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Application of Ultrasonic Techniques in 
Live Animal and Carcass Evaluation 

w. E. MEYER, w. G. MOODY, G. D . HUNZIGER, T. P. RINGKOB, 
M. A. ALEXANDER, s. E. ZOBRISKY, AND H. B. HEDRICK 

INTRODUCTION 

A major objective of beef cattle, sheep, and swine producers should be the 
efficient production of a high quality product. In recent years, breeding, nutri
tion, and management have improved production and quality of beef, lamb and 
pork, but further improvement would be facilitated with adequate methods of 
live animal evaluation. 

A satisfactory and accurate method for evaluating live animals has not been 
fully developed. Several of the important procedures used to evaluate the live ani
mal include probe techniques, X-ray observations, measurements of inherent radio
activity, dye and isotope dilution techniques. Additional procedures which have 
been employed in the evaluation of live animal composition include creatinine 
determination, photogrammetry and various external linear measurements. Var
ious subjective appraisal methods have also been used in live animal evaluation. 

Numerous researchers have used the longissimus muscle area and quantity 
of fat in the lumbar-thoracic region as indices of animal composition. The size 
of the longissimus muscle area is considered highly heritable in meat animals and 
if measured in the live animal would provide an additional aid in selecting supe
rior breeding animals. 

The ultrasonic technique provides a means of quantitative identification of 
muscle and fatty tissue in the lumbar-thoracic region of the live animal. This 
method is non-destructive and humane. The objectives of this study therefore 
were: (1) to develop, simplify ,and determine the accuracy of the ultrasonic tech
nique in the identification and quantification of muscle and fatty tissue in the 
lumbar-thoracic area of the live animal; (2) to determine the relationship be
tween ultrasonic measurements of the live animal at various stages of growth and 
measurements of the subsequent carcass; and (3) to study relationships between 
ultrasonic and other objective measurements of meatiness. 

REVIEW OF LITERATURE 

Principles of the Ultrasonic Technique 
The ultrasonic technique is based ~pon the principle that high frequency 

sound will transmit through most liquid, solid and gaseous materials. Delano 
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( 1946) referred to these high frequency waves as molecular vibrations which os

cillate in the direction of propagation. The sonic waves travel in the frequency 

range of 500,000 to 12,000,000 cycles per second (Howry and Bliss, 1952) and, 

unlike radio waves which travel best in air, may be transmitted freely through 

matter and are readily attenuated in air. 
An electronic instrument is used which, upon receiving a signal from the 

synchronizing circuit, gen~rates a high-intensity short duration electrical voltage 

in the pulser which is carried through a coxial cable to a transducer. The trans
ducer utilizes a piezo-electrical effect, whereby the high-frequency electrical cur

rent passes through the plates in the transducer head so that the plate expands 

(absorbs) and contracts (emits) in resonance with the alternation of current pas

sing through ir. The high frequency sound waves emitted propagate through the 

object under examination. 
At each point within the object where the sound waves go into structures 

having different acoustical properties, a portion of the energy is reflected back as 

discrete echoes. The echoes are absorbed by the transducer and converted into 

electrical impulses. These impulses in turn are directed through a receiving am

plifier and displayed on the cathode ray tube (Crt). The display on the Crt is in 

terms of linear distance (T x V = D, where T is the time elapsed for a sound 

pulse to travel through a given thickness of tissue and return to the transducer 

head, V is the velocity of the sound waves in the object under examination and 

D is the linear distance as calibrated on the Crt). Thousands of pulses are formed 

in this manner every second which results in a visually continuous picture on the 

Crt. Such a picture allows a recording of the various reflections in terms of linear 
distance. 
Application of the Ultrasonic Technique in Live Animal Evaluation 

Swine: Initial investigations with the ultrasonic technique demonstrated the 

method to be relatively accurate for measuring fat thickness in swine (Claus, 

1957; Panier, 1957; Kliesch et al. 1957 and Price et al. 1958). However, Urban 

and Hazel (1960) concluded that the ultrasonic technique was not as good, or at 

least no better, than the mechanical probe for predictive purposes. 
Price et al. (1960b) reported that the ultrasonic measurements of backfat, 

backfat probe, and actual backfat measurements were equal in predicting lean and 

primal cut-out of swine. However, these investigators concluded that the eco

nomic feasibility of the ultrasonic technique for measuring backfat may be justly 

questioned. 
Lauprecht et al. (1957) reported a close relationship between ultrasonic meas

urements and actual backfat. Backfat thickness was measured with an ultrasonic 

instrument on 137 live hogs at the shoulder, back, and loin. After slaughter, one

half of each carcass was positioned to simulate the stance of the live animal. The 

remaining half-carcass was hung on a hook in the usual manner. Ultrasonic meas

urements were then made on the half-carcass section in their respective positions. 
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No significant differences were found between the ultrasonic live animal measure-· 
ments and measurements of the lying half-carcass. Also, measurements with the 
ruler and the ultrasonic technique on the hanging carcass· wete similar. 

A study to compare the accuracy of the ultrasonic method in making backfat 
measurements and subjective estimations was reported by Gaarder (1959). In this 
report ultrasonic measurements and estimates by experienced graders were com
pared with actual backfat thickness measurements of the carcass after slaughter. 
The ultrasonic technique underestimated the actual backfat thickness on an av
erage of 0.1 inch. Whereas, the graders' average error was an overestimate of 
0.05 inch. However, the standard deviations of the errors for the ultrasonic tech
nique and the grader were 0.14 inch and 0.21 inch, respectively. 

A comparative study of the ultrasonic technique, X-ray technique, lean 
meter, and live probe was conducted by Dumont and Destandau (1959) in deter
mining backfat thickness of live hogs. Correlation coefficients between actual 
backfat thickness and measurements obtained by the ultrasonic, X-ray, ruler probe, 
and lean meter techniques were 0.99, 0.99, 0.86, and 0.44, respectively. 

Results of more recent reports with respect to the practical application of the 
ultrasonic technique for measuring longissimus muscle area and fat thickness are 
presented in Table 1. These results .indicate that the ultrasonic technique is a rel
atively accurate means of measuring backfat and longissimus muscle area in swine. 

Hiner and Thornton (1962) used the ultrasonic technique to measure fat 
thickness and longissimus muscle depth of hogs at 75, 125, 175, 225, and 275 
pounds live weight. A representative number of animals of each weight group 
were slaughtered after the ultrasonic measurements were made. Ultrasonic meas
urements of fat thickness were less than actual backfat thickness in all weight 
groups. However, longissimus muscle depth did not show a consistent pattern. 
The results do, however, indicate the possible use of the ultrasonic technique 
in growth studies of swine. 

Beef Cattle: Several research workers have demonstrated the ultrasonic tech
nique to be a relatively accurate method for determining longissimus muscle area 
and fat thickness of cattle. Table 2 summarizes these results. Although these re
sults are somewhat variable they do suggest that the principle and sensitivity of 
the method warrant futher refinement. 

Early efforts to measure depth of longissimus muscle in cattle by Price et al. 
(1958) were without promise. Alsmeyer et al. (1963) and Stouffer et al. (1961) 
later reported results which consisted of significant correlation coefficients rang
ing from 0.29 to 0.84. 

The measurement of muscle size and thickness with the ultrasonic instru
ment, at locations other than the longissimus muscle, further demonstrates the 
instrument's potential. Davis and Long (1962) reported favorable results for 
measurements of the biceps femoris, total forearm thickness, and forearm thick
ness (outside to bone). A significant (P < .01) correlation coefficient of 0.81 was 



TABLE 1--REPORTED COMPARISONS OF ULTRASONIC MEASUREMENTS OF FAT AND MUSCLE 

IN SWINE AND ACTUAL MEASUREMENTS TAKEN OF THE CARCASS 

Reference 

Hazel and Kline (1959) 

Price et al. (1960a) 

Stouffer and Wellington (1960) 

Alsmeyer et al. (1963) 

Number 
of Animals 

56 

41 

42 

139 

Correlation Coefficients 
Between Ultrasonic and 
Carcass Measurement 

Fat 
Thickness 

0.76 

0.92 

0.95 

Longissimus 
Muscle Area 

0.74 

0.70 

Pertinent Information 
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TABLE 2--REPORTED COMPARISONS OF ULTRASONIC MEASUREMENTS OF FAT AND MUSCLE IN 
BEEF ANIMALS AND ACTUAL MEASUREMENTS TAKEN OF THE CARCASS 

Reference 

Temple et al. (1956) 

Stouffer and Wellington (1960) 

Stouffer et al . (1961) 

Davis and Long (1962) 

Morrow and Wideman (1962) 

Lauprecht and Sarthoff (1962) 

Number 
of Animals 

60 

54 
82 
16 

47 
15 
64 
39 

60 
10 
10 

100 
250 

20 
10 

350 
10 
60 

143 

54 

Correlation Coefficients 
Between Ultrasonic and 
Carcass Measurements 

Fat 
Thickness 

0.63 

0.35 
0.32 
0.54 

0,42 
0.04 

0.90 
0.67 

Longissimus 
Muscle Area 

0.49 
0.22 
0.85 

0.57 
0.58 
0.42 
0.42 

0.87 
0.93 
0.64 

0.85 
0.89 
0.90 
0.92 
0.90 
0.91 
0.88 
0.94 

0.68 

Pertinent Information 

So mas cope 

Sperry Reflectoscope with 
a ' camera and 1,0 m.c. 
transducer. 

Sperry Reflectoscope with 
a polaroid camera and 
1. 0 m. c. transducer. 

Branson Model with 1. 6 
m. c. transducer. 

Scan Type Branson Model 

Scan Type Branson Model 

Measured at 8-9 rib region 

~ 
CJ> 
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?:l 
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TABLE 2 (Continued) 

Correlation Coefficients 
Between Ultrasonic and 
Carcass Measurements ~ 

(/) 
(/) 

Number Fat Longissimus 
0 
c::: 

Reference of Animals Thiclmess Muscle Area Pertinent Information ~ 

> 
Hedrick et al. (1963) 47 0.53 0, 58 Branson Model V 1. 0 m. c. 

c;l 
l:d 

57 0.43 0 . 78 transducer. Comparison n 
71 0.16 0.92 with 36 animals is between 

c::: 
t-< 
>-l 

36 0.15 o. 71 ultrasonic measurements c::: 

28 0, 11 0.79 taken 5 months prior to 
l:d 
:> 

slaughter and tracing taken 
t-< 
l:rl 

after slaughter. :><: 
'd 
(71 

Temple and Ramsey (1963) -- 0.89 o. 70 Scan Type Branson Model l:d 

i: 
Davis (1963) 69 0 . 67 0.40 Scan Type Branson Model (71 

z 
Brown et al. (1964) 45 0.46 0.78 Branson Model 52 

>-l 
V> 
>-l 

Davis et al. (1964) 60 0.90 0.87 Scan Type Branson Model :> 
>-l 

10 0.67 0.93 2. 0 m. c . transducer 
H 

0 z 
Davis et al. (1965) 51 0.96 o. 93 
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reported by Ramsey et al. ( 1965) between ultrasonic area measurements of the 
biceps femoris and the actual area of the caracass of 43 beef cattle. 

