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Abstract

Methods presently available for the prediction of body and carcass composifion in lambs were reviewed in terms of cost.
speed, precision and current usage. In vivo methods reviewed included liveweight, linear measurements, wltrasound, X-ray
computed tomography (CT) and nuclear magnetic resonance (NMR)/magnetic resonance imaging Methods reviewed for
predicting composition of carcasses included subjective measurements. carcass weight. specific gravity, dressing percentage.
linear measurements, optical probes, video image analysis (VIA), total body electrical conductivity (TOBEC) and
bioelectrical impedance. All methods were not directly comparable as few studies have used multiple methods for prediction
of body or carcass composition. Limited comparisons were possible through the residual standard deviations (RSD)
published for the various methods. Although subjective methods for predicting body and carcass compositions are rapid and
relatively inexpensive, the sheep industry should adopt objective methods in order to more readily change lamb carcass
composition to meet consumer demand. © 1998 Elsevier Science BV, All rights reserved.
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1. Introduction

The sheep mdustry world-wide faces a fundamen-
tal problem. With the exception of the major lamb-
exporting countries (New Zealand and Australia) and
some areas of the Middle East. consumption of lamb
has markedly declined over the past 30 years (Lewis
et al. 1993). Although consumption of other red
meats has also declined during this period. lamb
consumption in North America has fallen to the
point where it 1s difficult to even assess. With a high
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degree of error, it 1s estimated on an annual per
capita retail-weight basis at 0.6 to 0.7 kg in the USA
(Economic Research Service, 1994) and 0.8 kg in
Canada (Statistics Canada. 1995).

In order to reverse the downward trend in lamb
consumption, the needs of the modem consumer
have to be more closely addressed. As outhned by
Ward et al (1995), consumers require meat with
more lean, less fat (the minimal fat level required to
maintain juicmess and flavour), consistent quality,
portions that are considered good value for money
with minimal wastage, convenience /ease i cooking
and a high level of choice /flexibility in available
cuts. Unfortunately, the studies of Ward et al. (1995)
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and others (Harmis et al.. 1990; Beermann et al.
1995) have shown that lamb is currently failing to
meet these consumer demands.

Before lamb carcasses can be changed to better
meet consumer demand. carcasses must be evaluated
using two equally important categories: (1) quality
attributes such as tenderness. cut size, fat cover,
marbling. meat and fat colour; and (2) composition
attributes such as saleable meat yield, or proportions
of fat. lean and bone (Harrnington and Kempster,
1989). It 1s the intent of this paper to review and
evaluate methods available for prediction of
body /carcass composition in sheep which may. in
some cases, also allow prediction of quality at-
tributes.

Although prediction of carcass composition in
sheep has been the subject of earlier reviews (Allis-
ton, 1980; Kempster, 1980; Allen, 1990; Fisher,
1990; Summ. 1992), more recent reviews have either
had a narrow focus (Russel, 1995) or have excluded
sheep (Forrest, 1995; Jones, 1995). A re-evaluation
of methods for predicting carcass composition in
sheep i1s warranted due to changes in technology
since publication of the earlier reviews.

The methods of predicting carcass composition
discussed 1n this paper are required for a varniety of
purposes. Extremely rapid methods, capable of eval-
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sheep are moderately highly heritable (Simm, 1992).
Heritability estimates on a weight-adjusted basis for
percentages of carcass lean and fat are commonly
found to be 0.40 for lean and 0.45 for fat (Wolf and
Smith, 1983; Simm et al. 1987). Improvement in
carcass composition by genetic selection 1s possible
for traits such as fat distnnbution which show a high
degree of vanation in individual animals within a
breed (Butterfield. 1988). but would be limited for
other traits such as muscle weight distributions which
show wery small variation either within or across
breeds when sheep are compared at the same stage
of matunity (Kempster and Cuthbertson, 1977) Ig-
noring genetic factors such as selection intensity
which are beyond the scope of this paper, the rate of
improvement would be largely dependent on the
precision of the method used for estimating
body /carcass composition i vivo. Other factors
which need to be evaluated to deternune the utility
of methods for prediction of body and carcass com-
position nclude the cost /ease of taking the predict-
ing measurements and the stability of the prediction
between animals differing in sex, or feeding regime
(Kempster et al.. 1976). The suitability of a method
for use within a particular breed must also be deter-
mined. A summary of available methods for evalua-
tion of body composition in vivo 1s shown i Table
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uating a carcass m 6 s or less would be relevant for
on-line use (Hopkins et al.. 1995). provided that
damage to the commercial value of the carcass is
mimimal Relatively rapid and inexpensive in vivo
methods which do not harm anumal performance
would be applicable for the selection of breeding
stock or estimation of market-readiness. In contrast,
methods of extreme accuracy and /or precision may
be useful in research applications, regardless of cost
or time /labour requirements.

