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A3STRACT

ACCURACY AND REPEATABILITY OF SEVERAL
SUBJECTIVE LIVE ANiMAL ESTIMATES OF
BEEF CATTLE AND SWINE CARCASS CESIREZILITY

By Patrick D. Vitlo

This study was made to estimate the accuraczy and repeatabilities
of judyes 1o estimating carcass traits, The judges estimated loin-
eye area to the nearest 0.1 inch and percent preferred cuts ( percent
trimmed round and loin ) to the nearest 0.1%. Bulls were evaluated
twice by each judge, the evaluations being four days apart. All of
the judges worked independentiy. There were 16 bulls in 1963 and
and 27 in 1964, The orly prior imformation known to the judges were
the bulls live weights and loin-eye area and percent preferred aver-
ages from bulls slaughtered the previous years, Aralysis of variance
‘showed judaes did not differ significently in thalr etim2tes of loin=
eye area or percent preferred c.tc for eithzr year, extest for percent
preferred in 1963, Simcle correlations between each jufge% estimates
and actual values c¢f loirn~eye area for individoal bulls were highly
significant each year, The simple correlations for the judges between
actual and estimated percent preferred cuts were guite variable. In
1964 all but one judge showed a negative, non=significant correlation,
one judge showing a positive highly significant correlation., In 13963
all judges showed non=-significant correlations, zome positive and some

negative, The repeatability of judges in their estimates of loin-eye
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of judges in estimating parcent preferred cuts was lower., 7Twd judge

1963 and thres in 1964 Fad kighly significant repeat=bility estimate
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ranging from 0.61 %5 0.85. Thi!s study indicated that judges were more
accurate in estimzting loineeys area thin parcent preferred cuts. The
loin=eye area estimztes wers al:zz mors kRighly repeutable,

A similar study was carrizd out with swine., kere four judges

estimated backfat thickr=s:, langwh, =24 pcarcent Rzm 1o the rearest
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epllaostlans on the live 2nimal 274 one e3-
timate on the carazss. All judgos whrked rnd-pesdently and krew nothe
ing about ths background of the zwine invyolved. Aralysis of variance
skowed the msjor sources of variation in backfat thickness estimatss

to be dua to the Ind.viduizl pigs, tts juiges, and the interaction be=-

tween the twd., Ths s2
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e was trus for estimates of percent kam, whereas

variation in estimates of lergth could be accounted for by the pigs and

the judgas but there were no infer=zct’on effects. This indicates that
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udges essentislly rarksd -2 pigs similarly.

o

Judges did paarest n estimatirg packfat thickrness in the live
animal but were more consistent In th=:e estimates as they moved from
the live animal to the carcass. E=ckfat thickness wys more accurately
evaluated in ths carcass, howavslr the reaverse was true in estimat
percent kam, Estimates of length ware egually accurate in the carcass
and live animal. On the live animal, judges wars most accurate in pre=
dicting length and were least acaurats in predicting backfat thicknzass,
Repestsbility of live ecstimates wes quits high for all judges, <=zv-

Judge D, and ringed from 0.10 £ 0,96 with a mean value of 0,62,
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Rank correlation was calculated between live placings and carcass
plaecings. It was found that judges were better able tc place light~
weinht swine than heavy-weicht swine but in neither case were the cor-
relations significant. In fact the correlations (-.02 and 0.48) irdi~-
cated that judges were not zble to rank the live pigas on carcass merit.

Correlations betwsen carcass index ard the fa

(9}

tor
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onstituting
the index were gererally found *o be moderateily hizh (0.80) with meat
quaiity playing essentially no role. Perzent ham was by far the most
impertant sirgie factor determining carcess merit, followed by loin-
eye area, Standard partial regressior coeffizients of index on index
factors suggested that eazh factor did not contribute its allotted

share of the variatiorn to tre overall index.
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mpie correlaticn coefficients Letveen firmnes
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eye and loin-eye area, backfat thicknecs, and lengtk indiczted th=t
loin-eye area was thie most hiahiy related cf the three to the firm-

ness, the correlation bteing = 44,
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INTRODUCT ICN

For many years the livestock producer has been selecting his
breeding stock on a system that requires a subjective live animal score,
Although this score is relatively easily obtained, once the stockman
has had ample experience in the field of evaluation, there is still
some doubt as to the degree of the correlation of this score with ac-
tual carcass values on an individual animal basis. In the past it has
seemed that at best these predictiors have fallen short of having a
high correlation with the carcass values,

There is much research in this field concerning the-use of live
animal meazures in predicting carcess vale:, but thess measurements
too have had highly questionable accuracy. Measures which have been
used are length and width of rournd, loin,rib, and/or rump, creatine
determinations, radioisotope readings and length of sound waves, How-
ever it is interesting to note that none of these measures thus far
has shown to be ary more reliable than kas visual appraisal.