Stouffer et al. ( 1961) conducted repeatability studies to determine if animal 
measurements could be reproduced by two technicians working independently 
with the same instrument. Means and standard errors for repeated ultrasonic 
measurements of fat thickness and longissimus muscle area on 10 cattle were 0.45 ± 0.04 in. vs. 0.45 ±0.03 in. and 10.81 ± 0.66 sq. in. vs. 10.88 ± 0.69 sq. in., 
respectively. When the two technicians were compared, correlation coefficients of 
0.81 and 0.67 were reported for fat thickness and longissimus muscle area for the 
first day. Comparison of the two technicians when they repeated the animal meas
urements the second day yielded correlation coefficients of 0.87 and 0.81 for fat 
thickness and longissimus muscle area. 

Davis et al. (1964) reported a significant (P<.01) difference between re
searchers' ability to interpret and trace longissimus muscle measurements obtained 
by the same ultrasonic instrument. 

Davis (1963) compared the results of several ultrasonic instruments used on 
the same cattle. Correlations obtained for animal measurements for the various 
instruments ranged from 0.53 to 0.88. 

Fat thickness and longissimus muscle area were estimated by a committee of 
three and compared to measurements made with an ultrasonic instrument (Davis, 
1963; Davis et al. 1964) . Correlation coefficients with actual longissimus muscle 
area were 0. 70 and 0.83 for the committee and the ultrasonic instrument, respec
tively. However, the subjective method was more accurate in estimating thick
ness of fat. 

Lamb: Hiner (1958) suggested that the ultrasonic technique was not prac
tical for the determination of musculature in sheep. However, later reports by 
other investigators indicate that perhaps the technique would be of some value 
in evaluating musculature in lambs. 

Campbell et al. (1959) and Campbell (1960) used the ultrasonic technique to 
measure longissimus muscle depth of lambs. Ultrasonic measurements were taken 
at 1.0, 1.5 , and 2.0 inches off the midline on the left and right sides of three 
groups of animals. Correlation coefficients of 0.68, 0.49, and 0.67 were reported 
between ultrasonic measurements and carcass measurements of longissimus mus
cle depth for three groups. Correlation coefficients between ultrasonic measure
ments of longissimus muscle depth (total of three measurements) and actual 
longissimus muscle area were 0.62, 0.44 and 0.59 for the three groups. 

Davis et al. (1964) evaluated longissimus muscle area and fat thickness mea
urements of lamb taken with a Branson Model ultrasonic instrument and visual 
estimates of four animal scientists. Correlation coefficients between ultrasonic 
measurements and actual measurements for longissimus muscle area and fat thick
ness were 0.21 and 0.90, respectively. Correlation coefficients between visual ap
praisal and carcass measurements for longissimus muscle area and fat thickness 
were 0.59 and 0.25, respectively. These investigators concluded that the ultrasonic 
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technique was relatively :iccurate for measuring fat thickness of lambs. However, 

at the level of ultrasonic interpretation in their study, the visual appraisal seemed 

more valid in determining longissimus muscle area of lambs. 

Problems Associated with the Ultrasonic Technique 

Although the ultrasonic instrument has been demonstrated to be relatively 

accurate for live animal measurements problems have been encountered in its 

use, including: 
1. Animal Variation: East et al. (1959) , Price et al. (1960a) and Hedrick et 

al. (1963) reported that the movement of the animal during the time of measure

ment influenced the ability to measure an animal. 

Animals with much marbling have been found more difficult to measure 

(Alsmeyer et al. 1963, Hedrick et al. 1963 and Temple et al. 1965 ). As the animals 

increased in finish, intramuscular fat deposits increased, making determination of 

the ventral side of the longissimus muscle more difficult. 

East et al. (1959) also noted that fat consistency varied from animal to ani

mal and velocity of sound through fat varied accordingly. 

2. Instrument Calibration: Temple et al. (1965) found that changes in line 

voltage to the instrument caused variation in calibration ratios. These research 

workers noted also that even though a voltage regulator was employed, variation 

in calibration ratio still resulted during operation time. 
Error may also be introduced because of improper calibration of the instru

ment for difference in animal species and degrees of finish (Backus, 1963). Temple 

et al. ( 1965) found instrument settings influenced the accuracy of sound penetra

tion, damping of extraneous echoes and clearness of signal. Davis ( 1963), how

ever, reported that some of the problems of calibration were alleviated because 

the relative speeds of sound in fat, muscle, and blood were similar at body tem

peratures. 
Pressure on the tranducer while measuring an animal will affect the configu

ra riori of the underlying tissue and result in a distorted picture (Backus, 1963). 

3. Interpretation: Errors associated with inability to identify accurately the 

hide, fascial tissue, fat layer boundaries and muscle boundaries have been reported 

by Temple et al. (1965). Price et al. (1960a), Backus (1963) and Hedrick et al. 

( 1963) found it necessary to identify the medial and laterial boundaries of the 

longissimus muscle subjectively. 
Hedrick et al. (1963) noted that as the animal breathed, the contraction and 

relaxation of the intercostal muscles produced a pulsating peak on the oscillo

scope screen. By taking readings of the intercostal muscle, the ventral side of the 

longissimus muscle could be defined more accurately. 

Backus (1963) suggested that .inadequate training and experience of how 

body structures appear on the oscilloscope contribute to error in interpretation. 

4. Tissue Change: Muscle and fat configurations differ greatly between the 
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live animal and on-rail carcass (Temple et al. 1965, Stouffer et al. 1961). Temple 
et al. (1965) noted that fat removed with the hide produced differences up to 0.5 
cm. between ultrasonic measurements and actual fat thickness. Temple et al. 
(1965) also reported the position measured on the live animal shifted as much as 
5 cm. (in relation to skeleton) when the carcass was suspended on the rail. 
Backus (1963) and Lauprecht et al. (1957) reported that tissues change when the 
animal is changed from a standing position to a hanging position. Backus (1963) 
found in the suspension of the carcass from the rail, certain of the round muscles 
would elongate, whereas others would become more plump. 

Stouffer et al. (1961) suggested that muscle and fat of the live animal might 
be altered in thickness or area during slaughtering, hanging, splitting and shroud
ing of the carcass. 

In addition to muscle and fat changes, the ribbing of the carcass at the exact 
spot of ultrasonic measurements has been a major problem with the ultrasonic 
technique (East et al. 1959, Stouffer et al. 1961, Hedrick et al. 1963). Error is in
troduced because of the inability to rib the carcass at the exact location the ultra
sonic measurements are taken. East et al. (1959) also noted that ultrasonic meas
urements cover an area, whereas carcass measurements are made at a point. 

MATERIALS AND METHODS 

Animals Used 

Swine: Swine data were collected from eight experiments. A description of 
the animals is presented in Table 3. Experiment I involved data from 30 boars 
which were studied to formulate objective procedures for locating the medial and 
lateral longissimus muscle boundaries. The second experiment consisted of 69 
boars, barrows and gilts. The hogs were divided approximately equal by sex and 
weight (271.6 ± 72.7 pounds). Experiment III contained 139 Poland China sows, 
gilts, and barrows classified by live weight into four groups separated by inter
vals of 40 pounds. One hundred and nineteen hogs of similar live weight (182-
212 pounds) were involved in Experiment IV. The hogs in Experiment V con
sisted of 21 boars, 74 barrows, 24 gilts, and 23 sows. Experiment VI involved 69 
hogs divided into four groups on the basis of backfat thickness (1.7 to 1.8, 1.5 to 
1.6, 1.3 to 1.4, and 1.1 to 1.2 .inches). 

Ten barrows that averaged 216.0 pounds and 128 boars that averaged 204.0 
pounds alive were included in Experiment VII which was designed to determine 
the repeatability of ultrasonic measurements of the longissimus muscle area made 
by two technicians. Experiment VIII involved two groups of Hampshire barrows 
(35 each group) and involved two seasons. At approximately 80 pounds live 
weight, 35 barrows were divided randomly into seven pens with five barrows per 
pen. The barrows in pens one through seven were chronologically assigned a 
slaughter weight from 100 pounds to 250 pounds at 25 pound intervals. The ani-
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Experiment 

I 

II 

III 

IV 

v 

VI 

VII 

VIII 

TABLE 3--DESCRIPTION OF SWINE 

Number 
of 

Animals Sex 

30 Boars 

69 Boars, Barrows, Gilts 

27 Barrows, Gilts 
30 Barrows, Gilts 
23 Barrows, Gilts 
59 Barrows, Gilts 

119 Barrows 

21 Boars 
74 Barrows 
24 Gilts 
23 Sows 

69 Boars, Barrows, Giltsb 

10 Barrows 
128 Boars 

70 Barrows 
a 

Live Weight 
Mean S.D. 

204.00 11. 5 

271. 66 72.4 

218. 10 8.9 
243.80 15.3 
286. 60 9.8 
383.60 16. 5 

197.30 7.3 

194.40 5.2 
197.70 7.8 
198.50 6.9 
378 . 50 18. 2 

116. 00 
204.00 

aSlaughtered at 25 lb. intervals (5 per weight group each of two seasons) beginning 

at 100 lb. and up to and including 250 lb. 
b . 

Weight range of 198 to 345 lb. 

mals of the first season were slaughtered during the summer and fall of 1963. The 

experiment was repeated during the winter and spring of 1963-64. 
Beef Cattle: Two beef cattle experiments were incorporated into the study. 

