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SUMMARY

This project examined the potential of two objective methods of measuring
the lean and fat content of meat carcasses and cuts. Total Body Electrical
Conductivity (TOBEC) and Bioelectrical Impedance Analysis (BIA) are both
based on the different conductivity of lean and fat tissues. TOBEC measures
the absorption by a carcass or cut of electrical energy from an electromagnetic
field whereas BIA measures the resistance to the flow of an electrical current.
TOBEC is a large and relatively expensive piece of equipment that is fully
automated. BIA is small and relatively low cost but requires an operator.

Firstly, TOBEC was applied to beef pistola hindquarters and young bull
hindquarters. It proved to be a relatively accurate method of predicting the
weight or percentage of lean with errors (RSD) ranging from 610 to 1503g or
1.0 to 2.0%. The percentage lean in the leg primal could be predicted from a
scan of the whole pistola with an accuracy of 2.1%. The results indicate that
TOBEC has potential for sorting beef hindquarters prior to boning to
different specifications in order to maximise the overall yield of a batch.

Hot pork carcasses were graded routinely using the Hennessy Grading Probe
(HGP) and were then scanned by TOBEC. TOBEC was no more accurate at
predicting the lean meat percentage in the carcass than the HGP. Since
TOBEC is more costly, requires more space on the line and may require
operators to detach and attach the gambrels as they enter and leave the
equipment, its potential for this application appears to be limited.

Scanning cold half carcasses resulted in more accurate predictions of the lean
meat percentage, with errors as low as 1.8%. TOBEC would therefore seem to
have potential to reduce the need for dissections in future grading probe
calibration trials.

TOBEC and BIA measurements were made on lamb carcasses. TOBEC was
more accurate than BIA for predicting the weight of lean in the hot carcass
with an error of 300g v 327g and for predicting the percentage of fat-free lean
with an error of 3.4% v 3.8%. Errors for measurements taken on cold lamb
carcasses were higher for both techniques. Given the much higher cost of the
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TOBEC equipment this difference in accuracy is rather small. BIA appears to
have potential for on-line grading provided the procedure of inserting the
electrodes could be automated.

In conclusion, in addition to the existing commercial uses for TOBEC for
estimating the lean content of boxed boneless beef and pork hams, the
technique also has potential for sorting beef hindquarters and as an indirect
method of estimating the lean content of cold carcasses to reduce the need for
dissections in calibration trials and research projects. BIA has potential as an
on-line grading method for lamb carcasses and possibly beef carcasses and
could also be used as a research tool.

INTRODUCTION

There is a need to measure the fat content of carcasses and cuts at several
points in the processing chain. Firstly, the hot carcass is graded for fat content
as a basis for producer payment. Secondly, the cold carcass is broken into
trimmed primal joints and the yield of these is largely influenced by the fat
content of the carcass. Finally, the yield of trimmed retail cuts is influenced by
the fat content of the primals. At all these stages, objective methods with a
reasonably high accuracy are required.

In the beef industry, grading of hot carcasses is done visually by trained
classifiers. There are concerns about the objectivity and repeatability of this
grading and there is considerable interest in objective methods (see Allen and
Finnerty, 2000). The situation in the lamb industry is similar, but instrumental
grading methods were introduced into the pork industry in 1987. Pork export
factories in Ireland use the Hennessy Grading Probe which uses light
reflectance to measure fat and lean depths. From these it predicts the lean
meat percentage in the carcass.

This project examined the potential of a technology known as Total Body
Electrical Conductivity (TOBEC) as a method of measuring the fat content of
carcasses and primal joints. Bioelectrical impedance analysis (BIA) is another
rapid method of measuring lean content that also depends upon the different
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electrical properties of lean and fat tissues. This technique was included in
some of the trials for comparison with the TOBEC technology

The TOBEC technology

TOBEC is manufactured by Meat Quality Inc., Springfield, Illinois, USA. The
equipment consists of a tunnel that is surrounded by a copper coil. When a
current is applied to the coil an electromagnetic field is induced. This field is
of a very low strength and is safe. The technology was, in fact, developed for
use on humans. A conveyor passes through the tunnel and when a carcass or
box of meat is carried through the tunnel it absorbs energy from the field in
proportion to its conductivity. Detectors measure and record this energy
absorption as the object passes through the field. Lean tissue has a very high
water content and is therefore a very good conductor. Fat and bone are poor
conductors. The signal from the TOBEC is therefore strongly related to the
lean content, and by difference to the fat content of the carcass or box of
meat.

