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DHBICHF DHEARDASEADOFHIIE, A HEEA
BABABMNBEICPTET BMEICKD, ABIMELE
EHE T DI ETARBRHICITONTWVD. #B8(RAEIET
MOSOZOEIK, BIFMOOHREZERENICFHEL
THRIGZERBLTND. I YIFEEIMOFHEIC K E<
FELTHD, IFE, NYFRENBELBEEHEIC A
SREEESEITCVDIENREENTVLD (TES
2016 ; £ 2017). LHL, ZDREZEENICRT
HEHZZINTVRNEZD, UEDPBRHETHD, Z0DH
BIEOKROHSNTND. B1E5S (2006) FZEADERER
YD bEFEFEL, FRABKEOSERBEGR T, &
NIBHTEER) HNOREICRT S ITHDBEERSND
CEBEREUE. OEAME, ANEEHEEABREAE
HAREHRB THERZMELE (BMS) ORETEDETE
[CHEMASNTND. IO ERICIT Y OHIBIL
EE U TRRS NN S18% (new fineness index,
NFD) (&, BERISCMOEIREOECHIBEILT 25D ELT
BRABIGE CHASNTERZ(OBEEH 2017). NFIZ,
BERRZMNI T DABR DRI Z O— A SBREDF AR TR
JETEEEN, BAKETVIEFEBIFRMAMNNT &
w#rd. LHULEBNS, NFIFFEHNRO—AnDAETE
THd60cm’ FIBRZEDEICERSN TS, "FED
RAICES5NS 100cm? ZBR DK DBRO— AT
TEBNIENRBCHD. £IC, APROBNGE, &
BEENTEED OB ONZIEREAVNTEEHENICNY > Z5T
Mg DzDDEHDIBIZELE L, ZODHIZRIBIZICEAT

DB/ SAXA—Y—ZEHEIT D ETHD.
HHRBLUFHE

1. YD O 7= B FHEE O RET

RAHMRICERSNEZRENBEEZFOPH 50—
BDEBRDRUIBIMOEIRICIES DEER DL DIOEE
L7z 30 BBDE 6-7 phEEEBE®RZRALZ (B1). &
REEERORTICIE, IS —BFRARTEE (HK-
333 BIRIET, #LiRm) ZAL/z. OB&EsH (2017)
DFEICED, 30 BORASITEEHRZ R RICENRIU,
CNICHLT, HADTHBICIBNZ 5 ADHTESBICKD
MERBYRBERAZM D/I\Y Y DENRICRI T 2 sHIEE S Z.
BH, KARICB(T2AROFBDE (Visual evaluation
values in Figure 3) [FMEMEVESHHOWVWC CZERKT
3. FHhEFBENICKABEHEEROETS XOFHDIC
1FEERSULTHD, FRNIBEBEH N 5,000 8B E
ThdEEUE. FHDERBEHABAWVEDN SIERL
FU, DT 5 ADFHHBED T % RIREISHBHIE
UCRLE.

Bg@RITEEFEOBS (2006) H'BEFELEZFEADER
@iy 7 &~ (BeefAnalyzer-G : CSYU1—3Y, #
1R ZBNTELB UiZ. RARICBVIZEBIRBRNTEERR,
O—A0\EE BIhXMATORBROMKEIS KO NFI
DIFAEICHZ, RO NFIEBICAVSNTNSO—
ASEES KO M T DORBREOBI Z DI/
SDOREZERIBHOIZLER (FR1) &L, AR
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REA 63cm?
BMS No.11

REA 55cm? o ¥

BMS No.10 £

Figure 1

REA 121cm?
BMS No.11

Example of the carcass cross section image, various shape of the rib eye

area and of marbling in Japanese Black cattle (between 6th and 7th rib).
REA = rib eye area, BMS = beef marbling standard.

Table 1 Candidates for new evaluation indices
of marbling fineness

Pattern diagram’

Index
a b o]

) A/B 0.160 0.107 0.080
2 A/B? 0.006 0.002 0.001
(©) A/B® 0.000 0.000 0.000
4 A?/B 0.640 0.640 0.640
5) v A/B 0.080 0.044 0.028
(6) A/ B 3.200 4.800 6.400
NFI AV B 0.800 0.800 0.800

A = Sum of circumferential lengths of marbling
particles, B = Rib eye area. 1 ; shown in Figure
2. NFI = new fineness index.

