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ABSTRACT

This study was conducted to investigate the effects of environmental factors on the carcass traits of Hanwoo cattle. We collected
carcass data of 1,703,304 animals of castrated cattle, which were raised by Korean beef farmers nationwide from 2009 to 2019 and
registered as pedigree with the Korea Animal Improvement Association and Korea Livestock products Quality Evaluation Institute.
The final data used for the analysis after pre-removal of missing and outliers were the slaughter data of 970,567 animals slaughtered
from farmhouse 4,040, and four traits were considered: Carcass Weight (CW), Eye Muscle Area (EMA), Backfat Thickness (BF), and
Marbling Score (MS). In this study, in order to extract more than the appropriate number of samples from 970,141 animals slaughter
data , 600 out of 4,040 farms were simply random sampled and all slaughter data of selected farms were extracted. In addition, to
increase the accuracy of variance analysis, samples were extracted by repeating 10 times using the SURVEY SELECT procedure of
the SAS statistical program (package ver 9.3) and used for analysis. In the general analysis, to determine the normality of the data
by analyzing the generality of each breeding trait, the SAS UNIVARIATE procedure was used to test the Komogorov-Smirnov statistic
(D) for each trait to determine whether it was close to the normal distribution. All carcass traits were confirmed to follow a normal
distribution based on normality tests. Multivariate analysis of variance (MANOVA) was performed on factors such as slaughter
age, production region, slaughter year, and slaughter season using the PROC GLM (Generalized Linear Model) in SAS Package Ver
9.1.3 Service Pack 4. The results of significance tests revealed that all factors, including farm, slaughter year, slaughter season, and
slaughter age, had highly significant effects (p<0.01) on all carcass traits. Additionally, carcass performance was influenced by the
timing of slaughter, data size, and the level of fixed effects. The results of this study, based on national farm data, provide valuable
estimates of environmental effects, serving as foundational data for genetic evaluation of cows in commercial farms. Thus, this
information is expected to be directly applicable to improving cow breeding programs.
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MATERIALS AND METHODS

(1) 3A M=
2 ATE FIoto] M=o gh-m7toll A ARSSto] 20090 E] 20197 F4t g% AR7HolM =28 A & =53
H3lo| HESZ © 74|12 1,70330452] AFBZ 0] &3}Th HAo]| o] 8H 22 AZx] W o|AFx| 2 AR A 3 5 BAtAt

FA =0l tigt 4 21500 BrEA Q] FE S 71517] flste] =&Y o] 270014 3270 € o]2le] 7|5 4 7P =5547t
1005 05191 57te] E 57|22 BAol|A A|Q5tgict. £A4of o] &8 HFAIRE 571 4,0402 27 E T3 97056752 £57]
2o| o] g5glor o] &H FA-2 TH|F (Carcass Weight, CW), 5/ THZA] (Eye Muscle Area, EMA), 5 A|%-F7 (Backfat Thickness,
BF) 2! ZUA|® = (Marbling Score, MS)2] 47 &2-& 31253t

(2 Elkl I-

) gistol 41 HI:JQ_ETH ol @

st7] 95t} A 4040571 5 600%71% e oFE Slmple Random Samplmg) Sto] AP s7He] =715 5 B 5
ghrlo 2 RS AAJstelnt ot EARE A o] eS8 =0]7] 95t SAS SAIZ 213 (package ver 9.3)2] SURVEYSELECT
Procedure S ©]-8-5+] 103] §HEoto] F2-Z FE0to] 22k 24 o] o]- 8513 Th (Table 1).
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Table 1. Number of NOS, NOP, NOH, NOHYS of carcass traits in Hanwoo steer.

Sample NOS NOP NOH NOHYS
Sample 1 87,582 275,302 539 3,441
Sample 2 76,604 243,664 533 3,830
Sample 3 67,070 218,668 502 3,607
Sample 4 79,473 250,594 520 3,136
Sample 5 81,455 258,562 538 3,525
Sample 6 77,984 250,612 534 3,552
Sample 7 76,424 245,069 528 3,517
Sample 8 62,713 206,171 512 3,280
Sample 9 71,815 230,691 531 3,340
Sample 10 81,020 259,510 525 3,598
Ave. 76,314 243,934 526 3,483

NOS : Number of records by slaughter animals, NOP : Number of traceable pedigree animals in NOS animals, NOH : Number
of herd in NOS animals, NOHYS : Number of herd, year, season in NOS animals

2) 71z EAF U 74 HH
AR 7 AL QS RAstol A7 A AFAE setsh] Ssfo] 7 BUWE SAS UNIVARIATE
ProcedureS- ©]- 2519 Kolmogorov-Smimov S0 2 7% 5to] A -22Lof| ZAFH=A] = ahetsiich.