The beef animals were all of Hereford breeding. A description of the cattle used 

in this study is given in Table 4 by group, sex, average slaughter weight, aver

age slaughter age, and number slaughtered. 
The cattle of Experiment I consisted of 224 bulls representing two years 

(Groups 1 & 2 respectively). After 30 days of adjustment to the ration and pens, 

the bulls were assigned randomly to lots so that all sires were represented in each 

lot within a given year. The bulls were full-fed a grain mixture (10 parts ground 

ear corn, one part soybean oil meal) with a limited supply of brome-alfalfa hay 

for a test period of 140 days. Four bulls per sire were selected randomly at the 

conclusion of the test period and slaughtered. 
Cattle of Experiment II (Group 3) included 48 heifers from a project de

signed to study the effects of three levels of TDN on growth and reproduction. 
Heifers were assigned randomly to three groups of 16 heifers each and fed 224 
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TABLE 4--DESCRIPTION OF CATTLE 

Experiment 
Ia 

b 
Grou2 1 Grou2 2 II (Grou2 3) 

1962 1963 High Medium Low 

Number on Test 72 74 16 16 16 

Number Slaughtered 
c 

24 28 8 8 8 

Initial Weight (lbs.) 471. 5 d 416.6 706.6 695.4 670.4 
(17. 0) (42.9) (77. 2) (67. 1) (76. 5) 

Slaughter Weight (lbs. ) 737.0 712.0 1034.4 846.0 597.8 
(59. 2) (51.7) (86. 4) (80. 3) (87.4) 

Age at Slaughter (days) 393.0 423.0 670.3 665.56 664.5 
(22. 0) (24.6) (59. 2) (54. 9) (53. 4) 

aGroups 1 and 2 were bulls (140 day test period). 

bGroup 3 composed of heifers on following levels of TDN: high, 13. 5 lbs.; medium, 
9. O lbs.; low, 4. 5 lbs. (224 day test period). 

cFour bulls per sire of Experiment I were slaughtered each year. 

dStandard deviations are presented in parenthesis. 

days. The rations were designed to supply a high (13.5 lb. TDN/day), medium 
(9.0 lb. TDN/ day), and low (4.5 lb. TDN/day) level ofTDN, but an adequate 
level of protein. The rations were comprised of equal amounts of soybean oil 
meal, but varied in ground ear corn and timothy hay. Heifers on the high level 
of TDN also received corn silage. Upon termination of the test period, half of 
the heifers from each lot were randomly selected for further studies and the re
maining half were slaughtered. 

Lambs: Three experiments associated with the production of lambs were 
included in the study. Experiment I consisted of 235 crossbred market lambs of 
Texas origin. The lambs varied in weight from 85 to 100 pounds and represented 
three years of study. 

Experiment II involved 217 lambs which were studied to formulate objective 
procedures for locating the medial and laterial longissimus muscle boundaries. 

The 40 lambs of Experiment III were black-faced lambs of Texas origin. The 
live weights varied from 84 to 108 pounds. The lambs were paired by weight and 
grade and fed individually. One lamb of each of the 20 pairs was held in a con
trolled environmental room (73 .7 ± 6:4°F) and the others were managed under 
normal conditions. One-half of the lambs of each environmental treatment were 
fed a high concentrate ration and the other Iambs a low concentrate ration. The 
lambs were fed for a 99-day period, fasted 24-hours, and then slaughtered. 



Fig. 1-The crate used to restrain hogs while ultrasonic measurements were made. An ultrasonic 
instrument is on the table in background. 

Live Animal Measurements 

Swine: Approximately 24 hours ante-mortem all of the hogs were measured 
with an ultrasonic instrument (Branson Sonoray Model 5 equipped with a 1.0 
megacycle transducer) immediately anterior to the 11th thoracic vertebra on the 
right or both left and right sides. The hogs of Experiment VIII were also meas
ured independently by two technicians at each 25 pound live weight interval 
(100 lb. initial measurement) until the pre-determined slaughter weight was at
tained. Backfat probes also were made 1.5 inches laterally from the midline at 
the sixth thoracic vertebra, 11th thoracic vertebra, last thoracic vertebra and third 
sacral vertebra. 

The hogs were restrained in a modified bleeding crate (Figure 1). The crate 
eliminated excessive movement, facilitated ease of handling, and, at the same 
time, maintained the hog in a near normal standing position. The hair was clipped 
over the tenth rib region. The exact sites measured were marked with an indelible 
pencil at one inch intervals laterally from the midline over the tenth rib (Figure 
2). A heavy gauge solder wire was used to obtain the back curvature as illustrated 
in Figure 2. This curvature was transposed onto graph paper and used as a guide 
for plotting the ultrasonic peaks. A protractor with a balanced indicator was at
tached to the transducer as shown in Figure 1. This apparatus enabled the opera
tor to observe the angle of the directed sound waves. Heavy grade motor oil was 
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Fig. 2-A heavy gauge solder wire used to obtain the curvature of the back of the hog over the 
tenth rib. Marks within the shaved area are the sites for individual ultrasonic measurements. 

applied to the hog's back to insure a continuous sound transmission into and 
from the tissues. 

The equally spaced intervals marked on the oscilloscope were synchronized 
with the time required for the sound waves to pass through a given depth of tap 
water. This time interval was assumed to be approximately that required for the 
sound waves to pass through fat and lean tissues of the live hog. The distance 
between reflection peaks observed on the oscilloscope was, accordingly, inter
preted as depth of fat and lean. These depth measurements represented the in
terfaces between the various fat layers and the dorsal and ventral boundaries of 
the longissimus muscle (letters L, M, F, and N, Figure 3). The continuous series 

of these depth measurements outlined the periphery of the longissimus muscle. 
Ultrasonically determined fat depth and longissimus muscle area were compared 
to tracings made from a cross-section on the pork carcass from the identical tenth 
rib region. 

Beef Cattle: All beef cattle were measured wih the same ultrasonic instru
mentation. The cattle were restrained individually with a holding chute, but en
couraged to stand squarely on all four feet. The hair was clipped over the twelfth
thirteenth rib region prior to obtaining the curvature of the animal's back. 

Measurements were taken at various angles on both the left and right sides 
of each animal between the twelfth and thirteenth ribs. The measurements were 
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Fig. 3-Cross section of untrimed pork loin at the tenth rib. 

Legend: 
A,B,C. Depth of Longissimus dorsi muscle. 
D. Length of Longissimus dorsi muscle. This distance determined on the ultrasonically 

traced Longissimus dorsi muscle from the most medial boundary of the Longissimus 
dorsi muscle to the intersection formed by line "I" and "J". 

E. Distance (0.3 inch) from midline (ML) to most medial boundary of Longissimus 
dorsi muscle. 

F. Dorsal boundary interface of Longissimus dorsi muscle. 
G. Intersecting point of lines "H" and "G-F" is drawn from the most dorsal Longis

simus dorsi muscle boundary at a 90° angle to the midline. 
H. A line drawn at a 25 ° angle (H') from the vertical, i.e. 65 ° angle from the hori

zontal, with the apex at point "G". This line closely approximates the medial 
boundary of the Longissimus dorsi muscle. 

I. A line drawn ar a 10° angle (I') from the vertical, i.e. a 80° angle from horizontal, 
which originated at a point 3 .inches laterally from the midline. 

]. A line drawn at a 15° angle (J') from the vertical, i.e. a 75° angle from horizontal, 
which originated at a point 4 inches laterally from the midline. 

K. Surface of the skin. 
L. Connective tissue interface between first and second layers of fat. 
M. Connective tissue .interface between second and third layers of fat. 
N . Ventral boundary interface of Longissimus dorsi muscle. 



RESEARCH BULLETIN 905 17 

taken at one-half inch intervals beginning one-half inch from the perpendicular 
spinous process and extending approximately one inch beyond the lateral side 
of the longissimus muscle. Other procedural details for measuring the animal and 
plotting the measurements were similar to those described previously for swine. 
The area of longissimus muscle and fat thickness were measured as described by 
Naumann (1952) for the chilled carcass. 

All bulls in Experiment I were measured ultrasonically the initial week of 
the performance-test period. All Group 1 bulls were also measured the fifth and 
ninth week on test. At the conclusion of the test period all bulls were again 
measured. 

The heifers of Experiment II were measured ultrasonically when they were 
placed on rest and again when the test period was concluded. 

Lambs: Approximately 24 hours ante-mortem each lamb was sheared and 
measured on the right side posterior to the last rib with an ultrasonic instrument 
equipped with a 2.25 megacycle transducer. A restraining stand was used the first 
year to prevent excessive movement. This procedure was later discontinued be
cause it appeared to distort the underlying fat and muscle tissue. Lambs were 
measured thereafter in a normal standing position. 

The short wool remaining after normal shearing was removed with electric 
clippers to facilitate sound transmission. The midline was determined by palpat
ing the vertical spinous process. An indelible pencil was used to mark the exact 
sound penetration sites at one-half inch intervals laterally over the back. Meas
urements were made at Y2, 1, 1 Y2, 2, 2Y2, and 3 inches from the midline at des
ignated angles from the horizontal plane. The lateral curvature of the back and 
other .procedural details used to estimate the longissimus muscle area were similar 
to those described previously for hogs. 

Slaughter, Carcass Measurements and Cutting Procedures 
Swine: A 24 hour standard shrink prior to slaughter was obtained by with

holding all feed but providing water ad libitum. The carcasses of Experiments I
VII were dressed packer style and chilled approximately 48 hours before being 
weighed and measured. Backfat thickness and longissimus muscle area and cut
out data were obtained from each carcass as outlined by the Pork Carcass Evalua
tion Committee of the 1952 Reciprocal Meat Conference. Carcasses of Experiment 
VIII were dressed in a modified shipper style (head removed) as outlined by 
Ziegler (1962). The complete untrimmed, unsplit loin was frozen for 24 hours at 
-10°F. The frozen intact loin was cut into bilateral chops of one vertebra thic.k." 

ness and acetate tracings were made of the longissimus muscle and external fat. 
Beef Cattle: All cattle selected for slaughter were slaughtered following a 24-

hour fast. The carcasses were not scribbed. The hot carcasses were weighted 
washed, shrouded, and chilled at 36°F for 48 hours. 

After a 48-hour chill, the carcasses were weighed and various measurements 
were made on them. The right side of each carcass from Experiment I was ribbed 
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between the twelfth and thirteenth rib and tracings were made on acetate paper 

of the longissimus muscle and external fat. After aging 10 days at 36°F, the left 

sides were ribbed and traced in a similar manner. Both right and left sides of 

carcasses from Experiment II were ribbed and traced after a 48-hour chill period. 

Longissimus muscle area and fat thickness were measured from the tracings as 

outlined by Naumann (1952). 
Lamb: After a 48 to 72 hour chill period the right side of each carcass was 

cut according to the procedure recommended by Kemp (1952). Fat thickness 

measurements were made at the rnidline and 1.5 inches laterally from the midline 

over the back opposite the thirteenth rib. Fat measurements were also taken at 

the midline and 1.5 inches laterally from midline on the cut surface of the leg 

(junction between the sixth and seventh lumbar vertebrae). An acetate paper 

tracing of the longissimus muscle was taken posterior to the last rib which cor

responded to the area where the ultrasonic longissimus muscle measurement was 

made on the live lamb. Length and depth of the longissimus muscle were also 

determined on the "cut loin. The length measurement represented the maximum 

medial-lateral distance across the cut surface of the longissimus muscle, whereas, 

the depth of the longissimus muscle represented the dorsal-ventral distance at a 

right angle to and bisecting the length measurement. 



