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Logy ABSTRACT
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B Petitiy
‘rqu’ €ness and declining per capita consumption have forced U. S. meat industry sectors to become consumer
*( ddresg
O g issues related to quality shortfall. Because industry goals for value and quality-based marketing are
Tealjt )
B, 1ty, int . : T 1) .
g i €rest in objective carcass evaluation methodology has escalated. Even so, no official instrument grading
Iy & Place Res . . . ; . e L s
ﬁtages_ earch addressing use of A-mode, B-mode and real-time ultrasound techniques indicated several distinct
b 1) May be ysed in I; . ) X . el .
"y, € Used in live animals; 2) it may be used on slaughter floors before hide removal; 3) with development, it
. }
b, Y Predict traits . . e .
" an 1ts related to palatability; 4) it offers no health hazards; 5) it would allow complete automation of

‘*u,»-l reI“OVe the ¢] . i e e o
4 element of human error; 6) with development, it offers great compatibility with integrated artificial

%‘du 3 Orki Dg techno . 3 . = -
Ctiy; ogy However, other systems are now available which may present alternatives. Electrical

1t
’y'\lgn‘ Y ( OBEC) off
1§} ectively predicts pork carcass composition, and is now used commercially. Potential exists for similar
!(x\,.
0} eef in : , : S
{ dustry Other instruments (NMR, CAT, PET), with continued development, offer advantages in image
h“UTQ aCCUraCy b
Wig, . ut are cost prohibitive at this time. Elastography, a new technique, offers exciting prospects for the
pOtenh
alto predict tenderness.
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in " INTRODUCTION
i 0st ¢,
i Ty is Mpetitiveness and declining per capita consumption of red meat products, the U.S. meat and livestock
*fn ®ing fo
q I'ce,
| 'y d con d'to become consumer oriented. Most industry segments agree that retail value should reflect consumer
QSQ de
) ne
i, ® thy €. Retailers are beginning to purchase product which conforms to levels of fatness displayed in the retail
i\ h‘a
N diti oy
3 AN iy Onal commodity products, where as much as 2.5 cm of external fatness is common. Retail fatness ha
X Ove
ay er 279,
b dc °in retail beef products (Savell et al., 1991). However, the 1991 National Beef Quality Audit, conducted by
9 olo
ra
A ag loSt (L do State University to identify quality shortfalls, concluded that over 25% of the value of slaughter cattle
iy
\ AMbe A .
acg, f the T, 1992). These were costs passed on to consumers—opportunities to enhance the position of beef in the
Ifn €259 1.
Oy, "alue,, o lost value, 78% was due to defective composition and 10% was due to defective palatability traits.
Sy "qu i ‘
Ak ality" . U
0 a“()n ! 1ty" based marketing are to be fully implemented as outlined by U.S. meat and livestock industry
L\ BN s
wil . ; : ! : ¢ -
b I'be crucial to reward quality conformity and consistency, and penalize the production of non-
(.‘a]f alit s
(’Ythis 0 Y shortfay, Development and installation of a system for instrument assessment of carcass value will be
()b. Oceyr b i
Db ]QctiveS of “Cause livestock producers are not sufficiently confident in current, subjective grading systems.
‘(\t]\/ : .
e Sm
Mgt amlscrlpt were to outline the history of instrument grading research, present information pertaining to
CNtatjo,
: of carcass evaluation, and evaluate the potential of these systems in applied industrial situations.
h ]9
b 1 gy BACKGROUND
Q "th &ff, bt by the s U 5 : e
"l“it(,x Orf General Accounting Office to the U.S. Congress concluded that the USDA needed to "increase
19, Velo
g, 8) P Instruments to accurately measure beef carcass characteristics" (Comptroller General of the United
nsF)th. Ult in 197
1 9 the USDA-FSQS (now the USDA Agricultural Marketing Service and the USDA Food Safety

e) a
nd NASA' s Office of Technology jointly funded a study at the Jet Propulsion Lab to determine the
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feasibility of applying NASA technology to beef grading (Cross and Whittaker, 1992). Two technologies were id A
: ; in thEC ey

: : - . : R |
could potentially accomplish USDA goals—to enhance accuracy in carcass grading, increase speed and efficienc) 3

. . . ¢ § s - g . v 1 qOUm j
process, and provide a more objective means for disseminating information. Those two technologies were ultra- y
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image analysis. Ultrasound previously had been identified as a potential method for evaluating live animals

2 = s ~pG @ HO\
(Hazel and Kline, 1959; Stouffer et al., 1961; Alsmeyer et al., 1963; Cross et al., 1983); but technological advancé: 2

application did not occur until the end of the 1970s.

