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CHAPTER I
- INTRODUCTION

The quest for a method of estimating the amount of
muscling in a meat animal has resulted in the dévelopment
and evaluation of many differentbtools designed for this
purpose. Early methods.were largely attempts to estimate
carcass composition frem anélysis of'a"small portion of
the caréass. In more recent years researchers have sought
for an efficient way of estimating body composition that
would not require the slaughter of the animal.

The value of such avtodl'ih a bfeeding program 1is

obvious. «At present the most reliable means of sire
;bevaluatiohlis the progeny tést; ‘This'method fequires two
years from the time a sire is ready to enter the breeding
herd until he has been evaluated. The number df sires
which may be tested is also limited due to the number‘of
pfogeny required in addition to the time interval. If
_reliable; a non-destructive method of evaluation would
enable the breeder to make selection from all of his bull
calves and begin using the superior sires on his breeding
herd immediately. This would, therefore, result in af
higher selection differential and a shorter generation

interval, thereby increasing the rate at whiéh genetic



improvement could be made.

One non-destructive method of evaluation proposed by
Andefson (1959) is the use of potassium-~40 (Kho) gamma
Trayg, Potassium emits a felatively constant=number of Kho
gamma rays, and muscle tissue in animals of the>same physi-
ological age poésesses approximately the same percent.of.
potasé&um. The use of Kho as an estimate of lean tissue,
therefore, is based on these two principles. If a‘given
proportion of the K[PO gamma rays being emitted can be de=-
tected, it would be possible to estimate the améﬁnt of
potassium in the live animal and consequently arrive at
an estimate of the amount of muscle tissue in this animal.

The purpdée of this study was‘to evaluate a Permian
KiFO counter designed specifically for cattle weighing
‘appréximately 1000 pouhds. " The data from‘Bl head of Angus
~calves were examined to determine:

(1) The correlation bétween.two independent counts
on the same animal on the same day;

(2) The association between radiocactive count and
fat=-free lean;

(3) The standard error of estimate when prédicting
fat-freeﬁlean'from KAO count and live weight;
and |

L0

(L) The association between variation in K count

- and several animal measurements.



CHAPTER 1T
REVIEW OF LITERATURE

The large volume of literature on live animal and
carcass evaluation amply illustrates the importance placed
on this field of study in animal science research. The

search for a noen-destructive method of evaluating meat ani-
_ L0

mals has resulted in the study of potassium»hO_(K ) as a

possible predictor ef lean in meat animals.
: 40

- One of the two major principles on which the K

technique is based is the constant portion eof potassium

40O

which is in the form of K gamma emitters. E. C. Anderson

1(1959)‘repdrted that 0.01% of all naturally occurring
pdtaséium»was in the form of the Kho isotope; Forbes
(1963) and Ward et al. (1967) agreed with this figure by
reporting that K ° éomprised 0.012% of all naturally oc-

B

curring potassium. It wouid appear, therefore, that this
principle has a sound basis.

The second principle, that a high percent bf potassiﬁm
is in muscle, has resulted in some conflicting réports in -
the literature. Anderson (1959) stated that there was no
potassium in fat and only a minute quantity in bone. This
statement was not suppeorted by experimental evidence and

. 40
this article has been quoted by many of the K papers in



the literature even though no such evidence was presented.

Kirton and Pearson (1963), in studies involving 10
lamb carcasses, 20 lots of ground beef, and 15 lots of
ground lamb, reported that the presence of potassium in
fat could not be ignored. Values for the potassium content
of fat of 0.70 and 0.82 grams of potassium per kilogram of
weight as determined by KLPO count and flame photometry,
respectively, indicated that there was a detectable amount
of potassium in the samples used in this study.

Ward et al. (1967), on data obtained from limited
observations, reported that the potassium content of fat-
free¥lean tissue decreased as fat increased. A more reli-
able ,studyj based on the evaluaﬁion of 90 steers by
Lohman and Norton (1968), found that 53.4% of total body
potassium was in the lean and 5% was in adipose tissue.
Breidenstein (1964) reporfed that fat accounted for 12% of
the total KAO count(indicaﬁing-a significant contribution
to the net animal count. Values this large for the amount
of potassium in fat indicate that fat should not be omitted
as a source of potassium? which is coentrary to the state-
ment of Anderson (1959) that there is no potassium in fat.
Significant negative correlations between KL{’O count and

percent separable fat have been reported (Judge et al.,

al., 1961; Kulwich et al., l961b; Ward

19635 Kirton et
et al., 1967). These reports also indicated that although
there is potassium in fat, there is only a relatively small

amount. In contrast, Kirton et al. (1963b), working with



2L pigs, reported a significant positive correlation be=-
tween percent ether extract and potassium expressed as a
percentage of empty body weight.

Since this second principle suggests that most of the
body potassium is found in the muscle tissue, other SOurces‘
of potassium also influence the reliability of this prin-
ciple. Exterﬁal sources of potassium were recognized by
most researchers in this field, and reports indicated that
one good washing was sufficient to remove the largest ma-
jority of this potassium source (Kirton et al., i96l;
Twardock et al., 1966).

The most important internal source is the gastro-in-
‘testinal (GI) tract. Values for the percent of total body
potassium contained in the GI tract of 16, 19, and 21 per-
cent were reported by-Lohman and Norton (1968), Kirton et
al. (1963), and Lohman et g;. (1966) , respectively. Breid-
enstein (1964), as reported by Hillier et al. (1966), pre-
sented data (Table I) to demonstrate the importance of the
non-lean sources of potassium and also the value of cdntroL—
ling the GI. tract contribution by feeding a standardized oat
diet. Although it appears that only about 55% of the total
body potassium is in the lean, Lohman and Norton (1968) be-
lieve that because this is a large percentage when compared
. tothe other tissues, potassium isa good quantitative index of
muscle.

Gillett et al. (1965) reported significant differences

between breeds, between muscles within an animal, and be-



TABLE T

PERCENT OF LIVE COUNT ACCOUNTED FOR BY SOME LIVE AND

- CARCASS VARTABLES ON TWO DIFFERENT RATIONS

s

Source of Cognt Regalaf Feed: - Low Radiation Diet
Live Count 100.0% 100.0%
Hide 5.0 5.0
GI Tract 15-30.0 10.0
Organs | 10.0 8.0
Blood-Fat=Feet 2.0 2.0
Carcass COmpdnénts ' 55470.0 75.0
Lean S L0-55.0 60.0
Fat | - 12.0 12.0
0 3.0

Bone 3.

Breidenstein (1964)



tween the same muscle of different animals. This work was
based on data from six muscles of each of six Hampshire and
six Yofkshire barrows weighing from 186 to 220 pouﬁds.. Due
to this limited.number, care should havé been taken in mak-
ing referéﬂce to the swine populaﬁion as a whole. These
workers, howéver, felt that the variation in potassium con-
tent ffom muscle to muscle indicated that the potassium-to-
;muscle ratio is not constant. This could, therefore, be an
important source of error in the Kho method of evaluation.

Gillett et al. (1967), working with beef cattle, reé
ported»a difference in amount of potassiﬁm per unit of mus-
cle weight in seven muécles of‘beef cattle. Using éeven

Hereford, seven Angus, and two Shorthorn, and comparing |
grams of potaséium:per kilogram of~muscle, theése workers
reported a significant difference of 0.51 grams from the
_‘lafgest.to the smallest. Since this would amount to only
about five grams of total potassium, it is do@ptful whether
the Kho counter would be sensitive enough to détect S0
small a difference consistently.

Ward et al. (1967) presented results in contrast to
the results of Gillett et al. (1965). To determine if
there was a differencevin the potassium concentration of
'eight wholesale cuts, these researchers used a one=year~oid
Hereford heifer2 three fournyeééuold Holstein cows, and a
fat seven-year=old Guernsey. On the analysis»of this
gquestionable data, no significant difference was found in

potassium content between muscles within animals.



g

Lohman and Norton (1968) reported potaséiuﬂ}cohtent as
a percentage of six body compenents. These components,
along with the coefficient of variation (CV) associated
with each one, are presented in Table II. According to
the authors>the large CV's for most components suggested
considerable variation from animal to animal in amount of
potassium per unit of component weight for these components.
These workers further concluded that the CV reported for
standard trimmed lean of 5.7% indicated that grams of po-
tassium péf kilogram of lean did not vary greatly from
animal to animal.:

Even thoUgh there 1s some conflicting evidence on the
validity of the principles of evaluation by KLPO technique,
Lohman et al. (1966) concluded that body potassium can be
measured precisely enough to be practical as a measure of
lean muscle mass in cattle. Anderson (1959) also concluded
that potassium would be a measure ef leah cell mass since
the concentration of potassium in muscle was held constant
by homeostatic processes.