RESEARCH BULLETIN 905 19 

RESULTS AND DISCUSSION 

Swine 

The difficulty in precisely locating the medial and lateral muscle boundaries 
with the ultrasonic technique accounts for much of the variation in shape and 
area between ultrasonic and carcass measurements of the longissimus muscle. This 
source of error decreases the accuracy and detracts from the general acceptance 
and usefulness of the technique. In view of these observations, an effort was made 
to develop an objective procedure for locating the medial and lateral boundaries 
of the longissimus muscle on hogs. 

Average length and depth measurements of the longissimus muscle on 30 
boars which were slaughtered and measured to determine longissimus muscle 
measurements are presented in Table 5. Live weight of the boars ranged from 184 

TABLE 5--LIVE WEIGHT AND ACTUAL LONGISSI~US DORSI MUSCLE 
MEASUREMENTSa FROM BOARS 

Live Weight 

L. dorsi Muscle 
Measurement 

Area, sq. in . 

Length, in. 

Depth , in. 

Average 

204.0 

4.16 

3.17 

1. 70 

S.D. 

11. 5 

0.79 

0.17 

0.22 

a 
Longissimus dorsi muscle measured on the carcass at the 10th rib. 

b 
Number was 30. 

Range 

184-210 

2. 82-5.02 

2.70-3.30 

1. 20-2. 00 

to 210 pounds with an average of 204 pounds at the time of slaughter. The aver
age longissimus muscle area was 4.16 square inches and the extremes varied from 
2.82 to 5.02 square inches. The length of the longissimus muscle ranged from 2.7 
to 3.3 inches with an average of 3.17 inches. 

Three-tenths of an inch was the average distance from the lateral boundary 
of the vertical spinous process to the medial boundary of the longissimus muscle 
(see letter E, Figure 3). It was observed that the lateral boundary of the longissi
mus muscle on the live hogs could be closely approximated by the addition of 
three-tenths of an inch to the maximum longissimus muscle length (letter D, 
Figure 3). This approximate distance can be determined on the live hog by first 
locating the midline and measuring laterally over the back 3.6 inches (3.3 inches 
for longissimus muscle length plus 0.3 inch from medial muscle boundary to 
midline). Theoretically, at this site the penetration of the sound waves at right 
angles will intersect the lateral longissimus muscle boundary. It was observed at 
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this site (3.6 inches from midline) that sound wave reflections were not received 
from the lateral longissimus muscle boundary. Definite interface reflection echoes 
from the dorsal and ventral boundary of the longissimus muscle were easily re
ceived; consequently, little difficulty was encountered in interpreting these muscle 
boundaries. 

Medial Longissimus Muscle Boundary 

The medial boundary of the longiss imus muscle was objectively located by 
drawing a line at a 25 ° angle ( 65 ° angle from the horizontal plane) from the ver
tical with the apex at point ''G" illustrated by letter H, Figure 3. This reference 
line adequately serves as the medial boundary of the longissimus muscle since the 
majority of pork longissimus muscles have this general shape on the medial 
boundary. Without this reference line it .is difficult to measure, plot, and inter
pret the ultrasonically measured longiss imus muscle area accurately and consis
tently. The location of the midline was readily determined visually on the live 
animal by palpation, or by ultrasonic measurement. The dorsal and ventral 
boundaries were identified by the ultrasonic reflection peaks obtained from the 
boundary interfaces of the longissimus muscle illustrated by the letters F and N, 
respectively, in Figure 3. 

Lateral Longissimus Muscle Boundary 

The lateral boundary was more diffcult to locate because of the wide varia
tion in shape and length of the longissimus muscle at th is spot. The definite re
ference points indicated in Figure 3 are valid only within the live weight limits 
for hogs presented in Table 5. 

The reference points outlined were developed to locate the lateral longissi
mus muscle boundaries of hogs that ranged from 185-210 pounds and had lon
gissimus muscle areas from 2.82 to 5.02 square inches. Additional observations in
dicate that these reference points could also be used with only a slight modifica
tion to include longissimus muscle areas up to 5.50 square inches. The majority 
of the hogs measured in the 185 to 210 pound weight category will have longis
simus muscle areas within these specifications. 

The angles of sound penetration at the designated distances from midline 
presented in Table 6 were used to determine fat and longissmus muscle depth on 
live hogs. Two additional reference lines were used to locate the lateral boundary 
of the longissimus muscle objectively. The first reference line was drawn at a neg
ative 10° angle, i.e., 80° from the horizontal plane. The second reference line was 
made with the protractor placed four inches from midline and recording a line at a 
positive 75 ° angle from the horizontal plane (see lew:r J, Figure 3 ). The point at 
which these two lines intersect serves as an objective reference point for the most 
extreme lateral longissimus muscle boundary. Once the medial and lateral refer
ence lines have been established a straight line from the greatest distance between 
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TABLE 6--ANGLES OF SOUND PENETRATION AT DESIGNATED 
SITES FOR HOGS AND LAMBS 

Distance Laterally 
from Midline 

(in.) 

1 

l 
2 

1.1. 
2 

2 

zi 2 

3 

4 

Angle from the Horizontala (degrees) 

Tenth Ribb Last Ribc 

90 90 

90, 80 ' -80 90, 80' -80 

90 

90, 80 90, 80 

90, -80 50 or 60 
d 

70 or 80 
d 

60 

70 

75 

21 

aThese angles determined with a protractor equipped with a balanced 
indicator attached to the transducer. A negative angle means the trans
ducer is positioned so that sound waves are directed away from the mid
line. 

bAngle of sound penetration for 185-210 lb. hogs. 

cAngle of sound penetration for 85-100 lb. lambs. 

dThe latter angle is the most important. 

these two lines represents the ultrasonically determined longissimus muscle 
length, 3.2 inches (letter D, Figure 3). This length, therefore, corresponds to the 
maximum length of the actual longissimus muscle areas of animals within the av
erage live weight presented in Table 5. A critical study of longissimus muscle 
cross sectional dimensions indicated 'that the procedure described, when modified 
by increasing the muscle length from 3.2 to 3.4 inches, plus 0.3 inch, adequately 
intersected the lateral longissimus muscle boundary of hogs with longissimus areas 
up to 5.50 square inches. These results suggest that it is not necessary to meas
ure a distance greater than four inches laterally over the back of the live hog (see 
angles, Table 6). 

Comparison Between Ultrasonic and Carcass Longissimus Muscle Area 
Measurements 

A comparison of live animal and carcass longissimus muscle area measure
ments is presented in Table 7 as correlation coefficients, means, and standard 



TABLE 7--COMPARISONS BETWEEN ULTRASONIC AND CARCASS N 
N 

LONGISSIMUS MUSCLE AREA MEASUREMENTS OF SWINE 

Longissimus Muscle Area (Sg. In.) 
No. of Correlation 

b 
Standard Standard 

Animals Coefficient a 
c 

Comparison Mean Deviation Mean Deviation 

Experiment II :s:: 
~ 

Right tracing vs Left tracing 69 0.95 4.86 . 86 4.83 .86 Vl 
0 

Right ultrasonic vs Left ultrasonic 69 0.91 4. 78 .84 4.58 .85 c: 
i"J 

Left tracing vs Left ultrasonic 69 0.85 H 

Right tracing vs Right ultrasonic 69 0.84 > 
Cl 
i"J 

Experiment ill n 
Carcass vs Ultrasonic measurements: c: 

r< 

190 - 229 lb. group 27 o. 71 4.84 . 63 4.66 .64 >-1 c: 
230 - 269 lb. group 30 0.51 4.92 . 39 4.50 .52 i"J 

> 
270 - 309 lb. group 23 0.77 4.94 .39 4.54 . 32 r< 

310 - 523 lb. group 59 0.61 6.05 . 69 5.84 .76 tr1 x 
'1::1 

Experiment IV 
t'1 ::,; 

Carcass vs lltrasonic measurement: 119 0.72 ---- --- ---- --- H 

:i:'. 
t'1 

Experiment V 
z 
>-1 

Carcass vs lltrasonic measurement: V> 

21 0.64 4.25 .49 3.96 .38 
>-1 

Boars > 
Barrows 74 0.79 3.91 .49 3.86 .48 

>-1 
0 

Gilts 24 0.52 4.42 .49 4 .17 .60 z 
Sows 23 0.52 6.11 .63 5.90 .68 

a All correlations are significant (P< . 01) 

bRefers to the first measurement in the comparison. 

cRefers to the second measurement in the comparison. 
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deviations. The two longissimus muscle area measurements, ultrasonic and car
cass, were significantly related ( P < .01) in each of the four experiments. These 
results are in agreement with those reported by Price et al. ( 1960a) and Stouffer 
and Wellington (1960) . 

Comparisons of the right and left longissimus muscle area measurements ob
tained by the ultrasonic technique and from the carcasses of Experiment II in
dicate a very high association between the two. Therefore, it was concluded that 
the measurement of one side would be adequate to determine the area of longis
simus muscle in the live animal or carcass. The ultrasonic and carcass measure
ments of longissimus muscle area are not as highly associated in this experiment 
as separate comparisons of ultrasonic and carcass measurements of the left and 
right sides. These lower relationships were partially accounted for by variation 
due to inability to measure the carcass at the exact location that was measured on 
the live animal and to distortions of the carcass tissues during slaughter, chilling, 
and processing. 

Ultrasonic and carcass comparisons of longissimus muscle area in Experiment 
Vindicate lower relationships between the two measurements for sows, and gilts, 
compared to those of boars and barrows. 

Relationship of Longissimus Muscle Area Measurements with Four Lean 
Cuts 

Table 8 gives correlation coefficients between four lean cuts and longissimus 
muscle measurement by the ultrasonic and carcass method. The carcass longissi
mus muscle area was more highly associated with four lean cuts, expressed as per
cent or pounds, than was the ultrasonically determined area. Differences were also 
observed between sexes in Experiment V. Longissimus muscle areas of the live ani
mals or carcasses of the barrows of Experiment V were significantly associated 
(P<.01) with percent lean cuts and these relationships were very similar to those 
of Experiments III and IV. The correlation coefficients between the four lean cuts 
and longissimus muscle area measurements for the gilts were low and only signif
icant (P<.os) for carcass longissimus muscle area. The correlation coefficients 
between four lean cuts and area measurements for the boars and sows were low 
and insignificant. Sex differences may partially account for these differences in as
sociation between area measurments and lean cuts. Zobrisky et al. (1960) found 
sex differences in finish of swine. These researchers reported that for each unit 
increase of backfat thickness the percent of trim fat was greater for barrows than 
for boars and gilts. 
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TABLE 8--CORRELATION COEFFICIENTS BETWEEN LONGISSIMUS 

MUSCLE AREA MEASUREMENTS AND FOUR LEAN CUTSa 

Weight of Lean Cuts (Exp. Ill) 

190-229 lb. group 

230-269 lb. group 

270-309 lb. group 

310-523 lb. group 

Percent Lean Cuts (Exp. IV) 

Percent Lean Cuts (Exp. V) 

Boars 

Barrows 

Gilts 

Sows 

aLean cuts consist of trimmed ham, 

No. 