BFHBE S DB ZIT oz, &2 ICASERZIMDMEDH
TICETREANZERUEZ. M 2-b BXUH 2-c H'H 2-a
D 2.25 BB KU 4 BORAB KUMEIMEREZR DI
B, IWYOREZEXRIBHOMZRIBRNEDRDBRE
ZRIDZERIICTIUEL HET2HICESAS (SAS
Institute Inc., 1985) M CORR Z7O¥ I vZzMALE.

2. MMFPOEREERTHALERICET 5 EEHN

A= —DHE

F—%F 2005 F9 A5 2018 F 6 SO ICIEE

ADRKAMIZIC EHBSNTZRENZE 254328 (2

BE=# 91 (2) 1 103-110, 2020

104

17,969 88, XX 7463 88) =AW, CO, B
ERDEEDDS, MBPEREN 3BREDORRICHEK
I2ED, CHAMNMTHL JZEREDSHNDED,
KARICIRIEN DD EDEDHTITE L TLRWNEHIKT L CThR
HAUEZ DBEDEADISRIOBRMOKEEICE
AIREMLFO0 7O J 3 L (Misztal 5 2002) Z{&£ A L.
BB “VIVETIVICKDEE Uz, MEFEERIERLE
FTHD, REOFMFECEMIE 82,031 BiAEERDE.
FRAUEHENETIVERSBUR YYD RFEL TS
EFIL (RBRREYY—2019) Z5EE L, IFITRT.

Yin = SrtYS+Fitbfutastirtastud+Uiteu

CIT, Y [FBEBDOHEAE, S (&I EEDHDIR (2
KHE), YS (& BEDESF - TEIDIMR (52 KH), F«
FkBEDIEEEROMR (330 K#E) THOH, ZN<
NBEHIREUTHVE. bIHERIEZEZERT DT,
1BF [kl DESAREL Ty ICH T D—ROIFHRECTHD, a
BRU @ [FENZNESRE tiw (CHTD—RBLTR
QRFETHD, INSEHEBEUER. uw [FBE ik
DIENBETC TR, ew [FEEERL, TNENEEW
RELVLTEFNICESODz. NFIBRONTFYDREZRT
FIZBBRERABNEE COEGHEEOHEICEZEE
PRIVETIVERWVEZ. 8, 8I00mEiToIcHdNT
WAEKDE T ([CEEDERFHZENEL CIRREEE
BIDIEICKD, IERFHDERICLDIBNNETDE
OEL EMETERY YRI D LB#ESER 2001) =
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NF1=0.80
( ) NF1-2=0.08

NF1=0.80
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NF1=0.80
( ) NFI-2=0.16
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( ) NFI1=1.20

NF1=2.40
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10cm 10cm

10cm 10cm

Figure 2 Pattern diagrams (black area : muscle, white area : marbling) of marbling
fineness which have same marbling percentage (4%).
NFIl = new fineness index, NFI-2 = index (1) in Table 1.

Table 2 Phenotypic basic statistics of the tested cattle (n = 30)

Trait Mean = SD Min Max

Rib eye area (cm?) 748 + 163 55.0 121.0
Beef marbling standard (BMS) 109 =+ 0.8 10.0 12.0
Marbling percentage (%) 587 =+ 34 51.9 65.2
Sum of perimeters of marbling particles (cm) 8288 £ 1375 602.9 1,150.3

SD = standard deviation.

57887z (Henderson 1976). &7z, ECHBBEETRT
EOICEBMFOHTEERMZIRELL, TNENEES
EICFHLEBEZRVE. B, HEBERMODEEERE
Jamrozik 5 (2000) OB EZEFEAUTCHEEL, 0.4 11
LoBEOHEFEBUE.

