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Summary

The fat thicknesses of twenty-eight Japanese Black beef steers were measured with an ultrasonic 
device at eleven points on the cattle prior to slaughter and side dissection. The relation between live 
fat thickness and both weight and percentage of fat and lean, in the carcass was examined. Fat 
thickness obtained from nine points of the chest, flank and rump regions was found to relate significantly 
(P <0.01) to both weight and percentage of fat. However, shoulder fat thickness measurements 
were not significantly related to the weight or percentage of fat or lean in the carcass.

Addition of live fat thickness to animal age or live weight as an independent variable markedly 
improved the precision of multiple regression equations for predicting weight of fat and lean, and 
percentage of fat. In predicting the percentage of lean, both animal age and body weight were not 
employed in. the multiple regression equation. The residual standard deviation for predicting percentage 
of fat and lean were 1.93 and 1.87, respectively. The ultrasonic measurement of fat thickness is 
supposed to be useful to the prediction of carcass composition of beef cattle.
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Introduction

Ultrasonic scanners have been used recently on 
live cattle to visualize tissue outlines. Rib-eye area 
measurements, in ultrasonic and actual tracing on 
the corresponding cross section of carcass, have 
been significantly related (Stouffer et al., 1961; 
Hedrick et al., 1962; Harada et al., 1985; 
Watanabe et al., 1986; Ozutsumi et al., 1988), 
although the miiscle-fat boundaries parallel to the 
sonic beam path has been slightly marked in the 
projected image (Stouffer et al., 1961; Miles et 
al., 1972). A highly significant relationship 
between live estimated fat thickness and actual fat 
thickness in the carcass has been achieved (Hedrick 
et al., 1962; Bennett et al., 1982). Among these, 
ultrasonic techniques have appeared to provide 
reliable discrimination of tissue boundaries per

pendicular to the beam path.
When considering practical application, a 

numerical value should be easily interpreted from 
the image. In addition, ultrasonic technique must 
be evaluated on how well the measurements 
contribute to effective animal production. The 
objective of this research was to evaluate the 
accuracy of the prediction of carcass composition 
with ultrasonic point measurement of fat thickness 
obtained from various positions of live cattle.

Materials and Methods

Twenty-eight Japanese Black steers between 
19.1 and 29 months of age were used. Body 
weight ranged from 545 kg to 665 kg. Fat thick
ness at eleven points on the left side of the steers 
(figure 1) were measured with a real-time ultra
sonic device equipped with 5 MHz probe (Aloka 
Co., Ltd., Japan) during an eleven day period prior 
to slaughtering. The hair was clipped around the 
point and gel was applied to obtain good acoustic 
contact. The transducer was pressed to the point 
firmly so as to obtain a clear video image on the 
screen. Excessive pressure distorts fat tissue and 
underestimates the thickness. Fat thickness was 
measured by a vertically opened caliper on the
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Figure 1. Points of measurement taken. A: 
Intersecting point of line from mandible 
to shoulder and line between vertical 
sides of neck. B: One-sixth of curvili
near distance from dorsal to abdominal 
midline perpendicular to the spine at 
8th vertebra. C: Twice the curvilinear 
distance of position B (again from 
dorsal to abdominal midline) of 8th 
vertebra. D: Threefold distance of posi
tion B of 8th vertebra. E: Equal level to 
position B of 10th vertebra. F: Equal 
lev이 to position C of 10th vertebra. 
G: Equal level to position B of 13th 
vertebra. H: Equal level to position C 
of 13th vertebra. I: Equal level of 
position B on perpendicular midline 
between front articulation of 13th 
vertebrae and Tuber sacrale (hooks). 
J: Middle point on curvilinear line from 
hooks to Artic니ati。sacroiliaca. K: 
Middle point on linear line from pro- 
trudent point of Tuber coxae to behind 
edge of Ossa coxae.

video image. The readings were taken from the 
second layer in the cross-section video profile to 
exclude hide depth (figure 2).

After slaughter, all carcasses were split and 
kept refrigerated at 4°C for two days. The left 
side of each carcass was dissected into lean, fat 
and bone.

Correlations were calculated with live fat 
thickness and both absolute and relative weight of 
fat and lean. Prediction equations for carcass 
composition, taking into account the slaughter age 
and live weight, were developed using commercial

Figure 2. Ultrasonic image of tissue outline near 
the surface of live steer. The distance 
between triangles shows fat thickness 
of measured point.

software (multivariate analysis library I, IBC).