For the producer of superior livestock to improve his animals by
selection it is necessary that he base his selection on those traits
that seem to be at least moderately heritable (0.30 or more). Only
through the selection for these traits can the stockman make major
improvements in the genetic composition of his livestock.

Arthaud et al. (1964) reported several heritability estimates for
beef carcass traits as follows; plumpriess of round and fullness of loin,

0.42; loin-eye area, 0.52; and live grade, 0.43. There have also been



many heritability estimates of carcass traits in swine., Carroll et al.
(1962) have presented average estimates of several workers for herit-
abilities of carcass traits in swine. These estimates include the fol-
lowing: carcass length 0.59, loin-eye area 0.48, backfat thickness
0.49, and percent ham 0.58.

The past research indicates that most of the carcass character-
istics on which breeders have based their swine selection seem to be
quite highkiy heritable.

The primary objective of this research is to estimate the accu-
racy ard repeatakility with which carcass traits can be evaluated in
the live animal. In conjunction with this, a study was initiated to
evaluate the accuracy of predicting percent ham, average backfat
thickness, and length from swine carcass evaiuation.

Since the overzll vajue of the carcass is the most important
factor in determining an animals merit, a study was carried out to
determine the correlation of live placing with carcass placing. An
oveirall carcass score or index value, based on several factors, was
determired for eath swine carcass. The factors included were carcass
length, average tackfat thickness, percent ham, loin-eye area at the
tenth rib and quality. The quality grade consisted of a composite of
three factors, color, firmness, and marbling, all of which recieved
equal emphasis.

To determine whether the official carcass measures actually ac-
counted for the amount of emphasis each was supposed to contribute to
the overall index value, a standard partial regression analysis was

utilized. Carcass score was based on 100 points, Five variables, each



accounting for a certain percentage of the overall value, were used in
this study. Percent ham along with average backfat thickness and loin-
eye area were each allotted a maximum value of 25 poirnts. Length con-
tributed 10 points and overall quality 15 points,

Data from 87 barrows entered in the 1965 Spring Barrow Show were
analyzed for evaluating the relationships between firmness of loin-eye

and length, average backfat thickness and loin-eye area.



vation by judges is quite commnn £inzs guantitstive trait predictions
are based on some qualitative measure such as score,

Gregory e* zl. (1962) corncludsd
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.zns of groups of steers for sever=
al traits including, czrzass welght (g va weight), fat thickness,
loin-eye area, percant kidney fzt, cutzbility, and grade, providing
the judges had some previous kaowledge cf the feeding program.
‘mzted and actual carcass weights
were quite high for all judges {0.97 t> 0.98) while the correlation
between the estimated ard the act:zl percent kidrey knob were less for
individual steers {(~.01 to =.16). This seems to indicate that the
graders could accurately rank live czttle on the basis of carcass weight
providing they were given the live weight, but were unzble to rark the
steers on the basis of percent kidney knob.

Simple correlations betwesn thz estimated and the actual fat
thickness at the twelth rib were in the rarge of 0.3 to 0.5. Similar

results were obtained for live cutsbility estimates and estimated cut-

ability from carcass measures.



quite accurate in grading the groups of cattle they were rather poor
in their estimates of carcacs grade on iniividu2l stge. - with correl=
ations rznging from 0,120 «> 0.18.

Correlations tetween estimated cutability and astual cutability
using the average estimates of the three graders, involving two or
more traits that are used as indicators of cutability, are of the same
magni tude as thoce invoived in estimating the cutability by individual
graders (0.37 to 0.51). Simple correlations between cutability and the
individual estimates of those traits involved in cutebility were in the
range of =.17 to -.L2., Tke correlatiors were negative (~.25) between
estimates of loir-eye area and cutability because of the relatively
high positive correiation that exicts kte*ween carcazs weight and loin=
eye area, When carcass weight was added to loin-eye area in the mul-
tiple correlation eguation a positive multiple correlation was obtained
(0.49) between loin-eye area + carcass weight and cutability. Thus,
some additional precision was gaired by increasing the rumber of inde=-
pendent variatles evaiuated, however the contribution of percent kidney
knob was negligible, It was furthker found that conformation grades
based on cutability estimates were more accurately predicted than were
carcass quality grades, the correiation between estimated cutability
live and actual cutability was 0.52 as opposed to 0.29 between estimated
carcass grade and actual carcass quality grade.

