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ABSTRACT: Three techniques for estimating 
the value of pork carcasses were evaluated: an 
optical probe, a real-time ultrasound scanner, and 
an electromagnetic scanner (EMSCAN). The abil- 
ity of these techniques to predict carcass value 
was compared to the predictive ability of actual 
measures of backfat depth and longissimus mus- 
cle area taken with a ruler and a dot grid. Results 
indicated the EMSCAN model was the best 
predictor of carcass value. However, the optical 
probe, ultrasound, and the ruler/dot grid all 
provided information not contained in the EM- 
SCAN model. The choice among ultrasound, the 
optical probe, and the ruler/dot grid depends on 

how the carcass will be used. There is no 
significant difference between ultrasound and the 
ruler/dot grid or the optical probe and the ruler/ 
dot grid if the carcass is to be marketed in 
wholesale primal form, but the ruler/dot grid is 
superior if the ham and loin are to be sold as lean, 
boneless products. A model combining the EM- 
SCAN and optical probe readings provided more 
accurate value predictions than either technique 
alone. A carcass value matrix for use in pricing 
pork carcasses was developed using readings 
from the optical probe. Carcass use has a sub- 
stantial impact on value differences between fat 
and lean pigs. 
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Introduction 

Current methods of pricing live pigs do not 
adequately recognize differences in pork carcass 
composition and quality. Thus, consumer tastes 
and preferences are not transmitted effectively to 
producers Ukerd and Cramer, 1970; Miller, 1987; 
Quaife, 1987). Most pigs in the United States are 

'An earlier version of this paper was presented at the 1989 
Annu. Mtg. of the Am. Agric. Economics Assoc., Baton Rouge, 
LA, August 1, 1989. Journal paper no. 12709, Purdue Univ. 
Agric. Exp. Sta. 

'Lewie (19491, commenting on the research of Dowell and 
Engleman (19491. provided an excellent discussion of the 
practical problems associated with carcass-merit pricing- 
several of which are reiterated in the Packers and Stockyards 
Administration report developed 35 yr later. 
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not marketed on a carcass-merit basis, which 
would reward producers of the lean, high-quality 
pork demanded by consumers. Furthermore, the 
systems used by packers only pay minimal differ- 
entials between fat and lean pigs (Kauffman, 
1990). 

The Packers and Stockyards Administration 
(USDA, 1984) identified several reasons for limited 
carcass-merit marketing. Among these were the 
subjective appraisal of carcass composition and 
quality by the packer and general confusion 
about carcass-merit pricing. Also, some tech- 
niques designed to provide objective carcass 
composition data have proven unreliable when 
installed in modern pork processing facilities 
Nempster et al., 198512. The method of carcass 
evaluation must be accurate and objective if 
producers are to embrace carcass-merit pricing. 

This paper compares the ability of three tech- 
niques, real-time ultrasound, the optical probe, 
and an electromagnetic scanner, to predict car- 
cass value. The research extends previous work 
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Table 1. Descriptive statistics for 90 carcass samples 
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Variable Mean SD Ma,xi~num Minimum 
Hot carcass wt, kg 78.55 0.11 93.44 00.08 
Chilled carcass wt, kg 77.60 6.05 91.08 03.90 

(wholesale) 100.31 8.47 121.37 83.00 

(wholesale) 127.69 3.94 137.05 118.83 

[lean boneless) 103.21 10.90 130.39 79.40 

Clean boneless) 131.27 7.71 153.92 107.87 

Ruler (10th rib), cm 2.94 .7 1 5.21 1.52 
Optical probe (11th rib), cm 3.20 .74 5.70 1.70 

Total carcass value, $ 

Carcass value, $/lo0 kg 

Total carcass value, $ 

Carcass value, $/lo0 kg 

Backfat depth 

Ultrasound (10th rib), cm 2.90 .05 4.39 1 .eo 
Longissimus muscle measure 
Areedot grid (10th rib), cm2 32.87 4.70 46.45 19.99 
Depth-optical probe (11th rib), cm 4.74 .82 7.00 3.15 
Areeultrasound (10th rib). cm2 34.90 4.52 49.00 26.50 
EMSCAN reading (H45) 02.01 10.50 85.72 42.72 
EMSCAN reading (A75E) 3,424.71 005.99 5.279.71 2,288.71 
Carcass length, cm 80.07 3.08 88.90 74.93 
Hot carcass temperature. "C 38.34 1.23 40.50 34.28 

by testing the ability of these techniques to 
measure carcass value. Non-nested hypotheses 
tests are used that provide a statistical test of the 
alternative models rather than simply comparing 
relative R2 values. 

Materials and Methods 

The sample consisted of 90 pigs randomly 
selected from Indiana field buying stations. After 
slaughter, the backfat depth at the 10th rib, 5 cm 
off the midline, was measured with a ruler and a 
Aloka DX-210 real-time ultrasound scanner (Coro- 
metrics Medical Systems, Peachtree City, GA) 
(Forrest et al., 1989). Likewise, longissimus muscle 
area was measured at this same location with a 
dot grid and the ultrasound scanner. (Descriptive 
statistics for the data set are reported in Table 1). 

