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Abstract Beef carcass grade is an important factor in determining the quality and
price of beef in Japan. Currently the grade is mainly estimated visually by standardized
Beef Marbling Scores. The size and form of intramuscular (I/M) fat particles also
influence meat quality. This study was conducted to develop a method which expresses
numerically the marbling score and the form of the I/M fat via Computer Image
Analysis. Progeny testing records and images of the rib-eye muscle (M. longissimus
thoracic) between the 5th and 6th rib of Japanese Black (JB) and Japanese Shorthorn
(JS) were used to estimate heritabilities, genetic and phenotypic correlations for growth,
and carcass and meat quality traits. These data were collected from the Aomori, Akita,
Iwate, and Miyagi prefectural Animal Husbandry Experimental Stations, and the Ohu
National Livestock Breeding Station, for 14 years from 1975 to 1988. The mean values of
the I/M fat ratios within the rib-eye muscle were 7.88% and 5.18% for JB and JS,
respectively. No significant differences were detected between breeds for the area score
and form score of marbling. Genetic parameters were calculated by Harvey’s least
squares analysis program of LSMLMW. The heritability estimates of I/M fat ratio via
image analysis were 1.09 (JB), and 0.45 (JS). Genetic correlations Between daily gain
and marbling score by grading or I/M fat ratio via Image Analysis of JB were 0.02 and
0.01, respectively, but those of JS were 0.52 and —0.67, respectively. The phenotypic
correlations between the marbling score and I/M fat ratio were comparatively high (0.63
in JB) and low (0.14 in JS). This might indicate difficulty in grading the marbling score
in breeds having a low I/M fat ratio.
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Techniques for objectively measuring intra-  ously.

The first object of this study was,

muscular (I/M) fat within the rib-eye muscle
would greatly contribute to genetic improve-
ment, as this trait is economically very
important in Japan. NEwMan® reported tech-
niques to estimate the I/M fat ratio using
retail-slices of boneless beef, and NAKAI
et al.”, Hosuino® also reported on image anal-
ysis method. But image data from progeny
testing cattle have not been reported previ-
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therefore, to develop an Image Analysis meth-
od to estimate the I/M fat ratio and the form
of the marbling particles.
to obtain genetic parameters for growth,
carcass and meat quality traits estimated by
Image Analysis using the progeny testing re-
cords of Japanese Black and Japanese Shorthorn
breeds. Differences in the marbling charac-
teristics between the two breeds were also
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The second aim was
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investigated.

Materials and Methods

Image Analysis System and Computer Pro-
gram : The image analysis was caried out by
the Computer Image Analysis system (NEC
Ltd., Tokyo) at the Computer Center of
Tohoku University. The main components of
this system were a Host computer (ACOS-
2000), Mini computer (MS-135), Image display
control equipment (N 7835-12) and Color video
camera (N 7836-63). Image data from pictures
taken by color video camera was linked to the
Image Analysis System, and saved in a com-
puter image memory. The data were composed
of column (corresponds to X-axis), line (Y-
axis) and band (Red, Green and Blue com-
ponent).

The computer program was developed in
FORTRAN program language using SPIDER
and RSIPS-II which are sub-routine packages
for image analysis.

The image data of the rib-eye muscle were
inputted by Color Video Camera equipment and
transformed into digital signals : 0 (lean) and
1 (fat). The inputted image data included
some unnecessary outside area of the rib-eye
muscle. It was therefore necessary to remove
this part. In this study, the boundary of the
rib-eye muscle was detected by the KirscH®
method and the outside area of the boundary
was excluded. The I/M fat ratio was calcu-
lated as follows : : '

FR = Pf/Pr = 100 o
where, FR : the I/M fat ratio,
Pf : the number of pixels of I/M fat,
Pr : the number of pixels of rib-eye
muscleg
Pictures of theirib=eye. muscle between the 5th
and 6th ribs, taken during gradlng, were used
as the image data. :

“The''size and form 6f M fat :particles are .

important factors in deciding .meat price and
grade. Thus, an objective method of estima-
ting them- via Image Analysis was inyestigated.
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The mean of the area of each I/M fat particle
This was defined as
The area score was

represents its coarseness.
‘area score’ in this study.
calculated as follows :

AS = Pf/Nf/Pr = 10000

where, AS : the area score,
Pf : the number of pixels of I/M fat,
Nf : the number of I/M fat Particles,
Pr : the number of pixels of rib-eye

muscle.
As the area of the rib-eye muscle images were
different, these were adjusted by dividing by
the number of pixels of rib-eye muscle.

The circumference length of I/M fat parti-
cles, when compared to their area score, can be
used as an estimate of the marbling form. The
circumference length and- ‘the form score’
which describes the form of I/M fat were
calculated as follows :

CL = Sc/Nf/Pr * 100

where, CL : the circumference length,

Sc: the sum of circumferences of
individual marbling particles,

Nf : the number of I/M fat particles,

Pr : the number of pixels for rib-eye
muscle.