3) BLHEA
AR BT/ 9 ol AlA 5 AR AA 2 E AASHSE $He 7|2 5A4 BAAIEE 5ol 4] A S oekglon 5

7} EFUE, £EAH, 22U BAEIVE ANS) EAY | u]3 L RS Sohiis] Slsh AMS =R Do] chsto]
CHHEFREAREA] (Multivariate Analysis of Variance)S A AISHITE. 2 F4 0= RElAof 285t CHATFRANE A2 SAS Package®]
PROC GLM (Generalized Linear Model)2 ©]- &3} o EARA mdlAl2 choa} 7+

=2

Yixm = [+ Herd;+ Year; + Seasonk + ASi+ €iikim

o17]A],
Vi : A s7h A =5 A e A =5A o tigh A =52 9] =5 2 ¥SX|(CW, EMA, BE, MS)
[V el gt

Herd, : FR| A w7ke] A a

Year : Ao A =5 o] gyt
Seasonc:  FEL KA =EAH ] g}

ASi: A =Yg o] 14 F 3} (1=27-32)

Ciim : Aol tig 2 Alo] 7+ QRlE 8 A= A| 942 9] eAta}

chiiefe] BARRAS 517] glatol 9le) 72 RElS Agato] GLM 2 AT} Al BE = 4711 0] A B el M BFHE 22
85 TYPEI A B2 0] 88) BAHEA S A5t Theat 7o) 2| AA14 7] (Least square mean, LSM)ZFe] 42142 7
B2 glalo] AR S AT )55 5% 27 AT

H:LSM (i) = LSM (j)

o} 7] 4, LSMG) : (i) 8R4 Fbe] 2|4 A8 BT (%))

1o
;
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RESULTS AND DISCUSSION

(1) Y2E 7| XEA

& Atol] o] &5 ARl gt 7| 2E AT B4 Table 201 AIAIE vie} o] BHY TS0l QlojA EAF-2 43856+
47.78kg, SAITHHZA -2 92,54+ 11.08c, SAHFAE 13.66+5.11mm, ZHALEE 5811185402 2A g9l o P2 go]g
O] B3 &= Figure 29+ 7o LElSTh

EAF, sAEHE, SAEA 2 2R 7| 2 Aol tiste] 2010 o] ¢ BiH 25§ AT EH Kim 5 (2010)2
She AA- 1,892 T3l A ZF2) 420.89+89kg, 88.15+9.98¢mi, 12.09+4.73um 2 5.79+1.874 0.2 B3}t o] 5 (2016)
5,8435F2] SH- AN dA S 72} 423.37145.72kg, 90.39E9.450m, 12.361-4.79mm L 5.34+1.91H 0= H1giom, o] &5 (2019)
2 100,7435F2] AN L2 RE] BAG A7t 247} 430.77450.86kg, 90.391-9.450m, 12.3614.79mm L 534+ 1918 0.2, 35 (2018)
o] 9gf AR EE o]t AA- 53,992 F 2 E ZF2} 437.711£52.52kg, 94.34+13.85cm, 13.501+5.27mm H 5.94+201HC 2 H 1
SETE & 5 (2018)°] 2AISH ARHE A|@fstal 7]|E AT Aol H]sl| 2 AFof|A s F-ol| tis 427t &7 EA = AT ol
= Table 701141 LFERd HEe} Zro] =213 o] whe} A/ 2l o] e Aol 9% she A oz AR HTh =3t 7] & Ao ihE 5
=% 222 SolA 24 T2 Adeof| wh} o] E] o] Aol 7} S 4= Qlom, mHEbA] 2A 9] A& =o)7] flste] 7MY A
fof 5= Zo] BT thET 4 = At 22 Aok &= oJu] & 4= k. 4] 970,14172] AF=E SAS FAIZ2