Weight of the hot carcass and the carcass 
temperature were recorded. The temperature of 
the carcass affects the electromagnetic scanner 
(EMSCAN) readings. Although carcass tempera- 
ture would be reasonably constant in a packing 
plant, such consistency was not possible in the 
laboratory because of variations in the time 
between slaughter and the EMSCAN measure- 
ments. The carcass length from the anterior edge 
of the first rib to the anterior edge of the aitch 

3When estimated with these data, the R2 for the original 
Kuei et al. (1989) model was .8975. The R2 for our model, which 
employs two EMSCAN variables, was .8903. 

bone was measured. Lean composition of the 
carcass was then estimated with an electromag- 
netic scanner (Model HA-2, Meat Quality Inc., 
Springfield, ILI. 

The EMSCAN device measures electrical con- 
ductivity of the carcass at 64 equidistant inter- 
vals, providing an asymmetric bell-shaped curve 
(Kuei et al., 19891. The curve peaks when the 
entire muscle mass is in the electromagnetic field. 
The height and area of curve segments were 
defined in relation to the curve peak. The starting 
point aeft end) of the curve was defined as 0 and 
the peak as 100, effectively defining the x-axis 
range for each curve as 0 to 150. Drawing on work 
by Kuei et al. (19891, two EMSCAN variables were 
used to predict carcass composition and ulti- 
mately value: the height of the curve 45% of the 
distance from the origin to the peak (H451 and the 
area under the curve from a point 3/4 of the 
distance between the curve's origin and its peak 
to the curve's endpoint (A75EI. Kuei et al. (1989) 
found that the EMSCAN reading at the curve's 
peak was the best predictor of lean composition. 
However, the value of the lean varies consider- 
ably across the primal cuts and other commercial 
products. The two variables chosen for this model 
were the best predictors of lean content in hams 
and loins (Kuei et al., 19891. These two cuts 
account for the majority of the commercial value 
of a carcass3. The model using two EMSCAN 
variables was selected because there is longer- 
term interest in using the scanner to predict the 
composition of the ham and the loin while the 
carcass is intact. 
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After an overnight chill at 2OC, the depth of the 
backfat and the longissimus muscle, 7 cm off the 
midline between the l l th  and 12th ribs, was 
measured using an Anitech PG-100 Pork Grader 
(optical probe; Anitech, Markham, Ontario, Can 
adap. The right side of the carcass was subse- 
quently fabricated into primal cuts and the weight 
of all primal cuts and of other commercial 
products was recorded (ham, loin, picnic, Boston 
butt, belly, spare ribs, jowl, feet, neckbones, tail, 
lean trimmings, fat, and skinl. Each commercial 
cut was subsequently dissected and separated 
into lean, fat, bone, and skin, and the weight of 
each component was recorded. 

The total wholesale value (wholesale carcass 
value1 of each individual carcass was determined 
by multiplying the quantity of each trimmed 
wholesale cut and byproduct by average per-unit 
prices obtained from the National Provisioner 
Daily Market News Service (1088) Yellow Sheet 
following the recommendations of Hayenga et al. 
(1985). The Yellow Sheet prices were adjusted by 
adding the overages used by a cooperating 
packer in pricing its products to better reflect the 
quality of product actually sold on the wholesale 
market as well as transportation differentials. 
Killing and processing cost data were also ob- 
tained from this packer and were subtracted from 
the total wholesale value of the carcass to arrive 
at  the net value of the carcass as raw material. 
One-half of the (1000/01 lean trimmings were as- 
sumed to be sold on an 80% lean basis and one- 
half were assumed to be sold on a 50% lean basis5. 
Carcass fat was added to lean trimmings to 
permit pricing the product with available whole- 
sale price data, The remaining carcass fat was 
then converted to a lard equivalent using the 
appropriate yield factor (.7). 

A second set of carcass values aean boneless 
carcass value) was calculated assuming that the 
ham and loin were sold in highly trimmed, 
boneless form with the rest of the carcass sold on 
the wholesale market as described above. Again, 
the cooperating packer provided necessary price, 

4The S-F-K Fat-O-Meater E-F-K, Hvidovre, Denmark) was 
also used to measure backfat and longissimus muscle depth 
However, this optical probe was not available during the early 
stages of the research and therefore measurements from the 
Fat-OMeater were not available for all carcasses. 

JActually, 80 and 50% lean trimmhqzs were adjusted to a 72 
and 42% lean basis, respectively, to correspond with the 
products that are priced on the National hovisioner Yellow 
Sheet. 

eHayenga et al. (1985) and Grisdale et al. (1984) also include 
a measure of muscling score based on a visual appraisal. The 
muscle score added little information to their results and it 
also makes little difference here. Hence the regressions 
reported here do not include a muscling score. 

ET AL. 

yield, and cost data. This second set of carcass 
values was used to examine the impact of carcass 
use on the predictive ability of the three tech- 
niques. 