Kirton et al. (1961) used three 100=second counts to
‘estimate the amount of potassium in each of ten lambs. The
analysis of the association between percenteeeparable lean
- and grams of potassium per kilogram of,live weight yielded
a correlation coefficient of 0.58.
| In further studies with sheep, Judge et al. (1963)
reported a correlation of 0.73 between pounds of edible

40

portion and K measurement in 27 live lambs and 38 lamb



TABLE IT

POTASSIUM CONCENTRATION AS A PERCENTAGE
OF SIX BODY COMPONENTS®*

Component -+ GM-K K as Cv
Per XG %{mean)
Standard Trimmed Lean 3.32gm 53.4% - 5.7%
Carcass Bone 3.07 12.4 14.3
GI Tract 2.71 16.4 33.6
Head & Organs 2.39 7.7 9.6
Blood, Mesenteric Fat ,
and Feet 0.66 2.7 R1.2

Adidose Tissue 0.77 3.8 2L.7

*Lohman and Norton (1968).
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carcasses. These workers also reported a correiation of
0.91 betweeh carcass weight and pounds of edible portion
and concluded that simple meésures were as good as KlPO
measurement for predicting pounds of edible portion.

In swine, Kulwich et al. (1961la) counted 34 hams for
Kho content and found that Kho activity was highly corre-
lated (r= 0.96) with pdunds of separable lean,. Evidence
from this data also illustrated that correlations between
'Kho count and pounds of fat-free lean were of the same
magnitude. Correlations betwéen count and percent sepa-
rable or fat-free lean resulted in somewhat lower values.
In another study involving 24 market-weight pigs, Kirton
et al. (1963) reported a correlation of 0.77 between per-
cent protein and percent potassium as détermined by Kho
count. A standard error of 18% of the range in percent
protein was reported and these Workers concluded that per-
cent potassium was not a precise enough measure to separate
individuals but may be of some benefit in distinguishing
between groups.

Sixteen beef rounds were counted for a period of 42 -
to 51 minutes (Kulwich et al., 1961b). Correlation between
pounds of separable lean and'Kho count was 0.975, andjéfter
adjusting for efficiency due to sample weight, the corre-
lation coefficient was 0.982. TFat-free lean and Kho count
- were also highly correlated (r = 0.983). One other im-

portant result was the high correlation of 0.984 between

pounds of separable lean and pounds of round. The coeffi~
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cients of variation for fat-free lean and for separable
lean were 23.5% and 23.8%, respectively. These workers

- therefore, concluded that even though the correlation was
very high, 'rounds differirg by'oﬁé or tWO'percent”60u1d~:J*
notlbe differentiated due to the large standard deViations
in relation to the mean.

In an extensive study involving 21 steers in each of
two yeafs, Lohman et al. (1966) reported that whole body
potassium accounted for 51% of the variation in carcass
lean muscle mass. When used together in a prediction
equation,.iiVe welght and Wholé'body potassiumg,as deter-
mined by the'KhO count; redﬁced the standard error of
estimate for carcass lean muscle mass from 22.L pounds to
14.7 pounds. This was not significantly lower than the’
‘standard error of 15.6 pounds obtained when weight alone
was used ih a predictién equation. Potassium-40 count,-on
the otherhandﬁdid Signifiéantly reduce the standard error
of ‘estimate to 11.0 pounds. In the second yearfwhole body
potassium accounted for 88% of the variation in carcass
lean muscle mass. Also the use of KAO count in a predic-
tion équation with carcass weight significantly'reduced
the standard error for carcass lean mass from 15.2 pounds
to. 9.7 pounds. The major difference in the two years was
standardized oat ration which was fed to éteers in the
second gréup for seven days prior to counting.

In most of the studies reported, some method of cali-

bration was used to adjust the count for size and shape.
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'Andersén (1959) pointed out'why"it wouid be necessaryvand.
:later.work.has'reported the improvementemade‘by instrument
', calibrati0n~(Kulwich ggdg;Q, 1961a,b; Kirton et al., 1961;
Lohman et al., 1966; Twardockfet“al , 1966; Ward et al.,
’ 1967) x The rep@rtlng of the repeatablllty of unadJusted
”ceunts was. mlsslng from the_llterature
Slnce the 1mportance of K4® as a predictor of lean in
vﬂbeef:cattle~wlll depend on the amount of improvement this
o meth@d makes ever less.eXpensive methods“of evaluation;>a,-
k'brlef rev1ew of less expenslve and more easily @btalned
measures was 1ncluded | o g
| The correlatlon between careass tralts and llve ap~>{
praisal bygdlfferent_graders‘hasrrangedvbetween O.lz and

0.49 (Wilson et al., 196k; Cregory et al., 1964). Live

ianima.l”Weight taken shortly before slaughter was.Shown-tov
be as geed a predicter of rib eye area in'lambs as any i
nen;cutting:measurementdavailable in 1960 (Bailey §E>§;-s
1960) . aOrme et al. (1959) rep@rted a high repeatabilitf
r_f@r live animalﬁmeasurement and‘a hign relationship betWeen
.7”live‘Weight'andvvarioustprimal’cuts.v’AtCorrelation of 0.90
'ubetween carcassvweight and_boneless roast and steak meat
Wasureperted from the data collected'@n 152 Hereford'steers
’i(Fitzhugh‘et‘al.‘ 1965)., C@rrelatlons between round welght.
.gand carcass lean of 0. 93 (Thornuu1and Hiner, 1965) and
'areund welght and round lean of 0. 98 (Kulw1ch gtval}, lQélb)v

‘haye been reported.»:

- From this brief review of easy to obtain measures it



R T e “"‘4@-
*Fjappears eV1dent that the Value of the K 1 meth@d would
'ﬂ be 1n llve anlmal evaluatlen 1nstead of carcass evaluatlcn;

‘fans1er and less expens1ve carcass measur<s had nearly as
. 4@ N

ff;hlgh an . assoc1at1©n w1th carcass comp®s1tlon as dld K-
*T:count The llterature would 1nd1cate that 1f the ex—iift'
'tfternal and non- lean 1nternal seurces of p@tass1um could be‘
ﬁ}:contrelled KAQ determlnatlon would be an effectlve method»
lgh@f predlctlng lean in: meat anlmals Lacklnghin the llter- ;

'"fature was the report of the perf@rmance ef K machlnes ;.Vl

FV-des1gned for the llvestock they were measurlng o

llacklng were eneugh studlesbdesfgned t@ measurfgl_lgifilf*'

:fiof cattle nermally marketed




CHAPTER III
MATERIALS AND METHODS

Counter

. 40
The Permian K Counter used in this study was de=

signed for 1000-pound cattle that had been grown out under
 feed lot or range conditions (Figure l); The counting
chamber,,mqunted on a mébile traller, was a sixfinch thick
steel:qu surrounding the.detector banks. The écintillé_
tion detectors were phdspho—lighf tubes and were arranged
in a horseshoe shape so that they surrounded the back and
sides of the animal being counted (Figure 2). 4 circular
detector plate was located in the rear of the chamber so
that the animal was surrounded by detectors except for the
head and‘underline. A schematic diagram of the path of a
Kho gamma ray through the‘counter was' presented along with
a mQre.detailed explanation of the operation of this count-
er by Ward,(l968);- R |

The facilities at the Oklahoma State Uni&ersity Eval-
wation Center were inadéquate at the time of this experi-
ment and the cattle could not be handled with a.minimum of

excitement.

1,
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Figure 1.

A 1,000 Pound Steer in

the K“*? Counting Chamber
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Figure 2. ::Ca'rcass J.nCounter

Showing Position of Detectors
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d%vAnimals o
To evaluate the performance of the K | counter 16 f

v"Angus steers and 16 Angus heifexs were selected from the

p'pprogeny test herd at Stlllwater in the fall of 1967 These'
}calves ‘were selected at random from the group remalning af- :
hvter the calves for the progeny test had been‘selected. yAleh'h
_,though only six of the eleven bulls whlch 81red progeny |
test calves 1n 1967 had male progeny 1n this remalnder, it
appeared that the steer sample was a representative one.r:
'Since only a few heifers were used for the progeny test

all sires had progeny available for selectlon 50 the heife
ers should have been a random sample subgect only to sampu.
;ling error.‘:'“: o o - o | - |

The calves were weaned at an average age of 205 days. -

“:_The average adjusted weanlng welght ef the 16 steers was

' flhE? 5 pounds. When compared to the herd mean of h63 pounds;,v

5..ithe steer sample appeared to be a representative one. -The

16 heifers had a mean adgusted weaning weight of h50 pounds
,as compared to the herd helfer mean of 446 pounds. v |
The calves were taken to the Fort Reno Livestbck Re-.
gsearch Station to be fed out as finished yearlings.igThe'v
-steer calves were allotted randomly to the two groups of

f',progeny test steer calves while the helfers were fed to=

| gether in a pen between the two larger steer pens., For the

‘?,dentire fattening phase the calves were fed a corn base}

fattening ration that was MIXEd a_ftherﬂesearehlﬁta xon. :
' LO- ) ‘ '

One of the K - steers died from bloat so that 16 heifers
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‘and l5vsteers were avallable at the conclusion of the
feeding period.