; dis®
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In 1984, the USDA hosted two meetings with industry representatives. The status of instrument grading 1
1 ontifie”
re jdent!

five state-of-the-art technologies with application potential in grading systems for beef, pork, and lamb we \W'h‘«
1 i f : . . o D
nuclear magnetic resonance (NMR), 2) near infrared reflectance, 3) real-time ultrasound, 4) video imaging, an* _
b
mer

was felt that ultrasound technology offered the most realistic potential because the technical ability of the equi}

its durability, had progressed in the medical community.
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By 1985, most researchers and industry representatives agreed that the selected instrument grading syst®’ Wy
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the capability to evaluate unchilled, unribbed carcasses, prior to hide removal, through non-invasive means

evaluate both yield and quality attributes (Cross and Whittaker, 1992). As recently as 1989, at an Australian SY '[iu;:‘* h%a_

a |

"Automated Measurement of Beef", ultrasound was identified as having the greatest potential for use in beel “ im:ir?‘i(kgr

; GV (

and Whittaker, 1992). Consequently, most applied efforts to develop on-line, real-time grading systems have =3 Iﬂ.-w“ %’0\/
o

of ultrasound technology. Despite this, research has continued on other forms of instrumentation, and several >)'-t

u

promise for industrial use.
DISCUSSION by
Itr n hnol

Ultrasonic images are a record of sound waves interacting with physiological properties of a sample. !

mode (amplitude, one-dimensional representation), B-mode (brightness, two-dimensional gray-level imaging

; ) . i ’ s Lctric &
scanning has been well documented. Information from echoing ultrasonic pulsations, generated by piezoeleC

dto des*

A 10

transducer and received by either the same (pulse-echo) or different crystals (through-transmission), is use
mechanical properties of scanned meat samples (Thane, 1992; Whittaker et al., 1992).
Ultrasound imaging has some distinct advantages over alternative methods of objective measurement.

it
. - £ - 2 - iEgl Llﬂh
include its low cost, ease of use and inherent safety features, along with potential to estimate both yield and g

> A . . e 3 . ot-pffec Th A
(1984) stated that information provided by ultrasound "cannot be acquired by any more convenient or cost-€ Ll f it

: ~hE : BRI
Ultrasonic waves pose no apparent hazards at the levels used in imaging because the waves are nonionizing

X ] ) ! ) ) e ;Oﬂ‘.
1984; Thane, 1992). However, at higher acoustic energy levels or if exposed for extended time periods, safety WA Y
¥ rf;\l“
. S . b - 2 d > 5 ¢ NN )
exist because ultrasound may induce thermal heating within tissues, cause cavitation (microbubbles of gas) ¢

disruptive occurrences affecting genetic replication and other cellular functions (Kremkau, 1989).

"
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A-Scanning. Most basic A-mode research related to the use of ultrasound in prediction of composition p /

e i . : : : : : ... real
specifically for use in carcass grading and evaluation. Most recognize that on-line operations will require €

. . sy ty - g o[v
Researchers at the University of Illinois recently evaluated the effects of operator error on the accuracy

. - % o ‘hilu o D
estimates across A-mode and B-mode machines (McLaren et al., 1991). When scanned live, the A-mode ma¢ (i [

h ¥ i
underestimate fat depth measures in all three meat species, especially in pork and cattle. In addition, altho! ‘ﬂ‘d
4 : : : s were "
operator to operator, the highest correlations for ultrasonic measures of fat depth with carcass measures wer U@ﬂ"
1d
. . .y . . . . . (. - \'Jr
B-mode machine. Variability across operators was accredited to variation in locating the scan site as well a5
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tmt‘d ]h““lssm : results of scanning, with the latter probably contributing the largest proportion of variation. Results from

leg
2 6 el SU ; - . o =
q e )'(w%r Pported the need to remove human error from instrument grading and live animal evaluation systems because

_ Ntrily . o
nd? T Ules to increased subjectivity.

e | M T
Ar¥ “’:req €Searchers have studied various characteristics related to the use of A-mode scanning (Whittaker et al., 1992)
oa ataby);
Ank i 1
il {8 W ty traits. In those studies, longitudinal velocity (speed at which an ultrasonic wave travels away from the
] i u
0 en B 1 g ? y
| m“’an Cced b)’ fat and moisture content. Strong correlations were documented between longitudinal ultrasonic

; Moj

o fog Stu : : : Wk | . . K
dis™ ity * T® content such that decreased velocity was associated with increased fat concentrations and increased

. S| 0cj
3 ia ol :
fied | B\M ted with Increased moisture content.
A1 hy d Rea].T; T . A . S5 b
] ’h’flfi eal-Time Scanning. Evaluation of existing B-mode and real-time technology has primarily occurred with off-

Mentat
ation. In B-scan im: aging, ultrasonic signals are ultimately digitalized, displayed and stored as an image.