Wilson et al. (1964) found the correlation between live estimates
of fat thickne:ss ard a single fat thickness measurement to be 0.51.

This suggests that overall fatness of the beef carcass may ke predicted



with reazorzble accurecy. The correlation between the actusl cutabil-
ity and the live estimates of cutability averaged 0.44, Based on a
prediction equation (live weight and an estimate of loin-eye area, fat
thickress, and percent kidney knob) a multiple correlation coefficient
of 0.51 was obtained between carcass cutability and the predicted cut-
ability on a live animal basis. Estimated fat thickness alone was
found to be able to account for 21 percent of the variation in carcass
cutability which suggests that fat thickness plays a relatively impor-
tant role in the determination of cutability. Hence, it can be con=-
cluded from this study that a single estimate of fat thickness is prac-
tically as good an indicator of cutability as the equation containing
the four independent variables,

In a study involving the evaluation of yearling steers by three
judges Gregory et al. (1964) found that judges were able to estimate
group means for cutability and carcass grade quite accurately. How-
ever visual appraisal was not nearly an accurate enough indicator of
the actual carcass traits of individual steers to be of significant
vaiue., These results would be expected since some of the errors made
in the estimates of any individual steers would tend to cancel each
other, making the estimated group means coincide more closely with the
actual group mears,

Trhey also found that the live estimates were more accurate than
were several carcass measurements in estimating cutability. Group
means from live estimates of cutability were closer to the actual group

values than were the means that were obtained from the regression equa-
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tion according to Murphey et al. (3960)! using several cooler measure-
ments and estimates,

Kidwell {1955) found a highly significant correlation between
live grade and carcass grade (0.60). Cook (1951) and Yao (1953) re-
ported values of G.%5 =¥ 5.7 rescectivzly, wiich ware Tuite close O
those rever4zd by Widu-li.

Wilson et al. (1964) found a simple correlation coefficient of
0.25 between the estimated grade and *the actual quality grade, It
was felt that the prediction of percent yield was more accurate than
was the prediction of overall quality grade (0.44 versus 0.25). Qual-
ity grade, being composed of both a conformation grade and a meat qual-
ity grade, would seem to be more difficult to estimate since quality
has been found to be guite difficuit to estimate on the live animal.

Wheat and Holland (1960) in a study invoiving the estimation of
carcass grades, under differing conditions, obtained correlations of
0.56, 0.38, and 0.22 between the estimated carcass grade ard conformat-
ion, quality grade before ribbing, and quality grade after ribbing,
respectively., There were no differences in the ability of the 12
judges,

Good et al. (1961) found that meat quality grade is most respon-
sible for the error between live animal estimates and carcass estimates
of overall grade. Correlations between live muscling scores and actual
muscling (based on loin-eye area alore) were significant at the 0.05
level.

] Cutability = 52,66 - 5,33(estimated fat thickness, in) + 0.665

(estimated L.E.A., sq. in.) ~ 0.0065(estimated carcass weight,
1h.)



Ravis et 2l. (196h§'in & study compering ultrasoric measurements
and visual appraisals of total musclirg in beef steers found that
graders could be ranked according to their ability to assign individual
steers to three different muscling groups. 7The muscling groups being
designated as light, medium, and heavy. The three muscling groups were
based solely on the mean loin~eye areal as the indicator of total mus-
cling. Analysis indicated that there was a 0.99 square inch increase

in loin~eye area for every 100 pounds increafe in live weight and a de-
crease of 1.04 square inches for each 0.7 inch increase in fat thicke-
ness. Thus if the graders were shle to accurately appraice the steer's
live weight and fat thickness ir relation to the other steers they could
accurately rank thke cattle in%to one of three muscling groups using loin-
eye area as the indicator of toctal mucciing. However current research
indicates tkat loin~eye area is not a good indicator of total muscling
in the beef steer,

Davis et zl. (l96&§'using ultrasorics and other live animal esti-
mates for lamts, chowed that there wzs a corre'atior of 0,59 between
live subjective estimates and aztiual loin-eye area. A correlation of
0.25 was fourd tetwesen live ectimates of fat thickness and actual fet
thickness, Ultraconic estimates of fat thickneszs were more accurate
than were subjective ectimates, but the reverse was true in estimating
loin-eye area.