The models used to explain value included a 
measure of fatness or leanness and carcass 
weight. The EMSCAN model also controls for hot 
carcass temperature and carcass length. Carcass 
weight is important because prices for wholesale 
cuts vary according to weight of the cut. Heavy 
cuts receive discounts but these discounts do not 
vary directly with the weight of the cut; thus, a 
curvilinear relationship is expected. A quadratic 
weight variable was used following the method of 
Hayenga et al. (198516. The four models estimated 
were as follows: 

Value/lOO kg = + a1 PROBEFD 
+ e PROBEFD2 + CARWT 
+ a4CARWT2 
+ as (PROBEFD . CARWTI 
+ %PROBEMD r11 

Value/lOO kg = bo + bl ULTRAFD 
+ b2 ULTRAFD' + b3 CARWT 
+ b4 CARWT2 
+ b5 (ULTRAFD*CARW") 
+ be ULTRALEA I21 

Value/100 kg = co + c1 RULER + c2 RULER' 
+ c3 CARWT + c4 cARwT2 
+ ~5 (RULER.CARWTI 
+ CsDOTLEA 131 

Value/100 kg = & + dl EMH45 + d2 EMA75E 
+ d3 CARWT + & CARWP 
+ d5CARTEMP 
+ GCARLGTH r41 

where Value/lOO kg is the net carcass value 
(dollars) per 100 kilograms of carcass, PROBEFD 
is the backfat depth at the 1 lth rib measured with 
the optical probe, PROBEMD is the depth of the 
longissimus muscle at the l l th  rib measured with 
the optical probe, CARWT is the weight of the hot 
carcass in kilograms, ULTRAFD is the backfat 
depth measured at the loth rib with the ultra- 
sound scanner, ULTRALEA is the area of the 
longissimus muscle at the 10th rib measured with 
an ultrasound scanner, RULER is the backfat 
depth measured at the loth rib with a ruler, 
DOTLEA is the area of the longissimus muscle at 
the loth rib measured with a dot grid, EMH45 is 
the height of the EMSCAN conductivity index 
curve 45% of the distance from the curve's 
starting point to its peak, EMA75E is the area 
under the EMSCAN conductivity index curve 
from a point 3/4 of the distance between the 
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curve's origin and its peak to the curve's end- 
point, CARTEMP is the temperature of the hot 
carcass, CARLGTH is the length of the carcass, 
and ai, bi, ci, and di are parameters. 

Data were not used to specify the models. 
Models were specified based on the results of past 
research (Fahey et al., 1977; Grisdale et al., 1984; 
Hayenga et al., 1985; Forrest et al., 1989; Kuei et 
al., 1989; Orcutt et al., 1990). Insignificant vari- 
ables were not deleted because the focus of the 
paper is testing hypotheses about the uniqueness 
of information provided by each technique, and 
deleting insignificant variables could bias the 
results. Because the data were not used to select 
the model, no out-of-sample evaluation is needed. 

The next question was, What criteria should be 
used to compare the four models? Grisdale et al. 
(1984) concentrated their discussion on R2 and 
stressed that their model had an R2 of .79, which 
was higher than those of previous studies. But R2 
is sample-dependent. In their study, Grisdale et al. 
(1984) selected a sample consisting of an equal 
number of barrows and gilts representing four 
distinctly different body types. The population of 
hogs used in the present study reflects a more 
normal distribution with fewer hogs in the ex- 
treme categories. For instance, the standard 
deviation of the hot carcass weight variable for 
the 185 carcasses used in the Grisdale et al. (1984) 
study was 12.3 kg, compared to 6.1 kg for the 90 
carcasses used in this sample. Therefore, we 
expected a substantially lower R2 with these 
data7. 

Because R2 does not produce a test of statisti- 
cal significance, we selected among the four 
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models using non-nested hypotheses tests David- 
son and MacKinnon, 198lP. A general example of 
non-nested models is &s follows: 

n 
HI: Model 1 is correct Model 1 : yi = CSiXi + E l i  

i-  1 
m 

i- 1 
H2: Model 2 is correct Model 2 : yi = CTiq + E2i 

where yi is the i* observation on the dependent 
variable, Xi and Zi are vectors of observations on 
exogenous variables, pi and yi are vectors of 
parameters to be estimated, and E l i  and ~ 2 i  are 
error terms. For the models to be non-nested, 
Model 1 must contain independent variables not 
in Model 2 and Model 2 must contain independent 
variables not in Model 1. Using non-nested tests 
(described below), both H1 and H2 may be 
rejected, or neither may be rejected. If neither is 
rejected, then both models contain the same 
information. If both are rejected, then both Xi and 
Z, contain unique information that helps to 
predict yi. The third possibility is more definitive: 
one hypothesis may be rejected and the other not. 
Here, the model not rejected would be chosen 
over the rejected model. The non-nested hypothe- 
sis tests will provide information about whether 
one of the four methods of predicting carcass 
value contains information that is not captured in 
the others. 