Existing applications
Boxed boneless beef: The first application of this technology in the meat
industry was to measure the lean content of boxed boneless beef in Australia.
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The US buyers of this beef set strict specifications for its chemical lean
content. TOBEC was adopted by many of the Australian exporters to replace
laboratory methods because it is quicker and cheaper. It is also more accurate
because every box is measured as opposed to 1 in 20 boxes with the chemical
method.

Pig carcass grading: One large US pig processor installed a system for grading
hot pork carcasses but engineering difficulties have limited the wider
exploitation of the technology for this purpose. The main problem is that the
carcass has to be brought from a vertical hanging position on the line to a
horizontal position on the conveyor then hoisted again at the other end. This
requires some engineering and line space, but more importantly an operator
at either end to detach and reattach the gambrels. Extensive trials were carried
out in The Netherlands to devise an automated system. Despite considerable
success, the Dutch pork processing industry did not take up the technology.

Ham grading: There is a smaller version of the machine designed to
accommodate hams. A few of these have been installed in the USA and
Europe. They are capable of sorting hams into lean meat categories at speeds
of up to 2200 per hour.
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The BIA technology

BIA also exploits the difference in conductivity between fat and lean tissues.
The main difference between BIA and TOBEC is that in BIA a current is
actually passed through the carcass and the resistance to the flow of the
current is recorded. The technology has been around for some time and was
first investigated for use on live animals but has more recently been
investigated for use on carcasses and primal joints. There are not yet any
commercial applications. The equipment used in these trials was the BIA-
101A made by RJL Systems, Clinton Twp., MI, USA.

RESULTS

Prediction of beef pistola hind composition by TOBEC

Thirty chilled beef hind pistolas from a breed comparison trial at the Teagasc
Beef Production Research Centre at Grange were scanned using an
MQI/TOBEC® boxed beef system. There were 10 each of the following
breeds: Friesian, Charolais x Friesian and Romanola x Friesian. Each hind was
scanned twice. The peak of the scan curve (PMA) and the area under the
curve (AREA) were recorded. The temperature of the deep round (TEMP)
was recorded immediately prior to scanning. The weight and length of the
pistola and the length, maximum width and maximum circumference of the
leg were recorded. The legs were separated from the loins and the legs were
scanned twice (the loins were too small to give a sufficiently large reading).
The leg and the loin were then broken into primals, deboned and defatted.

Stepwise regression analysis was used to predict lean weight and lean
percentage in the pistola, leg and loin (Tables 1-3). In all cases PMA was the
first variable selected,TEMP and at least one dimension variable also appeared
in the final model. The percentage of the variation in the lean weight that was
explained by the regression model was 95%, 95% and 87% for the pistola, leg
and loin respectively (Table 1). Prediction errors (residual standard deviation
or RSD) were 1503g, 1098g and 796g respectively. For the prediction of lean
percentage, between 73% and 78% of the variation was explained by the
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Table 1:  Prediction of lean weight in beef pistola hindquarters by TOBEC.

% variation
Lean weight in Predictor variables1 explained RSD (g)

Pistola WT, PMA, TEMP, CIR, LTH, WTH 95 1503

Leg WT, PMA, LTH, TEMP, CIR 95 1098

Loin WT, TEMP, PMA, CIR, LTH, WTH 87 796

1WT = pistola weight; PMA = peak of the scan curve; TEMP = deep round temperature;

CIR = leg circumference; LTH = leg length; WTH = leg width

Table 2:  Prediction of lean percentage in beef pistola hindquarters by TOBEC.

% variation
Lean % in Predictor variables1 explained RSD (%)

Pistola PMA, TEMP, LTH, CIR 78 1.98

Leg PMA, TEMP, LTH., CIR 74 2.08

Loin PMA, TEMP, CIR, LTH 73 2.54

1PMA = peak of the scan curve; TEMP = deep round temperature; CIR = leg circumference; 

LTH = leg length.