Thus it seems that most of the research in this field indicates
that carcass conformation can be more accurately evaluated on the live

IAdJUSted Mean L,E.A, = Actuxi L.E.A, adjucted for live weight
and fat* thickness,



animsl by competernt judges thzn can ths overall carcass quality grade
Y f J-ag Yy g

and that fat thickness is the mo:st important single criterion in de-

termining carcass cutability.

9l

0rme (1958) conducted a study %5 estimate thke merit of several

°

live estimates and measurements of steers for various traits. Core-
relations were obtained betwesn twd subjective measures of evaluation.
One measure was an unadjusted live animsl score which was determined

by subjective evaluation of irdiciduzl stesrs, The second measure was
called an adjusted score. It was mzde by evaluzticns of each steer
while kis legs were cbscured from view, 7The author was working on the
premise that if the legs could rot be seen the various estimates of the
irdividual traits, as well as the overall score, would not be highly
correlated between the zdjusted and unadjusted evaluations. However
this was rot thke care.

Correlation coefficients betwesn adjusted and unadjusted scores
for live animal traits were as follows; iype score (0.84), estimated
carcass grade (0.87), dressirng psrcent (0.90) fat covering (0.79) a-d
loin=eye area (0.89).

For both adjusted ard uradju=tzd evaluations, correlations be-
tween the actual czrcass grade and live animal scores were determined.
The highest relationships were obtsinad bztween actual carcass grade

and estimated grade, dressing percent, fat thickness, and loin-eye area,

it
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In order to determine the u ty of visual appraisal in estimat-
ing various carc2ss measures corr2lation coefficients were calculated

betwesn carcass mezsures and unadjusted live animal scores. Sthjective

gnificantly correlatad with thelr correzpond-



1Tg CETeEYS mezsules, U osesmed gules eyl lent ghat the czresss width
measLraes wera mors accourately e<timatad froom the 1ive stass than werse

Also @ largs sh=zrz of the estimated 1iys azimal traits were fourd to

i~ the carcaig, Jver2ll r=3:1%s rdizsn=d thzt tha graders were able
to account for about 20% *o 25X cf ths vzrlation in carcass traits

bz=ed on live animzl scores,

lear cuts and perzs-~t fah cuts In swing (=.25 and 0.22 respectively).
e 2 nnors felt that live evaluction s20res ware rot b
t=d with percsnt la-. Or pereent Fih o~oox
Bratzler zad Mzrgerom (1953) zaudl-d oo ralationskps betwean
live zwine scores =2nd carcass messures,  They fournd that judges wars
2courane In thelr evalustion of pereent preferred cuts on a live
ght bssls. In addition, estimatss made on heavy-weight swine wmre
less accurate thzn those made on lighter swire, The highest correla-
tion coefficients were those for estimated body length and backfat.
These estimates were highly significant for the light and medium=-weight
kag3s, They concludzad th=t vizuzl scores for swins were not highly re-

lated with ylalds of fat ard la:n cuns.
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Zoellner et =1, (1963) found thzt judgss varied in their sub-
jective scores for swine. The correlation betwesn judges for total
desirability scores (0.60) was higher thaan the correlations between
judges for individuz]l items of meatiness (0.32) and finish (0.52).

Repeatability of live animeal scorss is orne important phase in=-
volved in the selection of livestock. |f the judge is highly repeat=-
able in his estimates he most probably will be better able to select
kis livestock, as the sources of error in subjective measures will
tend to decrease,

Wreat arnd =21land (1960) found the correlat!on between slaughter
grades per animal by different judges o be 0.50.

Terran et al. (1959) found the repeatabllity of conformation

ccores to fall betwesen 0.50 and 0.76.

Zoellner et al., (1963), in a study involving two scoring systems
found, by comparing the total correlations with tke intra=-season cor-
relations, that judges were consistent in thelr scoring of swine from
one season to the next., This indicatss, according to the author, that
the judges' picture of the idezl did not cha~nge ard that ore judge
scored the swire the same wiy as did the other judges from season to
season. Pooling of the scores for each pig resulted in a correlation
of 0.76 betwesn the two scoring systems usad, which indicated that the
pooled scores would be highly repeatable.

. From this review of literature It se=ms, that cutability of beef
cattle is more accurately estimated in the live steer, providing the
live weight is known and the judges are aware of some of the maraging

procedures, than is carcass grade. |t also sesms that fat thickness is
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the most important sirngle factor in determining cutability arnd that
it is as gocd a predictor of cutability as any other single criterion.
in fact, from work by Wilson et al. (1964) it appears that fat thick-
ness alone is essentially as gocd an indicator of cutability as is any
equation that was developed utilizing several factors. Repeatability
of live estimates of carcass traits also seems to be moderately high.
The work of Gregory et al. (1964) points out that groups of cat-
tle can be more accurately evaluated for cutability, loin-eye area and
grade than can individual steers.
Subjective methods of live evaluztion of swine do not seem to
be reliable estimators of percent lean or percent fat cuts. Backfat

thickness seems to be the easiest live trait to estimate In swine.