219] SURVEYSELECT ProcedureS ©]-8-510] 101 BhEsto] MEGSH 2590 7| 2 8AIFS 22 BA e 2 2xt 4 ME 52 H
52657t 25 E] BR5tAL Ole AMS EA S FEIG Hd BEA] 5 76214%F lon 7P A &2 BE2 62,713
F7Pg wo] 2E3H B2 87,5827 Zio] 2EE T TA|F-2 Bt 441.0kg (439.63~442.27)2 LpERE O SAITHHE] 5]
S W YRS = ZE2 92,8t (92.59~93.02), 13.9mm (13.78~13.97) 2 5.97(5.82~5.93)0] AT} (Table 3). 0] S FAY B0
NAX AA| A} 5 2 EE A1 H 3L (Table 2)2 Table 32 Bl sl $H= w] =450l A 2.7kg =] FEE U SAHTHE, 54
HEA 9 FUHA o A= 2 2to] 7 gl
Table 2. General Statistics of data taken 10 times of random sampling
Traits Mean STD CV Min Max
(N=970,567)
AS(Days) 29.78 1.46 4.89 27 32
CcW(kg) 438.56 4778 10.89 250 650
EMA (cr) 92.54 11.08 11.98 40 140
BF(um) 13.66 5.11 37.42 1 40
MS(score) 5.81 1.85 31.89 1 9

STD : Standard deviation, CV : Coeficient of variation, AS: Age at slaughter, CW: Carcass weight, EMA: Eye muscle area, BF:
Backfat thickness, MS: Marbling score.

Table 3. Statistics of overall data of carcass traits in Hanwoo

Traits Mean STD Min Max
Nunber of herd 526.2 11.85 502 539
Number of animal 76,214.0 7,295.27 62,713 87,582
AS(Days) 29.8 0.03 29.80 29.90
CW(kg) 441.0 0.80 439.63 442.27
EMA (o) 92.8 0.16 92.59 93.02
BF (mm) 13.9 0.07 13.78 13.97
MS(score) 5.9 0.04 5.82 5.93

AS: Age at slaughter, CW: Carcass weight, EMA: Eye muscle area, BF: Backfat thickness, MS: Marbling score.

Journal of Animal Breeding and Genomics 168



A Study on the Estimation of Environmental Effects of Hanwoo Steers Carcass Traits

distribution of cw_rs1 distribution of cw_rs®
5 ety N 8804
1 Mean 442 3
s ey
4
2
ar
=
o
z
!
° | T TR | T (TR
00 00 200 00 100 100 00 €00
distribution of cw_rsa
P arere ———— Noma N Toard Tk ———— Homal
Mean #4148 5 Mean 4418 Py
S1aDev 47,56 SiaDey 47 21 .
+ 4
b 3
an an
= T
LS LS
2 2
! 1
® | i [T .
00 00 00 00 300 100 s00 s00
distribution of cw_rss distribution of cw_rs6
sdM 81488 o —— Mo 5N BT L ———— Nomal
Maan 839 8 Maan 440 8 n
StdDer 46,06 ] N StdDew 47 45 u "
. 4
L] ’
an an
= T
LS LS
2 2
1 !
Ll LT TR
108 08 00 80
distibution of cw_rsf
[ Fhada Th. ———— Homal [ atag ~Ih ——— Homal
LB Ry THIm 5{|bavan 208 Tk,
Sl 4718 P T Stalliew 47 14 ir
. 1
an L an Ll
= T
LS LS
2 2
! !
P
Ll @ | T [T
18 a8 200 &00 108 08 00 80
distribution of cw_rss distribution of cw_rs10
] g 1] — Mormal M [FT+T TH —— Homal
5| bean 2413 T, B bean a0t [H] L
Stdlev 47 21 r Stdlev 47 &3 g
ey M
. 4
2 ’
an an
u T
LS LS
H 2
1 !
@ Tmnn TN @ T [ TR
00 00 200 &00 100 100 00 €00

Figure 2. Distribution each sample of carcass weight
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Table 5. Kolmogorov-smirnov test of slaughter traits

Sample Obs. K-S DV (Pr>D)