()QQ
" SSing allows ¢ o
v or a dynamic range of acoustic signals to be mapped as image-brightness or gray-scale pictorial data.

Evelg
S of j
. Ntensity for an image correspond with individual elements of a picture. These elements are referred to as

Valyays

atig

ﬂls fdlgltallzed pixel data allows the development of quantitative models from which composition of a

Gl '\llhg i “an be predicted.
ki

ot 1 Ma ; ; : . g ;

i ; Uallyi 8es are generally not as detailed as those obtained by NMR or CAT techniques, over time, resolution has
A tk Ved

A% oy because of ; improved pattern recognition and image enhancement technology. The main source of image

mw\p n()l Se j
o Rt In B- . .
()"Ed B-scan Imaging is speckle, which may degrade resolution by five-fold. Filtering systems for speckle have

anc
u'frq By (Thane, 1992), and will continue to improve in the future.
e
Ao Ch"OI"Sy Development. Instrument grading technology has been identified as a research priority by the

s .
ay Association and the Beef Product Technology Development Subcommittee of the National Live Stock and

tn Ntiated o, M
ion g,
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Eng arch 1 of this year, the University of Illinois began an industry sponsored project to develop

Om :
SCratch which will provide the best technology to evaluate both yield and quality of beef carcasses. High

oung g,
a1 e %e a will be collected off-line (not in real-time) using previously identified electronic components and
oI P,

0

Ny tr,
ansduycerg (2.5-10 MHz2). Prototype technology will be evaluated across hot and chilled carcass systems,

Off 5
S
ystems, ang across other environmental factors associated with on-line use in commercial packing

o Py Esti Mateq th _ T ‘ W
No at final assembly of the selected equipment will begin in August of this year (personal communication

“Vera) >, Uniy, linois).

Te,
P4 e,
[z“‘ ‘[l(‘n archers are r - ! ) ’ - ; ) .
Uay 10w making progress in estimating intramuscular fat content using ultrasonic data. Speckle scores

Ve p
€en 1ce- 2 ; o : 4 :
ot lused to estimate marbling within the ribeyes of meat animals (Brethour, 1990; Perry et al., 1991,
I
addition, Green et al. (1991) recently demonstrated that discriminant analysis techniques in the
d8g o
L Cin " data, hen : ce a substanti
" the combined with video image analysis of ultrasonic ribeye measures, can produce a substantial
Hracy v
i c o 3 > . ' .
th which feedlot steers are segregated into representative USDA Quality grades (accuracy's as high as

7o ory,
/\['~ eCt laSSiﬁC

ation).

{ W &(1
A “Ua] ; B~m0de ¥
j 3Sspg Xperiments to detect marbling have shown that ultrasonic images for live cattle correspond better

SSteng
S of
ages Marbling score than the ultrasonic images from carcasses. Regression equations were developed from

Oby Tedjet Marbline

€] ineyg g scores in live cattle (R? = .46 with enhanced images) and in carcasses (R2 = .23 with enhanced
ase

ace
Uracy in live cattle, as opposed to slaughtered carcasses, was attributed thus far to the loss of

8 sla
ughter Whittaker et al., 1992).

ittak
€1 (1990) used ultr

asonic frequency analysis of Fourier spectra for predicting intramuscular fat content of

Ons as
high as 8¢ were obtained, and an optimum frequency for fat classification in beef tissue of 1.92
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and prediction equations were developed to predict intramuscular fat content (Thane, 1992). Mean error terms Ll

MHz was determined. More recently, methods of image enhancement, temporal averaging and spatial filter

were about 1.1% fat content for live cattle data and 1.2 to 1.4% from carcass data. f

| ﬂ{i‘ll'
. v ]
St £ : : 5 : o 2 naiths > live anim? ’”?m
Estimates of fatness for pigs and beef cattle are usually highly accurate when measured in either the live \

