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ABSTRACT

This study aimed to evaluate the limitations and inconsistencies of the current meat yield index used in Hanwoo (Korean native
cattle) from a genetic improvement perspective and to propose an alternative index. The current meat yield index is calculated
as the proportion of estimated retail meat, derived from carcass traits such as CWT, EMA, and BFT, relative to total carcass
weight. Nevertheless, under the current formulation, an increase in carcass weight may unexpectedly lead to a lower yield index.
This was reflected in negative correlations between carcass weight and the meat yield index for both phenotypes (-0.325) and
genomic estimated genomic breeding values (-0.137). Even in the highest gEBV quartile group for carcass weight, the proportion of
animals classified as Yield Grade A remained low (21%), suggesting a misalignment between selection goals and grade outcomes.
Furthermore, the prediction accuracy of yield grade using carcass weight gEBV was only 53.0%, whereas marbling score gEBV
predicted quality grade with higher accuracy (61.6%). To address this mismatch, we proposed an alternative yield index that
excludes dividing by carcass weight, resulting in a simplified formula based on estimated retail meat weight. The new index showed
a strong positive correlation with carcass weight gEBV (0.792), indicating a better alignment with selection objectives. These findings
suggest that the current yield index inadequately reflects genetic merit and that consumer-visible grades may fail to capture the
actual improvements achieved through breeding. The proposed index offers a simple yet effective alternative, improving both
interpretability and consistency.
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MATERIALS AND METHODS
SAM=

2 Ao E8H o AdE Ame F 15000701, o] AF= 2011EFE £ 525 ZpA|tiEte] 2 1214 9
T Aol A AR I {4 A] % 2= Tllumina Bovine SNP chip v2 2 v3 AF5E F8toto] /45 of 9lom F 53,866712]
SNP(Single Nucleotide Polymorphism) 7 & ZZE 10% o4 = 3| AT -3 A & (minor allele frequency, MAF) 5% 1| %He]
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Table 1. Genetic and Residual Variances and Heritability Estimates for Four Carcass Traits

Va Ve h2
CWT 933.52 12215 0.433
EMA 49.567 84.931 0.369
BFT 6.9481 12.278 0.361
MS 1.4551 1.7329 0.456

CWT: Carcass Weight;
EMA: Eye Muscle Area;
BFT: Back Fat Thickness;
MS: Marbling Score;

Va: Genetic Variance

Ve: Residual Variance

h? Heritability

AZEM QI K57} 7|4 S2 £i8 B
AP SEA =t Y ke A S ERlsh] At At 55 EdE v 40 E, AP B3RP FAAST
7HgEBV), 18] 11 3 SX|4(MY index) 7+2] AFh = = Al Qe & 7+ AF0] 0.069~0.576 F 0 2 e
T} (Figure 1, Table 2). §F, A et 2 2 9 571 7H 3T -0.899~0.252 12|11 0.731~0.317 502 b o = e &
SR et SHF Ao HNH R 7| A0 R s = 2AF A9, g BIEP T S5t

1372 SRI=| 3Tt
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Aashs Fol 15 Ak(Figure 2, Table 3). BHHE, TA| G XY AFEY7 5202 ASE SH &2 UAst c53 E9&
2 37 etk AFE BtE AT S5 ARRYIC §5 8 1 EEE B3 SV RE4E 520 =1 SEUP =245
550 W& FAFSH 0] & UEFATh(Figure 3, Table 4). $HH, ZTWARE §371et §455 1 28 & B0l =, 371 =0t
ArE 52 SHATI(+H, 14) STE0| S7ete 3t A aFo] BE U th(Figure 4, Table 5).
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CWT . 0.32