Table 3:  Prediction of lean weight and percentage in the leg from TOBEC scans
of the leg.

% variation
Predictor variables1 explained RSD

Lean weight LWT/LTH, AREA, TEMP, WTH, LTH 94 1210g

Lean % AREA, LTH, TEMP, LWT, WTH, LWT/LTH 68 2.37%

1 LWT = leg weight; LTH = leg length; AREA = area under the scan curve; TEMP = deep round

temperature, WTH = leg width.
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regression models with errors in the range 2.0 - 2.5% (Table 2). Errors for the
prediction of percentage lean in the leg and loin from scans of the whole
pistola were 2.1% and 2.5% respectively. Scanning the leg separately did not
reduce the error for the prediction of either lean weight or lean percentage in
the leg (Table 3).

Prediction of young bull hind composition using TOBEC

A sample of 16 young bull hinds from a feasibility study of young bull
production carried out at the Teagasc Beef Production Research Centre at
Grange were used for a further test of the precision of the TOBEC technique
for estimating the lean and fat content of beef hindquarters. Of particular
interest was the fact that this sample of bulls was leaner and more
homogenous than the previous sample of steers.

The young bull hinds were very homogenous with a coefficient of variation
(standard deviation as a percentage of the mean) for lean meat percentage of
2.7%, less than half that of the steers in the previous study (5.7%) (Table 4).
Pistola weight plus dimensions (maximum circumference, width and length)
accounted for 81% of the variation in lean weight but only 21 % of the variation
in lean percentage and none of the variation in fat percentage (Table 5).TOBEC
variables alone accounted for 78%, 71% and 18% of the variation in lean weight,
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Table 4:  Composition of young bull
hindquarters (mean ± s.d.).

Variable Mean ± s.d.

Hind wt (kg) 50.2 ± 2.4

Lean wt (kg) 9.9 ± 0.9

Lean % 68.9 ± 1.9

Fat wt (kg) 5.6 ± 1.1

Fat % 11.1 ± 2.0

Bone wt (kg) 10.0 ± 0.8

Bone % 20.0 ± 1.6

Table 5:  Prediction of young bull hind composition by various models using
carcass dimensions, weight and TOBEC scans.

Lean wt (kg) Lean % Fat %
% variation % variation % variation

Model type explained RSD explained RSD explained RSD

Weight (W) + 

Dimensions (D) 81 0.92 21 1.73 -

TOBEC 78 0.99 71 1.13 18 1.84

TOBEC+W 91 0.67 69 1.17 82 1.02

TOBEC+W+D 93 0.61 79 1.02 88 0.80
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lean percentage and fat percentage respectively.This increased to 93%, 79% and
88% for models including weight, dimensions and TOBEC variables. The errors
for the best models were 610g and 1.0%. As in the previous work, dimension
variables were important contributors to the prediction models.

The diameter of the TOBEC is too small for it to be used on whole beef
carcasses, so the technology does not have an application for on-line grading
of hot beef carcasses. Nevertheless, the level of precision that has been
demonstrated here, even with relatively homogenous populations of chilled
beef hindquarters, indicates that it could be used beneficially to sort
hindquarters prior to boning according to their expected yield. This would
improve efficiency by optimising the use of carcasses of differing yields and
could also be used to monitor the efficiency of the boning operation by
comparing expected yields with those achieved. TOBEC could also be used to
substitute, at least in part, for detailed dissection work in production trials
where a measure of composition is required.
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Prediction of pork carcass composition using TOBEC and HGP

In most Irish export factories, the Hennessy Grading Probe (HGP) is used to
estimate the lean meat percentage of pork carcasses. Pigs from a breeding
company evaluation programme at the Moorepark Research Centre were
dissected at The National Food Centre according to the EU reference method.
Dissections also took place for a grading probe re-calibration trial and these sets
of data provided an ideal opportunity to compare the accuracy of TOBEC with
that of the HGP as a predictor of lean meat percentage.The means and standard
deviations for the carcass and TOBEC variables are shown in Tables 6 and 7.