- The 160 day feeding peribd‘for the progehy test calves
ended on March 14. At thisktime the mean adjusted yearling
weight of the progeny test steers was 870 pounds, while the
mean adjusted weight of the 15 Kéo steers was 855 pounds,
agaiﬂ-indicating the steers were a relatively representa-
tive sample. On March 30, after 175 days of feed lot per-
formance, the Kho calves were weighed and the seven heavi-
est, regardless of sex, were cut out to begin the evalua-
tion phase of the experiment. The 24 remaining calves were
continued on the same feeding program for an additional two
weeks at which time the’eight heaviest were weighed off-
feed for evaluation. The procedure was repeated for the
remaining 16, with the last 8 being weighed off=feed on
May 11 after 217 days of feeding.i The 31 animais were
grouped 1in this manner in order to have groups small enough
to handle effeétively and to allow the slower gaining ani-
mals to reach as near 1000 pounds as possible.

This grouping procedure resulted in off-feed weights
and sex distributions shown in Table III. Asf%én be seen
from the table, all but four of the steers wére evaluated
in Groups I and II, and all but four of the heifers were
evaluated in Groups III énd IV. The weight groupings were
such that there was a heévy group, a light group, and two
groups close together. This meﬁhod of grouping preduced

some interesting results which will be discussed in more



TABLE ITT

AVERAGE WEIGHT, WEIGHT RANGE, AND SEX
DISTRIBUTION OF GROUPS USED FOR EVALUATION

19
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detail later.
Counting Procedure

Since each of the groups was weighed off;feed on Fri-
day, the same day of the week was used for similar activi-
ties for each group.. Following is the day by day routine

procedure which was followed for each‘group.

Friday

At 8:00 a.m. the cattle were weighed and the group
sorted out for evaluation was hauled by truck to the Okla-
homa State University Evaluation Center, é distance of
about 90 miles; Upen afrival at the centef, the cattle
were placed in cohcrete? slaﬁted;floof holding peﬁs. About
1:30 p;m; each animal was herded into a’SquéeZe chute and
100 mg of propicpromazine hydrochloride, a tranquilizer,
was administered intramuscularly. After a minimum of one
hour;wthey'were_washed in a émall washroom. Groups I and
IT were washed with water only, while Groups III and vV
were washed with soap and wéter. The washing and the
slippery concrete §lgﬁsﬁin the holding pens caused many
bad falls and seemed tg make the animals easily excitable,
thereby making handling difficult. The cattle remained in
the holding pens overnight WithoUt feed or water so that

they had been shrunk at least 24 hours by 8:00 a.m. Satur-

day.
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| Saturday

Due to the muddiness of the feedlot pens, most of the
cattle needed to have the mud balls clipped from their
brisket; abdémen, and flank regions. This task was begun
at 7:00 a.m. on Saturday and all animals were run into the
squeeze chute to expose them to the same additional stress.

At 8:00 a.m. the counting began with a potassium~-
chloride standard source counted first. The animal count-
ing continued without a stop until all animals had been
counted twice. The KCl source was also counted in the
middle and at the end of the counting day.

In this study;lO minute counts were used for back-
ground and animal counts. A'teh minute background>count'
was taken befere and after each animal count to estimate
the amount of natural radiation in the air‘atﬁthe time of

‘the'sample count. The background count was obtained with
~the animal crate in the counting chamber so that, as neariy
as possible, the calf was the only additional Kho source |
introduced to the céunter. A simple averagebof the two
background counts was used to subtract from the count ob-
tained when the animal was in the counter. The figure re-
maining after this subtraction was used as the amount of
gamma radiation introduced by the animal and was called
”net'count”. This net count figure was the éouht-analyzed
in the evaluation of the data. |

The animals in a“group were coded and counted in a

random order until a1l had been counted once. After '
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counting the standard source, the cattle were recoded and
B counted in another random order so that the\two counts on
the same animal on the samebday would be independent.
After the second count the animals were returned to the
holding pené and remained without feed and water until

Monday morning.

Monday

When counting began on Monday, the calves had been
shrunk a minimum of 72 hours. The éounting procedure was
the same on Monday as itvwas on Saturday. After their
second count the-calves were immediately hauled to the
Meat'Laboratory for slaughﬁer..

On each coﬁnting day notes were taken relative to the‘
weather conditions and temperament of the animals. A yard-
stick was used to measure the distance from the topline of
the animals to the top df the counting crate. Measurements
were taken at the shoulders, the last rib, and the hips5
and an average distance was computed for analysis.

Slaﬁghter floor data Were-ébtained and the measure-:
ments taken are shown in Table IV. The carcasses were not
split and were mounted on racks so that they assumed the
same position as a live animal (Fiéﬂre;@). The carcasses

¢

were chilled in this position at 40 F for a minimum of 40

hours.



TABLE IV

WEIGHTS AND MEASUREMENTS TAKEN
‘ ONt: SLAUGHTER*FLOOR

ff_Slaughter welght fS”E
(E¥Head welght Srf;”FE
M.:SShenk.welght,

;ESGITTréct'Weighti

Kldney, Heart andSPeivie_Eat'weight‘Lifm
S -‘-".f‘,f.-er;;al",t -Wel_gh,t‘ S = s .

.. Liver weignt

B

1
2
3
L
SVJES;,_Hlde welght ST
é,
7
8
9

’Hide thlckneSS

*JHlde thlckness was the average of nlne measurements

' ‘E made W1th a SW1ne backfat probes -
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Figure 3. Unsplit Carcass Mounted on Rack for Counting
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Wednesday

'The mounted carcasses were returned to the Evaluation
Center for counting. Ten minute counts were again used,
 but the ofder of counting was different from that of the
livé animals. The carcasses were not coded and usually
only one or two carcass couhts separated duplicate counts
on the same carcass. It was, therefore, left up to the
operator to be unbiliased so that duplicate carcass counts
would be independent. After the second counﬁ the carcass

was returned to the Meat Laboratofy.

Thursday to Saturday

'After,being returned to the léboratory3 the caréassés
were spl%t andrﬁhe rightbhalfvof each was separated énd the
viean was-sampled.fdr ether extract. From this Separatioh
and sampling proéedure, which is described in defail below,
fat-free lean was determined for use in the evaluation of

40

- the association between K count and lean tissue.
Separation and Sampling

To arrive at an estimate of the amount of lean in
-these cattle; the right side of each cércass was separated
into bdne, trimmed fat, and separable lean. Since it had
been shown (Brungardt and Bary, 1963) that there were es-
sentiaily ﬁo differences in carcass fat, muscle, and bone‘&
between the right and left side of 35 beef carcasses, the

values‘obtained for the right side were doubled to arrive



:;Tat total carcass bone. trlmmed fat and separable lean‘u |
The procedure used to separate the lean and fat was to?'
ftitrlm as much of the fat as poss1ble w1thout tr1mm1ng any
leean Th1s fat w1thout any lean was termed "trlmmed fat"
: The lean portlon w1th 1ts asso01ated fat content was labebdl
h:;separable lean | ,‘ e | - o
| » The separable lean was sampled u81ng a procedure‘51m1-'hv
f!dlar to that descrlbed by Munson et al (l966) | The proce-”
;.dure 1s 1llustrated in Flgure 4 The separable lean was.
Tv}flrst ground through a one 1nch plate : ThlS coarse bulkmms_"

ippmlxed by hand as 1t was placed 1n the hopper and then gr.mi_u.

:r through a three elghth 1nch plate The ground bulk as 1t

Hv;was now called was mlxed by hand placed in the hopper and Zb

lfground through a one- e1ghth 1nch plate
» As the ground bulk emerged from thlS flnal plate, nlne'p:'
'fdgrab samples were obtalned at estlmated unlform 1ntervals
"-These 1ntervals were spaced so that as nearly as poss1ble
'one sample would be obtalned from each nlnth part of the

thbulk Care was taken to av01d sampllng from the very flrst‘~'

E part of the bulk or the very last part As each sample wasi’”'

robtalned 1t was placed on a plastlc tray After all nlne\:
Tbsamples had been placed on the tray, three were taken at
;}:random to flll bottle "A" three to flll bottle "B",‘and
:;}three to flll bottle "C”-' The procedure used to flll the
'f?bottle was to take enough of one of the grab samples to flﬂl
h_bottle "A" one thlrd of the way, and enough of a second san&ii.