= AS/CL « 100

where, FS : the form score,
AS : the area score,
CL : the circumference.

A high form score for I/M fat indicates a
circular form, and a low score indicates an
elliptical form.

Image analysis of progeny testing data:
Progeny testing records of Japanese Black (JB)
and Japanese Shorthorn (JS) were used in this
study. These data were collected from 244
(JB) and 350 (JS) steers for 14 years from 1975
to 1988. Data from steers with inferior picture
quality was discarded. These cattle were sired
by 34 (JB) and 56 (JS) bulls raised at the
Aomori, Akita, Iwate, and Miyagi Prefectural
Animal Husbandry Experimental Stations and
the Ohu National Livestock Breeding Station.
The number of steers and sirés by year and
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Table 1. Number of steers and sires by breed and station
Station
Breed Aomori Akita . Iwate Miyagi Ohu Total
Japanese — 52 17 12 — 34
Black — 37® 101 106 — 244
Japanese 25 — 17 — 14 56
Shorthorn 154 — 104 — 92 350

al: Upper row-number of sires,
b: Lower row-number of steers.

station are shown in Table 1.

In the analysis, carcass grades were con-
verted into the following indices ; Tokusen to
100, Gokujo to 80, Jo to 60, Chu to 40 and
Nami to 20. Marbling scores were coded simi-
larly “1+” to 1.33, “2-~" to 1.67, “2” to 2.00
and so on. Analysis was done by the least
squares analysis of variance procedure of
HarveyY. of heritability, and ge-
netic or phenotypic correlations were calculated
from paternal half-sib. The mathematical
model is as follows :

Y =p+tYSi+s;+a(xj—%)
+ay (x5~ B+ ey

Estimates

h

where, Y : the k™ observation for the j*
sire within the i*" year-station,
1 : the population mean,
YS; : effect of the i*" year-station,
s;; : effect of the j*" sire, within the
i*® year-station,
a, : partial regression coefficient on
initial age (linear),
a, : partial regression coefficient on
initial age (quadratic),
X © the continuous independent var-
iable age,
% : the arithmetic mean of the x,
i : the residual error.

Sire and residual error were treated as
random and the other sources of -variance were
considered as fixed effects. This model was
adopted because the quadratic effect of age at
the start of the test was significant (p<<0.05)
for dressing percentage.
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Results and Discussion

Compared to red and white paper standardé,
the error of estimation of Computer Image
Analysis was less than 4 percent. Therefore,
this method is more exact than the judgement
of marbling score by visual grading”.

The quality of the picture around the rib-eye
muscle is important for exact estimation. In
particular, the contrast between the lean and
fat areas has a great influence on the Image
Analysis measurement.

Analyses of variance were performed to
examine the differences between the two breeds.
Table 2 shows the least-squares means and
their standard errors for growth and carcass
traits of JB and JS steers in progeny. testing.
The significant differences between the two
breeds in daily gain, dressing percentage, rib-
eye muscle, subcutaneous fat thickness at the
withers, marbling score and carcass grade were
examined. Dressing percentage, rib-eye mus-
cle, marbling score and carcass grade of JB
were significantly higher than those of JS.
These results of JB were similar to previous
reports by Yana et al.'” and MukaI et al.?,
and the results for JS were nearly consistent
with results of MATSUKAWA et al.”. Table 3
shows the least square means and their stan-
dard errors for I/M fat ratio, area score and
form score. I/M fat ratio of JB was signifi-
cantly (p<0.01) higher than that of JS. This
was consistent with the results of grading
score from the progeny testing. No differences
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Table 2.

Least squares means and their standard errors for growth and carcass

traits of Japanese Black and Japanese Shorthorn steers

Traits Japanese Black Japanese Shorthorn
Daily gain(kg/day) 0.816*%0.06 1.001*%+0.08
Final body weight(kg) 523.0 *+3.14 533.0 *+2.22
Dressing percentage(%) 63.6% +0.13 61.3% =+0.09
Rib eye arealcm? 49.3%* +0.36 38.5% +0,27
Fat thickness(em) 1.29% +0.03 1.68% £0,02
Marbling score? 3.20*% £0.04 1.04* +0,03
Carcass grade® 76.0% +0.88 35.0% +0.64

a) . no+» 0.33, ny_» 067, nqn '_.1.00;”1+u 1-33

b : TOKUSEN:-100; GOKUJO---80; JO---60;

CYU---40; NAMI--20

*) : Significantly (p<C0.05) different in each row

The least squares means and their
concerning

Table 3.
standard errors for three traits
Image Analysis of I/M fat

Traits Japanese Black Japanese Shorthorn
I/M fatratio 7.88*%0.3 5,18%+0.2
Area score 9.8 4.2 93.4 =*3.5
Form score 26.3 0.4 27.2 =*0.4

*): Significantly (p<<0.05) different in each row.

were detected between the two breeds for area
nor form score. The attention should be given
in comparison with these traits for two breeds,
because the testing term for JB was 364 days
while that of JS was 308 days.