W

; - J'; ' m
carcass, and one of the advantages of using an ultrasonic system is that it may offer potential to evaluate live 3111:1131'“]"1“:1-%{
carcasses (Terry et al., 1989; May et al., 1992). However, further development will be required if muscling is t0 besg r iy

o (2
effectively (May et al., 1992; Smith et al., 1992). Recent research by May et al. (1992) suggested that ultrasonic me2s o R
. nal
prior to slaughter were very effective in predicting trimmable carcass fat (r = -.78) and boneless, trimmed subF o (of
7 [0
-.73), but ultrasonic measures of ribeye area were extremely ineffective (P > .05) in predicting either response (¥ =0/ |
response variables). ; I“‘:““[
ot lle,
The U.S. "War on Fat" has also prompted interest in the private sector to develop on-line carcass grading sy>* S

i 1tra- N
s . 5 . . 2 Nes Ay 3 2 s ne ul )
Although little information is available at this time, Eli Lilly has made known its intentions to develop on-lin€

dev ol
. . : J T ; R
evaluation systems. Animal Ultrasound Service Inc. (J.R. Stouffer), Ithaca, N, is providing ongoing services t o\
4 . 1 {78
Js0 # \”Ua

. . . il . . . Sy A a
ultrasonic evaluation systems for use in predicting loin eye area and fat depth in both live cattle and pigs, and?

o
i) ik : L o ' has inte” Fllg
In addition, CSB-Systems Inc. Software Development and Management Consulting Company, who already 14 " \
) oal) M
Bars . ; : : : " . r bete A
systems on-line in Germany, is developing carcass evaluation systems to be used in the U.S. This system may

i . )
commercial use by the end of this year. \”‘l't(
P 'nJUr

1

5

Perhaps the next most useful advancements, in terms of predicting carcass composition and quality in

a

oot

fir Ray,
. 3 wao, b cweret )
in the form of artificial neural networking of the computer systems handling digitalized data. These systems ¥

cd Svstem.‘ mn‘p(
by the structure of the human brain, and their development began a totally new approach in computing. Thes¢™ ;rﬁr‘]. by,
themselves, through trial and error, to solve complex pattern-recognition problems, indentify handwritten C‘“*‘radf ! :
determine objects viewed from different perspectives. Such systems are usually better at accomplishing these . Vl'prf”v\ Cﬁpaﬂ
conventional computers (Thane, 1992). McCauley et al. (1992) recently reported that Adaptive Logic Networks Pef, u»“f";‘ by b]
.o iU i)
than other beef fat ultrasound image prediction methods to date, and that they offer a viable, accurate alternat!¥ ‘ UUI“J{ | %\“
statistical techniques in predicting composition with B-scan image technology. Similar advancements in the prodl( pnm‘
intramuscular fat using A-mode scanning were reported by Whittaker et al. (1991). “i’\vi
Other technology i,
Kempster et al. (1982), Wells (1984), Topel and Kauffman (1988), and Forrest et al. (1989) have all sumlﬂ‘”ﬂLL (“,L-\,f \""‘1“
ol e
offering potential to objectively determine both yield and quality in meat animals. Detailed descriptions of tho>* II“‘ME“‘ \3\%1
al in” b

presented in those reports. Brief descriptions of some of those technologies with practical application poten

and carcass evaluation, other than ultrasound, are presented in Table 1.

: ) i : : : . .d that
Forrest et al. (1989), in a review of potential on-line pork carcass evaluation methodolo ry, concluded th
’ F 5.

ol "ﬂ: “hy
for further development of highly sophisticated, accurate, rapid methods for determination of carcass comp0? Dy.ﬂ"“ t‘~‘nlmi
modern high-volume slaughter facilities". Pork industry efforts in the U. S. to develop on-line carcass and Pr‘“L p (Ji"': M"’i\i(

qrat? :
equipment helped prompt funding at Purdue University, which has indeed resulted in the development of acc! W “"i’urh
line grading systems for pork carcasses using the TOBEC HA-2 electromagnetic scanner (Forrest et al., 1989 = A Sy

5 : AL ; R e 1fab @ i
equation R? values for predicting fat-free lean in the carcass (R2 = .92), independent of gender, level of backf@” ™ 4 e,
e Y. £
indicated that the system may offer a feasible alternative to dissection techniques in research (Kuei et al., 1991

system has also offered substantial opportunity in the commercial arena.
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el Uit of research at Purdue, the first on-line TOBEC machine has been installed in the U.S. In a collaborative

ional Pork Producers Council, Purdue University and Farmland Industries have installed a TOBEC HA-2
and's Sjoyy City, IA plant. This machine is currently operational and has worked effectively to date.