\“ple to flll bottle "A” two thlrds of the way, and flnally
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iﬁiacqulre enough of a th1rd grab sample to flll bottle ”A”::T:; :

lilfull Bottle "A" was then capped and the three samples 5t
.wahlch had been used were d1scarded Bottles‘"B" and ﬁC?iﬁdf
L‘_i".were then fllled in a- s1m1lar manner - »

, The three sample bottles were stored in a low tempera-_
fiture cooler (3@ ). untll they were emuls1f1ed Each of the |

ff:bottles was emulslfled us1ng a hlgh speed omn1 mlxer w1th-
-:ﬁout an 1ce pack ) The sample was mlxed untll 1t had ‘a pasty

'”cons1stency, and half of each sample was transferred to a

T’Tunlquely numbered sub bottle There were therefore l2

"iestlmates of the compos1tlon of the separable lean from

Thpeach anlmal The sub- bottles were taken to the Blochem-y\
'?1stry laboratory where dupllcate determlnatlons for m01s~f_-'
b’vture ash ether extract proteln and potasslum were made*“s
Thyu51ng procedures descrlbed by Leverton and Odell (l959)
mnexcept that potass1um determlnatlon was by atomlc spectro-lbg

ih’photometer rather than flame photometry

| stétistibalgprécedurés-t"

.;TChemicgl Analysis

Thecdatavfrom thelchemlcalcanalyseswere'eiaminedTus;T
‘T lng a helrarchal (nested) des1gn : The helrarchy was anl-e

fiimals bottles in anlmals sub bottles in. bottles and deteru.T
';mlnatlons 1n sub bottles The degrees of freedom ass001amd

W1th each classlflcatlon are presented in Table V Mlsslng

E ‘observatlons were encountered in: the potass1um determlnmnaﬁ

~rand thedegrees MTfreedom are shown 1n parentheses ‘;o7~i
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TABLE V

DEGREES OF FREEDOM AND EXPECTED 'MEAN- SQUARES
. FOR CLASSIFICATIONS IN NESTED DESIGN- ﬁ
“fT ANALYSIS OF SAMPLING PROCEDURE L‘””'-

‘H*fiﬁsOUfSeT'lhv ~df%"  Expected Value effMeah.SQuarea"

motal - 371
b de? 4 qos2.
o+ dogg * l20p

‘7Anima1r;:§'hSrv; b 3o%:m$*' 5

R w) N

(30)_. 'v(3;58)“> (;0;62)],

S
+ doggy-

LM*BCt£1§ZA?7;55‘fiﬁhfhi262;kﬁ}"H. f]lfgd

' UN -

T'TsubbSttlé/Ef:gf*j”.LPEQQJ:?‘5:
(72)
: Determination/SB f:lgﬁ L

(165)

Degrees of freedom and. coeff1c1ents of expected value,'
~components’ in parentheses are for potassium. All others_
”'are for mo;sture, ash, ether extract, and proteln. '
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In this design the corrected sum of.sQuares‘for each
classification was calculated. The corrected sum of
squares (SS) for each clasSification was subtracted from
the corrected sum of squares of the next lower classifica-
tion to arrive at the sum of squares associated with the
lower classification. For ekample, bottie SS = animal SS
vequals the sum of séuares asscciated with bottle‘Within
animal. Since a balanced design was used for all chemical
determinations and since there were no missing observations
except in the potassium data, the expected value of the
mean square for each component had the same coefficients
for moisture, ash, ether extract, and protein. These
coefficients are presented in Table V. with the coefficients
for potassinm components in nafentheses. Algebfaic mani—.
pulation was nsed to derive the variance component asso-
ciated with each classification. The percentage variation
associated with each classification was used to evaluate
the effectiveness of the sampling procedure in obtaining a

representative sample.

Count Data

Since the purpose of this study was to evaluate the
Kho counter as a predictor of lean in beef cattle, the
count data was examined thoroughly to estimate repeata-
bility and the association between count and weight of

fat=free-lean tissue. Since the first characteristic an

effective method of prediction should possess,i§7r€p€éta-
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bility, the independentbcounts on the eame animal on the
same day were examined. . The‘correlation between count 1
and count 2 on the same animal on the same day, or the
agreement between independent estimates, was used as a
measure of repeatability.

The association between the KAO counts per minute and
fat-free-lean were studied using simple and multiple linear
correlation as described by Steel and Torrie (1960). - Since
’group was confounded with length‘of feeding? time, and
weight, repeatability and correlation analyses were exe-
cuted on each group and thenbpooled within groﬁﬁ to adjuet
for the effect of the grouping. Pooling within{group was
accomplished by adding the corrected sum of squares and
cross-products for each group and then nsing these "pooled™
values in ‘the standard equatione;c _ | |

The count data were further analyzed by simple linear
regression (Steel and Torrie, 1960) to study the effective-
ness of»KLILO count when nsed in a prediction eduation. .The

equations ‘studied were:

(1.) Y =B + B (x)
FFL 6] 1
where,
¥ is the estimated value of pounds of fat-free lean
FFL : ‘
B is the coefficient of regression common to all

observations, or the y-intercept when weight (x)

equals zero,



B/ - is the regression coefficient for X = count, . .

3 40,,1ﬂ

.Y is the K count in

‘counts per minute, .

'fiwhere l and B are the regress
: 3 _ :

n coefficients for weight
"and ceunt respectlvely | .

The abbrev1ated Deollt'le

<?ethe amount @f varlatlon in' cour

?fables The model used” '::

"7fﬁb7“;

EORED ‘”[1s an 1nd1v1dual k. ceunt in. counts per .

o mlnute,

”‘_B.pf;gffls the cemmon regre381on ceeff1c1ent

B (x) i thfft nd vlu for weight,

ffils the ceeff1c1ent and value for p@unds of

'7fffat free lean,'

””chifque was used to study;;SF* :

ssoc1ated Wlth six var1-ﬂr{“~



ys}the coefflclent and value for

T"Vﬁ_;lntestlnal (GI) traCb‘Welghtﬁgrjl REe

‘fif;:tance from the detectors

'i{j{;snthe ooefflqleﬁt}and_valuerfor@hideimeighﬁ;.;”:

is the coefficient and value for hide thick-

1s the coefflc ent,andjvalue for averagerdise7 ?iﬂf

Slnce the reductlon of the total sum of squares for‘fr

,lseach varlable 1s adgusted for only those varlables preudiﬁt,

lafcedlng 1t 1n the equatlon a vafld F test can be made on

u:only the last varlable 1n the equatlon (Tanner 1969)

vk_Separate analyses d1d not however need to be made w1th

;~feach varlable last 1n'the equatlon In thls procedure thej_ljf

ff‘beta value and the correspondlngﬂlnverse element are suff1-<-5

:ff01ent to der1ve the adgusted sum;of squares for & part1-fffd5i’”

;ffcular varlable For example the sum of squares removed by

“th.-

fﬁ:the 1_: varlable after adgustlng for the other flve varl-lgﬁf

}Qdables may be obtalned by the follow1ng formula

d“fCoefflclent a88001ated w1th varlable

'afisltne‘squared”value’oflthe:regresslo

7 ?ﬂ;lnverse matrlx correspondlng to the 1':

l

th

tiils the 1nverse of the dlagonal element 1n thefﬂffff

varl-, e
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v 1
In additipn, the.analYSis was employed separately with
fat-free;léan and GI tract weigh?:eachifirst i@ the equa-
tion;ﬁb’gbserve the relationship between‘adjuséed ana un-
adjﬁsted sum of squares in this type'éf data.

Throughout the analysis of the data the assumption was
made that errors were normaliy distributed with mean zero
and Variance O;z and all x were assumed to have a linear

_ 3 _

association with Y.

~



' CHAPTER IV
RESULTS AND DISCUSSION

Chemical Determinations
The mean squares for each source in the analysis of
variance of the chemical determinations is presented in
Table VI. The amount of variation in each chemical compo-
nent associated with a particular soﬁrcefis shown in Table

VIT,

Ether Extract

Since the ether extract percenﬁagé was used to deter-
mine the amount of fat in the separable lean, this chemical
Cbmponént’was of the greatest concern. The component anal-
ysié showed thét the largest part of the Variétion (85.4%)
was due to the animal differences as would be expected.

The values of L.6% and 1.3% fdr bottle and sub-bottle,
respectively, indicate that the sampling and emulsifying
procedures maintained the representative nature of the
separable lean.: The 8.7% associated with determinatioen was
larger than Was expected and ﬁhat"has been reported.

~ Munson et Q;. (1966) reported values of 2.7 and 2.4% for
determination error. These were confirmed by‘Mandigo et Q;}

and most of the literature indicates a figure around 3%.