Two types of non-nested tests are used: 11 the 
Wald test, which is valid in small and large 
samples, and 2) the J-test, which has larger 
asymptotic power than the Wald test, but is 
biased in small samples. The Wald test nests all 
four non-nested models in a more general model: 

Value/100 kg = + a1 CARWT + & CARWJ? + PROBEFD + a4 PROBEFD2 
+ a5 (PROBE.CARWT) + a 6  PROBEMD + ULTRAFD + + ULTRAFD2 
+ ag (ULTRAFD.CARWT) + &lo ULTFMLEA + all RULER + a12 RULER2 
+ a13 (RULER.CARWT) + a14 DOTLEA + a15 EMH45 + a16 EMA75E 
+ 817 CARTEMP + a18 CARLGTH 151 

The following null hypotheses are then tested: 

H1: Optical probe is correct Ho : a-, = 0, + = 0,  ag = 0, a i o  = 0 ,  ail = 0,  812 = 01 813 = 0, 
814  = 0, a15 = 0, a16 = 0, a17 = 0, a18 = 0. 

814  = 0, a15 = 0, a16 = 0, a17 = 0,  a18 = 0. 

= 0,  815 = 0, a16 = 0, 817 = 0 ,  a18 = 0. 

H2: Ultrasound is correct Ho : + = 0 ,  a 4  = 0 ,  = 0,  % = 0,  ai1 = 0,  a12 = 0,  ai3 = 0, 

H3: Ruler is correct Ho : + = 0, e = 0, = 0, % = 0, a, = 0, aS = 0, a9 = 0, a10 

'Estimating the Grisdale et al. (19641 equation with these 
data gives an R2 of .20. Siemens et al. (19891 used a similar 
approach and obtained results like those of Grisdale et al. 
(1984). The primary ditrerence is the use of quadratic variables 
by Siemens et al. (1989). 

*Most statistical tests are nested because the model under 
the null hypotheses is a special case of the alternative. The 
models defined in Equations (1) to (4) are non-nested because 
none of the models is a special case of the others. 
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H4: EMSCAN is correct Ho : = 0, a 4  = 0, a5 = 0, a6 = 0, a, = 0,  = 0,  as = 0,  a10 
= 0, all = 0, 812 = 0, a13 = 0, 8 1 4  = 0. 

Here the null hypothesis, HI: Optical probe is 
correct, should be interpreted as the null hypothe- 
sis that the other measurements provide no useful 
information beyond that provided by the optical 
probe. 

The J-test for any of the four hypotheses is 
conducted by taking the predicted values from the 
other three equations and including them as 
regressors in the model under consideration. For 
example, to test HI: Optical probe is correct, 
estimate the following: 

Value/100 kg = % + a1 PROBEFD 
+ e PROBEFD2 + a3 CARWT 
+ a4 C A R W  
+ a5 (PROBEFD.CARWT) 
+ a6 PROBEMD + &7*2 

+ Q V 3 +  a g V 4  it31 

where V2, V3, and V4 are the predicted values 
from Equations El, t31, and [41. The null hypothesis 
tested is a, = 0, % = 0, a, = 0. Tests of the other 
three hypotheses are conducted in a similar 
fashion. 

Results and Discussion 

Wholesale value regression estimates are pre- 
sented in Table 2. Readings from all four devices 
provided information useful in explaining carcass 
value as evidenced by the signifkant parameter 
estimates on measures of fatness or leanness. The 
null hypothesis of no information from the tech- 
nique (joint F-test of the non-intercept parameters) 
was rejected (P < .001) in each equation. The 
EMSCAN equation gave the best fit, explaining 
49.8% of the total variation in value/100 kg. 
Values of R2 for the ultrasound, ruler, and optical 
probe wholesale value/100 kg equations were .46, 
.41, and .40, respectively. A corresponding R2 for 
total value of the carcass would, of course, be 
higher. The regression F-statistic was larger than 

weight  discounts were compared using results from the 
Hayenga et al. (1985) model (Equation 2) estimated with our 
1988 data. Hayenga et d. (1985) reported an increasing 
premium for light carcasses Iless than 81.5 kgl and an 
increasing discount for heavy carcasses (greater than 81.5 kgl 
using 1981 price data. We find both light and heavy carcasses 
discounted relative to the base carcass in 1988. with the 
discounts for heavy animals approximately twice those re- 
ported by Hayenga et al. (19851. 

'%ate that many packers discount light and heavy animals 
using a discount schedule that is not linked to the Yellow 
Sheet. Such discounts are not reflected in these estimates. 

the .05 critical value for each of the four equa- 
tions. 

The relationship between weight and value/100 
kg in our model is more complex than that of 
previous work because of the inclusion of the 
fatness x weight interaction term. Ikerd and 
Cramer (1970) used a system of equations that 
specified the relationship between value, carcass 
weight, and backfat depth as a function of price 
differentials between light and heavy primal 
wholesale cuts. Hayenga (1971) estimated a single- 
equation ordinary least squares (OLS) model that 
expressed carcass value (per unit of live weight) 
as a function of slaughter weight, backfat depth 
at  the last lumbar region, and dressing percent- 
age. Green et al. (19731 estimated a model similar 
to the Ikerd and Cramer (1970) model using a 
random coefficients approach that had more 
desirable statistical properties than the estima- 
tion method used earlier. Grisdale et al. (19841 and 
Hayenga et al. (1985) extended the early work of 
Hayenga (1971) by specifying a nonlinear relation- 
ship between value and carcass weight. Siemens 
et al. (1989) used quadratic weight, backfat depth, 
and muscling variables to predict wholesale car- 
cass value. 