A m:e :fz %3 fuhdmg year, as a result of the TOBEC/pork carcass research at Purdue, the Beef Product Technology

g the Nationa]
i

pons

Ored
JL”I S to d Project is currently being conducted by Purdue University (J. Forrest) and the University of Nebraska (C.
res” ey

Livestock and Meat Board has listed electromagnetic scanning as a research priority. A beef

elo
P on-line electromagnetic grading systems for beef. Results to date are very promising for the beef industry.

I\enect
1Ll | an
;o,rﬁ;:['”“y being 7 Sbes (Hennessy, Fat-O-Meater, Destron, etc.) have already gained acceptance in several countries, and are
e"?‘mbes g Used tq evaluate fatness in all three of the primary meat species (Kempster et al., 1985). Although evaluations of
) |H I Op dr:‘gOing In the U. S. for pork and lamb carcass evaluation, such probes are not used commercially to any large
11““ I“‘“‘and erfo; K to using reflectance probes to date has been the requirement of human intervention in determining scan
it
iw B:sunable ®© i Procedure. Fat probes would most likely offer greater potential if robotics were developed, at a
L ~"'Q\.a“a“d q ) ® Temove human error from the system. One interesting note relative to fat probes is work published by
(LG R
ivrﬂ“{j t;:] e: the UnWerSlty of Guelph in Canada, where optical connective tissue probes are being developed. Probes
.i\ l 4 Ve tissue characteristics offer potential in predicting a component of toughness in muscle, . Such a probe
E\ r\
i g Y Woy *d with a back fat probe for use in quality grading. However, further development is necessary before such
s i by, id%' Mage s COmmemally feasible.
4 1,,1.~§‘m ’Unction “nalysis Currently is used in Australia for carcasses, and, as already described, is being researched in
Rt
f Tbhn Scores mtrasound and discriminate analysis techniques at Texas Tech University (Green et al., 1991) to predict

Clar
Ketal (1991) recently suggested that near-infrared reflectance may offer substantial potential in predicting

g Oun
. fw d Products. In that study, a NIR Systems Model 6500 with a fiber optic attachment predicted fat content of
| A

#h thoy = Values in excess of .97 and minimal variation.

; S Magnetic resonance (NMR) imaging and X-ray tomography offer exciting prospects in terms of resolution
"Pense of adopting such a system for on-line grading in commercial production facilities is still inhibitory. In
" that very little research has even been conducted to develop grading systems utilizing this technology.
puterlzed axial tomography (CAT) systems has occurred in the medical community. That in animals ha
termar)' Physiology research in dogs (Burk, 1991), and some compositional research in rats (Ross et al., 1991).
! e:i:/e Tesults were recently published by researchers in Denmark (Sorensen et al., 1987). In that study, CAT

ate : : : ! : : A 1
Parenchymal tissue in heifer mammary tissue during pubertal development with positive results (r-

Osj S : : S i
Sitron emission tomography is a relatively new technology which is still in the development stage—
S ava; ]
Wailape,

*opme 4 .
Ntin the U. S. of considerable interest is that related to the elastography technique. Developed in a

Ctwee <
€N the University of Texas Health Science Center at Houston and Texas A&M University, this
n 3
& Potentia] to, develop instrumentation which predicts palatability characteristics in muscles. The
Sonic
Pulses to track internal displacements of small tissue elements in response to externally applied

VBIUe 4 -
S (difference between pre- and post-compression signals) are converted to Young's modulus values

nt
he development of an image (elastogram). Preliminary evaluation indicated that the procedure may

t'lll‘e
3t the muscle-bundle level. Further details of this technique were discussed by Ophir et al. (1991) and

Confe
TeNce. Extensive development will be required before the technology is commercially feasible.