BRELVEE

1. NP OREERTH L LIEEORE

4 (n =30) [CBIFDIXRRIAKFROER TS
K2lCmUE. #EFICHITDIO0O-REERIE S5 D05
121ecm* D&EHE CThH o7z, HAFTICBITIREREE
16.3cm* Ch 22l &END, HEFAICSITHO0—RAR
BREORESDEEFARED oz #HEHFICHHF 2 BMS
No. D&E#EIE 10 5 12 TH D, 5 (10.9) F£ED
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RENRBEZT (71 BEARABMH = 2017) KDH
aofz. LHL, BMS No. [CHITDIRHERm=Z= G
TO08Thorzl&, &5IC, EIhEREIGDRERED
B4%Th oIz END, HEAFWICHII DIEIMIHED
ESDENEL, IERnsEDENHIES DRIRGVFHEIC
S5X2FEBEERNNSDOIZEEZSND.

K 3(CHER1 D56 BKX0 NFI ERIRBIFHDEE D18
BEfRERUZ. 518105 6 DPTREMEENEH O
DI, st F DRIBROFZO0—ALEE CHRU
1536 (B8R 1) THO, r=—081Thoz (UTF,
BRI YOREZRDBEYICKIEBIER, IBDE
NFI-2 £93). —75, RO NFI CARIREIFHIDES D18
BEREIE—0.06 TH D, BERERDBOSNEDDEZ.
INUE, NFIDFHENRO—RASDORESCTH 2 60cm?
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FIBREEEIERESNTVRCENREEZEZSND. B
2-a~f [FIEIHEREEIE N 4 %DO—AEDERRN THD.
& 2-a-b-c ICBNT, ¢, b BKU a DIBICHSWNIEHER
MTHAN, NFlIFRUEZERI—A, NFI-2Fznak
BRLUTWD. 2-a-d BROH 2-c-e-f &, ZNENEALU
O—AbBEECHDN, RIRHBIBHSE NFI DEG—
BLTWS. LML, O—RSEENERD, BUBHR
MR TFTORESERD (B2-d-N) 85, RRNICEEIZE
EOHHSTHDICENMDDOLET, NFIEK 2-f[FX 2-d
D2 EBEANVEZETRYS. UEDZEND, O—RASERE
NERETOHNENF [CKD>TEUNS Y ZFHDT D
CENTEETH DD, O—RASBEIASTLERDEHES

Table 3 Correlation coefficients of candidate
indices for marbling fineness, new fineness
index (NFI) with visual evaluation values

Correlation
coefficient
Index 1) A/B —0.81 xx
2) A/B? —-0.78 xx
3) A/B? —-0.73 xx
4) A?/B —0.06 ns
(5) v A/B —-0.78 *x
(6) A%/ B 0.28 ns
NFI AV B —0.06 ns

A = Sum of circumferential lengths of mar-
bling particles, B = Rib eye area.

** P < 0.01, ns ; not significant. NFI = new
fineness index.

O—RDEROFAREEDCEICKD, ZOEVEER
FBRIENTERVEDNTYEBARFHBEL CLRSEE
Z5N%. —5A, NFI-2 Z0—EBEBEZEDEDEHEIC
BWWaize, O—RLEESZ0 DN FORER
EELHTE, BHRBO0—RARDARESICEMIHTEDEE
A5NS. B3 ICIEAROFHHES NFIZSOIC NFI-2
BHRU NFI & NFI-2 cOEfRERULZ. NFI CREREVET
MEDRER (K 3-a) (F#HEBE (r=-0.06) Thdl&
RSNz, R2ICRLEXRDIC, #HEFICHIFH0—
ABEEDESDEFIFBICKENCEICEALT, NF
CARMFHDEICIFBENHONBED DIZEEXEND.
NFI-2 ERROFFHDEDR R (K 3-b) FEMRKN (=
—0.81) ThaIENERSN, D—RLERICIESD
EN'B0, BIERIGHERECH D TEHLRDIELIN
Ty cEHEmBNZ. Kz, NFIENF-2 (B
3-c) [CIFg8WLBRS (r = 0.30) WRRDHSNz. AR T
BALEZT—%(E BMS No.10 I LT, O—XREERAIC
REREISDEERDBOENRELEZN, —fRmhi5ICE
BSNEZREENE (n =25432) [CBHBFS BMS No. &
D NFI & NFI-2 DR ICBWLEES (0.80~0.89 © % 4)
NRHSNTz. NFI ORFEEICE, 523 BMS No. (C
DV TARRNFHDEES NFI ED1BEZEHRELTCHD (O
BEEH 2017), FMRICHITSD BMS No. DFRWVERE
ATHROSNEZHBRIE, BLLBMS No. [CEERTCEDE
Z251%. LML, NFI-2 CARRFTHHORERZERLL
BMS No. TIFIT 2 ENSEDRECHD. B4 )t
ED NFI & RIRIFHDE E DD VB K E D D T2 AR
WBEERERUEZ. B4-aBRUOR4-bICHFDNFID
JIEAI1E 30 BEPHBOIVNBDDSIRICZNZN A UB KO 4
UCoHO, ARKFHDEDIRAEHEONEDDSIEICZEN