27 

30 

23 

59 

69 

21 

74 

24 

23 

Correlation Coefficient 
Longissimus Muscle Area 

Measurement 

Ultrasonic Carcass 

0 .53** 0.80** 

0.53** 0 .82** 

0.57** 0.73** 

0.45** 0.63** 

0 .44** 0.59** 

0.04 0.29 

0.67** 0. 71 ** 

0.20 0.42* 

0.06 0.36 

loin, picnic and Boston butt. 

Comparison of Ultrasonic, Ruler Probe, and Carcass Fat Measurements 

A comparison of the means and standard deviations for a single ultrasonic 

measurement, a single metal probe measurement, and average carcass backfat is 

presented in Table 9 (Experiment III). The ultrasonic and probe fat measure

ments were taken 1.5 inches laterally from the midline over the tenth rib on the 

live hog. The carcass fat measurement was an average of three measurements ob

tained opposite the first rib, last rib, and last lumbar vertebra. These data indi

cate that the ultrasonic measurement of fat was more closely associated with the 

average carcass fat thickness than the single live probe measurement regardless 

of live animal weight. The greater difference between the single live probe and 

actual fat thickness was probably due to the ruler probe not penetrating the con

nective tissue separating the second and third fat layers (see probe marks, Figure 4). 



Live Weight (lb.) 

190 to 229 

230 to 269 

270 to 309 

310 to 523 

TABLE 9--COMPARISON OF AVERAGES AND STANDARD DEVIATIONS BETWEEN 
ULTRASONIC, RULER PROBE AND CARCASS FAT THICKNESS MEASUREMENTS 

Fi1CMeasu:rements 

Ultrasonic a Ruler Probea 
Number Avg. S.D. Avg. S.D. 

27 1. 34 0.15 1. 22 0.10 

30 1. 69 0.34 1. 44 0.21 

23 1.65 0.14 1. 54 0.15 

59 1. 78 0.42 1. 71 0.38 
a 
One measurement at the 10th rib 1. 5 inches laterally from midline. 

b Average of three carcass measurements taken at the first rib, last rib and last lumbar vertebra. 

Carcass 
b 

Avg. S.D. 

1.47 0.15 

1. 67 0.21 

1. 78 0.14 

1. 88 0.35 

?:1 
tI1 
(/) 

tI1 
> 
~ 
() 

:r: 
to 
c:: 
r-< 
f;; 
::::l 
z 
2 
Vl 

l'V 
Vl 
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Fig.4-A tenth rib cross section of a pork carcass illustrating the muscles, bones, individual fat lay
ers and depth marks from the ruler probe. 

Live Hog and Carcass Fat Measurements 

The relationships of several live hog and carcass fat measurements with the 
percentage of total trim fat and percentage of four lean cuts of the carcass are 
presented in Table 10 for Experiment II. The magnitude, similarity, and signifi
cance of these relationships indicate that the three techniques were equivalent in 
accounting for the variation in the percent trim fat of the carcass. A single live 
fat measurement made either with the ultrasonic technique or ruler probe was as 
highly associated with trim fat of the carcass as the average of three fat measure
ments taken either on the live animal or carcass. These fat measurements were 
negatively, but significantly, correlated (P<.01) with percent lean cuts. However, 
the average of the three individual fat probes of the live animal was more closely 
associated with the variation in four lean cuts than the three individual fat meas
ments. 

Correlation coefficients of the single ultrasonic measurement, single metal 
probe, and average carcass fat thickness with percent total trim fat for Experi
ment III are presented in Table 11 by weight groups. No consistent results are 
noted here, but it does appear that an average of several measurements may be 
more desirable in determining the amount of carcass trim fat. 
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TABLE 10--CORRELATION COEFFICIENTS OF PERCENT LEAN 
CUTS AND PERCENT CARCASS TRIM FAT WITH VARIOUS LIVE 

ANIMAL AND CARCASS FAT MEASUREMENTSa 

Correlation Coefficiente 

27 

Fat Measurement Carcass Trim Fat Four Lean Cuts 

b 
Average of Ruler Probes 

One Ruler Probe c 

-.76 

-.63 

-.60 One Ultrasonic Measurementc 

Average Backfat Thiclmess d 

0.76 

0.70 

0.74 

0. 71 -.60 

aNumber was 69 (Experiment II). 
b Average of probes made at the shoulder, loin and rump 1 inch laterally from the 

midline of live animal. 

cProbe made 1. 5 inches from midline at 10th rib of live animal. 

dAverage of three fat thickness measurements made at the first rib, last rib and 
last lumbar vertebra on the carcass. 

e All correlations are significant (P < • 01). 

TABLE 11--CORRELATION COEFFICIENTS OF PERCENT CARCASS 
TRIM FAT WITH ULTRASONIC, RULER PROBE OF THE LIVE 

ANIMAL AND CARCASS FAT THICKNESS MEASUREMENTS 

Correlation Coefficient 
Fat Measurement 

Live Weight 
Group No . Ultrasonic a Ruler Probea Carcassb 

190-229 lb. 27 0.51** 0.48** 0.55** 

230-269 lb. 30 0.54** 0.62** 0.58** 

270-309 lb. 23 0.42* 0.57** 0.59** 

310-523 lb. 59 0.64** 0.49** 0,69** 

aOne measurement obtained 1. 5 inches laterally from midline at 10th rib. 
b 
Average of 3 carcass measurements obtained at the first rib, last rib and last 
lumbar of the carcass. 

* (P< .05) 

** (P< .01) 
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Relationship of Fat Layer Measurements with Carcass Fat Measurements 

Thickness of individual backfat layers two inches laterally over the tenth rib 

was measured ultrasonically and in the carcass to determine if individual layers of 

fat were indicative of trim fat, average total backfat thickness, or lean cuts (Ex

periment VI). These data are presented .in Table 12 as correlation coefficients. 

TABLE 12--CORRELA TION COEFFICIENTS OF THE THICKNESS OF FAT 

LAYERS AS MEASURED ON THE LIVE HOG AND CARCASS WITH IijDICES 

OF CARCASS CUT-OUT AND TOTAL FAT THICKNESS 

Measurement and 
Fat Layer 

First Fat Layer 

Ultrasonic c 

Carcass 
d 

Second Fat Layer 

Ultrasonic c 

Carcass 
d 

Third Fat Layer 

Ultrasonic c 

Carcass 
d 

aNumber was 69. 

Average Total 
Fat Thickness 

0.47** 

0.34** 

0.52** 

0.67** 

0.18 

0.58** 

b 
Percent of carcass weight. 

Correlation Coefficientsb 
Percentb 

Fat Trim 

0.54** 

0.41** 

0.59** 

0.67** 

o. 26* 

0.67** 

Percent b 
Lean Cuts 

-.48** 

-.47** 

-.51** 

-.57** 

-.12 

-.q7** 

cFat thickness measurement taken two inches laterally from midline of the live 

animal at 10th rib. 

dcarcass 10th rib fat measurement taken two inches lateral of the midline. 

*(P < • 05) 

**(P < . 01) 

The second fat layer depth was more closely associated with total backfat 

thickness, percent fat trim and percent lean cuts than the first or third layer as 

measured on the live animal and in the carcass. The second and third fat layers of 

the carcass were equally associated with percent fat trim and lean cuts (0.67, -.57; 

0.67 and -.57, respectively). The similarity of the correlation coefficients of the 

ultrasonic and carcass fat thickness of the first and second layers suggests that 

these two layers of backfat can be measured accurately on the live animal. Con

versely, there appeared to be considerable variation in the depth of the third back

fat layer when measured with the ultrasonic technique as compared to results ob-
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tained by measuring this layer on the carcass. This variation in the third layer 
may be partially accounted for by the inability of the technician to consistently 
distinguish between the third layer and the dorsal side on the longissimus muscle. 
Another possible source of this variation may be due to the fact that the third fat 
layer appeared to be quite susceptible to distortion post-mortem. The second fat 
layer, therefore, was considered the layer most reliable in the live hog for estima
tions of fat and lean. 

Repeatability Between Technicians 

Barrows and boars of Experiment VII and barrows of Experiment VIII were 
measured with the ultrasonic technique to determine the repeatability of longissi
mus muscle area measurements obtained by two technicians. Correlation coeffi
cients of 0.75 and 0.88 between the two technicians (A and B) were obtained for 
the ultrasonically determined longissimtis muscle area on the barrows and boars 
of Experiment VII, respectively (Table 13). 

Neither the barrows nor the boars of this experiment were slaugthered; 
consequently, verification with the actual longissimus muscle area was not pos
sible. However, these data should be comparable to other ultrasonic and carcass 
results. The higher correlation coefficient of the two technicians for the boar 
data suggests that the boars were measured more accurately than the lighter 
weigth barrows (204.0 vs. 116.0 lb.). This can be accounted for partially by the 
fact that the technicians were more accustomed to working with hogs of the 
heavier weight group. 

Two technicians (C and D) independently measured the longissimus mus
cle area of Experiment .VIII hogs with the ultrasonic instrument at 25 pound 
live weight intervals until the pre-determined slaughter weight was attained. As 
the hogs increased in weight the magnitude of the correlation coefficients in
creased between the two technicians (Table 14). This general increase in correla
tion was associated with additional experience gained by the technicians and 
working with hogs of more familiar weight. 

Measurements of each technician were correlated with the measurements of 
the carcass to determine the ability of each technician to measure the longissimus 
muscle area accurately (Experiment VIII). The correlation coefficients, means, 
and standard deviations for this experiment are presented in Table 15. On the 
average, neither technician mismeasured the longissimus muscle area over 0.3 
square inch, compared to the carcass measurement. Differences did occur between 
the correlation coefficients of each technician. The technician who had the most 
experience estimated more accurately than the other one. However, from the re
sults of Experiments VII and VIII it was concluded that technicians with sim
ilar and adequate experience can measure accurately the longissimus muscle area 
of live swine with the ultrasonic instrument. 



Group 

Barrows 

Boars 

TABLE 13--ULTRASONIC ESTIMATES OF THE LONGISSIMUS DORSI MUSCLE AREA 
INDEPENDENTLY DETERMINED BY TWO TECHNICIANS 

Teclmicians 

Avg. Live Number of A B 

Weight (lb.) Estimates Avg. S.D. Avg. S.D. 