The earlier studies using linear models found a 
statistically significant, inverse relationship be- 
tween carcass value and carcass weight. Howev- 
er, both Hayenga et al. (1985) and Siemens et al. 
(19891, using a single-equation OLS model with a 
quadratic carcass weight variable, found that the 
weight discount increased with carcass weight 
over the typical weight range of animals slaugh- 
terede. In this study, although several of the 
individual parameters relating carcass weight to 
value were not significant, the hypothesis of no 
weight effect (joint F-test of the weight 
parameters) was rejected at  the .01 level in three 
of the four equations, the optical probe equation 
being the sole exception. In every case, the 
relationship between weight and value was con- 
cave Ke., heavy carcasses were discounted and 
this discount increased with weightlo). 

The negative estimated parameter on the back- 
fat variable in the optical probe, ultrasound, and 
ruler equations indicated the expected discount 
for fat animals. However, the lack of statistical 
significance on any of the second-order backfat 
parameters suggests that this discount is linear 
with backfat depth. This finding is consistent with 
previous research. Ikerd and Cramer (19701, 
Hayenga (1971). Grisdale et al. (19841, Hayenga et 
al. (19851, and Siemens et a1. (1989) all found a 
statistically significant, inverse relationship be- 
tween carcass value and backfat depth". Addi- 
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Table 2. Regression estimates of models explaining 
wholesale value/100 kilograms of pork carcasses 
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Measure of leanness/fatness 

Independent optical 
variable DrObe Ultrasound Ruler EMSCAN 

Intercept 54.51 -23.31 12.31 9.20 
(l.07p (-.467) (.244) C201) 

Backfat -10.42) -7.86 - 10.99t - 
Backfat2 .305 .239 -.191 - 

(-1.76) (-1.14) (- 1.78) 

(.646) (.321) k.373) 
CmWt 2.05 3.87' * 3.07' 3.01** 

(1.56) (3.12) (2.44) (2.70) 
CWV9 -.014t -.026** -.022** -.022** 

Fatness. carwt .081 .053 .13gt - (-1.07) (-3.37) (-2.84) (-3.101 

(1.03) (.6831 ( 1.871 

(3.771 (5.18) (4.35) 
Loin muscle 1.78*** .428*** .408*** - 
EMSCAN-H45 - - 

EMSCAN-A75E - - 

Cartemp - - 

Carlgth - - 

R2 .4014 .4615 .4 142 .4975 

- .175 
(2.02) 

- .004* 
(2.471 

(-2.63) 
- -.77'8* 

- .284* 
(2.50) 

Regression F 9.277*** 11.858*** 9.781*** 13.697*** 

SD 2.473 2.345 2.446 2.266 

aValues in parentheses are tvalues. 

*P .05. 
**P < .01. 
***P < .001. 

t P  c .lo. 

tional muscling is rewarded, as indicated by the 
positive parameters on the longissimus muscle 
variables. Also of interest is the estimated 
parameter on the fatness x weight interaction 
term, which is significant in the ruler equation. 
The positive sign indicates that the discount per 
centimeter of backfat declines as carcass weight 
increases-an intuitively appealing result. 

The parameters on the EMSCAN measures of 
muscling, EMH45 and EMA75E, were significant 
and carried the expected positive signs. Carcass 
temperature was an important variable in the 
EMSCAN equation. However, this variable is not 
likely to be necessary in the industrial version of 
the EMSCAN equation because carcass tempera 
ture would be much more uniform in a production 
environment. 

~~ 

"The Hayenga et al. (1085) model (Equation 2)  was 
estimated with our data to make a direct comparison of 
backfat differentials in 1961 and 1988. Hayenga et al. (19851 
report a backfat discount of 1.3% of carcass value per 
centimeter of backfat in 1981. Comparable figures using our 
1968 data are 1.2% for the wholesale value model and 4.6% for 
the lean, boneless value model. 

The two non-nested tests produced consistent 
results (Table 3). All the null hypotheses were 
rejected for both the Wald and the J-tests, 
implying that each technique for measuring car- 
cass composition provides some unique informa- 
tion. Hence, none of the four methods contains all 
the information provided by the other three. 