Table 4 Correlation coefficients and basic statistics of NFI and NFI-2 for
each beef marbling standard (BMS) numbers in Japanese Black cattle

BMS No. Corrglation NF| NFI-2

coefficient Mean + SD Mean + SD

2 0.89 523 592 + 108 85 + 16
3 0.87 2,374 665 *+ 89 92 + 12
4 0.84 4,440 717 + 86 98 + 1.2
5 0.84 4156 758 + 87 101 = 1.1
6 0.83 4,060 785 + 86 103 = 1.1
7 0.84 3,618 816 = 88 106 = 1.1
8 0.84 2,446 841 + 89 107 = 1.1
9 0.84 2,049 869 = 92 109 £ 12
10 0.86 1,022 90.3 = 101 11 £ 12
11 0.86 562 946 =+ 100 113 £ 13
12 0.80 182 100.7 = 104 117 £ 13

SD = standard deviation. NFI = new fineness index, NFI-2 = index (1) in

Table 1.
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Visual evaluation values

Visual evaluation values

Figure 3 Relationship between visual evaluation values and NFI (a) and NFI-2 (b),

and between NFIl and NFI-2 (c).

NFIl = new fineness index, NFI-2 = index (1) in Table 1.

NFI
NFI-2

REA 87cm
BMS No.12

110.1
12.5

NFI
NFI-2

108.4
10.2

REA 121cm? B
BMS No.11

Figure 4 The carcass cross section image of dissociation incurred between NFI
and visual evaluation values for marbling fineness.
REA = rib eye area, BMS = beef marbling standard, NFI = new fineness index,

NFI-2 = index (1) in Table 1.

ZN2MUBKU 30 CTholz. O—REERBEEZENE
N7 HLU 121cm* ThH D, EE55BTFHNREHEE
ERTO—-RGhREH oz, ¥2-d-f ZBRNTERUZ
KD, NFIFOD—REERORESIC/I\SYVFHH D5
BOERICELTHSTF, O—ABHRIRICAKENEEIC
[FNTYOBRFHBERD, ARICKD/NTIDIREZEE
PICKIR CERNECHRUE.