1. Body composition in vivo

The keys to changing carcass composition to bet-
ter meet consumer demand are methods of evaluat-
g body composition in vivo. It 15 desirable that in
vive methods be applicable in young animals, en-
abling early selection of lambs with highly desirable
body /carcass composition as breeding stock (Brash
et al., 1992). Generally. carcass compostition traits in

2.1. Subjective measurements

WVisual appraisal m combination with condition
scoring (manual assessment of fatness) is the most
rapid and inexpensive method for prediction of body
composition in vivo (Kempster, 1984). However, the
large vanation between breeds in the proportion of
fat stored subcutaneously (Fahmy et al., 1992) limts
the usefulness of this method. Within breeds, trained
livestock evaluators have been able to estiumate lamb
carcass composition with accuracies superior to that
of ultrasound (Nicol and Parratt, 1984; Edwards et
al., 1989). Provided breed types are relatively umi-
form. lamb “drafters” in New Zealand use wisual
appraisal /condition sconing for prediction of carcass
composition with accuracies approaching those of
ultrasound (Dodd et al., 1986). However, the small
number of suitably experienced /proficient personnel
in countries other than New Zealand and difficulties

Authors

Table 1

In vive methods for prediction of body composition in sheep

Method Prediction Predictors

Subjective appraisal lean meat yield (%2) estimated fat 12 /13 nibs

Ultrasound US® fat 12 /13 ribs °C”

Live weight lean % live weight (LW}

Ultrasound LW +US “C" 12 db

Live weight timmed boneless meat (kgs) live weight

Ultrasound US1D® B

Linear measures LA®-dissection

Live weight lean meat yield (%) LW

Ultrasound LW+ USLD ‘B

Ultrasound LW+ "B 4+ Us WA~

Live weight lean meat (kgs) LW

Dilution (urea) LW + urea space

Ultrasound LW + US fat °C”

Live weight saleable meat yield (%) Lw

Ultrasound LW + US fat °C”

Linear measures lean meat yield (%) LW + HG* + SHY

Ultrasound LW+ USC'+US B

Bioelectrical LW +BL®

mmpedance +resistance + reactant

Combination LW+BL+US B +USC
+resistance + reactance

Liveweight fat-free lean (kg) LW

K-ray CT LW + X-ray CT measures

INME. lean meat yield (%) LW + NMF. measures

RSD=121
R*=076,RSD =029
R*=0.79, RSD =027
R*=089, RSD =020
R*=015.RSD =283
R*=027 RSD =263
R*=031,R5D =260
R*=073,RSD =068
R*=074, RSD =068
RY=074, RSD =048
R*=014.B5D=13
RY=064 RSD=12
R*=014,ESD =213
RY=026 RSD=2.11
R*=03535,RSD=1281

R*=0.70,RSD=1.71
R*=1083,RSD =080

R*=092, RSD =061
R*=10.78 to 0.91

Edwards et al. (1989)
Cameron and Smith (1983)

Fortin and Shrestha (1986)

Punfilla (1986)

Jones et al. (1982}

Stanford et al. {1993a)

Berg et al. (1996)

Sehested (1984)

Streitz et al. (1993)

*US, ultrasound.

*LD, longissimus depth.
“LA. longissimus area.
W, longissimus width.
*HG, heart girth.

fSH, shoulder height.
¥BL, body length.
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in maintaimng standards across tume and geographi-
cal regions would limat the usefulness of subjective
estimates of body composition.

2.2. Liveweight

In vive techmiques commonly use liveweight as
the standard to which other predictors of body com-
position are compared (Kempster, 1984; Stmm, 1992)
although live weight may be difficult to accurately
measure due to the mfluence of gut fill and fleece
length /hydration. As outlined by Butterfield (1988),
tissues within the body follow predictable patterns of
development from birth to maturity. The proportion
of muscle in sheep compared at fleece-free empty
body weights has been shown to be relatively umi-

tively. When lambs were of differing maturity (vary-
ing ages. multiple breeds), liveweight has been less
useful for predicting % carcass fat (RSD of 39,
Purchas and Beach, 1981) and % saleable meat yield
(RSD of 1.5. and R’ of only 0.14. Stanford et al..
1995a).

