
1 : 3 2

• Küei

%!

-Electrical Conductivity as a Research Tool in Pork Carcass Evaluation 

- J.C. FORREST, A.P. SCHINCKEL and M.D. JUDGE

6tvt of Animal Sciences, Purdue University, West Lafayette, Indiana 47907, USA

Vs- (Total Body Electrical Conductivity) readings combined w ith 10th rib fat depth,
Ml

X
cass weight, primal cut weight, warm carcass length, or warm carcass temperature 

y estimates fat-free lean mass in carcasses and/or primal cuts. TOBEC can be used as
X * .sU t for complete dissection in pork carcass composition research.

tON
Co,

V
""Píete dissection or grinding of animal carcasses is routinely utilized in animal

'ch
X

to assess treatment effect on animal lean m eat deposition. Complete dissection of
ses

ls costly and time consuming.

Pom,
methodology is based on the principle that a conductive mass placed in an

Of
X t ,

l988 .

’’ 1987.
'■As-

a5hetic field will perturb the field. The degree of perturbation is dependent on the 

conductive mass present. Lean tissue, with its greater electrolyte content, is a 

er electrical conductor than fat and this difference is maximized at low frequencies, 

been demonstrated to be accurate in estimating body composition in p ork (FORREST et 

KUEI et al., 1989; KUEI et al., 1990), human (COCHRAN et al. , 1986; FIOROTTO et

vANiTALLIE et al., 1990; VAN LOAN and MAYCLIN, 1987) and small laboratory animals 

al-, 1990; WALSBERG, 1988).et
re v ieus w o r k  in our laboratory focused on the application of TOBEC to estimate pork

Is,89. ^»Position in commercial slaughter operations (FORREST et al., 1988; KUEI et al.,
q Etjgj
\ q et 1990). Speed and accuracy w ere the major issues under that situation,

c *" ca rc 3ss measurements, e.g. 10th rib fat depth and loin muscle area, are difficult to
W Ct °h% fast slaughter lines. However, these measurements are reasonably easy to obtain in 

V .  y research. The objective was to study the feasibility of using TOBEC combined with
X Ca . •

%r» measurements in lieu of dissection for pork carcass composition research.

V
*h:

-4iiD -METHODS
te e 'h u nd:

V  SCÍe^m

V ̂
red-twenty-five market weight pigs were slaughtered at the Purdue University

Laboratory. After eviscerating and splitting, carcass temperature
aposus muscle of the h a m ) , length (from distal end of hind foot to the most anterior

x  c^rcass) and carcass weight w ere measured. TOBEC measurements were conducted

V  ^  Inc. H A - 2 a electromagnetic scanner. The warm right side of the carcass was
'Jo*

* v s
fnto the electromagnetic field, hind foot first. Detailed TOBEC analyzing  

ate described by KUEI et al. (1989).

Physical dissection was begun after an overnight chill at 2°C. Carcasses wereV  " c*Ss

n hhe loth and 11th ribs, 10th rib fat depth was m easured at the 3/4 point off 

er the longissimus muscle as described in NPPC (1988). Loin muscle area was
vi t h 9 Last rib backfat thickness was measured on the dorsal midline opposite

'' sPringfield IL, USA.
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the last thoracic vertebra. The right carcass side was fabricated into rough ham» 

shoulder then trimmed to wholesale primal cuts. Each trimmed primal cut was then 

into lean, fat, skin and bone. Lipid content of dissected lean was determined 

extraction procedures. Dissected lean was standardized to contain 0% fat (fat-free leal 

Table 1. Means and standard deviations for experimental animals.

loifi

di**ec'

Estimation Validation

Slaughter weight (kg)
W a r m  carcass weight (kg)
Longissimus muscle area, 10th rib (cm2 ) 
Fat depth, 3/4 measurement, 10th rib (cm) 
Backfat thickness, midline, last rib (cm) 
W arm carcass temperature (°C)
Carcass length 
hind foot to fore foot (cm)

Rough cut weight 
Ham (kg)a 
Loin (kg)a 
Shoulder (kg)a

Trimmed wholesale primal cut weight 
Ham (kg)a 
Loin (kg)a 
Shoulder (kg)a 

Fat-free lean mass 
Ham (kg)a 
Loin (kg)a 
Shoulder (kg)a 
Carcass (kg)“

n= 280 n=45
Mean S D C Mean S D C

108.5 11.4 109.4 10.7
81.0 9.0 81.1 8.8
34.2 5.4 34.6 4.9
2.9 .7 2.9 .8
2.5 .5 2.5 .5