There are at least two reasons for the differ- 
ence in information content of the four techniques 
even though three of the four measure backfat 
depth and lean muscle area (or depth) at  a specific 
location. First, there is some difference in the 
location on the carcass where the readings were 
taken. Both the ruler reading and the ultrasound 
reading were taken at approximately the same 
location 5 cm off the midline at the 10th rib. 
However, the optical probe reading is taken 7 cm 
off the midline between the 11th and 12th rib. 
Second, there is likely to be some difference in 
accuracy between the three backfatAongissimus 
muscle measurement techniques. The ruler 
should be the most accurate measure of backfat 
depth because identifying the precise line of 
demarcation separating lean and fat using ultra- 
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Table 3. Test statistics for non-nested tests of four measures of carcass 
composition to explain wholesale value/100 kilograms of pork carcasses 

Null hypothesis 

Non-nested Optical probe Ultrasound Ruler EMSCAN 
test correct correct correct correct 

Wald 4.0870 3.0823 3.8738 2.4810 
1.0OOlP 1.00151 1.00011 1.00901 

LO0011 1.00011 [.00011 1.00081 
J-test 16.207 9.880 15.079 6.259 

aValues in brackets are observed significance levels. 

sound or the optical probe involves some judg- 
ment on the part of the operator. Likewise, the dot 
grid should be the most accurate measure of 
longissimus muscle area. 

Because three of the techniques measure fat- 
ness and leanness at approximately the same 
location, pair-wise, non-nested tests were con 
ducted to compare each technique against the 
three alternatives on an individual basis Ke., 
probe against ultrasound, probe against ruler, 
probe against EMSCAN, etc.; Table 4). Results 
suggested that EMSCAN, the optical probe, and 
ultrasound provide unique information. However, 
all information available from the ruler measure 
was contained in the EMSCAN measure. In 
addition, based solely on information content one 
would be indifferent to the ruler and the optical 
probe, Although none of the four methods for 
determining composition dominated all others 
when considered jointly the similarity of the 
information provided by the ultrasound, the ruler, 
and the probe was shown by the pair-wise tests. 

The above value models are based on the 
assumption that the carcass was to be sold on the 
wholesale primal market. As shown in Table 1, 
the variation in wholesale value per 100 kg is 
considerable, ranging from $118.63 to $137.65, with 

a mean of $127.69 and a standard deviation of 
$3.94. However, if the carcass were to be used to 
market lean, boneless products, carcass composi- 
tion obviously becomes more important to the 
packer and the need for a system that links 
carcass price to carcass composition becomes 
more critical. 

The second set of carcass values aean boneless 
carcass value) was used to examine this issue. 
The average value per 100 kg for a carcass 
marketed assuming the ham and loin were sold in 
lean, boneless form was $131.27, ranging from 
$107.87 to $153.92 with a standard deviation of 
$7.71 (Table 1). Estimated parameters for the four 
lean, boneless pricing models are presented in 
Table 5. In general, the estimates are consistent 
with those for the wholesale value model pre- 
sented in Table 2. However, in every case the 
discount for fat or the premium for muscling was 
higher in the lean, boneless model than in the 
wholesale model. In addition, the R2 values for the 
lean, boneless models were much higher than 
those for the earlier models. The EMSCAN model 
explained more than 75% of the variation in lean, 
boneless carcass value. 

The group non-nested tests for the lean, bone- 
less equations provided results similar to those 

Table 4. Test statistics for pair-wise, non-nested Wald tests of four measures of 
carcass composition to explain wholesale value/100 kilograms of pork carcasses 

Comparison 

Optical 
Ho probe Ultrasound Ruler EMSCAN 

Optical probe is correct - 6.2454 2.3585 8.2762 
1.00021 LO6051 1.00011 

Ultrasound is correct 3.634 - 1.1044 5.8795 
1.00901* 1.36041 1.00031 

Ruler is correct 1.8873 2.9387 - 6.1781 
1. 12091 1.02551 1.00021 

EMSCAN is correct 3.7767 4.1668 2.4895 - 
1.00731 1.00411 1.04981 

aValues in brackets are observed significance levels. 
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Table 5. Regression estimates of models explaining lean, 
boneless value/100 kilograms of pork carcasses 

25 

~~ ~ ~ ~ 

Measure of leanness/fatness 
~ 

Independent optical 
variable probe Ultrasound Ruler EMSCAN 

Intercept 110.05 -37.70 13.24 55.30 

Backfat -20.15‘ -13.65 -19.07. - 
(1.40p (-.466) (.191) (.883) 

(-2.21) (- 1.22) (-2.25) 
Backfa? .305 380 -.155 - 
Carwt 352 4.27‘ 3.05t 1.91 

(.420) (.314) G.222) 

(.423) (2.12) (1.771 (1.25) 
Car& -.006 -.027* -.022* -.018’ 

(-.450) (-2.21) (-2.07) (-1.86) 

(1.23) (.480) (1.89) 
Loin muscle 2.92*** .758** * .849*** - 

(4.04) (5.85) (8.58) 
EMSCAN-H45 - - - .332** 

EMSCAN-ArrE - - - .011*** 

Cartemp - - - -2.14* 

Backfat. carwt .149 .060 .193t - 

(2.80) 

(5.00) 

(-5.27) 
Carlgth - - - .753*** 

Regression F 23.789*** 23.576’ 34.044* * 4a.m*** 
04.85) 

R2 .6321 A302 .7111 .7546 
SD 3.89 3.700 3.27 1 3.014 

Walues in parentheses are &values. 
+P < .lo. 
*P .05. 
**P < .01. 
***P 4 .001. 

reported earlier: the null hypotheses were re- 
jected in every instance for both the Wald test 
and the J-test (Table 6). However, the pair-wise 
tests suggested that the ruler was superior to the 
probe and the ultrasound techniques (Le., we fail 
to reject the null hypothesis “ruler is correct” in 
the pair-wise tests; Table 7). Given the earlier 
results, which were inconclusive regarding the 
choice between ultrasound, the probe, and the 
ruler, this result suggested that use of the carcass 
will have an impact on the choice of carcass 

evaluation technique. Like the results for the 
wholesale value equations, the pair-wise test 
results for the lean, boneless equations suggested 
that EMSCAN provides information not provided 
by the other three techniques. 