CWi(kg) EMA (o) BF (1m) MS(score)
S1 87,582 0.017(<0.01) 0.053(<0.01) 0.104(<0.01) 0.144(<0.01)
S2 76,604 0.021(<0.01) 0.053(<0.01) 0.104(<0.01) 0.147(<0.01)
S3 67,070 0.019(<0.01) 0.052(<0.01) 0.105(<0.01) 0.144(<0.01)
S4 79,473 0.020(<0.01) 0.055(<0.01) 0.104(<0.01) 0.142(<0.01)
S5 81,455 0.019(<0.01) 0.051(<0.01) 0.102(<0.01) 0.142(<0.01)
S6 77,984 0.020(<0.01) 0.052(<0.01) 0.104(<0.01) 0.145(<0.01)
S7 76,424 0.017(<0.01) 0.054(<0.01) 0.105(<0.01) 0.148(<0.01)
S8 62,713 0.019(<0.01) 0.052(<0.01) 0.104(<0.01) 0.148(<0.01)
S9 71,815 0.021(<0.01) 0.052(<0.01) 0.104(<0.01) 0.146(<0.01)
S10 82,020 0.018<0.01) 0.052(<0.01) 0.105(<0.01) 0.141(<0.01)
Total 970,567 0.019<0.01) 0.051(<0.01) 0.103(<0.01) 0.141(<0.01)

VK-S D : Kolmogorov-Smirnov statistic, No. Number of observation, P > 0.05 : Normal distribution, P < 0.05 : Not normal
distribution, CW: Carcass weight, EMA: Eye muscle area, BF: Backfat thickness, MS: Marbling score.
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Table 6. Source of the variation, degree of freedom, mean square and test of significance for each traits

Source D.F CW(kg) EMA (cm) BF (mm) M S(score)
Herd 4039 43536.5" 1853.6” 285.4" 46.3"
Year 11 8346290.1" 228337.3" 9256.9" 2818.1"
season 3 3015055.4" 27632.9™ 16705.9" 1917.5"
AS 5 5148706.5" 65364.4™ 14332.1" 1485.0"
Error 966,508 1962.0 2564.8 24.8 3.2

D.F : Degree of freedom, ™ : P < 0.01, NS : Non Significant, AS: Age at Slaughter(Days), CW: Carcass weight, EMA: Eye muscle
area, BF: Backfat thickness MS: Marbling score.
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W RESHA N H AL les &Rl & 4 AT BAIFY] o4 242 2019F =5 hAIE0] 454.42kg = RO 0 = T
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2 7P = vebstem, 20171 B 20161 93.2m 2=, 201019 R 2009'A 01| 90.0em = -7-2] A4 Q1 2Fo|7F Y AH 22 A 2fsh v
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Table 7. Number of records (Obs.), means and standard deviations in carcass traits by year of slaughter (YOS)

YOS Obs. CW(kg) EMA (cni) BF (mm) MS(score)

2009 23,455 424.6 + 45.24 90.0" = 9.95 13.0' = 5.27 5.76% + 1.96
2010 30,924 424.3 + 44.80 90.0" £ 10.03 13.0' = 5.25 5.518 4+ 2.00
2011 61,071 425.6' = 44.37 90.68 + 10.32 13.3f +5.29 5.38" +1.96
2012 83,856 426.5" &= 45.29 91.2¢ + 10.85 13.6° = 5.41 5774 +1.97
2013 96,784 427.58 &= 4475 90.8f + 10.66 13.1» = 5.13 5.74¢ + 1.89
2014 106,092 432.8+ 46.11 91.3¢ = 10.82 13.28 £ 4.99 5.72f + 1.87
2015 118,101 436.7¢ = 46.18 92.49 +10.93 13.7¢ + 5.00 5.75¢ £ 1.86
2016 117,940 444.84 + 47.47 93.2¢ = 11.10 14.0¢ £+ 4.94 5.85¢ = 1.79
2017 130,235 446.0c = 47.53 93.2¢ £+ 11.02 14.0¢ £ 5.15 593> +1.71
2018 144,807 451.5 4 48.72 94.8> + 11.42 14.22 + 5.03 6.03* + 1.77
2019 57,302 454.42 4= 49.22 96.00 = 11.71 14.1° £+ 4.96 6.04* = 1.84

CW: Carcass weight, EMA: Eye muscle area, BF: Backfat thickness, MS: Marbling score.

@ =5A- Y] 53t
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SAYFAE o
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ol 13.4mm= 71 9FA| Lo ™, 7420l 13.9mmZ 7}
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o2 7P A Ueht o H, of 53t Aol 588 22 7914 2bo|7} ittt wolle 5.7 22 7P WA UrERs T

Al ettt SUHA S E = 7H2ol 5.98 2% {9
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Table 8. Number of records (Obs.), means and standard deviations in carcass traits by season of slaughter (SOS)

SOS Obs. CW(kg) EMA (o) BF (mm) MS(score)
Spring 199,354 438.1> & 47.80 92.6> = 11.17 13.5¢ + 4.99 5.7¢+ 1.85
Summer 224,670 434.8¢ £ 46.66 92.34 £+ 11.01 1349 & 4.96 58"+ 1.85
Fall 275,474 438.0° + 47.55 92.5¢ + 11.10 13.8> = 5.17 5.9+ 1.85
Winter 271,069 442.5% + 48.62 92.7* £+ 11.07 13.91 + 5.26 58"+ 1.86

Spring : March~May, Summer : June~August, Fall : September~November, Winter : December~February, CW: Carcass weight,
EMA: Eye muscle area, BF: Backfat thickness, MS: Marbling score.