38.7 1.4 38.8 1.1
151.5 8.8 150.6 8.3

9.7 1.2 9.8 1.0
10.3 1.4 10.4 1.5
8.6 1.0 8.7 1.0

9.1 1.1 9.2 .9
7.2 .9 7.2 .7
7.3 .9 7.4 .8

5.5 .8 5.6 .6
4.5 .7 4.5 .5
4.5 .6 4.6 .5

36.2 4.9 36.7 3.8
Right side of carcass. 
Right side doubled. 

c Standard deviation.
\otf

A nimals w ere randomly divided into two groups. Prediction eguations were <*eve
-j-e^

data from 280 pigs and these equations were validated on the remaining 45 pigs- ^

equations to predict fat-free lean mass in each primal cut and carcass were develop* 

m a x i m u m  R 2 stepwise procedure w i t h  TOBEC readings, 10th rib fat depth, loin muscle 

carcass weight, trimmed primal cut weight, rough cut weight, warm carcass length 

carcass temperature serving as independent variables.

RESULTS AND DISCUSSION

Carcass traits were similar for estimation and validation samples and are repre 

of that found in US commercial herds (Table 1).

/

gen

y
y

• ±  iTOBEC reading combined with carcass length, temperature and weight accurately
maee ifl afat-free lean mass in carcasses (R2 = .89, RSD = 1.64) (Table 2). Fat-free lean

was also accurately estimated (R2 = .87, RSD = .29). Warm carcass weight was not ^  /
in

at P > .05 level in this equation. The accuracy of estimation of fat-free lean ®aS

0 s ,,,
and shoulders was lower.

" ,,
Add i n g  10th rib fat depth as the fifth independent v ariable in the model incire >g J 

1-3% (Table 3). The improvement was m ost noticeable in estimating fat-free leaI1

ycarcasses (R2 - .92 and R S D  = 1.40 compared with R 2 = .89 and RSD = 1.64). It is ^
d

rib the carcass to measure the 10th rib fat depth. This measurement can be collecte 

ribbing the carcass by using optical probes. If ribbihg carcasses is i»P°sSl ^

alternative is to use midline b ackfat thickness at the last rib. However, the ii®Pr
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Prediction equations (four variable) 
for fat-free lean mass(kg) in primal 
cuts and carcass.

2

Intercept b-value

17.38

%

V 2°a
¿engthtemPerature

' s W eight

.01
-1 1 !.46
.02

RSD

.89 1.64

Si;45"
C : l 20*

3.50

0*4
temperature
le n g th

.07
- . 02 *
-.07
.01

.87 .29

A()
c» ¿ 5*'•4k

' < & * *
< ¿ 2  i « q t h

1.24
.001*

temperatureNv
. 02 
. 07 
.001

.7 6 .32

Table 3. Prediction equations (five variable) 
for fat-free lean mass(kg) in primal 
cuts and carcass with 10th rib fat 
depth in the equations.

Intercept b-value R 2 RSD

Carcass
16.45

A90 - 1 2 0 a
Fat depth, 10th rib 
Carcass length 
Carcass weight 
Carcass temperature 

Ham
3.27

D20-453
Carcass length 
D100-1203
Carcass Temperature 
Fat depth, 10th rib 

Loin
1.18

A 0 - 1 2 5 a 
Carcass length 
Fat depth, 10th rib 
Carcass weight 
Carcass temperature 

Shoulder
.90

D60-90a
Carcass length 
Fat depth, 10th rib 
A 0 — 3 5a
Carcass temperature

.01
-1.72* 

. 08*
-14!-.35

.07’

- .0 2
-.06
-.08*

.02
-.15**

-.03

.92 1.40

,88

•°°i I V. 02
. 22*** 
.02*** 
.05***

.04

.28

.79 .30

.85 .25

*** P < .001; ** P < .001; * P < .05. 
a TOBEC readings; refer to KUEI et al. (1989).

*5,V '4Cv

'h
c4s as less, compared with 10th rib fat depth measurement, w ith R 2 = .90, RSD = 1.55 for

*5,

fot

*4S

R2 = .88, R S D  = .29 for hams; R 2 = .78, RSD = .31 for loins; and R z = .84, RSD =2 _

sh0
ihg

E ld e rs

Primal cut weight or rough cut weight improves the accuracy of estimating fat-free 
ln hams, loins and shoulders (Table 4) . Total fat-free lean mass in carcasses is
eshimated b y  a four variable equation including TOBEC reading, 10th rib fat depth, 

Btl9 th and wei g h t  in the model (R2 = .91, RSD = 1.46). A  four variable model with*41
l(v Cut w .