Despite the considerably higher predictive 
power of the EMSCAN equation for both the 
wholesale and lean, boneless value models, the 
nonnested test results suggested that techniques 
such as the optical probe, ultrasound, and the 
ruler do provide information beyond that con- 

Table 6. Test statistics for non-nested tests of four measures of carcass 
composition to explain lean, boneless value/100 kilograms of pork carcasses 

Null hypothesis 
Non-nested Optical probe Ultrasound Ruler EMSCAN 
test correct correct correct WITeCt 

Wald 10.984 11.0710 7.3568 5.357 
LOO0 1P t.00011 LOO011 t.00011 

[.00011 [.00011 [.00011 [.00011 
J-test 4 1.997 37.451 24.978 13.907 

aThe values in brackets are observed significance levels. 
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Table 7. Test statistics for pair-wise, non-nested Wald tests 
of four measures of carcass composition to explain lean, 

boneless value/100 kilograms of pork carcasses 

ComDarison 

Optical 
probe Ultrasound Ho 

Optical probe is correct - 10.0051 
1.000 11 

Ultrasound is cofrect 10.1586 - 
1.00011~ 

Ruler is correct 2.6631 1.3874 
1.03851 r.24591 

EMSCAN is correct 10.4352 6.4585 
1.00011 [.00021 

~~ 

Ruler EMSCAN 
8.7676 25.50 18 
1.00011 [.00011 
7.3021 19.7428 
1.00011 1.00011 
- 13.8655 

r.oo0ll 
8.8005 - 
1.00011 

aValues in brackets are observed significance levels. 

tained in the EMSCAN reading. Hence, packers 
may consider combining techniques to provide 
more accurate estimates of carcass value by 
using two (or morel unique sources of information. 
A revised model that incorporated readings from 
the EMSCAN device and the optical probe was 
estimated ff able 8). Residual standard deviations 
were lowered substantially through this combina- 
tion of techniques-$2.12 vs $2.27 for the whole- 
sale model and $2.51 vs $3.01 for the lean, 
boneless model. The EMSCAN/optical probe 
model explained 57% of the variation of wholesale 
value m d  83% of the variation in lean, boneless 
value. 

Making formal statistical comparisons of the 
EMSCAN/o$tical probe model against ultrasound 
and the ruler, the hypothesis “EMSCAN/optical 
probe is correct” is not rejected at the .05 level 
with the group non-nested test. In addition, the 
combination of techniques also was superior to 
the ultrasound or the ruler individually when the 
comparisons were made in pair-wise fashion. 
Such combinations of techniques merit additional 
investigation as a method to enliance the ability 
to predict carcass value. 

Finally, the information provided by the tech- 
nologies must be presented in a convenient, easily 
understandable format if it is to be used. A pork 
value grid was developed using the estimated 
wholesale value optical probe model because this 
technique is already in use in a number of plants 
(Table 9). Following earlier work by the National 
Pork Producers Council (19871, a base carcass in 
this grid carries 2.5 cm of backfat and weighs 
between 74 and 77 kg. Premiums and discounts 
expressed as a percentage of base carcass value 
are shown for backfat depths from 1.5 to 5.5 cm 
and carcass weights from 62 to 97 kg. Grid entries 
for light carcasses were adjusted according to the 
1987 NPPC “Lean Guide to Pork Value” (National 
Pork Producers Council, 19871. Note that the 

optical probe wholesale value model contained a 
measure of longissimus muscle depth to adjust 
the estimated carcass value for the muscling of 
the animal. Therefore, each cell in the value grid 
was adjusted for the (estimated) longissimus 
muscle depth of an animal falling in that weight/ 
backfat class Le., the discount for a carcass with 
2.0 cm of backfat and weighing 67 kg was 
calculated assuming the carcass has a loin 
muscle depth of 5.1 cm). The determination of 

Table 8. Regression estimates of models explaining 
value/100 kilograms of pork carcasses combining 

EMSCAN and optical probe measures 

Independent 
variable 

Value/lOO kg 

Wholesale boneless 
Lean, 

Intercept 

CWWt 

CarWt2 

EMSCANsH45 

EMSCAN-A75E 

Cartemp 

Carlgth 

Robe measure (backfat) 

Probe measure Ooin muscle) 

Regression F 
R2 
SD 

4 1.29 
(.929p 
1.74+ 

(1.55) 
-.013t 

.117 
(1.39) 

.004* 
(2.37) 
-.706* 

(-2.42) 
.394 * * * 

(3.381 
.324 

(.547) 
1.65’ * 

(3.881 
13.462*** 

,5707 

(- 1.921 

2.120 

80.89 
(1.49) 

.e21 
(.454) 

- .OM 
(-.894) 

.165 
(1.61) 

.OO9*** 
(4.83) 
-1.67*** 
(-4.69) 

(5.66) 
-1.64‘ 
(-2.28) 

2.67*** 
(4.88) 
50.71 1*** 

.8336 

.803*** 

2.513 

aValues in parentheses are t-values. 