According to the results from this study, the
I/M fat ratios calculated by Image Analysis
for JB and JS were 7.88% and 5.18%, respec-
tively. Marbling ‘scores assessed by grading
were 3.20 and 1.04 for JB and JS, respectively.
This result indicated that the relationship
between I/M fat ratio and marbling score was
not in proportion. NAKAI et al.” have cal-
culated the fat ratio within the rib-eye muscle
using picture standards to judge marbling
score. The method used the Carcass Grading
Standard (former standard) revised by the
Nippon Meat Grading Association in 1979. It
appears that the relationship between the
marbling score judged by this standard and the
I/M fat ratio calculated by Image Analysis was
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not linear. All data used in this study were
judged by the former standard. This could
cause differences in the results for marbling
score and I/M fat ratio.
revised the same association in 1988, the
relationship between the marbling score and
the I/M fat ratio was defined to be linear.

The results of analysis of variance on meat
quality are given in Table 4. In JB, dressing
percentage, subcutaneous fat thickness (not
shown in the table), marbling score, I/M fat
ratio, area score and form score were signifi-
cantly affected by year-station, and all traits
were significantly affected by sire within year-
station. In JS, the effects of year-station
were significant for all traits except carcass
grade (not shown in the table). Similarly, sire
effects were significant for all traits.

In the new standard

The effects of year—station on dressing per-
centage, subcutaneous fat thickness, marbling
score, I/M fat ratio, area score, form score in
JB, and on all traits in JS, were highly signif-
icant. The progeny testing programs were
standardized with respect to the facilities and
But these programs
were operated independently at each station

the feeding condition.

and used progeny produced from  different
original maternal populations which deviated
from each other in body size'’.
weather were greatly different

among stations.

Moreover,
conditions
Therefore, the effect of sire



Meat Quality Evaluation by Image Analysis

Table 4. Mean squares for meat quality traits of Japanese Black and Japanese Shorthorn
steers ’ ‘
Source Degree Marbling I/M Area Form
Breed of of score fat score score
variation freedom ratio )
Year-Station 12 3,912 123, 00** 27560** 303, 3%*
Sire within 19 2.655%* 31,96%** 20304** 213, 1**
Japanese Year-station i :
Regression on 1 0.001 0.00 1640 8.2
Black age(linear) )
Regression on 1 0.000 0.00 1736 7.4
age(quadratic)
Error 210 0.833 8.77 4794 12,8
Year-Station 25 1.406** 66, 89** 4037** 312, 9%*
Sire within 29 0.928%* 17.86%* 3400* 103.0%*
Japanese Year-station
Shorthorn Regression on 1 0.222 4,18 1554 36.5
age(linear)
Regression on 1 0.199 4,43 - 1520 59,7
age(quadratic)
Error 293 0.280 5,01 2145 38.8
*. p<<0.05, **; p<<0.01
within year-station could be confounded with Table 5.  Heritability estimates and their

the station effect. Hence, in order to estimate
better sire performance for all stations, it
might be useful to use a reference sire to adjust
the differences in dam and circumstance.

Linear and quadratic effects of age at the
start of the test were not significant except for
dressing percentage in JB.

Table 5 gives estimates of heritability for
meat - quality traits. Genetic and phenotypic
correlations between meat quality traits and
other traits are given in Table6. The
estimates of heritability for JB were over 1.00
for most traits. This might be caused by
the fact that sire variances in JB for most
traits were greater than those in JS*%®. The
heritabilities in JS were moderate for I/M fat
ratio and area score, and high for form score.
The phenotypic correlation between marbling
score at grading and I/M fat ratio calculated
by Image Analysis was relatively high (0.63) in
JB, but fairly low (0.14) in JS. KucHIDA
et al.¥ reported that JS was lower for mar-
bling score and narrower for its range than JB.
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standard errors for meat quality traits of
Japanese Black and Japanese Shorthorn
steers

Heritability =S.E. .

