function for the proportion
of the asymptotic mature weight to be gained after birth; k: the parameter for maturing rate, a function of the ratio of
maximum growth rate to mature size; m: the parameter for breakpoint adjustment
“RMS: residual mean square
“A: Hanwoo Research Center population(0~30 months); B: progeny testing population(6~24 months); C; commercial farm
population(6~30 months)
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Table 7. Comparison of Estimated body weight by age between bulls and steers*.

Age Bull Steer
(month) Gompertz, von Bertalanffy Gompertz, von Bertalanffy
A" B” A B A < A C
3 68.5 66.0 64.3 58.1 80.0 99.7 75.9 93.7
6 131.3 152.0 133.8 151.5 135.4 159.2 136.3 158.1
9 211.9 252.9 216.6 253.5 204.4 2316 207.5 233.1
12 301.2 345.3 303.9 344.7 282.1 312.7 284.4 314.4
15 390.2 417.6 389.0 418.3 362.8 397.7 362.7 398.1
18 472.0 469.1 468.0 4743 411.6 482.1 439.3 481.4
21 542.9 538.9 515.0 562.5 512.1 562.0
24 601.7 600.8 580.8 636.5 579.7 638.4
27 649.1 653.9 638.0 702.7 641.4 709.7
30 686.3 698.8 686.7 760.6 697.0 7754
33 714.9 736.5 727.2 746.5
36 736.8 767.7 760.6 790.3

"Estimated body weight was based on the growth curve parameters of bulls which were born from 2000 to 2011 or one of steers
which were born from 2003 to 2011.
“A: Hanwoo Research Center population; B: performance testing population; C: progeny testing population

CONCLUSION

w A= oo A=A S AT AR ol wet AlEskste EAe 2 A, ghe-o] A Bl tieh ol E Eolal BE
okl =4 B AASHAT 53] von Bertalanffy o] = oA 7P B2 RMS gha Ho, ?-¢- g0 F40l 7+
& Aot 2z SRlE itk o= £ o] §he-o] ARk g miAUSE & RtgshH, AAl At B i ol 28t
710l Pg/3 3t s A 2o ﬂ—loi‘*— AAFsEQIE. 9Fo 2 o] it A= thafet 7 Bl by 2702 Rbegskar, ok B2 22 7 &
S5 ZE5to] A A BaS ohA s EAL FA 4 2913t 857 golo] A=Adl nxle 9dE Tz grid
27} 31tk o] 5 F3ll ok 7H11H 77 s edol] et et osizt 7hs A, At 22 e A HEF AT B B 5
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