35
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TABLE VI

MEAN SQUARES FROM ANALYSIS OF VARIANCE FOR
S COMPONENTS OF CHEMICAL DETERMINATIONS

| ‘%_ ' ¥ 7 % - o ,

'ANSOurbeLifﬁ,Mdisturef;. Ash A Extract ;Proteinfg.%'K

Animal  106.2616 0.03199 110.7167 9.882¢ 0.00502
PﬁBottle "7”3'*=34‘4563IQ0 00162 »-3.0823~.o.542©~ 0.00133
© Sub-bottle  3.2747 0. ooz35if?Vi.16$1>;é};165 0.00214
:ﬂ?Determlnatléh o 1.0254'jo 00069'}_»0,8998 'b;i9l3l-o}ooo©ﬁ+‘:’

TABLE VII

:‘VE‘ PERCENT OF VARIATION IN CHEMICAL COMPONENTS
o ASSOCIATED WITH EACH CLASSIFICATION

Source Molsture - Ash Extract Proteln""%lK '

‘fQAnlmal e ;"- 77.6% ‘63% 85A% 69.9 16.9%

f;tBottle s 2.7,,?‘f' 0 b6 2.8 0
~ Sub-bottle -:1,V[10Q3”W’*-‘21jw '[’ 1.3 L 1001 49.8

Determination 9.4 16 &7 172 33.0
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In this study the large determination error appeared to be
due to careless technician work. No re-runs were used in
the analysis of_this data and this showed up in the large
value for determination error. In many reports which in-
dicate a 3% determination error, if duplicate determination
disagrees by more than some laboratory upper limit, usually
‘one to two percent, a third determination, or as$ many-asi
wheéésﬁgggg'isbbtainédvuntil two agree Withinafhé accéptable
range. This method forces an error of less than 3% and

does not allow the evaluation of the technique and techni-

cian being employed. The data in this study suggested that. .. .

in studies involving chemical determinations a method of
‘sampling such as was used would produce precise estimates.
This method would also allow the analysis of the amount of

variation associated with different steps of the process{
Potassium

From the analysis of the potassium data it is apparent
that in this trial a large majority'ofvthe variation in
percent potassium was introduced in the laboratory. The
potaésium determinations were run by an experienced techni-
cian in the soils lab. The 33% determination error would,
therefore, appear to héve-a»largé equipment-technique
error associated with it. The 20 missing observationé may
indicate difficulties which contributed to this error.

Since only 16.9% of the variation in percent potassium

was associated with animal, statements made relative to the
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amountbof potassium in a particular animal or the associa-
tion between potassium and céunt could be very misleading.
This figure was in agreement with reports that suggested
the constancy of potassium in muscle. Since pércent potas-
sium i1s per unit of lean weight, it would appear that in
this sample of cattle the amountbof potassium per unit of
fat-free lean was relatively constant. One of the widely
“used methods of discussing the validity of KLPO has been to
compare potassium as determined by Khojpo potassium as
determined by flame photometry (Kirtéﬂ‘and{%garson, 1963
Lohman, 1966) or some other met hod éf detefmination. These
reports should include an analysis of the sources of varia-
tion in thevchemical technique.

Kirton et al. (1963) suggested that percent potassium
was not preéise enough for accufate diétinctiohbbetween the
composition of individual animals. This data suggests that
the atomic absorption spectrophotometer technique for de- b
termining percent potassium might ﬁot be precise'enough for

estimating percent potassium if there is a relatively con-

stant amount of potassium per unit of lean welght.

Moisture, Ash, Protein

From Table VII it was observed that the three bottles
appeared to be an adequate representative sample of the
separable lean.‘ The emulsification process, however, ap-
: peared to be somewhat inefficient for these three compo-

nents. Determination errors once again were relatively
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large, indicating the small variations being examined and
the inefficiency of>current procedures to detect these

small variations.

Count Data

Repeatability

The intracléss‘correlatien coefficients between count
1 and count 2 for each counting period are presented in
Table VIII. Since the number of observations in each
group was small (7 or 8); care was taken in interpreting
individual group differences. From these data, howevér,
several trends appeared to develop:

The first trend obéerved from this data was that this
Kho counter repeated itself‘to about the samé ektent on the
different weight groups in this study. Although the fig-
ures for Group ;, the heaviést group, were consistently
lower, the difference was not significant and was due
largely to one animal which ranked low on one count and
high on thebseCOnd count for each count peried. This

observation was in contrast to the results reported by

Lohman et al. (1966) on the repeatability of adjusted

e

counts. These workers found a decrease in repeatability
as the size of the animal decreased. The calibration of
the counts in this study, however, could give an advantage

to the heavier animals. bt )

A second observed trend was noted from one counting

period to the next. The amount of fill remaining after 24



TABLE VIII

_ INFRACLASS CORRELATION COEFFICIENTS BETWEEN
o COUNT 1 AND 2 ON EACH DAY FOR EACH
GROUP AND POOLED-WITHIN GROUP

SATURDAY © MONDAY CARCASS

(24 hr. shrink) (72 hr. shrink) '

GROUP T 0.87 | 0.79 0.63
GROUP II 0.96 0.98 0.96
GROUP III 0.92 0.9l 0.8
GROUP IV 0.92 ©0.95 0.9k

POOLED 0.91 0.92 0.88
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hours of shrinkage appeared to stay as cohstént from count
1 toe count 2 as the fill remaining after 72 hours without -
feed and water, since the repeatability for Saturday counts
was essentially the same as the repeatability for Monday
counts. This trend was observed in both individual group
estimates as well as the pooled-within group estimates.

The values for the carcass counts were generally in
line with the live counts except for Group I where, again,
the disagreement between the two counts of only one carcass
was largely responsible for this low figure. Since the
carcass potassium content was expected to vary less between
duplicate counts than the potassium content of the live
animal, it was surpfising thaﬁ repeatability of carcass
counts on a pooled basis was lower than the pooled repeata-
bility estimates of live counts. This difference, however,
was not significant. From this limited study, this qu
counter appeared to repeat itself at a level high enough to

Justify further investigation.

Correlation

40

- The associlation beﬁween K counts per minute and fat-
ffee;léan»for the Saturday, Monday, and caréass counts is
showﬁ in Tables IXa, IXb, and IXc, respectively. These
correlation coefficients are based on the assumption that
there is a linear response between KLP'O count and fat-free.

lean.

Although Groups I and II were washed with water only,



TABLE IXa

k2

. CORRELATION BETWEEN THE TWO SATURDAY COUNTS, THE -
AVERAGE OF THE TWO COUNTS AND POUNDS OF FAT-FREE LEAN

GROUP T

GROUP IT
GROUP TTI
GROUP TV

POOLED

COUNT 1

0.70
0.94
0.65
0.9

0.82

AVG./ 2 COUNTS

COUNT 2
0.69 0.72
| 0.95 - 0.95
B . 0.36 0.53
0.88 0.92
0.80

0.74




TABLE IXDb

CORRELATION BETWEEN THE TWO MONDAY COUNTS, THE
AVERAGE OF THE TWO COUNTS AND POUNDS OF FAT-FREE LEAN

| COUNT 1  CQOUNT 2  AVG./ 2 COUNTS
GROUP T 0.66 0.74 0.74
GROUP TI 0.89 1 0.92 0.91
GROUP III 0.49 0.63 . 0.57
“ 0.90

GROUP IV , 0.92 0.87

POOLED | 0.75 0.80 0.79




TABLE IXc

CORRELATION BETWEEN THE TWO CARCASS COUNTS, THE
AVERAGE OF THE TWO COUNTS AND POUNDS OF FAT-FREE LEAN

5

COUNT 1 COUNT 2 AVG./ 2 COUNTS
GROUP T 0.37 0.77 0.60
GROUP II 0.97 0.95 0.97
GROUP III 0.7  0.69 | 0.73
0.86

GROUP IV - 0.83 . 0.86

POOLED - 0.77 . .0.81 . 0.82
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and Groups III and IV were washed with soa? and water, the
association between qu count and fat-free lean did not ap-
pear tb be affected. The pooled coefficient for Groups I
and II was 0.85 while the pooled coefficient for Groups III
and IV was O.77 for the average counts on Saturday. Since
sex is confounded in these same groups, it appeared that
the associatioh between KLPO count and lean was the same in
he}fers as it was in steers. The scatter diagram in Figure
;5{§resents further evidence that sex did not have a signi--
ficant effect on this correlation. This figure illustrates
the distribution of the 31 animals on a deviation from the
mean basis. It was observed that‘the sexes were evenly
distributed throughoutvthe diagram indicating é Similar
association in both steers and heifers.

, No obvious trend developed in Which the association ///
betwéen count and fat-free lean increased or decreased as
live welght changed. Although the lighter group had higher
coefficienté than the heavier group, it must be kept in
mind that only seven and eight animals were used in these
two groups so that one extreme animal in either group could
have been responéible for this discrepancy.

An examination of the Saturday and Monday.counts sug-
gested that there was no detectable difference in the KLPO
count - fat-free lean association from the 24;£our shrink—
age period to the 72=hour period. The individual group
estimaﬁes indicated the same degree of association within

each group and the pooled estimates were surprisingly
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similar. It had been expected that the association after
72 hours of shrinkage would be higher thanbafter 2L hours
since there would be léss non-lean potassium, but this was
not borne out in the data. |

It was further expected that the association would be
even higher between carcass KLPO count and fat-free lean
than for the live counts. Table IXc, however, points out
that this was not the case. As in the case of both the 24
and 72-hour counts, the pooled correlation coefficients for
each carcass count were 0.80. There was, therefore, no
advantage for more than a 2h-hour shrinkage period in this
data.

The pooled estimates of correlation for each countl
also pointed out that one count was as good as another for
rankiﬁg this group Qf cattle. A correlation coefficient of
0.96 between the average of the Saturday counts and the
average of the Monday counts further illustrated thaﬁ the
animals were ranked by KLPO count nearly the same on Monday
as on Saturday.