EMA  o.07

0.8
0.6
0.4

BFT

0.2

CWTgEBV 0.08 0.25 -0.14
-0.2
EMAQEBV  -0.25 0.32 04
BFTQEBV  -0.09 0.6
-0.8

MSQEBV  o.18

Figure 1. Correlation among carcass phenotypes, genomic EBVs, and the current meat yield index. CWT: Carcass
Weight; EMA! Eye Muscle Area; BFT: Back Fat Thickness; MS: Marbling Score; gEBV: Genomic Estimated Breeding
Value; MY index: Meat Yield Index.
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Table 2. Correlation Matrix Among Phenotypes, gEBVs, and the Current Yield Index in Hanwoo Cattle

| CWT EMA BFT MS  CWTgEBV EMAgEBV BFIgEBV  MSgEBV MY index
CWT 1 0.576 0.316 0.297 0.784 0.491 0.119 0.216 -0.325
EMA 0.576 1 0.069 0.522 0.444 0.767 -0.137 0.465 0.252
BFT 0.316 0.069 1 0.106 0.102 -0.116 0.747 -0.021 -0.899
MS 0.297 0.522 0.106 1 0194 0.484 -0.034 0.807 0.073
CWTGEBV ~ 0.784 0.444 0.102 0194 1 0.621 0.079 0.254 -0.137
EMAGEBV ~ 0.491 0.767 -0.116 0.484 0.621 1 -0.25 0.623 0.317
BFTQEBV 0.119 -0.137 0.747 -0.034 0.079 -0.25 1 -0.089 -0.731
MSgEBV 0.216 0.465 -0.021 0.807 0.254 0.623 -0.089 1 0179
MY index  -0.325 0.252 -0.899 0.073 -0.137 0.317 -0.731 0179 1

CWT: Carcass Weight;

EMA: Eye Muscle Area;

BFT: Back Fat Thickness;

MS: Marbling Score;

gEBV: Genomic Estimated Breeding Value;
MY index: Meat Yield Index

Meat Yield Grade Prevalence by CWT Quartiles

EEDO
0 w>

Proportion

0.0

Q1 (Low) Q2 Q3 Q4 (High)

Carcass Weight Quartiles
CWT Quartiles: Q1: 291-414kg | Q2: 414-447kg | Q3: 447-481Kg | Q4: 481-598kg

Figure 2. Distribution of meat yield grades by carcass weight groups. CWT Quantile 1: 291 ~ 414(kg); CWT Quantile

2: 414 ~ 447(kg); CWT Quantile 3: 447 ~ 481(kg); CWT Quantile 4: 481 ~ 598(kg).

Table 3. Proportions of meat yield grades (A, B, C) across carcass weight groups.

Q1(Low) Q2 03 Q4(High)
A 0.44 0.27 0.19 0.15
B 0.46 0.56 0.55 0.56
C 0.1 0.18 0.26 0.3

CWT Quantile 1: 291 ~ 414(kg)
CWT Quantile 2: 414 ~ 447(kg)
CWT Quantile 3: 447 ~ 481(kg)
CWT Quantile 4: 481 ~ 607(
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Meat Yield Grade Prevalence by Carcass Weight gEBV
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Carcass Weight gEBV Quartiles

Figure 3. Distribution of meat yield grades by carcass weight gEBV quartiles. CWT gEBV Quantile 1: -87.989 ~
-19.365; CWT gEBV Quantile 2: -19.365 ~ -1.902; CWT gEBV Quantile 3 -1. 902 ~ 17.416; CWT gEBV Quantile 4:

17.416 ~ 102.271.

Table 4. Proportions of meat yield grades (A, B, C) across quartiles of carcass weight gEBV

Q1 Q2 Q3 Q4
A 0.36 0.26 0.21 021
B 0.48 0.53 0.56 0.56
C 0.17 0.21 0.22 0.23

CWT gEBV Quantile 1: -138.326 ~ -23.942
CWT gEBV Quantile 2: 23.942 ~ -1.894
CWT gEBV Quantile 3: -1.89 ~ 22.8

CWT gEBV Quantile 4: 22.8 ~ 186.682

Meat Quality Grade Prevalence by Marbling Score gEBV
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Figure 4. Distribution of meat quality grades by marbling score gEBV quartiles. MS gEBV Quantile 1! -3.533 ~
-0.692; MS gEBV Quantile 2: -0.692~ -0.014; MS gEBV Quantile 3:-0.014 ~ 0.692; MS gEBV Quantile 4: 0.692 ~ 3.309.
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Table 5. Proportions of meat quality grades (1++, 1+, 1, 2, 3) across quartiles of marbling score gEBV.