2. MYUOREEZRIHL-LER (NFI-2) SBT3

BIEHINT X — 2 —DHE

x5 ([CEGOMICAVERIBESRFROERRS 2R
U7z, &6 ICIE NFISBKU NFI-2 DDBID B ROER
KZERUZ. B5RETCHMICAVZEED NFI-2DE
ARNISLZERUTHED, ERDMCHOZ. NFIBRY
NFI-2 DELGEF 062 BKXU 055 THD, &55657
VEBTEMEESNEZ. NES (2014) DS UIZ NFI
DEREE 0.69 THOAMADIBREALLEZ. BLIE
BEMEESNZIENS, NFI-2 DEGHHRRIE 2T
REChDEHRUEZ. Tz, R7TICNFIBKUNFI-2 &
RABNEEEOEGIEEZERUZ. NFI CRABNEE
COEGIBRE, KAZE[BRIURESOESMEICTENIE
DO (022 HK00.26) HdD, K TEEHDESED
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BICENEB DB (—-0.24) ZRUE. &5I1C, O—2X
BEEES KU BMS No. EICs8WIEDER (0.66 3K
00.68) H#ESNEZ. TBH5, NFIFREREHEE
EDRBICVFNBIFRUWLEGIBENMESNZ. D&
5, NFIZHRI D ETHRADBRENRICH U TIFR
UWWBRER O CED. BEICHES (2014) H'#R
EURENFIERABERE - DBEIBEE, RAZEE, O—
A5EE FS0ES, KTERE S8EEBSLIO
BMS cZ#n#&nn0.20, 0.64, 0.20, —0.25, 059 HBKX
U069 ThD, AMRDEREBECTHD/Z. NFI-2 (S
DT DRABNTEEEDERIBEIE—0.06 5 0.49 DE
BTHD, EDNFI (-024H5068) &L TS
VBRIDRESR SNz, (T, O— RSB EDEEERIIE,
NFI TBWIEDBTHD—7H, NFI-2 TIFFIEBVIEDETH
DZEDS, NFIR2 [ENFI KDBEO0—RSEBEICKELU
BOWBEZTHDEEZ5N, NFIHZHARTNFI-2 DAH
BERA MR T DI RE S ERRUIZHIETCHD EE
Z5N3. LEHSST, NFIR2 ZHNWTCERURT D&
[CKRDTHERD NFI FETIEFBEWVEDD, HABMNEE
CEFRUWLWEENDD I EDRESNEZ. F2, NFIE
NFI-2 BIZ38WIE (0.84) MEGIEENB LNz EH D,
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Table 5 Phenotypic basic statistics of the animals for carcass grading and
image analysis traits which were used in genetic analysis

Steer (n = 17,969)

Heifer (n = 7.463)

Trait
Mean + SD Mean £ SD

Carcass weight (kg) 4730 = 540 4305 + 526
Rib eye area (cm?) 589 £ 89 572 + 91
Rib thickness (cm) 78 £ 09 77 £ 09
Subcutaneous fat thickness (cm) 23 = 07 28 = 08
Yield score 743 £ 14 741 £ 15
Beef marbling standard (BMS) 62 = 22 57 £ 21
Marbling percent (%) 489 + 83 468 + 87
New fineness index (NFI) 786 £ 114 765 £ 119
NFI-2 103 £ 13 101 = 14

SD = standard deviation. NFI-2 = index (1) in Table 1.

Table 6 Estimated variance component and
heritability (h*) for NFI and NFI-2

Genetic Residual 2

Trait variance variance + SE
NFI 67.08 41.39 062 = 0.04
NFI-2 0.76 0.62 055 £ 0.03

SE = standard error, NFlI = new fineness index,
NFI-2 = index (1) in Table 1.

1000
800
>
2 600
[}
o
g 400
w
200
0
VONTHDINNGYMONT WA
T O ON OO OO OO A AN MMM T N O N
R IR R B B R I IR IR B |
NFI-2

Figure 5 NFI-2 histogram of rib eyes which were
used in genetic analysis.
NFI-2 = index (1) in Table 1.

INFETITYDIE/IREULTHALSNTEZNFI EXE
<EBDIEBRL, O—RABERONAEVKRICHIGTE
BDNFI-2 [CKBITDIEHBTURECTHD IEHRSNE.
7Z72U, NFI & NFI-2 DWW BRE MK FDREIE K
DFEZEDFELTVDIEDD, INSICDVTHRT
D56, ISR TFORNER D723 TR BRI
FORRDBRL G DIEEICBRINETRBRLNEE
A5N3.

6 ICIE, FHEMAF-ICBIFD NFI, NFI-2, O—X B
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Table 7 Estimated genetic correlation of car-
cass traits with NFI and NFI-2

Trait NFI NFI-2
Carcass weight 0.22 —0.01
Rib eye area 0.66 0.16
Rib thickness 0.26 0.08
Subcutaneous fat thickness —0.24 —-0.06
Yield score 0.60 0.21
Beef marbling standard (BMS) 0.68 0.49
Marbling percent 0.63 0.41
NFI-2 0.84 1.00

NFI = new fineness index, NFI-2 = index (1) in
Table 1.