116.0 40a 2.22 0.30 2.36 0.37 

204.0 128b 3.88 0.48 3.92 0.44 

Correlation 
Coefficient 

0.75 

0.88 

aThe 40 estimates are from 10 hogs measured on two sides by two technicians at two separate times; i.e. , 10 x 2 x 2 = 40 

estimates per technician. 

bThe 128 estimates are from 128 hogs measured on one side independently by two technicians; i.e., 128 estimates per 

technician. 

TABLE 14--CORRELATION COEFFICIENTS BETWEEN ULTRASONIC 

MEASUREMENTS BY TWO TECHNICIANS OF LONGISSIMUS 

MUSCLE AREA AT VARIOUS LIVE WEIGHTa INTERVALS 

Correlation Coefficientsb 
Live Weight 

Pen Number 100 125 150 175 200 225 
--
1 0.57 

2 0.63 0.84 

3 0.61 0.29 0.46 

4 0.44 0.74 0.66 0.91 

5 -.17 0.20 o. 26 0.46 0.82 

6 0.14 0.91 -. 26 0.73 0.72 0.68 

7 0.68 0.25 0.32 0.40 0.51 0.84 

a 
bN = 10 per pen. 

Correlation coefficients above 0. 60 are significant at the 0. 05 level and those 
above 0. 73 are significant at the O. 01 level. 
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TABLE 15--COMPARISONS BETWEEN ULTRASONIC AND CARCASS LONGISSIMUS MUSCLE 
AREA MEASUREMENTS BY TECHNICIANS AT VARIOUS LIVE WEIGHTS 

Long!ssimus Muscle Area (sq. in.) 
Weight Correlation Carcass Standard Ultrasonic Standar d 
Groupa Technician Coefficientb' c Mean Deviation Mean Deviation 

-
100 lbs. c 0.74 2.90 . 36 2.75 .42 

D 0.97 2.84 . 38 

125 lbs. c 0.48 3.31 . 50 3.21 .14 
D 0.91 3.37 .40 

150 lbs. c 0.80 3.86 . 60 3.91 .60 
D 0.79 4.02 .87 

175 lbs. c 0.50 4.15 . 56 4.15 . 36 
D 0.51 4.17 .43 

200 lbs. c 0.65 4.37 .48 4.68 . 32 
D 0.62 4.58 . 52 

225 lbs. c 0.50 4.72 ,31 4. 81 . 28 
D 0.45 4.76 . 29 

250 lbs. c o. 38 5. 17 • 78 5.28 . 50 
D 0.67 5.08 . 74 

:10 animals in each group. 
Comparis on between ultrasonic m easurement obtained by the technician and carcass measurement. 

c All correlation coefficients above O. 60 are significant at the 0. 05 level and above 0. 73 are significant at the O. 01 level. 
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Beef Cattle 

Experiment I. The longissimus muscle area between the twelfth and thir
teenth rib, determined ultrasonically at various intervals during the performance 
test, was compared with the longissimus muscle area of the same relative posi
tion in the carcass. These results are presented in Table 16. The correlation coef
ficients, means, and standard deviations of the actual and estimated longissimus 
muscle area attest to the relative accuracy of the ultrasonic technique for deter
mining the area of the longissimus muscle. The significant (P<.01 ) correlation 
coefficients are comparable to those reported by Hedrick et al. (1962) , Davis and 
Long (1962), and Morrow and Wideman (1962) . These data further suggest 
that the accuracy of this evaluation procedure is improved with experience. A 
higher correlation coefficient (0.92) was obtained the second year than was ob
tained the first year (0.82) when the operators first began measuring longissimus 
muscle area of live bulls. 

TABLE 16--COMPARISON BETWEEN ULTRASONIC AND CARCASS LONGISSIMUS 
MUSCLE AREA MEASUREMENTS OF BULLS 

Comparison 

1962 (N = 24) 
Carcass longissimus muscle area vs. 

Ultrasonic measurement 1st week 
Ultrasonic measurement 5th week 
Ultrasonic measurement 9th week 
Ultrasonic measurement prior to 

slaughter 

1963 (N = 28) 
Carcass longissimus muscle area vs. 

Ultrasonic measurement 1st week 
Ultrasonic measurement prior to 

slaughter 

1962-1963 (N = 52) 
Carcass longissimus muscle area vs. 

Ultrasonic measurement 1st week 
Ultrasonic measurement prior to 

slaughter 

**(P < . 01) 

Correlation 
Coefficient 

0.61** 
0.62** 
0 . 66** 

0.82** 

0.67** 

0.92** 

0.59** 

0.92** 

Longissimus Muscle Area 
(sg. in.) 

Mean S.D. 

9.66 0.94 
5.57 0.50 
6.32 0.54 
7.14 0.62 

9.65 0.88 

10.01 1.10 
6.80 0. 92 

10.08 0.99 

9. 85 1. 03 
6.20 0.97 

9.88 0.96 

The ultrasonic measurements made the first week of the performance test 
period indicate that animals with larger longissimus muscle areas at a young age 
will also be larger as they mature. These data also suggest that the ultrasonic 
technique is a relatively accurate method for measuring the potential muscling 
of an animal at an early age. 
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The correlation coefficients obtained between carcass longissimus muscle 
area and ultrasonic measurements made at the fifth and ninth week were slightly 
higher than those obtained between the carcass and the initial ultrasonic measure
ments. Though the differences were slight, the correlation coefficients increased 
in magnitude as the period decreased between the time of the ultrasonic meas
urements and the time when actual areas were obtained from the carcasses. A 
combination of the two years' data further bears out the potential of the ultra
sonic instrument for evaluation of the live animal. 

Comparisons between the ultrasonic longissimus muscle area measurements 
made immediately prior to slaughter and the preceding measurements for bulls 
are presented in Table 17 and means and standard deviations in Table 18. Cor
relation coefficients beween the initial and final ultrasonic measurements of 
longissimus muscle area, including all bulls within a given year, are highly 
significant (P<.01) and very similar to the relationships between ultrasonic and 
carcass longissimus area. Similarly, as the time between the final ultrasonic 
measurement and other ultrasonic measurements of longissimus muscle area de-

TABLE 17--COMPARISONS BETWEEN ULTRASONIC LONGISSIMUS 
MUSCLE AREA BY SIRE GROUP AT THE CONCLUSION 

1962 Sires 
1 
2 
3 
4 
5 
6 

Total 

1963 Sires 
1 
2 
3 
4 
7 
8 
9 

Total 

*(P < . 05) 
**(P < . 01) 

AND AT VARIOUS INTERVALS DURING 
PERFORMANCE TEST 

Number Correlation Coefficient 
of Final Measurement vs.: 

Animals 1st week 5th week 

13 0.89** 0.85** 
14 0.83** 0.78** 
11 0.67* 0.93** 
12 0.55 0.34 
11 0.50 0.59* 
11 0.80** 0.84** 

72 0.73** 0.76** 

11 0.47 
10 0.56 
10 0.55 
12 0.49 

9 0.62 
15 0.52 

7 0.80** 

74 0.60** 

9th week 

0. 92** 
0.90** 
0.95** 
0.38 
0.67* 
0.93** 

0.83** 
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TABLE 18--ULTRASONIC DETERMINED LONGISSIMUS MUSCLE AREA MEANS AND STANDARD 

DEVIATIONS BY SIRES FOR BULLS OF GROUP I 

Longissimus Muscle Area 

Number Prior ; of 1st Week 5th Week 9th Week to Slaughter 
"' Animals Mean S.D. Mean S.D. Mean S.D. Mean S.D. {/) 

0 c 
1962 Sires 

~ 

1 13 5.21 .86 6.26 . 79 7.33 1. 03 9.60 1. 50 > 
Q 

2 14 5.26 .87 6.16 . 60 7.33 .80 9.22 .61 ::a 

3 11 5. 42 .85 6 . 17 .81 7.12 1. 20 9.18 1. 03 
c=; 
c 

4 12 5.18 .69 5.98 .62 7.11 .74 9.15 .69 t"' 
>-! 

5 11 5.30 .88 6.21 .63 7.02 .67 9.03 1.24 c 
::a 

6 11 4.75 1. 05 5.67 .94 6.30 . 88 8.23 1. 50 > 
r-' 

Total 72 5.19 .85 6.08 . 74 7.06 . 93 9.08 1. 33 tr! 
::< 
'rj 
m 

1963 Sires ~ 

1 11 7.05 .66 -- -- -- -- 9.83 • 57 E:: 
m 

2 10 7.34 . 66 -- -- -- -- 10.30 .49 z 
>-! 

3 10 7. 20 . 98 -- -- -- -- 10.53 .64 (Fl 

4 12 7.56 .70 10.30 .91 
>-! -- -- -- -- > 

7 9 6.88 1. 12 -- -- -- -- 9.89 .96 
>-! 
0 

8 15 6.82 . 57 -- -- -- -- 9.95 .55 z 
9 7 6.31 . 53 -- -- -- -- 8 . 62 .43 

Total 74 7.07 . 80 -- -- -- -- 9.96 .81 
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creased the correlation coefficients increased. However, these data indicate a sire 
influence on the ability to measure the longissimus muscle area of their progeny 
with the ultrasonic instrument. This is indicated by the wide range in correla
tion coefficients (0.50 to 0.89) between sires in 1962 for the initial period. Sim
ilar differences occurred for the ultrasonic measurements of longissmus muscle 
area obtained the fifth and ninth week of the first year's data and the initial 
measurements of the second year. 

Experiment II. Longissimus muscle areas determined, ultrasonically at the 
end of the 224-day feed period were compared with similar measurements made 
the first week of the feeding trial and actual areas obtained from the carcasses. 
These results are presented in Table 19 as simple correlation coefficients. Ultra-

TABLE 19--COMPARISON BETWEEN ULTRASONIC AND CARCASS 
LONGISSI1\.1US MUSCLE AREA OF HEIFERS ON VARIED LEVELS OF 

TOTAL DIGESTIBLE NUTRIENTS 

Comparison 

Final Estimate vs.: 

Actual a 

Initial 

Initial 

Initial 

Level of 
TDN 

High 

Medium 

Low 

Number of 
Animals 

23 

16 

16 

16 

alncludes the animals slaughtered on all 3 levels of nutrition. 

** (P < . 01) 

Correlation 
Coefficient 

0.94** 

0. 68** 

0. 74** 

0.70** 

sonic measurements of the muscle area and measurements of the carcass are pre
sented in Table 20. 

TABLE 20--LONGISSIMUS MUSCLE AREA MEANS AND STANDARD 
DEVIATIONS FOR HEIFERS OF GROUP II 

Longissimus Muscle Area (sq. in.) 
Ultrasonic Measurea 

1st Week Prior to Slaughter Carcassb 
Mean S. D. Mean S. D. Mean S.D. 