10

Table 7:  TOBEC variables used in the models to predict the lean meat
percentage of pork carcasses. Data are means ± standard deviations. 

PMA PMA Scan length Area Surface
carcass Area side side side temp side

All pigs 767 ± 172 16493 ± 3841 70 ± 13 382 ± 27 2087 ± 279 10.0 ± 2.5

Male pigs 791 ± 184 16735 ± 3933 75 ± 13 385 ± 31 2171 ± 289 10.0 ± 2.5

Female pigs 744 ± 158 16260 ± 3777 66 ± 11 379 ± 22 2007 ± 246 10.1 ± 2.5

Table 6:  Carcass and Hennessy Grading Probe variables used in the models to
predict the lean meat percentage of pork carcasses. Data are means ± standard
deviations.

Ham 
Meat Hot Side Carcass Leg circum- HGP fat HGP muscle

percent weight weight length length ference depth depth

All pigs 53.4 ± 2.9 77.1 ± 7.6 33.7 ± 3.4 83 ± .3 38 ± 2 69 ± 4 13.6 ± 3.1 46.1 ± 7.6

Male pigs 53.1 ± 3.0 78.9 ± 8.4 34.6 ± 3.7 83 ± 3 38 ± 2 69 ± 5 14.1 ± 3.7 45.5 ± 8.0

Female pigs 53.7 ± 2.8 75.3 ± 6.3 32.9 ± 2.8 82 ± 3 37 ± 2 68 ± 3 13.0 ± 2.2 46.8 ± 7.2
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Table 8:  Prediction of lean meat % in hot pork carcasses using various models
based on carcass dimensions, Hennessy Grading Probe and TOBEC data.

Number of % variation
Model type Variables used1 carcasses explained RSD

Carcass wt + dimensions (all) HW, CL, LL 98 18 2.68

Carcass wt + dimensions (male) HW, LL 48 30 2.58

Carcass wt + dimensions (female) HW, CL, LL, HC 50 17 2.66

HGP fat + muscle depth (all) HGPF, HGPM 95 36 2.34

HGP fat + muscle depth (male) HGPF, HGPM 47 42 2.34

HGP fat + muscle depth (female) HGPF, HGPM 48 28 2.40

TOBEC + carcass wt + dimensions (all) HW, CL, LL, PMA 98 25 2.58

TOBEC + carcass wt + dimensions (male) HW, LL, AREA 48 33 2.55

TOBEC + carcass wt + dimensions (female) HW, CL, LL, HC, PMA, AREA 50 31 2.48

1HW = hot carcass weight; CL = carcass length; LL = leg length; HC = ham circumference; HGPF

= HGP fat depth; HGPM = HGP muscle depth; PMA = peak of the scan curve; AREA = area

under the scan curve.

The EU reference lean percentage in 98 hot pork carcasses could not be
predicted more precisely from models using TOBEC variables than from the
HGP readings (Table 8). The sample used was not optimal for constructing
prediction equations because carcasses were normally distributed rather than
weighted towards the extremes and was less variable in lean content than
commercial pigs. When models were fitted to the two sexes separately, the
accuracy improved, especially for boars. Scanning cold half carcasses proved
to be a more accurate method of predicting lean meat percentage (Table 9).
Equations for boars and gilts had errors of 1.8% and 2.0% respectively.
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In contrast to scans of hot carcasses, scanning cold half carcasses proved to be
a more accurate method of predicting lean percentage. If this level of accuracy
is confirmed in further batches then TOBEC could be used to partially replace
dissection in future pork grading equipment calibration trials. Considering the
higher cost and complexity of TOBEC it is unlikely to replace grading probes
for commercial grading.

A total of 112 cold pork half carcasses (from a grading probe re-calibration
trial) were scanned prior to dissection. In addition, the 5 cuts dissected in the
EU reference lean procedure (Walstra and Merkus, 1994) were scanned
collectively in a box and the ham was scanned alone (the other cuts were too
small to give a reading). The reference lean meat percentage in the side could
be predicted from side weight and TOBEC variables with an error (RSD) of
2.3%. The model explained 70% of the variation in lean meat percentage. The
SFK Fat-O-Meater and Hennessy Grading probes had RSDs (based on 133
pigs) of 2.2% and 2.3%, respectively. Including the weight of the five cuts as

12

Table 9:  Prediction of lean meat % in cold pork sides using various models
based on carcass dimensions, Hennessy Grading Probe and TOBEC data.