DATA

Cattle Evaluation

Cattle used in this study were yearling Hereford bulls from the
research herd located at the Lake City Experiment Station. The data
were obtained from 16 bulls in 1963 and 27 bulls in 1964. These bulls
were part of a breeding project currently being carried out at Michi-
gan State University and were progeny from bulls selected either on
tenderness or leanness. The 1963 bulls represented four sires, two
selected on tenderness and two selected on leanness. Bulls evaluat-
ed in 1964 represented five sires. Twelve were from the foundation
sires and fifteen from bulls either in the tender line or leanness
line.

Evaluation of the bulls was carried out two weeks prior to
slaughter and each bull was appraised twice by each of four judges,
the appraisals being four days apart. Bulls from both years were
evaluated individually by each judge and all judges worked inde-
pendently. Prior knowledge concerning the bulls was restricted to
live weight, percent preferred averages and loin-eye averages of bulls
from prior years.

Live estimates included percent preferred cuts, to the nearest
0.1%, and loin-eye area estimates to the nearest 0.1 square inch.
Actual values for these measures were obtained on the bulls follow=-
ing a 48 hour chilling period. Loin-eye areaat the 12th rib, for

each side of the carcass, was traced on acetate paper. Two

13
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planimeter readings of loin-eye area were obtained for each side of
the carcass. The average of the four readings was then used as the
actual loin-eye area. Percent preferred cuts were calculated by sepa-
rating the round and loin from each half of the carcass and trimming
them to no more than 3/8 of an inch of fat. The percentage was then
calculated as the ratio of the preferred cuts to the total carcass

weight.

Swine Evaluation

Two groups of swine were used in this phase of the experiment.
The swine used represented several breeds and on occasion crossbreds.
Thirteen head were used initially and were obtained from swine entered
in the 1964 Farmers Week Contest held at Michigan State University.
The second group of swine came from entries in the 1965 Farmers Week
Contest. The data from these swine were subdivided into two cate=-
gories, heavy-weight barrows (215 = 235), and light-weight barrows
(190 = 214). There were 14 heavy-weights and 16 light-weights.

Swine from the 1964 contest were evaluated by four experienced
livestock judges, two of the judges are well known carcass judges and
the remaining two are well known live animal judges. All of the
judges have had prior experience in evaluating both carcasses and live
animals, thus all four participated in both evaluation phases.

The swine were appraised twice by each judge prior to slaughter
and the carcasses were evaluated once by each judge after a 48 hour
chill. Judges did not know any of the live weights nor did they have

any previous knowledge of the animals to be judged. Each judge worked



independently and estimated the following characters in both live and
carcass evaluation; percent ham to the nearest 0.1%, average backfat
thickness to the rearest 0.1 inch, and length to the nearest 0.1 inch
as measured from the first rib to the aitch bone.

The actual carcass measurements of backfat were thke average of
three measurements from opposite (1) the first rib, (2) the last rib,
(3) the last lumbar vertabra. The length of the carcass was measured
from the leading edge of the first rib to the leading edge of the
2itch bone. The ham was removed from thke carcass and was trimmed to
3/8 of an inch of fat. The percentage of ham was calculated as the
ratio of the ham weight to the carcass weight.

Data from the 1965 Farmers Week Contest swine were analyzed to
estimate the correlation between live placing in the ring and carcass
placing. Two experienced swine judges ranked the live animals basing
their judgements on live estimates of carcass desirability. Two main
factors were corsidered by the judges in arriving at the final placing,
overall fztzmesz and muscling. Estimates of leanness were based on
turn of the top (curvature over the loin edge), trimness of jowl,
underline and stoulder, firmness at the base of the ham and overall
firmress of the animal. Thke basis for the muscling estimates depended
or width through the center of the ham, depth of ham, length of rump
and ham, turn of the top, and muscle movement in the stifle region
when walking. Length did not become a factor unless the estimated
length fell below 29.0 inches. Two groups of swine were placed sepa-
rately. The heavy-weight hogs were rankad from 1 to 14 and the light-

weight kogs from 1 to 16.