The association between a variable and the average of
two estimates is expected to be larger than the association
between the variable and one estimate if errors associated
with the two estimates are independent. Since the pooled
correlatioﬁ for the average of the two counts for each
coﬁnting period was no higher than the pooled value of the

individual counts, 1t would appear that there may have been

an eXtraneous bias that prevented the two ceunts from being



L8

completely independent.
L0

To further study K count as a predicpor of lean, the
association between Kho count and fat-free lean expressed
as a percent of live weight was examined. Thése correla-
tion coefficients are presented in Tabl$ X; The pooled

coefficients for this association seemhéo center around
O.70,'about 0.10 lower on the average than the Kho'counﬁ -
pounds of fat-free lean association. This was considered
(logical since using a percentage basis reduced the ef-
fective variation andlthereby’reduced the probability of -
obtaining a large cofrelation.

The estimates of the association between Kho count and
live weight are'givenvin‘Table XI. It was intéresting to
note that the additional 48 hours of shrinkage did not in-
'fluence this assoéiation. The pooled‘correlations of
around 0,33 indicated that although there was an associa~
tion between count and weight it was not of large magnitude.

As these correlation studies were conducted, an inter-
esting trend was observed. In all associations considéred
thus far, Groups I and III had lower coefficients of corre-
lation while Groups II and IV had higher coefficients
(Tables IX and XI). This trend was obvious in the associa-
tion between count and pounds of fat-free-lean, was rather
obscure in the count-percent association, and was strik-
ingly evident in the correlatidn‘between counﬁ and live

weight. It should be noted that these are on group esti-

mates based on small numbers, but this trend suggested that



TABLE X

CORRELATION BETWEEN TWO COUNTS ON SATURDAY AND MONDAY,
THE AVERAGE OF THE TWO COUNTS FOR EACH DAY,
AND PERCENT FAT-FREE LEAN OF LIVE WEIGHT

L9

SATURDAY
COUNT 1 COUNT 2 AVG./ 2 COUNTS
'GROUP I 0.82 0.68 0.78
GROUP II 0.75 0.89 0.82
GROUP III 0.72 0.43 0.60
GROUP IV 0.63 0.75 0.71
POOLED 0.71 - 0.69 0.73
MONDAY
COUNT 1 COUNT 2 AVG./ 2 COUNTS
GROUP I 0.68 0.73 0.74
GROUP TII 0.73 0.79 0.76
GROUP III 0.55 0.73 0.65
GROUP IV 0.78 0.66 0.72
POOLED 0.68 0.72 0.71
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TABLE XI

CORRELATION BETWEEN TWO COUNTS ON SATURDAY AND MONDAY
AND LIVE WEIGHT TAKEN IMMEDIATELY PRIOR TO EACH COUNT

Saturday Menday

Count 1 Count 2 ’ Count 1 Count 2
GROUP I -0.18 -0.02 | -0.05 -0.02
GROUP II 0.60 ~  0.66 0.79 0.69
GROUP III - 0.08 -0.03 - 0.09 0.06

GROUP IV 0.73 0.49 0.45  0.51

POOLED - 0.35 0.33 | 0.29 0.3%2
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further study of this phenomenoh might lend itself to a
better understanding of this evaluation ﬁethod.

The only occasion in this analysis whereby this I-III:
II-IV pattern did not hold was in the corrglation between
weight and fatnfreeylean. The coefficientéwof this associ-
ation are shown in Table XII; From this data there ap-
peared to be a higher associatiqn in the lighter animals.
These differences are not large, however, and the low
correlations fdr Group I were largely dué to the heaviest
animal in this Group which alse had the lowest pounds of
fat-free-lean in Group I. |

0f particular interest was the 1ow_(O.4§)icorrelation
between carcass weight and fat-free leah.l Tﬁis was in con;
trast té the correlation of 0.90 between carcass weight and
weight of boneless roast and steak meat reported by Fitz-
hugh et al. (1965). It should be remembered that there is
- a correlation between carcass weight and fat alsc andﬁ
therefore, a measure of association between carcass wéight
and boneless meat 1s actually multiple correlation between
carcass weight, fat,and fatwfree»leaﬁ.

The cerrelati&n coefficients for count to pdunds of
fat-free#lean tissue are in general agreement with the
coefficients reported for lambs.@f 0.73 by Judge et g;. |
(1963), and lower than those of 0.96 for separable lean of
hams reported by Kulwich et al. (196la), and for fat-free

lean of beef rounds of 0.98 by Kulwich et al. (1961b). In

both of these studies by Kulwich et al. (l961a&b%” longer



TABLE XII

- CORRELATION BETWEEN WEIGHTS TAKEN PRIOR TO . :
LIVE AND CARCASS COUNTS AND POUNDS OF FAT FREE LEAN =

b”fGROUP%I;EL
. GROUP TT
VT GROUP7iII]i:O?
CGROUP IV 0.69

" _POOLED .

WT II

WT 12

o nr

21

WT zz

0. 48,
1 0.59

- IQ}56‘ET

o W

~"AQ{69fgL{r'

T,Q-57jfdfuﬁ
S 0.6L

©
0
o
0

o

52

o. 53}?[
10.45>;i-
0.61 o
I o;éif';;;

O;SlIEf

CARCASS WT o
:fo 61 E ‘Iv
io.u© s
0.28 ::
0.61

0.46




53

_lcountlng perlods and adJustment of the count for several

3i"var1ables could have accounted for the hlgher coeff1c1ents

| ”Another factor was . the small numbers used in each study

The most detalled study w1th beef cattle in the llterature
:TT(Lohman et al. 1966) also 1nd1cated a real assoclatlon
e o

»vbetween K counts per mlnute and fat free lean t1ssue

¥

lalthough no correlatlon coeff1c1ents were presented

The analysls of the count data sSeems to 1nd1cate that
o

'1lthere 1s a real assoclatlon between K count and pounds of .

_‘fat free lean The magnltude of th1s assoclatlon has not

b':been determlned but the data from these 31 Angus cattle
sp01nted toward O 80 as the coeff1c1ent of the assoc1atlon

: ThlS data also 1llustrated a real assoclatlon between llve
‘ and carcass welght and fat free lean The magnltude of e

h thls assoclatlon appeared to be approx1mately O 55

_Prediction quationé R

SR iSince thelﬁurpose-of thislstudy was to eualuate the?
"KAO counter as a predlctor of lean the count and welght
'ndata were used in the predlctlon equatlon Y lev': +f'
e o+ FFL . (0)
-'B;(x) Fach of the varlables were consldered alene and s
bivthen‘they were both used 1n a predlctlon equatlon together
to- arrlve at the standard error of estlmate assoc1ated w1th
-fieach equatlon | |

» The standard error of estlmate 1s the standard dev1a-
-_;tlon of the dependent varlable when the 1ndependent var1—~

'_;able_ls held constant.: In-thls data;the.standard,error.
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7issthe‘standard (or average) dev1at1on in. fat free lean

3f’hold1ng welght constant or for a flxed count when each of

o these is. used separately 1n the equatlon

The value of -a new tool rests 1n 1ts ablllty to 1m- S

”.prove the accuracy w1th Wthh we make predlctlons -In'

rgother words how far w1ll the predlcted Value "mlss" the

g actual value In th1s populatlon of cattle the value for

a'sthe mean and standard dev1at1on for fat free lean was ,

””h248 -Al8 pounds Therefore a predlctlon based on the mean .

. alone would mlss ‘the true value by/lg:pounds on the average
- Tables XIII and XIV present the standard errors for the

~s,three predlctlon equatlons examlned in th1s study

When used alone 1n the predlctlon equatlon iwelght

h'fcons1stently reduced the standard error of estlmate by

*}»three pounds ; ThlS demonstrated that the knowledge of the
’7an1mal's llve welght 1n add1t1on to the mean lean we1ght
::resulted 1n an average m1ss 1n the v101n1ty of 15 pounds
T:Th1s value was in llne w1th the correlatlons between welght
‘rand fat freellean (Table XI) whlch although they were
?iis1gn1flcant ~were not sufflclently large enough to effecst
w’tlvely reduce the standard error of estlmate to- any great

;-.fextent.p]}* RIS S

i SR LO

From Table XIII It could be observed that when K.