38th ICoMST  Clermont-Ferrand France 1992 131




N

b
REFERENCES o
AV
" ive tev TE‘I
Akridge . T., Brorsen B. W., Whipker L. D., Forrest ]. C., Kuei C. H., Schinckel A. P., 1992. Evaluation of alternat
to determine pork carcass value. J. Anim. Sci., 70, 18-28 )
15W" By
.l U
Alsmeyer R. H., Hiner R. L., Thornton J. W., 1963. Ultrasonic measurements of fat and muscle thickness of cattle
Annals New York Acad. Sci., 110, 23-30. |
™
o "y
Brethour J. R., 1990. Relationship of ultrasound speckle to marbling score in cattle. J. Anim. Sci., 68, 2603-261-
Burk R. L., 1991. Computed tomography of thoracic diseases in dogs. J. Am. Vet. Med. Assoc., 199, 617-621 “,,&‘wa;
: e, DA
Cattlemen's Beef Board, 1990. Final Report from the Value-Based Marketing Task Force. National Cattlemen's AsSO~ 0 )
LA [
. y > : . e nelh! "y
Comptroller General of the United States, 1978. Department of Agriculture’s beef grading: Accuracy and uniformiy i ’
improved. U.S. General Accounting Office, Washington, D.C. o
J JEC plo o
Cook G. L., Chadwick J. P,, Kempster A. J., 1989. An assessment of carcass probes for use in Great Britain for the
grading scheme. Anim. Prod., 48, 427-434. o
16157
, and ,\' N
Cross H. R., Gilliland D. A., Durland P. R., Seideman S., 1983. Beef carcass evaluation by use of a video image an T
Anim. Sci., 57, 908-917. ‘1 |
Anim” |
Cross H. R., Whittaker A. D., 1992. The role of instrument grading in a beef value-based marketing system. J. A
989. " by
e
Forrest J. C., Kuei C. H., Orcutt M. W., Schinckel A. P., Stouffer J. R., Judge M. D., 1989. A review of potentml nev :
on-line pork carcass evaluation. J. Anim. Sci., 67, 2164-2170. n"z\'ﬂ j
oe?
! imab I
Green R. D., Perkins T. L., Hamlin K. E., Fish E. B., 1991. Quality grade classification of feedlot cattle by video " Whm
ultrasound ribeye measurements. J. Anim. Sci., 69 (Suppl. 1), 480. W
oS
Mr}d

Kempster A. J., Cuthbertson A., Harrington G., 1982. Carcase Evaluation in Livestock Breeding, Production and N
Press, Boulder, CO, 60-78pp.

e
s Fa t-
Kempster A. J., Chadwick J. P., Jones D. W., 1985. An evaluation of the Hennessy grading probe and the SFK F2
use in pig carcass classification and grading. Anim. Prod., 40, 323-329.

2 »aﬂ.“"
Kremkau R. W., 1989. Diagnostic Ultrasound: Principles, Instruments, and Exercises. 3rd Ed. W. B. Saunders Comt

Philadelphia, PA. }“\1‘
i1

. f0
e ; e e ¢ 1:=cpctiOl
Kuei C. H., Forrest J. C., Schinckel A. P., Judge M. D., 1991. Total body electrical conductivity in lieu of dissect!®
carcass composition research. J. Anim. Sci., 69 (Suppl. 1), 339.
v
: : v‘:,f'b’llrv
Lambert C., 1992. A roadmap to Profits. National beef quality audit shows the way to better products. In: Be
National Cattlemen's Association, Englewood, CO, 15 (30), 3. o
| ,w”
May S. G., Mies W. L., Edwards J. W., Harris J. J., Morgan J. B., Garrett R. P., Williams F. L., Wise]. W., 5‘?\'5“!1]]}1r€9r“
1992. Predicting beef carcass composition using live estimates and real-time ultrasound. J. Anim. Sci./ ! : i
daf”
B ) : g ia
McCauley J. D., Thane B. R., Whittaker A. D., 1992. Fat estimation in beef ultrasound images using texture a'* |
networks. Comp. and Elect. in Agric., (In press). s
;AP
,of 0 6
McLaren D. G., Novakofski J., Parrett D. F., Lo L. L., Singh S. D., Neumann K. R., McKeith F. K., 1991. A 5}1?‘11\0’5}”
on ultrasonic measures of fat depth and longissimus muscle area in cattle, sheep and pigs. J. Anim. 5¢}- ,ﬂf‘
|07
. ! A . A .o G
Ophir J., Cespedes I., Ponnekanti H., Yazdi Y., Li X., 1991. Elastography: A quantitative method for imagifs
biological tissues. Ultras. Imag., 13, 111-134. ol
, A
Park B., Whittaker A. D., 1990. Ultrasonic frequency analysis for beef quality grading. Proc. Intl. Winter Mt y
Eng., Hyatt Regency, Chicago, Il, December 18-21. Am. Soc. Agric. Eng., St. Joseph, M1, USA. “_U!{‘
e
)

e
Perry T. C., Ainslie S. J., Traxler M. J., Fox D. G., Stouffer J. R., 1990. Use of real-time and attenuation ultraso™ (511?} r

> . 5 4 . 3 : : oA 6O
determine backfat thickness, rib eye area, carcass marbling and yield grade in live cattle. ]J. Anim. 5Cl- o