2 3. Linear measurements

Prior to development of technologies enabling in
vive prediction of carcass composition, a number of
linear measurements (shoulder height. heart girth,
body length...) were evaluated as predictors of
body composition in sheep (Orme et al., 1962; Orme,
1963; Cunningham et al., 1967), but were found to
be of margmal utiity i lambs of varying age, sex or
breed type. Although the use of linear measurements
has been periodically re-investigated (Cuthbertson et
al, 1984; Edwards et al, 1989), the mability of
linear measurements to distinguish between lean and
fat would limut their application as primary predic-
tors of body composition to goats and certain breeds
of sheep which have limited subcutaneous fat stores
(Stanford et al.., 1995b). The utility of linear mea-
surements has also been reduced by the accuracy to
which the measurements may be recorded. Most
studies have used erther callipers or measunng tapes,
leading to increased error due to amimal movement
and vanations in fleece cover.
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form, ranging from 28% (McClelland et al., 1976) to
30% (Thonney et al, 1987). The currently reported
exceptions to this general rule are the Soay and
Texel breeds. the Soay having less fat and more bone
(McClelland et al., 1976) and the Texel having less
fat and more lean than would be expected. The
usefulness of liveweight as a predictor of body com-
position 1s limited by difficulties in assessing an
amimal’s stage of matunty which can be mfluenced
by genotype, nutrition, disease, physical environ-
ment, level of activity, social environment and age
(Taylor, 1965). In lambs of equal maturity (same age
and breed), hiveweight predicted % carcass lean with
a residual standard deviation (RSD) ranging from 1.4
(Cuthbertson et al.. 1984) to 2.2 (Fortin and Shrestha,
1986), with R® wvalues of 0.51 and 0.76, respec-

Early studies reported that ultrasound was either
of little (Jones et al., 1982; Hamby et al.. 1986) or no
use (Leymaster et al., 1985; Fortin and Shrestha,
1986: Edwards et al. 1989) for predicting
body /carcass composition in sheep. The limited util-
ity of ultrasound was attributed to the small size and
lack of vanation in subcutaneous fat thickness and
longissimus muscle area in sheep as compared to
cattle and pigs (Houghton and Turlington. 1992).
Additionally, Purchas and Beach (1981) attnbuted
the reduced utility of ultrasound in sheep to a soft.
mobile subcutaneous fat layer, with wool an added
complicating factor. However, 1n more recent work
(Stanford et al., 1995a), ultrasound measurement of
subcutaneous fat depth taken at the first lumbar
vertebra was a better predictor of saleable meat yield
(RSD = 1.2. R* = 0.64) than liveweight (RSD = 1.5,
R*=10.14). Additionally, the use of ultrasonic mea-
surements of backfat and longissimus muscle depth
(*C” and ‘B’ measurements, respectively of Palsson.
1939) at the third lumbar vertebrae has been shown
to mmprove genetic selection for carcass fatness by
10.3% and carcass grade (muscling and fainess) by
14.5%, compared to selection based on liveweight
alone (Olesen and Husabe, 1994).

Regardless of the precision of ultrasound meth-
ods. sheep body composition has been sigmficantly
improved after 3—4 years of selection using indexes
based on ultrasonically measured backfat, muscle
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2.4 Ultrasound

Ultrasound equipment converts electrical pulses to
high-frequency sound waves which are reflected from
the boundaries between tissues of different bioacous-
tic densities (Houghton and Turlington. 1992). Two
types of ultrasound equipment are used: (A) mode
machines. available since the 1950°s. which measure
echo amplitude agamnst time, with the distance be-
tween echoes being related to the distance between
successive fissue interfaces (Stmm. 1983); (B) mode
or real-time machines developed in the early 19807,
where ‘grey-scales” measure echo intensity in a
two-dimensional scan (Stouffer, 1988). The velocity
of ultrasound through soft fissues 1s also used to
predict body composition (Miles et al., 1991), offer-
ing the advantage of absolute values instead of 1m-
ages requinng subjective mterpretation.

depth and liveweight (Cameron and Bracken, 1992;
Stmm et al | 1993). Additionally, the relatively low
cost and ease of portability of ultrasound equipment
has led to incorporation of ultrasound measurements
into national genetic programs for lamb carcass qual-
ity improvement in many parts of the world (Table
2).

2.5 X-ray computed tomography

Unlike ultrasound which was first used for mili-
tary purposes. the equipment used m X-ray com-
puted tomography (CT) was first developed for hu-
man medicine (Vangen, 1989). An X-ray generator
and X-ray detectors are rotated around the subject,
finng pulses of radiation and measuring the amount
of radiation transmitted through the subject (Simm,
1992). The rate of attenuation of the X-rays allows
computerized calculation of densities in a cross sec-

Table 2

Use of ultrasound in national programs for genetic improvement of lamb carcass composition

Country Site used Measures Program name Year mitiated References

Denmark 1st lumbar C,LA® Central Fam Test 1979 Jensen, 1990

Anstralia 12th nb Cc Lambplan 1930" Atkins et al_, 1991

New Zealand 12th nb Cc Animalplan® 1981 Davis and Femmessy, 1996
Finland 1st lumbar LA Central Bam Test 1985 Punfilla and Nylander, 1993
UK 3rd lumbar C, B¢ Sheepbreeder 1986 Simm, 1992

Norway 15t lnmbar C,LA Central Fam Test 1992 Puntilla and Nylander, 1993
Canada 3rd himbar C,B Ovissey 1997 :

*C = subcutaneous fat thickness over deepest part of longissimms, TA = longissinms area_
1080, program muhiated as New South Wales Meat Sheep Testing Service m 1980 which became Lambplan m 1989,

“Animalplan, known as Sheeplan until 1988
B, maximum depth of the longissimms muscle.