*P c .05. 
***P < .001. 

tP < .lo. 
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Table 9. Premiums and discounts as a percentage of base market price 
based on optical probe pricing modela 

carcass 
weight, kg 

62 to 65b 
66 to 69 
70 to 73 
74 to 77 
78 to 81 
82 to 85 
86 to 89 
90 to 93 
94 to 97 

Backfat. cm 
~~~ ~ 

1.5 2.0 2.5 3.0 3.5 4 .O 4.5 5.0 5.5 

% 

65.1' 83.0 81.1 79.2 77.4 75.7 74.1 72.6 71.2 
95.5 93.6 91.8 00.1 88.5 87.0 85.5 84.2 62.9 

100.7 99.0 97.4 95.8 94.4 93.0 91.8 90.6 89.5 
103.0 101.4 100.0 98.6 97.4 96.2 95.1 94.1 93.2 
103.1 101.7 100.4 99.2 98.2 97.1 88.2 95.4 94.6 
102.6 101.4 100.3 99.3 98.3 97.5 96.7 96.1 95.5 
101.5 100.4 99.5 98.7 97.9 97.2 96.7 96.2 95.8 
99.7 96.9 96.1 97.5 96.9 96.4 96.0 95.7 95.4 
97.4 96.7 96.2 95.7 95.3 94.9 94.7 94.6 94.5 

aBase carpws has 2.5 cm of backfat and weighs between 74 and 77 kg. Premiums and discounts based on 1966 average Yellow 
Sheet (adjustedl prices of trimmed, bone-in wholesale cuts. 

bDiscounts for light carcasses were adjusted according to the 1987 NPFC "Lean Guide to Pork Value": -14.0% for 62- to 
65-kg carcasses, -5.5% for 66- to 69-kg carcases, and -1.6% for 70- to 73-kg carcasses. 

'Premiums and discounts shown are for animals with average loin muscle depth. Cell values would be adjusted for loin muscle 
depths above and below the mean loin muscle depth of a carcass in the cell. This adjustment would be f 1.3% for the wholesale 
marketing system. 

value is then a two-step procedure: first, the 
appropriate premium or discount is determined 
based on the weight of the carcass and the optical 
probe measure of backfat depth; then, the carcass 
value is adjusted for muscling if the depth of the 
longissimus muscle for the carcass is greater than 
or less than the average longissimus muscle 
depth for a cmcass in that weight-backfat class. 

The highest premium, 1O3.l0/o of base value, is 
for a carcass in the 78- to 81-kg range with 1.5 cm 
of backfat. Because processing costs are higher 
for very heavy animals, a set of discounts such as 
those developed by the NPPC for light carcasses 
may be required for the heavy weight classes 

(Marberry, 1989). However, the optical probe 
value model already reflects such discounts to 
some extent because heavier cuts typically carry 
lower market prices. 

When carcasses were valued assuming that the 
ham and loin would be sold in boneless, highly 
trimmed form, premiums and discounts became 
even more pronounced. Figure 1 presents the 
backfat discount for a carcass in the base weight 
range of 74 to 77 kg. For a carcass in this weight 
class with 1.5 cm of backfat, the premium under 
this boneless value system is 106%, and the 
corresponding premium for the wholesale value 
system is 102%. Premiums and discounts for the 
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Figure 1. Backfat discounts for base carcass based on wholesale primal and lean, boneless carcass valuation 

(optical probe model]. Plots show premiums and discounts for a 74- to 77-kg carcass with average loin muscle depth. 
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wholesale value system were very similar to those 
in the 1987 revision of the “Lean Guide to Pork 
Value” [National Pork Producers Council, 19871. 
Incentives for the production of lean animals are 
much greater when the carcasses are valued on a 
lean, boneless basis. The expected use of the 
carcass is clearly important to consider when 
constructing a carcass-merit pricing system. 

Implications 

All four of the techniques considered provided 
information that significantly contributed to ex- 
plaining carcass value. The EMSCAN device 
provided the most unique information. The combi- 
nation of EMSCAN and optical probe readings 
was superior to the alternatives and suggested 
that such combinations merit additional research. 
Because each technique provides unique informa- 
tion in certain situations, other criteria, such as 
speed, reliability, and cost, may be more impor- 
tant in determining which of the techniques is 
adopted. Pricing premiums and discounts are 
affected by the use of the carcass. As packers 
continue to move toward leaner, boneless prod- 
ucts, the value of a carcass-merit pricing system 
will increase. 
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