’J‘count was used in a predlctlon equatlon the standard
v'error of estlmate was reduced 51x to elght pounds - Th1s:'

’ 1ndlcated that there was a: hlgher llnear ass001atlon be-

‘v'tween count and fat free lean than between welght and fat—

o
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TABLE XIII

STANDARD ERROR OF ESTIMATE IN POUNDS DERIVED .
FROM USING - WEIGHT AND COUNT ALONE N THE . -
PREDICTION EQUATION Y- B + B(x )
.FFL o

"fPERIOD g WEIGHT) 0 x = comr
EE Lnt o Ry -+ L s
DAY 1 COUNT 1 2 oo L8 b 100

]_’DAY}l COUNT 2 | w1200

DAY 2 COUNT 2 '7,*";:=gf,15.4 o S 107

CCAR.COUNT 1 | 1501 1l
CGAR.GOUNT 2 [0

CAVG.CAR COUNT | 10 et

'(fa)'- oy .
Live. welghts taken 1mmed1ately prler to correspondlng K
liver count ' . _ _

| ,_',(5)‘"» ~

_‘COIdxcaréaés;weight_b; L



TABLE XIV

VALUES FOR POOLED MULTIPLE CORRELATIONS BETWEEN FAT-
FREE. .LEAN, COUNT AND WEIGHT, AND THE STANDARD
~ 7 ERRORS OF ESTIMATE ASSOCIATED WITH
PREDICTION EWUATIONS USING BOTH
COUNT AND WEIGHT

Day Count ' Multiple R SEE (1h.) -
Sat. 1 0.870 | 8.79
Sat. 2 0.808 10.50
Mon. 1 0.814 10.40
Mon. 2

0.8L0 9.60




fyfree lean The correlatlons 1n Tables IX and: XI 1llustrate

.ithlS dlfference LIt should be observed at thls polnt that

"bfw1thout an extremely hlgh correlatlon between two varlablea

?ffonly a small 1mprovement in predlctlon accuracy w1ll be ob—
bvtalned e It-1su«therefore- essentlal that as the expense of-
zt_the measurement 1ncreases the assoc1atlon between the |
.measurement and the varlable belng measured mist . 1ncrease
.%isuff1c1ently, so that the cost of the measurement w1ll be
's‘offset by the 1ncreased accuracy of the predlcted value
| “In an- equatlon 1nvolv1ng both count and’ welght the
"astandard error of estlmate was reduced n1ne to ten pounds
T.These values are shown 1n Table XIV along w1th the mult1ple~
facorrelatlon between fat free lean count,and welght '.By_ly

Lo

jknow1ng both the welght and the K- count of a group of

. vcattle s1mllar to those used 1n th1s study, the predlcted

‘-fat iree lean value would "mlss" on- the average 8 to 9 5
”rpounds { The multlple correlatlon values agaln demonstrate
vthe neces51ty of a hlgh correlatlon 1n order to predlct
vaw1th any degree of accuracy o . | R ‘
| Lohman et al. (l966) reported the‘only standard errorsb
’ based on the pred1ct1on equatlons for thls type of data

: The standard deV1atlon of the carcass lean muscle mass re- ’

f.bported in th1s study was 22. 4 pounds In contrast to the

vﬁ-three pound reductlon reported 1n th1s study, these workers

breported a 6 8 pound reductlon in the error of est1mate=; ;
© Lo

;‘when welght was used alone When K count was used alone=

‘the SEE was reduced to 9 7 pounds sllghtly lower than the
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’,figures.reported here. Carcass welght and K @‘count used
'f:together reduced the error of estlmate to SlX pounds in: the,-
IllanIS study compared to the error of estlmate of elght |
pounds found in the present study for predlctlons based onb-
l1ve welght and th count | “ | | |
| The d1fference ‘in the observed values appeared to be-
\:due to the callbratlon technlques used by these workers.'
ThlS cal1bratlon would tend’ to adJust ‘the count incdirect.i
o relatlon to~fat-free lean 51nce»the counter_was.calibrated.
Vvon the ba51s of the anlmal s, welght ‘Since the'relationé7
sh1ps between count welght and fat free lean are all
posltiVe'_adJustments made between any two would have af-,'b

gfected the relatlonshlp between the adJusted varlable and :

llthe thlrd assoclated varlable.
f Sourcesfoflvariatioh‘jg

Slx sources of varlatlonvwere examlned u51ng a mult1-
:plebllnear regress1on model to analyze the amount of var1->
ation in count ass001ated w1th each one. ThlS procedure
f1ts a 51x d1mens1onal surface to the.data to allowithe'
'Texamlnatlon of the effect of each of these varlables sin- -

KO

“gularly and 1n comblnatlon on ‘the variatlon in K count
»ftVarlatlon in count from anlmal to. anlmal may be caused by
f'many thlngs | These s1x varlables were asso01ated w1th a
vlcertaln proportlon of thls varlatlon w1th remalnlng var1-‘

“atlon due to sources unaccounted for by this model

The comparlsons made 1n the dlscu881on were thereforag'
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the contribution of each of these wvariables tobthe reduction
in sum of squares assoaiated with all six variables.  The -
value for F obtained for each source adjusted for the other
five sources is exhibited in Table XV. The values in Table
XVI show the percentage of the variatidn which was account-
ed for that was associated with each source adjusted and
three unadjusted. The adjusted values were the vélues ob-
tained when the sdurce was last in the equation and the
unadjusted values were obtainediwhen weight, fat-free lean,
and GI tract weight were each used first in the eguation.
 Since this type of comparison héd not‘been reported in the
literature, interpretation of these results was made with

careful qualification.

Weight

The significant F values for live weight on Saturday
indicated that when these six variables are ﬁsed in a pre-
diction equation, weight i1s associated with;a significantb
amount of the total reduction in sﬁm of squares. As was
- expected, the amount of reduction in sum df squares asso-
ciated with weight would not be as large after 72 hours of
shrinkage. This analysis was.the only time a difference
between shriﬁking periods was observed in the aésociation
between count and weight. These results suggested thét
live weight after 24 hours of shrinkage was an important
variable in the regression'equation but could have been

omitted in the equations for the Monday counts. The F



TABLE XV

' El.iég': -

VALUES OF F FOR SOURCES OF VARIATION»

ADJUSTED FOR ‘ALL OTHER SOURCES

'FOR EACH COUNT

Sourée'

T @
- Saturday’
Count lACount_Z

T
: Monday ‘

'Count l Counﬁ z‘

- o =

| Carcass. e
Count 1 Count 2

Welght

'f Fat Freef
Lean-

GI Tract Wo}

 Hide Wéight

':Hlde Thlck- ;

ness

Avg. Dls—:_il_, R
' "1.36 5.

tance '

2L, . 6%k
sk
. :

>‘5.67*. E7;55,
21,
2.88 _"
730;1' i .

2

0.0 .08

~ysle
52%

o Sesky
78|
.08 |

E5Q178fflE

- 0.55

0. 07 "0;09‘

2& .”*"‘314

\@389;._

.10

,06

‘ .

e Of89

o

[
[ .
\hz.lww

< ) Sk
o4 .

i R

i

1.90.

48 gk
0. 63,.

0. 37
0. O’

3'1.83 E

0.0, O,

live weight

prior to each count

cold carcaSS WéightAusedaf@r,bothchunts

| o.zg .
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TABLE XVI

PERCENT REDUCTION IN SUM OF SQUARES FOR ALL
SOURCES ADJUSTED AND THREE UNADJUSTED

Live weights

(b)

Cold carcass

(1)

(a) (a) (b)
Saturday , Monday Carcass
Source Count 1 Count 2 Lount 1 Count 2 {Count 1 Count 2
T :
Weight 25.7% 5.1% |52.6% 56.2% | 33.4%  40.5%
.2 :
Weight 9.9 14 .4 0.10 0.10 1.10 0.20
1 .
FFL 81.0 4L8.2 95.4 98.0 95.0 96.0
2 .
FFL 43.0 L0.2 32.2 33.9 51.8 L2 .2
, 1
GI Tract 31.0 20.0 38.5 35.0 18.9 19.5
5 .
GI Tract 5.0 5.3 1.3 0.7 0.5 0.5
Hide Weight 0.2 0.2 0.3 0.0 0.0 0.3
‘Hide Thick-
ness 0.0 0.2 1.1 0.1 2.3 1.6
Avg. Dis-
tance 2.4 10.6 0.8 0.0 0.0 0.1
(a)

taken before each live count

weight used for both counts

Variable unadjusted

(2)

Variable adjusted for all other variables
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*'values for carcass we1ght were also non- slgnlflcant 'whlch
1nd1cated that when anlmals were allke in fat free lean

'vcarcass welght dld not add to the reductlon 1n count wh1ch

'":could be accounted for by these six varlables

”Fathreé-Lean'.