*Shafto, A M 1996 Managing director, Sheep Information Center, Canadian Sheep Federation, personal commmnication.

tion of the subject. the densities being standard
values which vary from — 1000 for air to + 1000 for
bone (Standal, 1984). In vivo use of CT 1s applicable
only for smaller livestock such as sheep, goats,
chickens and pigs due to the human-scale of the
equipment (Vangen, 1989).

Although studies where CT has been used for
prediction of body composition in sheep are limited,
Sehested (1984) reported that CT values with live
weight could predict kg fat-free lean in lambs with
R? values of 0.92 to 0.94. RSD 0.5 to 0.6. compared
to prediction with liveweight alone (R® = 0.83, RSD
= 0.8). Jopson et al. (1995) reported that compared
to ultrasound, CT would double the rate of genetic
improvement for lean meat traits in lambs as direct
selection was possible for protein content and pro-
portions of lean, intermuscular and intramuscular fat.
However, the 10-fold higher cost of CT (equipment
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large enough for a human. The strong magnetic field
tends to induce resonance of protons in the subject
(Wells, 1984). The time needed for the protons to
re-establish onignal conditions has been defined as
spin-lattice relaxation time T1 and spin-spin relax-
ation time T2 (Groeneveld et al.. 1984) which differ
depending on factors such as the state of hydration
or fat content of a tissue (Simm, 1992). Contrary to
CT, there are no standardized values in NMR due to
changes in conditions and parameters between mea-
surements (Groeneveld et al., 1989). However, NMR
has additional capabilities compared to CT, including
evaluation of muscle metabolism and prediction of
carcass quality attributes such as water holding ca-
pacity (Monin and Renou, 1989). Spectroscopy and
magnetic resonance imaging are discrete types of
NMR, although both are applicable to the prediction
of body composition (Simm, 1992).
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and operating expenses) as compared to ultrasound
(Parratt and Simm. 1987) will likely result in general
use of ultrasound for evaluation of body composition
in sheep, with CT reserved for a select group of the
most promising rams. X-ray CT has been used for
evaluation of elite rams in the UK (Simm. 1992) and
Australia (Jopson et al | 1995) Recently, CT equp-
ment was also purchased m New Zealand for a
commercial scanning service (Innervision) for high-
value sheep (Davis and Fennessy, 1996).

2.6. Nuclear magnetic resonance /magnetic reso-
nance imaging

A nuclear magnetic resonance (NMR) machine
consists of an electromagnet with a central opening

The accuracy of NMR at predicting body compo-
siton 1s thought to be superior to that of CT
(Groeneveld et al.. 1984; Simm, 1992), although CT
and NME. were found to be of equal value in deter-
mining adipose tissue volumes of rats (Ross et al,
1991). High operating costs for NMR. estimated to
be equivalent to the wages of 20 research staff
(Pedersen. 1989), have restricted access to NMR
equipment for livestock species to a larger extent
than access to CT. In the sole study where NMR has
been used to evaluate body composition 1n sheep.
Streitz et al. (1995) reported R* values ranging from
0.78 to 0.91 for percentage of lean m lambs at body
weights from 10 to 50 kg. Presently, programs using
NMR for the genetic improvement of carcass quality

CIN: 12605

in livestock are restricted to poultry (Mitchell et al.,
1991; Lin et al., 1994). Additional studies with sheep
would be required before the benefits of using NME
for prediction of body composition could be evalu-
ated relative to costs.

2.7. Other methods for in vive prediction of body
compaosition

Other techniques for prediction of body composi-
tion presently used in human medicme mclude dual-
photon absorptiometry (Mazess et al, 1990). dual
X-ray absorptiometry (Dalsky et al.. 1990) and un-
derwater weighing (Wang et al., 1989). However,
underwater weighing would be practical only for
sheep carcasses. Additionally, radionucleotides are
costly and their use in meat animals would be a
perceived human health concern. Dilution techniques
for estimating body water using radionucleotides
(Robelin and Theriez, 1981) and urea (Jones et al_
1982) have been used to predict body composition of
sheep. but due to the length of time required (up to
48 h animal ') and the amount of labour involved,
are applicable only i research studies (Robelin,
1984). Dascussions of total body electrical conductiv-
ity (TOBEC) and bioelectrical impedance analysis
(BIA) are presented i Sections 3.6 and 3.7, respec-
tively.
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Bichard, 1965; Kempster et al., 1976). while precise
and requnng little expenditure for capital equip-
ment, would be slow, labour-intensive and result in
reduced carcass marketability /value. A summary of
currently available inexpensive manual, nondestruc-
tive methods of carcass evaluation ex vivo 1s shown
in Table 3. while methods requiring sophisticated
equipment are shown i Table 4.