Q1(Low) Q2 3 Q4(High)
T+ 0.03 0.2 0.55 0.89
1+ 0.14 0.4 0.34 0.1
1 05 0.36 0.1 0.01
2 0.32 0.04 0 0
3 0.01 0 0 0

MS gEBV Quantile 1: -4.394 ~ -0.859
MS gEBV Quantile 2: -0.859 ~ -0.0411
MS gEBV Quantile 3: -0.0411 ~ 0.807
MS gEBV Quantile 4: 0.807 ~ 5.141

SHUHSS7L 7|8t B SZ o=

FAAESGE7H 7R 2 EAF-SF e, THANE-SE 5T oS53 o] FE == Table 63 2ot TAIF SE7I2 R E
SHSFE odIEshe A9, WA 1080 et Ht ol AT & 53% £F0|H TR E 85728 §4 532 oS5k 4
ol 61.6% TE 02 ZRIE T 9F 8.6%p2] Ztol7F ULt

Table 6. Proportion of Carcass Weight Quartiles within Current Meat Yield Index Quartiles

round, mean CWTgebv — Meat Yield Grade MSgebv — Meat Quality Grade
1 0.525 0.610
2 0.538 0.612
3 0.538 0.608
4 0.530 0.628
5 0.527 0.612
6 0.532 0.620
7 0.527 0.619
8 0.524 0.616
9 0.536 0.611
10 0.520 0.626
mean 0.530 0.616

Number of test animal (30%): 4,472
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& AFolME 7129 F5E 719 ST AN EASE 22 AREShe FEE AAT ASE 7R uiAl SRS
A gttt thAll 215 283 739, =AlSHe 2 23 43l Bot duHA Ueht= I 4= ALt (Figure 5-6,
Table 7-8). SE3F, A Z|pof =4S w-57F B2 0792, 7|E A0 =A1F §571 H3EH-0.137) tiH] fAjs] &2 4
Zdo] A=At =AFH thAll FZA4= 2F S FolE RIS 2, 7|20 EAIF ol 5245 S35 50l oAU =4
ol Y5 STl EOMAIE ol Aol sliaE A= UET (Figure 6). ST 2N 355 thl EAISS 7|2

o O o
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Carcass Weight Prevalence by Current Yield Index Quartile
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Current Yield Index Quartiles
CWT Quartiles: Q1: 299-414kg | Q2: 414-447kg | Q3:447-481kg | Q4: 481-598kg
Figure 5. Distribution of carcass weight groups by current meat yield index quartiles. CWT Quantile 1: 291 ~
414(kg); CWT Quantile 2: 414 ~ 447(kg); CWT Quantile 3: 447 ~ 481(kg); CWT Quantile 4: 481 ~ 598(kg); Current MY
index Quantile 1: 55.90 ~ 60.629; Current MY index Quantile 2: 60.629 ~ 61.632, Current MY index Quantile 3: 61.632
~62.563; Current MY index Quantile 4. 62.563 ~ 67.92

Carcass Weight Prevalence by Alternative Yield Index Quartile
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Alternative Yield Index Quartiles
CWT Quartiles: Q1: 299-414kg | Q2:414-447kg | Q3: 447-481kg | Q4: 481-598kg
Figure 6. Distribution of carcass weight groups by alternative meat yield index quartiles. CWT Quantile 1: 291 ~
414(kg); CWT Quantile 2: 414 ~ 447(kg); CWT Quantile 3: 447 ~ 481(kg)
CWT Quantile 4: 481 ~ 607(kg); Alternative MY index Quantile 1: 187.09 ~ 255.565; Alternative MY index Quantile 2:
255. 565 ~ 274.046, Alternative MY index Quantile 3: 274. 046 ~ 294.655; Alternative MY index Quantile 4. 294.655 ~
376.3655.
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Table 7. Proportion of Carcass Weight Quartiles within Current Meat Yield Index Quartiles