L0

Slnce the K technlque‘was}developed as a tool for
“fgpredlctlng fat free lean 1t was not surprlslng that the,:
F values were hlghly 51gn1f1cant for all counts Th1s
Tslgnlflcance 1nd1cated that there was a real assoc1at1on ,
'»Tbetween count and fat- free lean The pooled correlatlons
vall around O 80 and all of wh1ch were 51gn1f1cant subfv!
Tstantlated thls concluslon .l b_ . >'> | T‘
The percentages in Table XV 1llustrated that fat free‘l7

lean was: assoc1ated w1th a larger portlon of the var1at1on

f»accounted for by these varlables than any of the other flvel'r

T‘The larger percentages for the- unadgusted varlable 1nd1~‘
J“cated that,of the- varlatlon accounted for by these six-
'jvarlables 48 to 98% of thls reductlon was attrlbuted to
ttfat free lean when the - other seurces varled as. they d1d in
ﬁfthls experlment | However “When the other flve varlables
f'were at the1r average value, the portlon of the accounted
g for varlatlon attrlbutable to fat free lean was 32 to 5l%

These results suggested that 1n anlmals 51mllar 1n
welght slze, and flll a smaller quantlty of the varla-
tlon accounted for could be credlted to fat- free lean

Th1s further 1nd1cated that small dlfferences in fat free
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”llean would probably not be predlcted as rellably 1n more‘vfr‘";

- unlform cattle ~ On- the otherhand in a populatlon w1th

'7Tvar1at1on 1n welght flll and s1ze s1mllar to the varla-

"tlon in th1s study, fat free lean accounted for 95 to 98
Thpercent of the reductlon in count var1atlon attrlbuted to
’fthese six sources for the Monday and carcass counts » After'
72 hours of shrlnkage therefore the reductlon in- the to-
'tal count sum of squares due to all six varlables would not
'i'be s1gn1flcantly greater than the reductlon due to fat free
’,:lean alone x Th1s suggested that 72 hour count and carcass
f‘count should have been more rellable as predictors of lean;'-
';7The pooled estlmates of” correlatlon wh1ch were very s1m1€‘s
f;lar for the three perlods d1d not agree w1th th1s conclu--‘
a's1on The larger superlorlty of the 72- hour and carcass‘
Ti}count over the 2h hour count 1n reductlon accounted forbbut B
‘the fallure of a dlfference 1n predlctablllty 1nd1cated R
kthat some extraneous sources of varlatlon were present but
fglwere not accounted for by th1s model ‘” |
L The only reports of s1mllar values were éO percent by~
:rBreldensteln (l96h) and 77 percent by Lohman et al (lQéé);l.v
g»Cattle in both of these studles had been fed an oat ratlonh.
;for seven days prlor to countlng These values were in- :
‘_?closer agreement with the ass001atlon exhlblted in- this
vstudy after 2h hours of shrlnkage These workers attrl-h”s
agbuted the total count var1at1on to llve and carcass compo-_s

ggnents
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l-Gastro;lntestinal'Trathf

The E values for h tract welght approached s1gn1f1-:

:"cance for the Saturday counts The percent reductlon for
‘the GI tract welght adJusted was only f1ve percent Thefi '
"valldlty of these Values is questlonable as the GI tract

- welght was measured after 72 hours of shrlnkage therebyi”

".neglectlng to cons1der flll d1fferences after 24 hours

S'S1nce GI tract welght d1d seem to have a small effect on
Sithe Saturday count 1t was expected that GI tract welghtf
dafter 24 hours would have accounted for a larger portlon
’cof the total reductlon in sum of squares . Had this welght

been taken after 24 hours the results for Saturday may

'~lhave been closer to the lO O and l6 4 percent reported for_

"icattle fed a low radlatlon d1et for seven days as reported'

" by Breldensteln (1964) and Lohman and Norton (1968) ré_:,;"

' spectlvely.

S,Hiaéfweighti'Hiae Thickness;-AverégeADistance"’“"

All F values and percent reductlons for these varle_
'ables were non-s1gn1flcant except for count 2 on Saturday ;S‘
,;and th1s was attrlbuted to chance In order for- the KLI'Q
"method to be rellable the varlatlon asso01ated w1th these
'}varlables was expected to be negllglble. Slnce the ad~."
:Justed values were so low the unadJusted values were not
calculated It would appear therefore that 1n th1s N

: group of calves these sources of varlatlon could have been

,omltted from the equatlon and the same amount of reductlon
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in sum of squares obtained from weight, fat-free lean, and

GI tract weight.



SUMMARY

The purpose of this study was to evaluate the Permian

Potassium-40 (K ) counter as a predictor of lean in beef

cattie. The KLI’O counter is based on the principle that
there is a constant proportion of potassium in the muscle
of ah animal and that this potassium gives off.a constant
percentage of KAOFgamma rays. If these gamma rays could be
counted, then it should be possible to estimate the amount
of lean in the sample being counted.

. Sixteen Angus'heifers and fifteen Angus steers were
counted in the potassium-hO‘(KhQ) whole body counter at the
OSUﬁLive%AnimallEvaluation Center during‘the spring of
?1968. The 31 head were»divided'into four groups and each
group was counted after shrinking perieds of 24 and 72
hours. The animals were slaughtered and the/carcasses were
qoﬁnted after chilling aboutth hours. The right side was
sepafated into lean, fat and bone; and chemical determina-
tions were made to obtain an estimate of the amount of fat-
freé;lean (FFL).

fThe separable lean from the fight side was sampled so
that it could be analyzed using a hierarchal (nested) de-
sign. This analysis indicated that 85.4% of the variation

in ether extract was associated with animal and, therefore,

that the sampling procedure used was an adequate}means of

66"
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 mobtaining an estimate of fat- free lean. Further analysis

of mOisture ash, protein, and potassium components sug-
- gested that thevsamples obtained in this manner were suffi-
ciently representative ofithe total bulk. However, the

data indicated that more efficient procedures are necessary
, . . -

o

to detecttsmallivariations in ash and percent potassium.
The count data\was“first analyzed to see how the two“
independent counts.on the same_animal on the same day 1&
agreed. Thevintraclass.correlation between counts one and
two,vafter 24 and 72 hours of shrinkage and after slaughter,
suggested that there was essentially no difference in the
extent to which the two counts agreed. The pooled within
group coefficients of this correlation (repeatability) were
O.91,_OQ92,.ande.88 for‘thev24-hour counts, 72-hour counts,
and carcass counts, respectively. | | |
Each live and carcass count and the average of the two
counts for eech counting period was examined to observe the
_relationship between count and pounds of FFL. Significant‘
positive relationships were observed between all live and
carcass counts and pounds of fatefree,lean. The 72-hour
counts were not, however, more closely associated with fat-
free lean than the‘24_hour counts. vSimilarly the carcass
counts were not more closely assOCiated With fat free lean
than the live counts as had been expected The.pooled
correlations for both live count periods and the carcass
counts were all in the vicinity of 0.80,. | |

Other relationships were studied between count and
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'varlous anlmal tra1ts The pooled correlatlons between "
qllve count and percent fat free lean of llve we1ght were
kapprox1mately O 7O on the average Relatlonshlps between

- live count and llve we1ght 1nd1cated a small pos1t1ve cor— ph

'grelatlon ex1sted and that in’ a small group there could be

'T.sulted in pooled coeff1C1ents ranglng from O 46 to 0. 56

e1ther a negllglble or -a large assoc1atlon L1ve and
c,carcass welghts when correlated w1th fat free lean re- ;;/;///
which 1nd1cated that we1ght could be used to a1d in pre-;

: d1ct1ng fat=- free lean. i‘7

Slmple and multlple llnear regre881on models were used

“-to determlne the standard error of estlmates assoc1ated

1T_w1th predlctlon equatlons us1ng welght alone countvalonei
:'.and welght and count together When llve or carcass we1ght
'*'was used alone in the equatlon Y B + B (k), the standard S
ferror of estlmate was reducedwon theoaverage three pounds_.
W»pto a value of l5 0 pounds | When count was used 1n this
fTequatlon the standard error assoc1ated with the predlcted o
;Y”valueﬁranged‘between lO l and-12 0 pounds a reductlon of'
-6.to”8 ~pounds.. When welght and count were used together in
fia predlctlon equatlon the standard error of estlmate wasb |
W\from 8 8 to 10. 5 pounds : These values showed that count,//%
:j:and we1ght used together resulted 1n a more accurate pre—.'
_d1ct10n than e1ther used alone. o | | | |
. The count‘data was further-examined‘to‘studvﬁtheT“"
tamount of var1atlon 1n count ass001ated W1th SlX anlmal

lmeasurements Th1s analy81s 1nd1cated that in a group of



'69
"féﬁimals With;variationfin:weight;'fat;freeﬁlean;héastro- B
"inteStinalbtract weight;fhide weight,:hide'thickneSS;pand'
averégerdiStance from the detectorsusimilar’to the varia-;r
'dtion ih,thé aninalstused in this study, fat free lean would
account"for}95vto 98%,of:the varlatlon in count assoc1ated
ldWithuthesefSiX“variables after 72 hours of shrlnkage When E
. thehotherffiveivariables"were adgusted to thelr average
"dvalue;tfatéfree-lean’was’assoc1ated with only 32 to 53 per-%/
"3Hcent’of*the variation'accounted’for. It was.suggested that

.lthls mlght have 1nd1cated that in a group of anlmals w1de—

. :ly varlable, more of the varlatlon in count can be attrlbu—

itable to fat free lean and therefore the counter would
vdetect dlfferences in fat free lean more pre01sely than in- :
la group of anlmals very 31m1lar in 81ze and shape

From the analys1s of th1s data 1t appeared as 1f the
Kéo counter was of some beneflt in detectlng the meatler'
'_anlmal Certaln trends Wthh developed suggested that some_
“extraneous sources of varlatlon mlght have been 1nfluenc1ng
7_the effectlveness of the counter and that the control of -

,lthese factors mlght have 1mproved the ablllty of th1s coun-

ter to predlct fat- free lean
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