Carcass placing was determined by the use of an index value
based on overall carcass desirability, the maximum value being 100.
The index value was determined by several factors including, percent
ham, lergth, backfat thickress, loin-eye area and meat quality. These
factors and the points assigned to them are presented inappendix table
8.

Evaluation of the Index

The third phase of this study was concerned with the evaluation
of the carcass score that is currently being used at Michigan State
University for placing swine carcasses entered in competition. Use
of an index is valuable in determining the overall merit of swine
carcazses, However it is important that the factors that contribute
to the overall variation of the index are actually accounting for the
amourt of the variance that they were originally designed to contri-
bute. For this reason data were collected from several sources over a
period of time to try to establish what variance the individual com-
ponents were actually resporsible for and if this portion was the actu-
al amount that was assigned to them in setting up the irdex. Thirty
pigs entered irn the 1965 Farmers Week Contest and ti,irty-three bar=-
rows entered in the Spring Barrow Show were used in this study.

Eighty=seven additional barrows entered in the Spring Barrow Show
and slaughtered at Farmer Peets were used to estimate the degree of
relationship between firmness of the loin-eye and length, backfat

thickness, and loin-eye area.



METHODS OF ANALYSIS

All analyses, save the varlance ratios, computed cn the Control
Data Ccrporation 3500 computer at Michlgan State Unlversity. Correla-

tion coefflclents were used to estimate the judges' ability or accuracy.

Cattle

Simple correlation coefficients were obtained from both groups
of cattle and all judges. Correlations calculated were as follows:
each judge's first estimate with his second estimate (repeatability),
each judge's first and second estimates with the actual carcass values,
the average of each judge's first and second estimates, the average
of all judges' first and second estimates with the actual carcass
values, and the average of all estimates with the actual carcass val=-
ues. Simple correlations were also calculated for actual loin-eye
area with actual percent preferred cuts as well as for estimated loin-
eye area with estimated percent preferred cuts.

Means and standard deviations for each of the judge's estimates
of the cattle were calculated and compared with the actual group means
and standard deviations for both years. This included each judge's
mean estimates and the mean of all the judges' estimates.

Significance of simple, partial and multiple correlations as
well as standard partial regression coefficients were obtained accord-

ing to Snedecor (1956).
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Partial correlation coefficients were computed according to the

following formula supplied by Sanedecor (1956).

M2.3 =V[(b']z.3)(b'2|.3)

A three by three completely randomi{zed randon-effects model was
used In the analysis of variance. This was performed on all of the
bull data each year to test the significance of the different sources
of variation. The three way interaction term was used as the denomi=-
nator in the F test for testing Interaction effects. The expected
mean sguare for bulls (A) times judges (B) interaction Is GZABC +
CUZAB and the expected mean square for bulls (A) times Judges (B)
times replications (C) is GZABC hence by using ABC interaction as the
denominator in the variance ratio the only variance remaining in the
AB interaction term is that whkich is due to CUZAB , which Is the var-
fance comporent we are interested In.]

To obtain a variance ratio for the effects due to bulls, judges,

or replications the following formula was used.

MS
F' (a=1,7) a

This formula was used because no exact F test exists for testing the

direct effects for a three factor model such as was employed for this

2

problem. Thus an approximate procedure due to Satterthwaite ¢ was used.

1
Guenther, Analysis of Variance. p. 130.

2
Ibid. p. 131,



19

Since MSpg + MSpc = MSpps &nd MSp both have the same expected
valces, GZABC + CGZAB + quAc , under the null kypotkesis, if the var-
iance ratio exceeds 1.0 the excess will be that variance due to factor
A. The degrees of freedom for the denominator used were approximsted
by using the following formula also due to Satterthwalte,

( MSAB + MSAC - MSABC )2

2 2 2
(MSpp)  _ (MSag) (MSagc)
(a=-1) (b=T) = (@=1)(c=1) * T(a=1) (b=1) (c=1)

Swire
Simple correlations were also c2lculated for the judge's first
ard second replications of live swine estimates with the actual car-

cass values, Correlations betwees estimates made by judges from car=-

0

cass observitions and the actu2l czrcass values were computed., Simple
correlations were calculated betwesz the carcass values and the averages
of esch judgse's two live estimates znd the average of e!ght (four judges
X twn replications) live estimztas,

A-2lys's of variance was perfarmes on the live estimates of car=-
ciss traits. The method employed for the aralysis of the bull data
was also used for the analysis of ths swine data.

Rank correlations between carcsss placing and live placing for
light and heavy-weight swine was performed according to the formula

as applied by Spearman], where d is the difference between the two

ranks assigred to an individual.