Japanese Japanese

Traits Black Shorthorn
Marbling score 1.30+0,31 0.88+0.20
I/M fat ratio 1.09+0,32 - 0.45+0.20
Area score 1,06+0.32 0.31+0.19
Form score - ‘ 0.81%0.24

Such differences could cause the difference in
phenotypic correlations seen here between the
breeds. The heritability estimates for mar-
bling score and I/M fat ratio were similarly
high. The heritability for marbling score in
JS was also high, but the estimate for I/M fat
ratio was moderate

The genetic correlations between daily gain
and either marbling score or I/M fat ratio in
JB were estimated to be -positive and near
0.  These " estimates are in good agreement

with the results of YANG et al.'®, and MUKAI
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Table 6. Genetic and phenotypic correlations for meat quality traits of Japanese Black and

Japanese Shorthorn steers

Marbling I/M fat Area Form
Breed score ratio score score
Daily gain G¢ 0.,02+0.28® 0,01+0.3l 0,06+0,31 —0.08+0,27
) P -0.,01 0.01 0.00 0.07
Final body weight G -0.21+0,27 -0.17%£0.32 0.16*+0.32 —0.10*0.28
P -0.10 —0.10 —0.00 0.09
Japanese Dressing percentage G 0.,29%£0.30 0.47%0.35 0.59+0.34 —0,21+0.34
Black ’ P 0.08 0.03 0.06 —0.07
Fat thickness G —0.24+0.25 —0.33%+0.28 0,28%+0,28 —0,23+0.28
P —0.08 —-0.14 0.06 —0.09
Rib-eye area G 0.67%0.22 0.64+0.28 0.00£0,35 0.34+0,28
P 0.17 0.48 —0.13 0.28
Carcass grade G 1.15%0.30 0.64+0,19 —0.63%0,26 0.40%+0.23
P 0.80 0.46 —0.25 0.18
Marbling score G 0.64+0,19 -—0.63%0.26 0.40%0.23
P 0.63 -0,13 0.25
I/M fat ratio G —0.20+0,30 0.82%+0,22
P 0.14 0.14
Area score G —0.65+0,23
P —0.42
Daily gain G 0.52+0.23 —0.67+0,46 —0.38*0.53 0.03%0,40
) P 0.16 0.40 0.16 0.19
. Final body weight G 0.21+0,24 —0.67+0,39 0.13+0.45 —0.42%£0.33
P 0.14 —0.06 0.04 —0.03
Japanese Dressing percentage G 0.09+0,26 —1.35+2,73 —0.70£1.78 —0.18:+0.98
Shorthorn P 0.06 —0.10 —0.05 ~0.06
Fat thickness G -0.11+0.23 —0.66+0,33 —0.06%+0.38 —0.41+£0,27
. P 0.14 -0.14 0.01 —0.14
Rib-eye area G 0.30+0.24 0.26*+0.36 —0.36+0.44 0.23%+0.30
P 0.01 0.06 —0.18 0.23
Carcass grade G 1.10+£0.02 0,49%+0,32 0.49+0.38 —0.18+0.31
P 0.82 0.15 0.14 —0.07
- Marbling score . G 0.23+0.35  0.47%£0.35 —0.17%+0.30
‘ P 0.14 0.23 -0.11
I/M fat ratio G 0.28+0.43  0.24+0.33
P 0.42 0.56
Area score G —0.79+0.42
' P —-0.13

3): G=genetic, P=phenotypic correlations
Y. Genetic correlation and its standard error

l'G) L 10

et al.”, WILSON et a reported the genetic
correlation between - daily gain and marbling

score -in Herefords to be negative. The genetic

correlation between daily gain and marbling
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score by grading in JS was positive and 0.52,
but that between daily gain and I/M fat ratio
by Image Analysis was — 0.67.

From the results of low phenotypic cor-
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relation (0.14) and the difference in genetic
correlations for JS, it was suggested that
judgement of marbling score for a low mar-
bling breed such as JS is very difficult.

The phenotypic correlations of area score
with growth and meat quality traits were
generally low or around 0 except for I/M fat
ratio in JS. Phenotypic correlations of form
score with growth and meat quality traits were
low except for area score in JB and I/M fat
ratio in JS. These results indicate that the
large size of marbling particles in JS are
associated with a high fat ratio in the rib-eye
muscle. Generally, the marbling particles are
rougher in JS than those in JB. This might
influence the phenotypic correlations between
meat quality traits and area or form score.

The genetic correlations between area score
and meat quality traits were negative (—0.63
~ —0.20) in JB and positive (0.28 ~ 0.49) in
JS. Similar correlations of form score with
carcass grade and marbling score were positive
(0.40) in JB and negative (—0.18 ~—0.17) in
JS. These genetic correlations were contrary
in sign in the two breeds. Selection for
increased I/M fat ratio should lead to small
marbling particles in JB, but to large ones in
JS. Genetic correlations between area score
and form score were highly negative in both
breeds. In both breeds, selection for small
marbling particles should therefore lead to a
more circular form of marbling.

Thus, for evaluating the I/M fat ratio, the
method of Image Anajllysis was useful especially
in regard to the breed having the lower mar-
bling level. It mighlc be important for genetic
improvement to develop a method for esti-
mating the I/M fat ratio within the rib-eye
muscle via Image Analysis.
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