Current Meat yield index
Q1(Low) Q2 Q3 Q4(High)
Carcass Weight Q1(Low) 0.13 0.22 0.31 0.34
Q2 0.18 0.26 0.28 0.28
Q3 0.28 0.27 0.23 0.23
Q4(High) 0.43 0.26 0.17 0.13

CWT Quantile 1: 291 ~ 414(kg)

CWT Quantile 2: 414 ~ 447(kg)

CWT Quantile 3: 447 ~ 481(kg)

CWT Quantile 4: 481 ~ 607(kg)

Current MY index Quantile 1: 51.78 ~ 60.588
Current MY index Quantile 2: 60.588 ~ 61.617
Current MY index Quantile 3: 61.617 ~ 62.567
Current MY index Quantile 4: 62.567 ~ 68.922

Table 8. Proportion of Carcass Weight Quartiles within Alternative Meat Yield Index Quartiles

Alternative Meat yield index
Q1(Low) Q2 03 Q4(High)
Carcass Weight Q1(Low) 0.9 0.1 0 0
02 0.1 0.76 0.13 0
Q3 0 0.16 0.75 0.1
Q4(High) 0 0 0.11 0.89

CWT Quantile 1: 291 ~ 414(kg)

CWT Quantile 2: 414 ~ 447(kg)

CWT Quantile 3: 447 ~ 481(kg)

CWT Quantile 4: 481 ~ 607(kg)

Alternative MY index Quantile 1: 100.55 ~ 255.489
Alternative MY index Quantile 2: 255.489 ~ 274.456
Alternative MY index Quantile 3: 274.456 ~ 295.482
Alternative MY index Quantile 4: 295.482 ~ 434.26

DISCUSSION

2 Aollx] FAE Y2 7| AgATe} vl ws) oA 2 fARHAY Tha w2 50 & YEFITE Do et al. (2016)°1A1=
T ZE SATHHA o] 8-S 747t 028 W 02328 H 15 O, Lee et al. (2014)2 033 X 0412 H 15+ ch 3 Alam et
al. 2021)9] AT A= P = Htol| A =A% %— %ﬁﬁ, A HEE7), U AR o] S A2 o] ZE2}0.35,0.43, 048, 0.56 0.2
A=Ak B A Ateto] atol= Hrtol| AbEH 2y 4], FATAIYE(GRM) 74 WA, 54 2 A2 xpolo 7] 1E
4= 3l 1340115 Eobal 2 Aol gAY $—7§ A= l" Aol vl JhE MY Yol glom, o] & BAo] 7|gto 2 &g
517)0) FES pF o= it

w Od%bl FHEA A, SR et BAIF 1 2 F9] Aol ERIEGI o)= A ST S NI SEA
)= 7|8to 2 AAIE Hoj| 7|Qlgt), whetA EA|Fo] F7lste et &A1 g2 23] sk 124 SHAIE H2star 8l
o2 BolEtt SAEEA gt S g2 A=Al Wol] SAFAo) thsh 52] Al 23t 7| fiE o & BE]lrk 1 9

J

of| =232 7ko] A= Alam et al. (2021)°) B8 A&k} SAFS}C)

8 E28E BA0ME FARRE o] UEtkT BX1F 2 sid 3717t S71ekol et 7diE = ¥ e aAs )Y Ede
2 238 Zashs ¥, B2 53(Ce2) &2 3761l ol = BAF, SH & 2144 0 2 nefsh= o] Al S5
S5 AA 7re] 23t ZAIE AlASITE B, ZUA e S5 710t S 2453 2 BA0A e /A5 ol 1awte] 53 &9
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