) & d?
S n(n¢=1)

b3

1
Snedecor, G. W., Statistical Methkods. p.



The valua of the sw'sz c2ro2:3 index w23 evaluated on dz2ta col=

7o evaluate whether each componrent

0
[\
W
.

lected from three differert sour
of the index was contributing its expeczted portion, based on the amount
of points assigned to it, of the total Iindex, standard partial regres-
sion coefficients were calculated.

Using some of the data from the zbecve experiment the individ-
val relationships between firmress of thke loin-eye with carcass length,
backfat thickneszs, and loin=cye arca were estimated by the use of
stardzrd partisl regression coefficients. Simple correlations were
also calculated. Multiple correlations were also employed for this

phase of the analysis. The standard partial regression coefficients

are presented as path coefficients.



RESULTS AND DISCUSSION

The results of the various phases of this experiment may most
advantageously be presented in tabular form accompanied with appro-
priate comments and discussion where nedded.

Table 1 shows the mean live estimates of loin-eye area and per-
cent preferred cuts to be quite close to the actual mean values of the
bulls reported in the carcass data., Mean loin-eye area was more accu-
rately predicted in both years than was the mean percent preferred cuts,
The reason for these results may be seen in the following table.,

Table twn shows that in both 1963 and 1964 the simple correla-
tion between actual loin-eye area and actual percent preferred cuts
was essentially negative or zero, whereas in both years the estimated
loin-eye area and estimated percent preferred cuts were moderately cor-
related, with loin-eye area accounting for about 30% of the variation
in percent preferred cuts, Thus it appears that the judg&s estimates
of percent preferred cuts was based to some extent on their estimates
of loin-eye area, In general those bulls with the highest estimated
loin-eye area received the higher percent lean cut values when in fact
this should not have been the case since actual values showed no cor-
relation of any significance.

Table 3 indicates that all judges had some competence in pre-
dicting the loin-eye area of bulls in both years. However, in pre=-
dicting the percent preferred cuts all judges, save judge L4 in 196l4,

could not accurately predict percent preferred cuts in either year.
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Table 1. Means and Standard Deviations for Actual and Estimated Val=-
ues of Loin-eye Area and Percent Preferred Cuts for Bulls,

1963 1964
Trait or Judge Mean St. Dev, _Mean St. Dev.
Loin-eye Area
Actual 10.01 0.78 10.06 0.58
] 10.59 0.63 10,14 0.76
2 9.46 0.98 10.13 0.94
3 10.10 0.84 9.97 1.24
L 9.98 1.00 10.17 0.80
Ave, 10.08 0.86 10.10 0.99
Percent Pref,
Actual 38.87 1.27 39.78 1.00
1 Lo.18 0.57 38.58 0.92-
2 38.19 1.31 38.84 1.03
3 39.05 0.79 38.83 1.01
L 39.36 0.87 38.63 0.98
Ave. 39.20 0.88 38.72 0.99

Table 2. Simple Correlation Coefficients Between Actual and Estimat-
ed Carcass Traits.

1963 1964
Actual L.E.A, with Actual Percent Preferred 0.13 =-.21

Estim. L,E.A, with Estim, Percent Preferred. 0.52% 0,67
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Table 2 may help td explain why estimates of loin=-eye area were more ac-
curate than were estimates of percent preferred cuts. Since percen
preferred estimates were based to some extent on estimates of loin-eye
area ard since the judges overestimated this relationship, correlations
between estimated and actual percent preferred cuts were lower than the
correlations between zctual and estimated loin-eye area.

Table 3 also shows that judge 4 apparently readjusted his sights
in 1964 as only he was able to register a highly significant correla-
tion between estimated and actuzl percent preferred cuts.

Table 4 shows the standard partlal regressions of actual loin=-
eye area on estimated loin-eye area with carcass weight held constant.
Also included in this table are the simple correlations between esti-
mated é:d actual loin-eye areas. Tha correlations indicate that the
judges were able to predict, with reasonable accuracy, the loirn-eye
areas of the bulls, However it sesms thst the judge's estimates were
bazed to a large extent on weight as the regressions of actual on
estimated loin=eys arezs, with carc2ss weight held constant, were of
small magritude. Thus, with the exception of judge 3 in 1963, judges
were urahle to predict the loin~eye area with any significant degree
of accuracy when the carcass weight was hkeld constant.