3.1 Subjective measurements

Lamb carcass composition 15 commercially evalu-
ated m many countries (Australia, USA South Africa,
UK) by subjective assessment of fatness or confor-
mation (Jones et al., 1992). Even in New Zealand
where a system for objective measurement i1s in
place. body composition /fatness of lambs is usually
subjectively evaluated (Kirton et al., 1992). Confor-
mation and fatness are related., as lamb carcasses
with good conformation are generally fatter than
those with poor conformation (Kirton and Pickering,
1967; Kempster et al.. 1981; Stanford et al.. 1995a).
The only exceptions to this are well-muscled individ-
vals, breeds such as the Texel (Kempster et al.,
1987; Leymaster and Jenkins, 1993) or genetic muta-
tions such as the Callipyge (Busboom et al.. 1996).

The utility of subjective methods for evaluating
carcass composition has been largely dependent on
the population of lambs evaluated. When lambs have
been of varying breed types, ages or sizes, subjective
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3. Carcass composition ex vive

Carcass composition assessment serves three
functions: (1) assigns carcass value: (2) allows sort-
g of carcasses for further processing or fresh meat
merchandising; and (3) transfers information back to
the production sector, hopefully ensuring that car-
casses meet consumer demand. As with m vive
methods, 1t 15 deswable that methods of assessmng
carcass composition ex vive be precise, accurate
over time and distance and across lambs of varying
breeds, sexes and ages. However. cost, ease of mea-
surement and speed of methods are crucial. Highly
precise methods such as NMR and CT would be too
slow for on-line use (Forrest. 1995), even if they
were cost effective. Other methods. such as dissec-
tion of small regions of the carcass (Tumon and

assessments have been useful predictors of carcass
composttion (Kirton et al.. 1992; Jones et al.. 1993;
Stanford et al., 1997). but have had little utility in
more uniform lamb populations (Kempster et al.,
1981; Horgan et al.. 1995). However, even 1 highly
diverse lamb populations, subjective evaluations
alone have been marginal predictors of carcass com-
position ( R® = 0.61, RSD = 1.71% for the best equa-
tron mcluding GR measurement and subjective con-
formation predicting saleable meat yield vs. R =
0.55, RSD = 1.84% for the same equation excluding
conformation; Jones et al.. 1993). A global change to
objective evaluation and more precise methods for
assessing lamb carcass composition would be the
first step in identifying and rewarding production of
the lean yet welllmuscled lamb needed to meet
consumer demand.

Table 3

Mamual /inexpensive methods of predicting carcass composition of sheep ex vivo

Method Pradiction Predictors Precizion Authors

Subjective appraisal lean meat yield (%)  external fatmess R*=036RSD=317 Eempsteretal (1976)
conformation score R <020,RSD =357

Linear measures lean meat yield (%)  fat depth "C” R*=043, BSD=300 Kempster et al. (1976)
LW A RSD =385
LD*B’ RSD =395
LAs RSD =394
carcass weight (CW) RSD =378
CW /carcass length RsD=374

Dissection of sample joints  lean meat yield (%)  lean in shoulder (%) R*=082, RSD=167 Kempster et al (1976)
kidney fat + chammel fat %  R* =032, RSD =327

Subjective appraisal lean meat yield (%) CW RSD =363 Kempster et al. (1981)
CW + external famess (3) RSD =297
CW + external famess (15) RSD =261

Specific gravity lean meat yield (%)  specific gravity REsD=19 Kempster (1981)

Linear measures kidney fat % RSD=22

Subjective appraisal visual fat score RESD =22

Linear measures carcass dimensions E5D=216

Linear measures LA “A’,or ‘B’ RSD=27

Linear measures lean meat yield (%) CW FSD=33801to 448 Kempster et al. (1986)
CW + subjective fat (5} RSD=3081t0 3.4
CW + conformation (4) RSD=3463to 431
CW + fat depth "C” RESD=300to 346
CW+ LW A” RSD =352t 4.01
CW+1D B’ RESD=379to 448
CW + kidney fat % RSD=29210333
CW + % lean in shoulder RESD=1.60to 1.81

Linear measures carcass fat (%) cw ESD =331t 3.77 Eirton et al. (1983)
GF. (manual by ruler) RSD=2011t03.11
CW+GR RESD=123861to3.11

Subjective appraisal lean meat yield (%)  MLC? fat score ESD=291to0 3.31 Miles et al. (1991)
MLC conformation score RSD=331to 452

LW, longissimus width.