J-9ht as one of the independent variables estimated fat-free lean m ass in hams,
«, X  s.
•ls a i d e r s  w i t h  R 2 = .93 and RSD = .22, R 2 = .90 and RSD = .20, and R 2 = .91 and RSD

'
W  Substit

, '-1on of rough cut weight for primal cut weight in prediction equations may save
\  . _ ,

s ignificantly affecting the accuracy; R^ = .93 and RSD = .22 for hams, R z = .88
•23■» w ^or loins, and R 2 = .89 and RSD = .22 for shoulders. Unless every institute

V  cuts by the same definition, it is difficult to generate a universal equation.
Jk co rough cuts without trimming is much easier to standardize.

* ^ i lM  . atlci an 18 cm (7 inck) skin collar were removed from the rough hams to prepare
cuts. With this minor difference the accuracy and b-values were nearly the same

and Primal ham cuts. However, there were major differences in weight and other
''5k. "i s t i c

l4t between rough and primal loin cuts, as well as rough and primal shoulder cuts.

6 rough loin cuts was trimmed to 6-7 mm to make primal loin cuts and backfat of
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Table 4. Prediction equations (four variable) for fat-free lean mass (kg) in primal c' 
and carcass w ith 10th rib fat depth in the model.

:uts

Carcass or trimmed primal cut equations

Variable Intercept b-value R 2

Carcass
3.45*

A95 - 1 2 0 3
Fat depth, 10th rib 
Carcass lenqth 
Carcass weight

Ham
3.23*

Trimmed ham weight 
Fat depth, 10th rib 
D20-45“
Carcass temperature 

Loin
-.19

Trimmed loin weight 
Fat depth, 10th rib 
AO-1 2 5 “
Carcass length

.0 1
-1.85

.09*

.13*

.40

•°3-.05

Shoulder
.37

Trimmed shoulder weight 
Fat depth, 10th rib 
D60 - 9 0 “
Carcass length

_, ***• D X
-.19***
.001***
.01***

.43
■21,
.02
.01

.93

.90

.91

RSD

.91 1.46

.22

.20

.19

Rough cut equations

Variable Intercept b-value

Ham
3.45*

Rough ham weight 
D20-45a
Fat depth, 10th rib 
Carcass temperature

Loin
. 36

Rough loin weight 
Fat depth, 10th rib 
A O - 1 2 5 “
Carcass length

Shoulder , „ * . 49
Fat depth, 10th rib 
D60-90“
Rough shoulder weight 
Carcass length

• ° 3 ,-.26
-.06

.31***
17.***

■ • , * * *
. 01

.88

-.26
.03
.28
.01

***
***
***
***

.89

J

J

*** P < .001; * P < .05.
a TOBEC readings; refer to KUEI et al. (1989)

Table 5. Test bias between estimation and validation  
samples for equations in table 4.

Fat-free
Bias

lean mass 
S D a

(kg)
cv6

Carcass -.14 1.30 3.54
Trimmed primal cut

Ham -.03 .20 3.55
Loin -.04 .18 3.98
Shoulder -.02 .19 4.17

Rough cut
Ham .01 .21 3.72
Loin -.04 .22 4.87
Shoulder -.01 .21 4.61

Standard deviation. 
Coefficient of variation.

dorsal portion of rough shoulder cuts was also trimmed to 6-7 m m  to make primal sh° g ^
•n 101These differences not only affect the accuracy in estimating fat-free lean mass 1 

shoulders, but also significantly change the b-values.

Statistical analysis for m ain effects revealed that the same equation
A d d iti on of

animals of different gender, weight or fat depth groups (data not s h o w n ) . —  ,

rib loin muscle area did not significantly increase the prediction accuracy. 

that bias was non existent in the equations presented in Table 4.

CONCLUSIONS

The precision w ith w h ich fat-free lean mass in primal cuts and c a r c a s s e s  ^ o

using TOBEC, suggests that it is feasible to use TOBEC in lieu of dissection f°r
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ion research.
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