2.0
15
1.0
0.5
0.0

-0.5

Standardized breeding value

-1.0

-1.5

-2.0

1988 1992 1996 2000

Year

2004

2008

2012

Figure 6 Genetic trend of standardized breeding
value for NFI (L), NFI-2 (&), rib eye area (x) and
marbling percent (O).

NFI = new fineness index, NFI-2 = index (1) in
Table 1.
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BOKROBIHERISDECIBEERUE. 4REHR(IC
1990 EnoiEtEB Th o 72h, NFI-2 ZFR< 3 &S
ZDE[BHBECTH D= NFIBKU NFI-2 (& 2004 F
KTFBRUUEZHER TODZD, 2005 LI, NFI (&8
NEFHFZEOD, NFI-2 FEDPHBRENICE U
2013 F(CHIFDIRELBRMOIE NFI HKO NFI-2
TO074BKU 006 ThHD, ZDDRERDEGIEREIE
alCHEMODS T, RELERMBOENKEN Oz O—
AHEREBRUBEHBEEIS ESVEEGRHEE (0.66 BK
0 0.63) &HD NFI [FZN 5B EBIERODETGIHEE
U, \BhoPEEDEEIBRE (016 8KU041) =
FFD NFI-2 (& NFI [N THEE L BRI OB IEIMEW
ZENBELEERDE. —KRIC, BMS No. [FeRDI%R
FEEBO>THD, BMS No. EO—RSBEEDEICIED
BEBENRSESNTNS (Oyama 2011). O—RIC
FEHARREIHDEENSDZH, BMS No. DEEEBRHERIC
KOs |ERISNIZiEILEEDENMAFOO0—EHE
BINKD—REBRODTVDEEZEZDBND. AARICBNT
B, O—RADEBEDKLUEHDREISDRECERME,
1988 F CTZNZEN—-059 B KU —-119ThH O, 2013
FETENZN136BLV 111 ERES<HBSINTWNS.
O—B@EEE NFI BXRO NFI-2 DEEGBEE 0.66 8
KU 016 THD, KEKEBOTWVD. DEDZEND,
NFl [CH DN 2BEHNBRFO— A SEEd RUEhEE
FEDURICKDEDTHDEEZHN, O—AtBEES
$5LVBRIZRFD NFI-2 FZENEFECHRENTLRNER
BNz, 0D, 5% ITIOREZEXRDENICE
IRTED NFI2 [CRDEENGHEENRDEFR UL

X 73
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A new evaluation method of marbling fineness in M. longissimus
thoracic of Japanese Black Cattle

Yako GOTO', Reina ASA', Koichi HAGIYA' and Keigo KUCHIDA'

' Obihiro University of Agriculture and Veterinary Medicine, Obihiro 080-8555, Japan
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In recent years, marbling fineness has been attracted attention for the evaluation of meat quality of
Japanese Black cattle, and it must be converted into the numerical value. Therefore, we examined
several image analysis methods for objective evaluation of marbling fineness, and estimated its genetic
parameters. Thirty Japanese Black cattle, various shape of the rib eye area and of marbling, were used
in this study. The carcass images were captured from the 6-7th rib cross section. To determine visual
evaluation values of marbling based on the fineness, five skilled panelists allocated for the carcass
assessment. Six different calculations, the sum of circumferential lengths of marbling particles which
were obtained by image analysis, for the new evaluation methods of marbling fineness were examined,
and correlation analysis with visual evaluation values were conducted. Data for genetic analysis were
collected from the Japanese Black cattle (n = 25,432) listed on the carcass market in Hokkaido between
September 2005 and July 2018. The range of rib eye area and beef marbling standard (BMS) for the
thirty selected rib eyes were 55 to 121 cm? and 10 to 12, respectively. The correlation coefficient be-
tween the visual evaluation values and the values obtained by dividing the sum of circumferential
lengths of marbling particles by the area of the rib eye area (NFI-2) was the strongest correlation
(—0.81). The heritability of NFI-2 was 0.55, which indicated that the trait for which genetic improvement
might be sufficiently possible.
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