Number of % variation
Model type Variables used1 carcasses explained RSD

Side wt  (W)+ dimensions (D) (all) SW, CL, LL 98 16 2.71

W + D (male) SW, LL 48 30 2.57

W+ D (female) SW, CL, LL, HC 50 13 2.72

TOBEC + W + D (all) SW, CL, LL, HC, PMA, SL, AREA, TEMP 98 38 1.97

TOBEC + W + D (male) SW, CL, HC, PMA, SL, AREA, TEMP 48 70 1.79

TOBEC + W + D (female) SW, CL, AREA, TEMP 50 52 2.02

1SW = cold side weight; CL = carcass length; LL = leg length; HC = ham circumference; TEMP =

temperature of the deep round; PMA = peak of the scan curve; AREA = area under the scan

curve; SL = scan length
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a co-predictor reduced the RSD for the TOBEC model to 2.1%. An RSD of
2.2% was achieved for predicting the lean meat content of hams. For grading
hams a higher accuracy would be expected with the smaller Primal Cut
machine which MQI recommend for scanning these joints, due to the
unfavourable signal-to-noise ratio for the larger machine used in this trial.
Surprisingly, predicting the lean content of the ham from scans of the whole
side was equally accurate, with an RSD of 2.2%. The commercial relevance of
this is that, if a large unit were installed to predict the lean content of half
carcasses prior to breaking them, the lean content of the most valuable cuts
would also be known with equal accuracy, obviating the need to purchase the
smaller ham grading unit.

Scanning the 5 cuts used to calculate the reference lean percentage by the EU
simplified method resulted, rather disappointingly, in an RSD of 2.5%. It was
expected that this would be the most accurate method of scanning since only
those parts of the carcass that are dissected contributed to the signal from
TOBEC.

The influence of sex was analysed by generating separate regression equations
for boars and gilts. Prediction models were more accurate for boars than for
gilts suggesting the desirability of having different calibration equations for the
two sexes although this may not prove to be practical in a commercial
situation.

Prediction of lamb carcass composition using TOBEC and BIA

Bioelectrical-Impedance Analysis (BIA) is an alternative method of predicting the
lean meat content of carcasses and cuts. In BIA, the resistance of the tissues to a
current passed through them is measured. At present, lamb carcasses are visually
classified for fatness and conformation. A reliable rapid instrumental method of
measuring the lean content of carcasses would be preferable. The objective was to
determine the precision with which TOBEC and BIA could predict the carcass
composition of a relatively homogenous population of lambs.

A sample of 24 lamb carcasses was scanned (hot and then cold) by TOBEC
using four carcass orientations. The BIA measurements were recorded (hot
and then cold) using two electrode positions (A - the shoulder and the last

13

#Contents"$ %

R4896 Lean Content No 40   16/6/04  10:28 am  Page 13



lumbar vertebra and B - the shoulder and the hind shin) One side of each
lamb was then boned out. The soft tissues were chemically analysed for fat
content and fat free lean weight was calculated.

Differences in accuracy between the four orientations used for scanning were
small. For scans of hot carcasses, the best orientation explained 75% of the
variation in fat-free lean weight with an error (RSD) of 300g (Table 10). In
contrast to results from scanning beef hindquarters, carcass dimensions made
little or no contribution, in addition to TOBEC data, to the prediction of lamb
carcass composition.

Results from scanning cold carcasses gave less accurate predictions of carcass
composition (Table 11). The best equations explained 65% of the variation in
fat-free lean weight with an RSD of 343g.

By using data from the four hot carcass scans at different orientations it was
possible to increase the percentage of the variation in boneless meat weight
explained to 97% and to reduce the RSD to 224g. This would not be practical
in a commercial situation, but would be useful as a research tool to reduce the
need for dissection when assessing the effect of treatments on carcass
composition. Similar improvements in accuracy were achieved using multiple
scans of cold carcasses but as explained above (Table 11) these models were
still less accurate than those from scanning hot carcasses.