® &7t &t

71 Bibes 20 AR ETt U R AM E2 AAoH] olH Y] 57HE EE5HIEof tE ZIHE Table 90 UEFHATE 240
AREE A= E 40405725 E £ E om Bl 100~200F, 201~300F, 301~4007F, 401~500%F, 5005 o]42] 57)9] 50
2 223510k 100~200F2] 7]12-2 71 5710] 42,5625 713 .21, 201~30052] 7|22 71 5719] = 762557, 301~400F,
401~500%F % 5005 o132 7|85 7H w7ke] = ZH2E 30257 16167 2 253571tk 7P SRl o i E Bite B E
Pl thate] fol 4l 2to) 7k ekt EA 5] -9 301~400F 712 711 57 ol A 440.7kg S 2 o) % 0 2 71 =A| et
o™, 100~2005 7|52 711 57Fol|l A 436.5kg 0.2 7 RA| LERSTE SATHA 9 S A FA 1= 5005 o)/de] 71ES 7H
s7tof| A ZFz} 92,90 2 14.0mmE 7 A4 UERE S| 100~2005F 7152 7H 7ol A 92200 2 13.4mm O 2 F-o]F 02 7P
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Table 9. Number of records (Obs.), means and standard deviations in carcass traits by range of herd frequency

Range No. of herd Obs. CW(kg) EMA (o) BF (mm) MS(score)
100 to 200 2,562 356,702 436.5¢ £ 48.10 92.24 & 11.00 13.4¢ +5.04 5.7¢ £ 1.86
201 to 300 762 184,666 438.5% + 47.73 92.5¢ £+ 11.09 13.5¢ £ 5.04 5.8" + 1.85
301 to 400 302 103,750 440.7* + 47.77 92.8> + 11.19 13.8> + 5.07 5.9 + 1.85
401 to 500 161 71,100 439.8¢ + 47.52 92.5¢ + 11.06 13.8> + 5.13 5.8" + 1.86
<500 253 254,349 440.3> + 47.32 92.9% + 11.14 14.0* £ 5.26 5.9 + 1.85
Total 4,040 970,567 438.6 +47.78 92.5 + 11.08 13.7 £ 511 58 £ 1.85

CW: Carcass weight, EMA: Eye muscle area, BF: Backfat thickness, MS: Marbling score.

@ =590 23}

Table 10+ 52070l gk 2ho] 2 Lhehdl Zlolth, £A41F L SAYEAE 27)8edol ) £53 AISo] 445.6kg 2 14.0m
$o120.2 7p 71| bt whel SAURATH U S 307k aol 93.1m 2 599 0.2 7H 7 ekt ot 317k
2ol o) WAt o4 2fol7t Qlgik. ol Aelet BE aol thshd FAHE S04 Hol7} Ygion] 37k =

FA717h 5ol 845 308 40| f.95 02 ol

Table 10. Number of records (Obs.), means and standard deviations in carcass traits by age at slaughter (AS)

AS Obs. CW(kg) EMA (o) BF (mm) MS(score)
27 69,282 424.6f + 46.81 91.1¢ = 10.94 12.9° + 4.78 5.6° + 1.88
28 136,654 431.3¢ + 46.38 91.9¢ 4 10.93 13.3¢ £ 4.88 5744 1.86
29 200,322 436.49 + 46.62 92.4¢ + 10.97 13.5¢ + 4.99 5.8+ 1.85
30 235,574 440.5¢ + 47.37 92.8"> + 11.09 13.8° + 5.14 5.8+ 1.85
31 193,137 443.7> + 47.98 93.0r = 11.14 14.0° + 5.26 592+ 1.85
32 135,598 445.6° = 49.12 93.1* = 11.28 14.00 = 5.34 592+ 1.85

CW: Carcass weight, EMA: Eye muscle area, BF: Backfat thickness, MS: Marbling score.
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