.
i
an®

o imsa
Ross R., Leger L., Guardo R., De Guise J., Pike B. G., 1991. Adipose tissue volume measured by magnetic res0 i

computerized tomography in rats. J. Appl. Physiol., 70, 2164-2172. .
1

¢
Savell ]. W., Harris J. J., Cross H. R., Hale D. S., Beasley L., 1991. National Beef Market Basket Survey. J. Anif™
2893. % :

132 38th ICoMST  Clermont-Ferrand France 1992




et by

igh‘f:‘: S[[)Uf
U
rfrirj' R, Way
Rasy €ntine M. .
Swmtk ““ngfatthicknessa
€
det, Vo» Crengh
‘We%%mﬁgx
|Cn‘® lagngé H ]
| 10 4 T,’.‘,rl\’ C

=T, O
thlck“ess ;]::11 b
tn

b el g

M7 o
k’”\ograT ; Sefrsen K., Folda

» Dolezal H. G., Gill D. R., Behrens B. D., 1992. Evaluation of ultrasound for prediction of carcass fat
10nglssimus muscle area in feedlot steers. J. Anim. Sci., 70, 29-37.

: ger J., 1987. Estimation of pubertal mammary development in heifers by computed
Y- J. Dairy Sci,, 70, 265-270.

,» Wellington G. H., Diekmann A., 1961. Development and applications of ultrasonic methods for
nd rib-eye area in cattle and hogs. J. Anim. Sci., 20, 759-767.

J. D., Marchello M. J., Lukaski H. C., 1992. Bioelectrical impedance: A nondestructive method to
ass of live market swine and pork carcasses. J. Anim. Sci., 70, 169-177.

1991 :
+ Evaluation of probe designs to measure connective tissue fluorescence in carcasses. J. Anim. Sci., 69, 1983-

) i, 67 1o Recio H. A., Cross H. R., 1989. Using ultrasound technology to predict pork carcass composition. J.
jplfm ]mn‘d £ ’ 1279_1284 >
‘R
Mg 1992, prog: .
<) St esi PredmtOn of intramuscular fat in live and slaughtered beef animals through processing of ultrasonic images.
i o Xas A&M Univ., College Station.
A Scigy Kaugg
i by Nees, asm.an R. 1988. Live animal and carcass composition measurement. In: Designing Foods. National Academy of
2 e ngton, DC, 258-272pp.
Ani " *+ 1984
v by, TMajg Se\;i Introduction to imaging technology. In: D. Lister (Ed.) In Vivo Measurement of Body Composition in Meat
i Wakg, °T Applied Science Publishers, New York, NY, 25-32pp.
Reypy D, p,
aﬂdi}‘ Engral netWOrrk B.S, McCauley J. D., Huang Y., 1991. Ultrasonic signal classification for beef quality grading through
3 Whit ! St‘JOSeph ’MITOC- Symp. Automated Agric. for the 21st Century, December 16-17, 1991, Chicago, IL. Am. Soc. Agric.
ity M, 116-125
A e PP-
0 K mtral’;\. D-, Park B S
b Usculay ¢, -0 Thane B. R., Miller R. K., Savell . W., 1992. Principles of ultrasound and measurement of
fat. J. Anim. Sci,, 70, 942-952.
y
;vv
Tabl
e1 P
| ' TOtenty : S . 5
}m,“ N ®ntial, non-invasive technologies, other than ultrasound, to objectively determine yield or lean
{ Xefhnolo fating quality in live animals and/or carcasses in commercial applications?.
W Description Advantages/disadvantages Country/institution
L u : z < G
‘” e Maps density differences across Highly correlated with intramus-  Denmark/Natl.
tissues with such techniques as cular fat content and composition.  Inst. Anim. Sci.
o Computed axial tomography (CAT) Provides good resolution. Equip- USA/Anim. Med.
) ?T Positron emission tomography ~ ment is expensive and is not yet Center, N (dogs)
PET) scanning. li tion. g :
py scanning ready for on-line production Cartada [ Oniv. of
| \ Montreal (rats)
uCIE‘
0! reS() it a .
A Tl ghet A
L[‘, 1%%;::1 e (NMIQ? Measures energy differences Very highly correlated with lipid, =~ USA/USDA-ARS
‘ between magnetic moments of water and protein content (>.985) & Howard Univ.
._1“-:1“ Naturally occurring, intrinsically as well as good resolution. Very
Magnetic atomic nuclei and that expensive, requires special
; Whﬁ‘n external magnetic fields are  shielding and is somewhat slow.
s R Imposed.
C()Qctrical
n
Uty
a“alysicél"lty C‘mductivity is measured within High correlations with carcass fat USA /Purdue &
a electromagnetic chamber. Tissues and fat- free body weight (usually ~ Univ. of Nebraska
; With different electrical conducti- > .95) for TOBEC. Correlations for Aust./ AUS-Meat
i Vity affect magnetic fields, thus the EMME have been less desirable
aHOWing estimation of composition, (.79 for fat, .40 to .79 for muscle).
o €-8., electronic meat measuring The systems are fast and more
i €quipment (EMME) and total body suited to on-line plant production.
Nea : electrical conductivity (TOBEC).
ref]:tmfrar od
an
Ce (N[R) Measures absorption of infrared Technique is simple and relatively USA/USDA-ARS