14
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Surprisingly, the much cheaper BIA equipment gave similar errors to single
scans with TOBEC. The best BIA equation explained 72% of the variation in
fat-free lean weight with an RSD of 327g. In general, although differences
were not large, BIA measurements on cold carcasses were more accurate
predictors of carcass composition than the same measurements on hot
carcasses and the shorter separation of electrodes (shoulder to the loin) was
more accurate than the longer separation (shoulder to the leg). While the

15

Table 10:  Prediction of hot lamb carcass composition from TOBEC or
Bioelectrical-Impedance Analysis (BIA).

Fat-free lean wt (g) Fat-free lean %

% variation % variation
Model type explained RSD explained RSD

Hot weight (HW) 56 351 1 3.8

HW + TOBEC 75 300 34 3.4

HW + TOBEC +
dimensions 76 310 43 3.5

HW + BIA 72 327 30 3.8

Table 11: Prediction of cold lamb carcass composition from TOBEC or
Bioelectrical-Impedance Analysis (BIA).

Fat-free lean wt (g) Fat-free lean %

% variation % variation
Model type explained RSD explained RSD

Cold weight (CW) 55 354 1 3.8

CW + TOBEC 65 343 23 3.7

CW + TOBEC
+ dimensions 67 357 25 3.9

CW + BIA 71 336 31 3.8
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smaller capital cost of this equipment would make it more likely to be applied
for commercial lamb carcass grading, the main disadvantage is its manual
operation. However, there would not be any great technical barriers to
automating such a system.

CONCLUSIONS

● TOBEC can estimate the lean content of beef hindquarters with a
reasonably high accuracy, even in relatively homogenous batches of
hindquarters.

● TOBEC has potential as an objective lamb carcass grading system since
the whole carcass can be accommodated within the tunnel and the results
showed that a reasonably high accuracy could be achieved.

● The BIA technology was only slightly less accurate than TOBEC at
estimating lamb carcass composition. Given that the BIA equipment is
considerably cheaper than TOBEC (possibly by a factor of 20), this
technology should be considered by lamb processors wishing to have an
objective measurement of the lean content of lamb carcasses either as a
basis for payments to producers or for sorting carcasses for different
markets. The main disadvantage of the equipment for this purpose is that
it is not automated but the authors believe that this could be overcome
with some development work.

16
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RECOMMENDATIONS TO INDUSTRY

For the objective, non-invasive and rapid measurement of the lean content of
boxed beef the TOBEC technology is proven and has been in commercial
application since the early 1990s. Meat processing companies that have a
requirement to know the lean content of boxed boneless beef either as
purchasers or sellers should consider the cost-effectiveness of adopting this
technology.

The application of the TOBEC technology for sorting pork hams based on
their lean content is also proven and could be cost effective where throughput
is high and specifications are critical. Companies processing hams should
consider this application.

Beef processors should consider applying the TOBEC technology to sort
hindquarters according to their estimated yield of trimmed cuts. This would
improve the overall yield by optimising the allocation of hinds to different
specifications. The equipment could also be used for forequarters, but it may
be necessary to loosen the foreleg in order for it to fit into the tunnel.

The diameter of the tunnel is too small to accommodate a whole beef carcass
or even an intact side and there are technical problems in scaling up the
equipment. It is unlikely, therefore, that this technology will find an
application in on-line beef carcass grading. Mechanical grading equipment
based on video image analysis (VIA) technology shows the best potential for
objective beef carcass grading. Two trials of three VIA systems were carried
out in 1999/2000 and the results were summarised by Allen and Finnerty
(2001) and reported in more detail by Allen and Finnerty (2000).

The potential of TOBEC for on-line pig carcass grading is limited by the
problems associated with detaching and reattaching gambrels. While work in
The Netherlands demonstrated a way in which this problem could be solved,
the extra cost of the equipment and associated engineering and space
requirements are not justified given that TOBEC was no more accurate than
the existing Hennessy Grading Probe. Pork producers that are interested in
replacing the grading probe with fully automated equipment should consider

17
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a vision based system made by E+V in Germany or an ultrasound system
made by SFK in Denmark.
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