High 7.40 . 53 10.41 . 89 10.35 1.42 

Medium 7.43 .52 8.61 . 69 8.68 1. 04 

Low 7.09 . 34 5.01 .42 5.31 1. 36 

a 
bNumber of animals was 48 (16 per group). 

Number of animals was 24. 
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The longissimus muscle areas determined prior to slaughter were highly as
sociated with the areas of the carcass and similar to results obtained with the 
second year bull data of Group I. The correlations between the initial and final 
ultrasonic measurements of the longissimus muscle area were of greater magni
tude, yet similar to the results obtained from the bull data. These ultrasonic 
measurements of longissimus muscle area indicate that animals with large lon
gissimus area at young ages will maintain this advantage within various nutri
tional treatments. Therefore, it appears that ultrasonic measurements at a younger 
age will give a reliable indication of the animal's potential. 

Table 21 shows the association between changes in longissimus muscle area 
and weight for this group. The correlation coefficient between weight change 
and longissimus muscle area change is not significant for the heifers of the high 
level of nutrition. However, the association between the two suggests that as an 
animal increases in weight, there is also an increase in muscle area. 

No significant relationship was observed between longissimus muscle area 
increase and weight increase for the group of heifers on the medium level of 
nutrition. Although the animals were gaining slightly and muscle area increas
ing slightly, the difference between individuals and error in estimating muscle 
area apparently accounted for a greater proportion of the variation. 

In the low level of nutrition group, the animals not only lost weight, but 
also decreased in longissimus muscle area. The relationship between the two 
was positively associated (P<.01) . Yeates (1964) suggested that a reduction in 
muscle mass of animals which are losing weight may be accounted for by the 
loss of intramuscular fat deposits and by a reduction in diameter of the individ
ual muscle fibers. The lack of intramuscular fat deposits within the longissimus 
muscle of these heifers could account for a portion of the muscle area loss. 
However; no measurements of muscle fiber diameter were obtained. 

Lamb 

Experiment I. Lambs were measured over a period of three years to evaluate 
the usefulness of the ultrasonic technique for measuring longissimus muscle area 
and fat thickness. Seventy-three lambs were measured the initial year, 69 the sec
ond year and 93 the third year. Progeny of 12 sires were represented. 

The correlation coefficients between actual and ultrasonically determined 
longissimus muscle areas of the lambs are presented in Table 22. Longissimus 
muscle area measurements obtained by the ultrasonic technique were significantly 
associated (P<.01) with longissimus muscle area of the carcass. A progressive 
increase was observed in these correlations, 0.52, 0.63 and 0.66, in successive 
years. The higher relationship observed for each succeeding year can be attdbuted 
to additional experience with the ultrasonic equipment, procedure, and lambs. 

A comparison (Table 23) of ultrasonic and carcass measurements of lon
gissimus muscle area averages indicates that ultrasonic measurements tended to 



Level of 
TDN 

High 

Medium 

Low 

TABLE 21--COMPARISON BETWEEN CHANGES IN LONGISSIMUS MUSCLE AREA AND LIVE WEIGHT 
OF HEIFERS ON VARIED LEVELS OF TOTAL DIGESTIBLE NUTRIENTS 

Number of Mean Longissimus Correlation 
Animals Weight Change Muscle Area Change Coefficient 

16 327. 75 ± 49. 5 3.00 ± 0. 68 0.31 
16 149. 40 ± 55. 7 1.19 ± 0.46 0.07 
16 -72. 56 ± 32. 8 -2.09 ± 0. 87 0.45 

TABLE 22-- CORRELA TION COEFFICIENTS BETWEEN ACTUAL AND 
ULTRASONICALLY DETERMINED THIRTEENTH RIB LONGISSIMUS 

MUSCLE AREA OF LAMBS 

Year 

First 

Second 

Third 

**(P < . 01) 

Number of Lambs 

73 

69 

93 

Correlation Coefficient 

0. 52** 

0.63** 

0.66** 

Significant 
Difference 
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TABLE 23--ACTUAL AND ULTRASONICALLY DETERMINED LONGISSIMUS MUSCLE 
AREA MEASUREMENTS OF LAMBS BY SIRE AND YEAR 

First Year Second Year Third Year 
Sire 1 2 3 4 5 6 7 8 9 10 11 

Number 
Lambs 18 17 24 l4 15 19 17 18 30 16 22 

Longissimus Areaa 

Actual 2.1 2. 0 1. 9 1. 9 2.3 2.3 2.3 2.3 1. 9 1. 9 2.0 

Ultrasonic 1. 9 1. 9 1.9 1. 8 2.1 2.1 2.2 2.1 1. 9 2.0 2.0 

Difference 0.2 0.1 0.0 0.1 0.2 0.2 0.1 0.2 o.o 0.1 o.o 
a 

Longissimus muscle area measurements made at the 13th rib on the live lamb. 

12 

25 
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underestimate the actual area. However, in each sire group the differences were 
only two-tenths square inch or less. 

Additional comparisons were made with ultrasonic and carcass fat thickness 
measurements (Table 24). Ultrasonic and carcass fat measurements taken at the 
thirteenth rib were significantly associated (P<.01) with carcass trim fat. How
ever, none of the individual measurements were associated with a very large pro
portion of the variation in carcass trim fat. 

TABLE 24-- CORRELA TION COEFFICIENTS OF PERCENT CARCASS TRIM 
FAT WITH ULTRASONIC AND CARCASS FAT MEASUREMENTSa 

Measurement at the 13th Rib 

Ultrasonic Fat Thickness 
Distance lateral of midline 

0. 5 in. 

1. 0 in. 

2. 0 in. 

CarcijlSS Fat Thickness 

aNumber was 235. 
**(P < . 01) 

Correlation Coefficient 

0.34** 

0.27** 

0.31** 

0.42** 

Cross-sectional width and depth of the longissimus muscle were measured 
and compared with the ultrasonic and carcass longissimus muscle area measure
ments. The width and depth measurements were significantly associated (P < .01) 
with actual and ultrasonic measurements of longissimus muscle area (Table 25). 
However, width of the longissimus muscle was a better measure of longissimus 
muscle area than was depth. 

TABLE 25--CORRELA TION COEFFICIENTS OF ACTUAL LONGlSSIMUS MUSCLE 
LENGTH AND DEPTH MEASUREMENTS WITH ULTRASONICALLY 

DETERMINED LONGISSIMUS AREA a 

Measurement 

Length 

Depth 

aNumber was 235. 
**(P < . 01) 

Correlation Coefficient 
Longissimus Muscle Area 

Actual Ultrasonic 

0.66** 0.36** 

0.56** 0.31** 
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The relationship of carcass and ultrasonically determined longissimus muscle 
area with several muscles from the leg and loin are presented in Table 26. Highly 
significant relationships (P<.01) were obtained between these muscles and lon
gissimus muscle area measurements of the carcass and live animal. However, the 
correlation coefficients between the various muscles and carcass longissimus muscle 
area were higher than the ultrasonic measurements of the longissimus muscle area. 

TABLE 26- - CORRELA TION COEFFICIENTS OF ACTUAL AND ULTRASONICALLY 
DETERMINED LONGISSIMUS MUSCLE AREA IN DISSECTED MUSCLES 

FROM LEG AND LOIN OF LAMB a 

Muscles (gms.) 

Bisceps femoris 

Semimembranosus 

Adductor 

Quadriceps femoris 

Longissimus dorsib 

Psoasb 

a 

Correlati"on CoefficientC 
Longissimus Muscle Area 

Actual Ultrasonic 

0.48 o. 28 

0.39 0.25 

0.39 0.22 

0.29 0.19 

0.33 0 . 29 

0.46 0.35 

bNumber was 235. 
Weight of _1. dorsi, Psoas major and minor muscle of a chop from the 6th lumbar 
vertebra. 

c All correlations are significant at O. O 1 level. 

Experiment II. Live animal measurements and various carcass measurements 
of the longissimus muscle were compared with the percent of carcass muscle 
(Table 27) . These correlation coefficients indicate that the ultrasonic measurements 
of longissimus muscle area are more closely associated with the percentage of mus
cle in the carcass than with the carcass longissimus muscle area. These data also in
dicate longissimus muscle width is more closely associated with carcass muscle 
than is muscle depth . 

Experiment III. A procedure similar to that described for locating the medial 
and lateral longissimus muscle boundary for hogs was followed for locating both 
the medial and lateral longissimus muscle boundaries on lambs. The acrual longis
simus muscle dimensions from 217 lambs are presented in Table 28. The average 
length across the longissimus muscle from medial to lateral boundary was 2.2 
inches. Longissimus muscle length on these lambs ranged from 1.8 to 2.9 .inches. 
This range in length, (1.8 to 2.9 inches) , may appear misleading since 98.7 percent 
of the length observations were within a range of 1.8 to 2.5 inches and 93 percent 
were within a range of 2.0 to 2. 5 inches. More than 150 of the lambs in this popu-
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TABLE 27--CORRELATION COEFFICIENTS BETWEEN PERCENT MUSCLE OF 
CARCASS AND LONGISSIMUS MUSCLE MEASUREMENTS 

Measurement 

Ultrasonic longissimus muscle area 
Ultrasonic longissimus muscle area/cwt 

Carcass longissimus muscle area 
Carcass longissimus muscle area/cwt 

Carcass longissimus muscle width 
Carcass longissimus muscle width/cwt 

Carcass longissimus muscle depth 
Carcass longissimus muscle depth/ cwt 

Carcass longissimus muscle depth-width 
Carcass longissimus muscle depth-width/cwt 

N = 40. 
*(P<.05) 

**(P < . 01) 

Correlation Coefficient 

0.32* 
0.65** 

0.16 
0.36* 

0. 39* 
0.52** 

0.02 
0. 28 

0.25 
0.45** 

TABLE 28--LONGISSIMUS MUSCLE MEASUREMENTS FROM EIGHTY
FIVE TO ONE HUNDRED POUND LAMBSa 

Longissimus Muscle 
Measurements Av. S.D. Range 

Length 2.2 0.16 1. 8 - 2. 9 
Depth 1.3 0.18 o. 9 - 1. 7 

aNumber was 217. 

lation had a longissimus muscle length within 2.2 ± .16 inch. Sound wave reflec
tion peaks clearly and consistently identified the dorsal and ventral boundaries of 
the longissimus muscle. 