LD, longissimus depth.

‘LA, longissimms area.

dMLC, Meat and Livestock Commission of the UK.
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3.2 Carcass weight, specific gravity and dressing
DPercentage

Fat has a lower density than other carcass compo-
nents and the determination of carcass specific grav-
ity [weight in air /(weight in air — weight underwa-
ter)] was the subject of early investigations (Kirton
and Barton. 1958; Timon and Bichard, 1965). In
these studies. carcass specific gravity was found to
be equal to dressing percentage (hot carcass weight
(HCW)/live weight) as a predictor of carcass fat
content, although specific gravity was not deemed

sufficiently accurate for individual carcass determi-
nation due to a high RSD (2.98 to 3.2 for % carcass
fat) and its reduced accuracy at lower levels of
fatness. Companng carcass weight, specific gravity
and dressing percentage, Barton and Kirton (1958)
found carcass weight to be the superior predictor of
carcass fat content in sheep as it was not subject to
as many errors i measurement as was specific grav-
ity and was not influenced by varations 1n gut fill as
was dressing percentage. More recently, Kirton et al.
(1985) reported that although the New Zealand lamb
grading system was based on HCW, adding HCW

Table 4

High-tech methods of predicting carcass composition of sheep ex vivo

Method Prediction Predictors Precision Authors

Linear measures lean meat yield (%2) cwe RSD =472 Hamington and
Eempster (1989)

Linear measures CW + subjective fat RSD =275

Optical probe fat thickness (HP*) RSD =313

Linear measures carcass fat (%) CcwW RSD =353 Kirton et al {1984)

Linear measures CW + GE. {ruler) RSD =216

Optical probe CW + GE.(HP) R5D =231

Linear measures CW + °C” (ruler) RSD=278

Linear measures CW + T muler RSD =217

Subjective appraisal lean meat (kg) visual fat score R*=016,RSD=445 Jones et al. (1992)

Optical probe GE. (HP) warm carcass R'=053,RSD=1320

Optical probe GE. (HP) cold carcass R*=038, RSD=1310

Linear measures fat thickness “C” R*=034, RSD=1325

Linear measureas LAf R*=011,RSD=4352

Linear measures
Linear measures

Linear measures CW +GR (ruler)
Optical probe GE, 12,713 rib (HP)
Combimnation GE. (muler} + conformation
score (3)
Optical probe carcass fat (%a) HP
Swedish FTC probe
Aus-Meat probe
Enakura GE. probe
GF. (ruler)
Optical probe GR at 12th b Aus-Meat probe
Ultrasound (speed) lean meat yield (%) VUS*, probe hind limb
VUS, probe shoulder
Bioelectrical fat-free lean (kgs) CW
impedance
CW, CL! /resistance
TOBEC lean meat yield (%) CwW
CW + CL
CW + CL + TOBEC
(best 2)
Subjective appraisal saleable meat yield (%2) CW + sex + conformation
VIA CW + sex + VIA (shape)

saleable meat yield (%)
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kidney fat (%)
GR (muler), 12 /13 ob
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R*=013.RSD =254
R*=035RSD=184
R*=055RSD=184
R*=040,R5D =211
R'=061.RSD=171

RESD =3.07
RSD =325

BSD =3.38¢

RSD =344

RSD =297

R?=0.72 t0 0.80
BSD=15410231
ESD=3.34 1o 3.83
ESD =336t 4.11
RY=0091,RSD=050

R*=0.94,RSD=1042
R?=0.00,R5D = 1.66
R*=035R5D=151
R'=079.RSD=1.18

R*=0.04,RSD=1094
R*=0.16 RSD =10.89

Jones et al (1993)

Kirton et al. (1993)

Hopkins et al. (1995)
Miles et al. (1991)

Jenkms et al. (1988)

Berg et al. (1994)

Horgan et al. (1995)

Date: 2020/04/28



*CW, carcass weight.

"HP, Hennessy Lamb Probe.

‘LA, longissimus area.

*High RSD due to inexperienced operator.
*VUS, velocity of ultrasound.

CL, carcass length.

into a regression after Grade Rule (GR) (Kirton and
Johnson, 1979) was in the model did not increase R*

for any measure of carcass composition by more
than 0.03. Similarly. Jones et al (1993) reported that

cass composition predictors other that HCW are
warranted only if they improve the accuracy of
prediction compared to use of HCW alone.

3.3. Linear measurements— GR and others

Many attempts have been made to find rapad,
inexpensive and accurate methods of estimating car-
cass composition from carcass dimensions and fat or
muscle depths at various locations on the lamb car-
cass (Palsson, 1939; Timon and Bichard, 1965; Kir-
ton and Johnson. 1979; Bennett et al., 1988; Stanford
et al., 1997). However, there is not one ideal mea-
surement or set of measurements. Some measure-
ments primarily identify carcass composition differ-
ences associated with factors such as sex. breed or
weight and are useful in heterogenous populations,
although the same measurements may be less useful
for discriminating among umform populations of
sheep (Bennett et al.. 1988).