Results and Discussion

Description of carcass component and 
ultrasonic measurement are shown in table 1. 
Simple correlations between ultrasonic measure
ments of fat thickness and carcass measurements 
are shown in table 2. Fat thickness at nine posi
tions significantly related to carcass fat weight. 
However, fat thickness of the neck (point A in 
figure 1) and the first point from the midline at 
the 8th vertebra (point B) did not significantly 
correlate to the fat weight. The low correlation 
obtained from point A is believed to be due to a 
difficulty in reliable discrimination of the border 
of fat from other boundaries. The video image 
obtained from point A displayed some boundaries 
of a shallow depth under the hide. The lowest 
correlation obtained from point B is believed to be
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TABLE 1. DESCRIPTION OF EXPERIMENTAL 
ANIMAL AND CARCASS COMPOSITION1

Minimum Maximum Average S.D.

Age(month) 19.3 29.1 24.7 2.54
Live weight (kg) 545 665 622 37.90
Fat(kg) 29.5 74.3 49.3 9.88
Fat(%) 20.0 37.8 28.1 4.07
Lean(kg) 85.8 119.1 101.7 8.47
Lean(%) 50.6 64.7 58.4 3.26

1 Carcass components were weighed in left side of 
carcass except kidney fat.

TABLE 2. CORRELATION COEFFICIENTS BE
TWEEN LIVE ANIMAL MEASUREMENTS 
AND ULTRASONIC FAT THICKNESS AND 
CARCASS COMPOSITION

Carcass component

Fat(kg) Fat(%) Lean(kg) Lean (%)

Age .67** .71** .01 一.63**
Live weight ,70** .42* .77** -.36

Points of measurement taken
A .30 .22 .26 .21
B .01 .08 -.21 .04
c 77** 77** -.01 -.75**
D .81** .80** .02 一.73**
E .7]** .73** -.06 _,72**
F .82** .76** .16 -.70**
G .81** .75** .15 一.69**
H .76** 74** .08 -.67**
I .77** .76** .06 _ •기**

J .76** .81** -.12 -.76**
K .56** .61** -.12 -.57**

*： P<0.05; **: P<0.01

due to a low reproducibility of the measurements 
per animal. Many times, the boundary between 
fat and muscle was not parallel (usually greatly so) 
to the skin-fat boundery and would occasionally 
become disconnected in the video image. This is 
caused by the measurement being held near the 
ventral boundary of trapezius muscle. Wallace et 
al. (1977) reported that the shoulder fat thickness 
(at the ventral tip of the trapezius muscle, between 

the 5 th rib and 6th rib) was measured with the 
least precision among four positions they 
measured and was the most difficult position to 
standardize in the live animal.

The highest correlation between fat thickness 
and total fat weight was 0.82, obtained from the 
second point from the midline at 10th vertebra 
(point F). The highest correlation between fat 
thickness and carcass fat percentage was 0.81, 
obtained from the rump region (point J). Allison 
(1982) obtained a correlation of 0.75 between a 
single fat thickness 125 mm from the midline at 
the 13th rib and total fat concentration. With 
regard to this point, a correlation coefficient of 
0.75 was obtained from the corresponding point 
G in our trial. Except in the case of point B, 
every fat thickness obtained from ultrasonic 
measurement on the chest and flank regions 
significantly related to both absolute and relative 
weight of fat. Even in the case of two points on 
the rump (points J and K), the relationships were 
highly significant. Kempster et al. (1981) assumed 
that no particular position in the rib region was of 
outstanding value for predicting carcass composi
tion because the position giving the most precise 
prediction depended on the samples of cattle in 
the different trials. The similar correlations 
obtained from different points in the chest and 
flank region in present study confirms that 
ultrasonic measurements of fat thickness of 
different positions are similar in their ability to 
predict carcass fat weight and percentages, when 
the reproducibility of the measurements is 
previously certified by anatomical knowledge.

Kempster et al. (1981) employed live animal 
weight together with ultrasonic measurements of 
fat depth from different positions for predicting 
carcass subcutaneous fat percentage. Allison(l 982) 
reported that a combination of ultrasonic measure
ments from different positions improved the 
accuracy of prediction of carcass composition. 
In the present study live weight and age were 
accounted as proposed independent variables in 
the computation of multiple regression equations 
predicting carcass composition. The prediction 
equations are shown in table 3. Ultrasonic 
measurements gave extra precision when added as 
independent variables to animal age or live weight 
in the prediction equations. In the case of predict
ing lean percentage, neither age nor live weight 
were adopted in the prediction equation.
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TABLE 3. PARTIAL REGRESSION COEFFICIENTS IN THE EQUATIONS TO PREDICT CARCASS 
COMPOSITION WITH 니VE ANIMAL MEASUREMENTS AND ULTRASONIC FAT THICKNESS1