Medial and Lateral Longissimus Muscle Boundary 
Lamb longissimus muscle areas were arbitrarily classified into three sizes for 

convenience of locating the lateral longissimus muscle boundary on the live lamb 
(Table 29). For example, medium-sized longissimus muscle areas were 2.2 square 
inches and less, with a length from 1.7 to 2.1 inches. Large longissimus muscle 
areas were from 2.3 to 2.6 square inches in area and from 2.2 to 2.5 inches long. 
The extra large longissimus muscles were 2.7 to 3.0 square inches in area and from 
2.6 to 2.9 inches in length. Since the maximum length of the longissimus muscle 
for these lambs was 2.9 inches, the lateral boundary would not be expected to ex-
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TABLE 29--AREA AND LENGTH OF THE LONGISSIMUS MUSCLE OF 
LAMB AT THE THIRTEENTH RIB 

Longissimus Muscle Measurements 

Size Area (sq. in.) Length (in.) Number 

Medium 2. 2 and less 1. 7 - 2.1 110 

49 

2 

Large 

Extra Large 

2.3 - 2.6 

2.7 - 3.0 

2. 2 - 2. 5 

2. 6 - 2. 9 

ceed a distance of 3.2 inches (2.9 plus 0.3 inches) laterally from the midline on 85 

to 100 pound lambs (see angles, Table 6). 
The medial boundary of the longissimus muscle was determined in exactly the 

same manner as described for hogs (see letter H, Figure 3). A slight modification 

was developed for objectively locating the lateral longissimus muscle boundary on 

lambs. A negative 30° angle (60° from the horizontal) plotted from the vertical at 

2.8 inches laterally from the midline accurately intersected the lateral longissimus 

muscle boundary on 93 percent of the lambs studied. In the case of longissimus 

muscle areas which exceeded 2.50 square inches, the same procedure was followed 

except that it was necessary to increase the lateral distance from the midline to 3.0 

instead of 2.8 inches. The results of plotting the longissimus muscle from the same 

ultrasonic reflection data are illustrated in Tables 30 and 31. Method B involved 

objectively determined reference lines for the medial and lateral boundaries; where

as, in method A the longissimus muscle area was plotted from the same ultrasonic 

plots, except the medial and lateral muscle boundaries were subjectively located 

without the aid of the reference lines. 
The average deviation from the actual longissimus muscle area for method B 

was approximately 0.1 inch (0.27 - 0.18 in.) closer to the actual area than was the 

average deviation determined from longissimus muscle tracings plotted according 

TABLE 30--RESULTS OF TWO METHODS OF LOCATING THE MEDIAL 

AND LATERAL BOUNDARIES OF THE LONGISSIMUS MUSCLE 

FROM ULTRASONICALLY MEASURED LAMBSa 

Average Deviation from Actual Longissimus 
Muscle Area (sq. in.) 

Subjectively Located Objectively Locatedb 
Medial and Lateral Medial and Lateral 

Muscle Area (Avg. ) Boundaries Method A Boundaries Method B 

2.25 0. 27 0.18 

a 
bNumber was 217. 

Medial and lateral boundaries established by reference lines. 
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TABLE 31--RELArr'IVE ACCURACY OF TWO METHODS OF PREDICTING 
THE AREA OF ULTRASONICALLY MEASURED LONGISSIMUS MUSCLE 

AREA OF LAMBSa 

43 

Percent of Total Observations 
Within Sq. In. Increments Indicated 

Method 0.1 0.2 0.3 0.4 0.5 

(A) Subjectively Located 
Medial and Lateral Boundaries 45.0 63.0 75.0 85. 0 91. 0 

(B) Objectively Located 
Medial and Lateral Boundaries 61. 0 78 .0 87.0 95. 0 97.0 

aNumber was 69. 

to method A (Table 30). Furthermore, method B was approximately 10 percent 
more accurate at each of the five error limits presented in Table 31. 

Correlations of 0.63 and 0.78 were obtained between ultrasonic and actual lon
gissimus muscle area for methods A and B, respectively. These correlation coeffi
cients were significantly different at the 10 percent level. The majority of the esti
mated longissimus muscle areas were underestimated by method B, compared to an 
equal number of over and under estimations by method A. 
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SUMMARY AND CONCLUSIONS 

Experiments involving swine, beef cattle, and lambs were conducted to de

termine the usefulness of the ultrasonic technique in live animal evaluation. The 

specific objectives of these experiments were (1) to develop and simplify the ul

trasonic technique in identification and quantification of muscle and fatty tissue 

of the live animal; (2) t0 determine the accuracy of the technique; (3) to deter

mine the relationship between ultrasonic measurements of the live animal at var

ious stages of growth and measurements of the subsequent carcass; and ( 4) to 

study relationships between ultrasonic and other objective measurements of meat

iness. 
The ultrasonic technique was demonstrated as a relatively accurate method 

for the measurement of longissimus muscle area in live swine, beef cattle, and 

lambs. Results also indicate that the technique would be useful in evaluating 

finish of the live animal. 
Experiments were conducted with swine and lambs to develop a procedure 

for objectively locating the medial and lateral boundaries of the longissimus 

muscle. These objective reference points for the muscle increased accuracy of the 

ultrasonic estimates of its area. However, the medial and lateral boundaries of 

the longissimus muscle were more objectively located when adjustments were 

made for animal weight, species, and finish. 
Ultrasonic measurements of longissimus muscle area, live animal backfat 

ruler probe measurements, ultrasonic, and carcass backfat measurements of swine 

were all significantly associated with yield of lean cuts and yield of trim fat. A 

single backfat measurement over· the tenth rib of swine obtained by either the 

ultrasonic technique or ruler probe was highly associated with yield of lean cuts 

and trim fat. The experiments showed measurements obtained by the ultrasonic 

technique would, when properly adjusted for weight, finish, and species, aid in 

the determination of live animal composition. 
Fat layer development in the thoracic-lumbar region of swine was studied. 

The second fat layer was more closely associated with fat yield and yield of four 

lean cuts than the first and third fat layers. Ultrasonic and carcass depth measure

ments of the first and second fat layers did not differ significantly. However, a 

comparison of the depth measurements of the third layer of fat illustrated consid

erable variation between these two methods. This variation was attributed to the 

inability of the technicians to consistently distinguish between the third layer of 

fat and the dorsal edge of the longissimus muscle and also the distortion of this 

fat layer during chilling and processing. 
Longissimus muscle area on hogs was measured ultrasonically with a high 

degree of repeatability by different technicians. Correlation coefficients of greater 

magnitude between actual and ultrasonic measurements of longissimus muscle 

area were obtained on heavier hogs. These differences were attributed primarily 
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to the fact that technicians were more accustomed to working with hogs of the 
heavier weight. From repeatability studies it was concluded that technicians with 
similar and adequate experience could accurately measure longissimus muscle area 
of live animals with the ultrasonic technique. 

Ultrasonic measurements of longissimus muscle area were made on beef bulls 
at various live weight and time intervals. Significant correlation coefficients were 
obtained between ultrasonic measurements prior to slaughter and longissimus 
area measurements of the carcass. The association between ultrasonic and carcass 
longissimus muscle area measurements taken the first, fifth, and ninth week of 
the test period were significant and accounted for 36 to 45 percent of the varia
tion in longissimus muscle area of the subsequent carcass. 

Heifers of beef cattle breeding (Experiment II), on a high level of TDN, 
gained an average of 327.75 pounds and longissimus muscle area increased 3.0 
square inches. Heifers on a medium level of TDN gained an average of 149.4 
pounds and their longissimus muscle area increased 1.19 inches, whereas, heifers 
receiving a low level of TDN lost 72.56 pounds and their longissimus muscle 
area decreased 2.09 square inches. The correlation coefficient between changes in 
weight and longissimus muscle area were 0.31, 0.07 and 0.45 for high, medium 
and low TDN level groups, respectively. 

Longissimus muscle area measurements obtained by the ultrasonic technique 
were significantly associated with longissimus muscle area of subsequent lamb 
carcasses. Ultrasonic measurements of longissimus muscle area and fat thickness 
were significantly associated with percent muscle and trim fat of the carcass. 

From these experiments it can be concluded that: 
1. The ultrasonic technique is an accurate means of measuring muscle and 

fatness of the live animal. 
2. The ultrasonic technique, when properly used, can be useful in the selec

tion of animals on the basis of longissimus muscle area and fat thickness. The 
technique may also be employed in studies concerned with animal growth and 
development. 

3. Greater accuracy and repeatability of ultrasonic measurements on the live 
animal can be attained when the following procedures are followed: 
A. A thorough knowledge of the ultrasonic equipment is essential. 

Proper instrument calibration and adjustments are extremely important. 
A "warm-up" period is necessary before the instrument is calibrated. 
Tap water as near body temperature as possible can be used to calibrate 
the instrument. 
To insure proper calibration, the instrument should be checked after 
every third animal measurement. 
One should avoid placing the ultrasonic instrument where sun or 
bright light shines directly on the oscilloscope to maintain good visibil
ity of the reflection peaks. 
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It may be necessary to ground the instrument to prevent electric shock 
to the animal and operator. A slight shock, although not always detec
tible by the operator, usually results in the animal being unusually 
tense and nervous. 

The transducer that is best suited for the job should be selected. For 
greatest penetration on large hogs and cattle a 1.0 me., whereas, for 
lambs and small hogs where great depth of penetration is not a major 
concern, a 2.5 me. or higher frequency appears to give a more distinct 
reflection peak. 

The technician should avoid excessive pressure on the transducer, which 
deforms the fat and muscle tissues. Experience is necessary to overcome 
this small but important operational technicality. 

B. The operator should be thoroughly familiar with the anatomy of the portion 
of the animal measured. 

A detailed cross-section study of the soft tissue and bone structure from 
the region of the animal's body measured is one of the first prerequi
sites. The variation in density of fat and muscle, although sometimes 
small, should not be overlooked as a possible source of error. 

Animals of extreme variation in finish usually result in "problem" ani
mals. The possible difference in the density of the tissue as well as the 
unususal back curvature can result in inaccuracies. 
A knowledge of the approximate Longissimus dorsi muscle length is a 
valuable aid to the technician in establishing the lateral boundary of this 
muscle on the live animal. 

Objective medial and lateral Longissimus dorsi boundary reference lines 
are helpful for more accurate interpretations of ultrasonic measurements. 
These references or predetermined boundary lines vary with specie and 

and live weight. 

C. Animals should be restrained to eliminate excessive movement but at the 
same time maintain a near normal stance. 

A restraining device which distorts the fat and muscle tissue should be 
avoided. 

Individual animal disposition, indirectly, can cause tissue distortion and 
have an important influence on the results obtained by ultrasonic meas
urements. 

D . The technician should use only those angles of sound penetration which are 
most appropriate for the size, conformation, and finish of the animal meas
ured. Too many angles tend to confuse the picture, whereas, too few are in
adequate for a complete outline of the peripherial boundary of the Longis
simus dorsi muscle. 
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E. Plotting and interpretation of ultrasonic tissue interface peaks should be 
made as soon as possible after the live animal measurements have been made. 
This gives maximum benefit from visual observations. A combination of sub
jective and objective appraisals is valuable in order to decrease gross inaccur
acies. 
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