Palsson (1939) was first to identify a number of
sheep carcass measurements, some of which remain
in use today. These include ‘A’ the maximum width
of the longissimus muscle; ‘B’ the maximum depth
of the longissimus muscle measured at right angles
to “A’; °C’, the depth of backfat over ‘B"; ‘T’ the
greatest depth of backfat over the nb. Carcasses must
be cut to determune these measurements. unless ad-
vanced imaging technologies are employed Cur-
rently, many national ultrasound programs for lamb
carcass quality improvement utilize *C” and /or ‘B’
at various locations on the carcass (Table 2). Palsson
(1939) also described numerous external carcass di-
mensions including carcass length ‘L, length of the
leg “T" and depth of the leg “H". However, Kempster

HCW was not a significant predictor of saleable
meat yield in lambs. However, lamb carcasses are
routinely valued based on HCW and HCW 1s avail-
able with limited expense. Accordingly, use of car-

carcasses by use of a sharpened metal ruler (Kirton
et al, 1984) or by a vanety of optical probes (Jones
et al.. 1992; Hopkins et al, 1995; Kirton et al.,
1995). GR has been shown to explain 40 to 76% and
44 to 72% of the vanation in carcass fat and lean.
respectively (Kirton et al., 1985; Jones et al., 1992).
Comparing GR to other carcass measurements, Kir-
ton and Johnson (1979) reported that GR was as
accurate as “C’ for prediction of carcass fat. The
superiority of GR over longissimus muscle area and
‘B’ for prediction of carcass composition was con-
firmed by Jones et al. (1992) in accord with Kemp-
ster (1981) who concluded that area and depth of the
longissimus muscle were of limited utility in predic-
tion of lamb carcass composition.

3.4 Oprical probes

Optical probes objectively measure fat and muscle
depths and are routinely used to measure GR accord-
ing to New Zealand export lamb grading regulations
(Price. 1995). Optical probes consist of a light-emit-
ting diode which 1lluminates the meat from under an
optical window. Detectors respond to an increase in
reflected light when the optical window passes from
muscle to fat as the probe i1s withdrawn from the
carcass (Swatland, 1995). As reported by Kirton et
al. (1995). probes currently available for prediction
of lamb carcass composition mclude the Hennessy
Grading Probe (Hennessy Grading Systems, Auck-
land, NZ), the AUS-Meat Sheep Probe (SASTEK.
Hamilton, Queensland, Australia), the Swedish FTC
lamb probe (FTC Sweden, Upplands. Vasbhy, Swe-
den) and the Ruakura GE Lamb Probe (Hamilton.
NZ). Only the AUS-Meat probe is capable of func-

Copyright Peritum Agri Institute®

CIN: 12605 Version: 001 Date: 2020/04/28



(1981) concluded that carcass dimensions are poor
wndividual predictors of carcass composition. a find-
ing supported by Bennett et al. (1988). In contrast,
use of a number of carcass dimension measurements.
although too time-consuming for on-line use, were
good predictors of both saleable meat yield (R? =
0.61. RSD = 1.3%) and % of the leg primal (R* =
0.80, RSD = 0.6%) in lamb carcasses (Stanford et
al.. 1997).

GR 15 a measurement of total tissue thickness
between the surface of a lamb carcass and the 12th
rb at a point 11 em from carcass mid-line (Kirton
and Johnson, 1979). GR can be measured i intact

prediction of carcass composition i cold as com-
pared to warm carcasses as noted by Chadwick and
Kempster (1983) and Jones et al. (1992).

3.5, Video image analvsis

Where time and labour requirements restrict. usu-
ally to one, the number of manual or optical probe
measurements that can be made under commercial
conditions, VIA allows for the automated collection
of multiple carcass dimension and colour measure-
ments (Jones et al.. 1995). Wood et al. (1991) de-
scribed VIA as a system capable of objectively
measuring carcass conformation, with equipment in-
cluding a video camera. controlled highting of the
carcass and computer /software necessary to digitize
the video image Although evaluations of VIA for
prediction of carcass composition in lambs are lim-
ted, early mdications as to its vtility are promusing.
In lambs of umiform age and breed. Horgan et al
(1995) reported that VIA shape varables for cold
carcasses, carcass weight and sex could predict
saleable meat yield with greater accuracy (R* = 0.16.
RSD =0.89 kg) than carcass weight. sex and the
current subjective system used in the UK (R* = 0.04,
RSD = 0.95 kg). For lambs of diverse ages, breeds
and sexes, VIA colour and shape variables for warm
carcasses with carcass weight increased accuracy of
prediction of saleable meat yield (R = 0.71, RSD =
14 g kg ') compared to GR and subjective confor-
mation scores (R°=0352, RSD =18 g kg~ !) used
in the present Canadian Classification System for
lamb (Stanford et al, 1998). As the VIA equipment
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tioning at chain speeds of nine to 10 carcasses per
minute (Cabassi, 1990; Hopkins et al., 1995). On hot
carcasses, optical probes have measured GR with
accuracy equivalent to a manual GR kmife /ruler
(Jones et al, 1992; Hopkins et al., 1995). In a
comparison of all commercially available optical
probes (Kirton et al., 1995), manual GR probes on
chilled carcasses were found to account for a higher
percentage of vanation in carcass fat content (59%)
than optical probes on hot carcasses (49%). How-
ever, the increased accuracy of manual as compared
to optical probes 1n the study of Kirton et al (1995)
15 likely due to mmprovements m the accuracy of