Partial regression coefficients

Intercept
0 **2 

R2 R.S.D.3
Age Live weight Fat thickness (mm)

C F I J

Fat(kg)
— 0.182** — — 一 -63.65 0.45 7.23

1.823** 0.135** — — — — -79.53 0.65 5.88
一 0.088 0.732** 一 0.961** -25.97 0.84 3.97

Fat(%)
1.134** 一 一 一 — — 0.08 0.48 2.94
1.025** 0.019 — — — — -9.03 0.49 2.92
0.367 - 0.247** - 一 0.438** 9.06 0.78 1.93

Lean(kg)
— 0.172** — 一 一 -5.51 0.58 5.49

-1.182** 0.203** — 一 — 一 4.79 0.68 4.80
一 0.237** 一 一 0.791* -0.705* -30.61 0.82 3.62

Lean(%)
-0.813** — 一 一 — — 78.43 0.38 2.58
一0.745** -0.01 — — — — 84.11 0.37 2.60

— — —0.217** _ — 一0.420** 67.50 0.67 1.87

:Fat thicknesses not used are not presented.
:Coefficient of determination adjusted by degrees of freedom.
‘Residual standard deviation; *: p <0.05; **: p <0.01

Live weight was an important independent 
variable in the equation predicting absolute weight 
of carcass fat. However in predicting carcass fat 
percentage live weight was discarded and animal 
age was used in the equation. Significant single and 
partial correlations between age and carcass fat 
percentage in table 4 confirms the advantage of 
using of age for predicting carcass fat percentage 
of Japanese Black steers in the latter period of 
fattening. Residual standard deviation (s.d.) for 
the prediction of fat percentage was 1.93 with a 
base s.d. of 4.07. This residual s.d. compares with 
a residual s.d. of 2.05 with a base s.d. of 4.01 for 
prediction of carcass fat percentage with Dan- 
scanner ultrasonic machine (Allison, 1982) and a 
residual s.d. of 1.58 with a base s.d. of 2.62 for 
prediction of carcass subcutaneous fat percentage 
with Sonatest (Kempster et al., 1981).

Present fat thickness measurement contributed 
to a prediction of lean weight in the carcass (table 
3), although every correlation coefficient between

TABLE 4. SINGLE AND PARTIAL CORRELATION 
COEFFICIENTS BETWEEN LIVE ANIMAL 
MEASUREMENTS AND CARCASS FAT 
PERCENTAGE

Age Live weight Carcass fat(%)

Age 一 .384* .706**
Live weight .134 .422*
Carcass fat(%) .650** .231 —

Partial correlation coefficients are presented under the 
oblique line; *: p<0.05; **:p<0.01

fat thickness and lean weight was not significant 
(table 2). The reason for this contribution is 
due to reciprocal effect of fat weight on lean 
weight in the carcasses. The significant partial 
correlation coefficient of a negative number 
between fat and lean weight (table 5) suggests 
that the steer with less fat in the carcass has more 
lean than those with more fat and the variation
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TABLE 5. SINGLE AND PARTIAL CORRELATION 
COEFFICIENTS BETWEEN LIVE WEIGHT 
AND W 티 GHT OF CARCASS COM
PONENTS

Live weight Lean Fat

Live weight 一 .771** .697**
Lean .895** — .205
Fat .865** -.729** —

Partial correlation coefficients are presented under the 
oblique line; **: p <0.01

in bone weight has little effect on the relationship, 
when comparing steers of equal live weight. 
Therefore, fat thickness measurements, which 
assess the fat weight, account for lean weight in 
the carcass when the live weight is previously 
added in the equation.

Kempster et al.(1981) employed live weight in 
a prediction of carcass lean percentage. Wallace 
et al,(1977) reported that the live weight of cattle 
did not contribute significantly to the prediction 
of retail yield on a percentage basis. In the present 
study, live weight or age was of little value for 
improving accuracy in the prediction and these 
two items were automatically discarded from the 
prediction equation (table 3). However, the 
residual s.d. of 1.87 with a base s.d. of 3.26 
compared with a residual s.d. of 2.60 with basal 
s.d. of 3.77 by Sonatest (Kempster et al., 1981).

Therefore, it is hypothesised that the present 
point measurement of fat thickness effectively 
contributes to the prediction of carcass composi
tion and to the precise judgment of the degree of 
fatness of beef cattle.
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