Wave-lengths to isolate differences
tween fat and lean.

inexpensive, but requires further
development.
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Table 1 (cont.). Potential, non-invasive technologies, other than ultrasound, to objectively determine y?
lean eating quality in live animals and/or carcasses in commercial applications®.

il

Technology Description Advantages/disadvantages Countl’}'/mStT i
Video image A camera, placed within 15° of per- More accurate than physically mea- US.‘\/TGM»‘L’ yn h
analysis (VIA) pendicular from lean surfaces, sured traits. Generally well-suited Kansas 2™ p ']
transmits images to a computer to on-line production and robotic Canada/N,m‘Culf “wﬁc
where digitalization occurs. applications. Sytems are now Scotia AN K
Measures of fatness and muscling  available to evaluate conformation. UK/AFRC Tk 0
are made electronically which may Cross-sections and standarization CoMet P
be used to predict composition. of conditions would be required. Aust./ A7 i K,
Denmark/P | °
iy
) | s
g
Optical fat/lean Measures reflectance of muscle and Fat is estimated more accurately USA/ '\lhjhlhylt" Be %
probes fat components, e.g., New Zealand (R2 =.82) than lean. Percent muscle Univ., PL}K m"‘luu
Hennessey, Danish Fat-O-Meater  is approximated more closely when Texas 'L\L&}‘ w0 M,
and Canadian Destron probes. used in conjunction with weight Canadd/“‘m \
and carcass length (R2 = .77). Guelph | ?
g
Uni¥ o h.:,v,&}
Optical connective Measures fluorescence of connec-  Connective tissue toughness can be Canada/ H& G
tissue probes tive tissues within muscle via single estimated. Probe may be used with Guelph ) b
optical fiber probe. existing fat probes. Technology k(}|;;5
requires further development. ] "
. ] Dﬁkob’ M)m
Bioelectrical Measures resistance and reactance  Initial data suggests relationships USA/TV\',v hi,
impedance of constant alternating current (r = .77 live, .83 carcass) between State UM c: \ |
analyzer (BIA) passed through tissue. Composi-  current volume and fat-free mass. USDA-A™ | M
tion can be estimated because fat More development is necessary Wh,
insulates and lean conducts. before commercial use is possible. '“ngl “
B
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Table 1 (cont.). Potential, non-invasive technologies, other than ultrasound, to objectively determin®

lean eating quality in live animals and/or carcasses in commercial applications?. tituri" )
it md ins ! (
Technology Description Advantages/disadvantages COU“try/r Ih!‘ Ny
Velocity of Sound  Measures ultrasound velocity Predicts as well as physical UK/AFE i
(VOS) which varies depending on the measures, requires further LWhl.
tissue. development. -
mdh”
i,
miv g | %
Elastography Measures internal displacement of  Initial research suggests that elasto- USA/U\,AHN%;' “’\;{l :
small tissue elements in response to grams may be capable of depicting Texa> ; ) \
externally applied stress using muscle structure at the muscle Ct‘l“e‘r; Vs L oy
ultrasonic pulses. Light colored bundle level, and of detecting & Tex# | Reg
regions in images correspond with ~ differences in elasticity of muscle kq]\,
: . . . M
softer, more elastic tissue. bundles, connective tissue amounts / fl,
and quantity of intramuscular fat. P L
ook Al
aSources: Cross et al. (1983); Kempster et al. (1985); Sorensen et al. (1987); Topel and Kauffman (1988); U)“ 7P]ﬁf h i
002); N,
(1989); Forrest et al. (1989); Burk (1991); Ross et al. (1991); Swatland (1991); Akridge et al. (197 bt
h
al. (1992); Swantek et al. (1992); Thane (1992). b Uty
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