are therefore related to lean mass (Swatland, 1995).
Although this technology has been used on live pigs
(EMME electronic meat measuring equipment,
EMME. Phoenix, AZ), movement of the pigs led to
maccurate estimates of lean content (Forrest et al.,
1991). Using TOBEC (Meat Quality, Springfield
IL). electrical conductivity measurements and car-
cass length were able to predict % carcass lean in
lambs with a reasonable degree of accuracy (R? =
0.78, RSD = 1.71%), although carcass position
within the scanner, carcass temperature and geomet-
ric onentation of the carcass were recogmized as
sources of error (Berg et al. 1994) As carcass
geometry and temperature cannot always be con-
trolled. TOBEC technology is currently most appli-
cable to evaluation of lean content m boxed meat
(Eustace and Thomton. 1991) and in pig carcasses
(Gu et al, 1992) which have less varation in
inter /intramuscular fat content and size /shape than
beef or lamb carcasses.

3.7 Bivelectrical impedance analysis (BI4)

Another method dependant on transmussion of
electric current through a carcass, bioelectrical
impedance measures are related to conductor length,
cross-sectional area and signal frequency; leading to
the hypothesis that a fat lamb should mmpede the
transmussion of electrical current to a larger extent
than a lean lamb (Berg et al.. 1996). Two pairs of
transmutter and detector electrodes (21 gauge nee-
dles) are located in an anterior to posterior sequence
along the full length of the animal’s back (Swatland,
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required for evaluation of lamb carcasses is approxi-
mately equal in value to the yearlv wages of a
livestock grader, VIA shows potential as an objec-
tive, accurate. yet cost-effective method of evalua-
tion of lamb carcass composition.

3.6. Total bodv electrical conductivity

Lean fissue 1s approximately 20 times more con-
ductive of electricity than fat or bone because of
higher concentrations of water and electrolytes (Funk,
1991). Based on this principle. carcasses passed
through an electromagnetic coil generate a relative
energy absorption curve Areas under parts of the
curve and differences between positions on the curve

that measurements can be made in live animals as
well as carcasses (Berg and Marchello, 1994; Berg et
al, 1996), although the invasiveness of the proce-
dure as well as 1ts low precision would not favourably
compare to other relatively inexpensive i wvivo
methods such as ultrasound.

4. Conclusions

As part of the impetus to meet consumer demand
and increase consumption of lamb. a change has to
be made from subjective to objective evaluation of
body and carcass composition. Even though subjec-
tive methods are the most rapid and inexpensive
techniques for evaluation of body and carcass com-
position, the sheep industry. 1f 1t 1s to survive 1n the
long-term. can no longer afford the error inherent in
subjective predictions. Continuance of traditional,
subjective methods for evaluation of body and car-
cass composttion, will not reverse the current decline
i lamb consumption compared to other meats.

In live sheep, the high cost/limited access of
some of the more precise methods for evaluation of
body composition such as X-ray CT or NMR will
make ultrasound the method of choice. despite its
relatively low precision. In countries where the size
of the sheep industry warrants greater capital expen-
diture by private industry. methods such as X-ray
CT. NMR or others are or will likely become avail-
able for selection of breeding stock.
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1995). Impedance measurements include resistance
and reactance wlich are calculated by transmitting
alternating current between the outer two electrodes
and measuring the voltage drop between the inner
two detector electrodes (Berg and Marchello, 1994).
Jenkins et al. (1988) reported that carcass weight and
resistance accounted for 93.6% of the vanation in
fat-free soft tissue, although carcass weight alone
accounted for 91.1% of the vamability. Accordingly,
Berg et al (1996) concluded that bioelectrical
impedance measurements along with body length
and live weight did not predict proportional carcass
vield with a high degree of accuracy (R?=0.296,
RSD = 2 53_ for % boneless closely trimmed primal
cuts). An advantage to bioelectrical impedance is
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