Figure 1 shows the path coefficient diagram of the relationskip
of actua] loin-eye area with carcass weight and estimated loin-eye
area. The numerical values are for judge 4 in 1964. The reason for
the -.88 may best be explained by remembering that the numerator of
the standard partial regression (path cosfficient) is equal to the

correlation between the estimated and actual loin~eye area minus the
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Table 3. Mezn Corrslation Cozfflicients ¢f Live Bulls Estimates with
Actual Carcass Values,
1963 1964
Trait or Judge Mean? Mean®
Loin-eye Area
1 01+5 0,58‘.':':
2 0.70=% 0.50%"
3 0.75%= 0.53"="
L 0.6L:=: 0.45="
Ave. b 0. 6 7’-’?‘4’-‘ 0. 53."=v'_
Percent Pref.
1 -.09 -.25
2 -.12 -.23
3 =.05 -.33
0.09 0.52%=%
b
Ave. -.09 -.09
i Mean = Average of each judge's two replications.
Ave. = Arithmetic average of the four judges.

Table 4, Simple Correlations Betwesn Estimated and Actual Loin-eye
Area and Standard Partial Regression Coefficients Between
Estimated and Actual Lcin~eye Area, Carcass Wt. held Const.

1963 1964
ReE. 1 bt r bt r
Judge 1 0.03 0.40 0.05 0.52%
2 0.38 0.52% 0.03 0.55%%
3 0.65: 0.71%=% 0.10 0.57:%
L 0.63 0.60* -.03 0.55%%%
Rep. 2
Judge 1 0.10 0.44 0.34 0.60%
2 0.1‘2 0.5]‘.’»‘ -.‘+3 0.39‘,"-,';
3 0.68% 0.61% -.30 0.18s%x
L 0.62 0.59 -, 88 0.34
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Table 5. Simple Correlations Between Estimated and Actual Percent
Preferred and Standard Partial Regression Coefficients Be-
tween Estimated and Actual Percent Preferred, Carcass Wt,

held Const,

1963 1964
Rep. 1 b! r b! r
Judge 1 -.06 -.14 -.05 -.19
2 0.21 -.04 0.13 -.29
3 0.42 0.05 -.08 -.38
L 0.10 0.07 0.46 0.47%
Rep. 2
Judge 1 0.17 0.12 -.17 -.22
2 -.08 -.24 0.35 -.13
3 0.32 -. 14 0.32 -.26
L 0.22 0.11 0.40 0.47%

Figure 1. Path Coefficient Diagram Showing the Relationships Between
Carcass Wt., Actual Loin-eye Area and Est. Loin-eye Area

for Judge 4 (1964).

Estimated L.E.A,
0.34

0.87

CaTcass Weight

Actual L.E.A.

Table 6. Repeatability Estimates Between Judges Replications for 1963

and 1964,
Est. Loin-eye Area (1) with Est. Loin-eye Area (2)
Judge 1
2
3
L
Ave.

Est. Percent Pref., (1) with Est. Percent Pref., (2)
Judge 1

2

3
L

Ave,

5,

0.60
0.55*
0.75%k
0,66+

%?§%§*

0. 77:':7':
0.905%
0.8 3ok
0.83%%

0.33

0.71%%
0.80%*
0.61%
0,61




product of the correlations of estimated loin-eye area with carcass
weight and actual loin-eye area with carcass weight., Thus in this case,
the correlation between the estimated and the actual loin-eye area
would have had to exceed 0.56 (product of 0.64 X 0.87) in order for the
standard partial regression of actual on estimated loin-eye area to be
positive. Since the correlation was only 0.34 the standard partial
regression coefficient was negative.

The relationships between estimated and actual percent preferred
cuts are presented in table 5. [t seems quite obvious that percent
preferred cuts were more difficult to estimate on live bulls than was
loin-eye area., Except for judge 4 in 1964, all simple correlations
and standard partial regressions were non-significant, some were even
negative. Comparing the correlations to the regressions however in-
dicates that some of the judges were mere accurate In-their estimates
when carcass weight was held constant,

Considering both tables 4 and 5 it can be postulated that.esti=-
mates of carcass weight played a double role in affecting those esti-
mates of loin-eye area and percent preferred cuts. From past experi-
ance the judges realized that carcass weight was positively correlated
with loin-eye area. Therefore when the affects of carcass weight were
removed statistically, a major portion of the correlation between it
and loin-eye area was also removed. Hence the correlations between
estimated and actual loin-eye area were substantially reduced. Since
the judges initially overestimated the relationship between carcass
weight and loin-eye area some of the correlations dropped to the

negative side,
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The fact that the judges expected a moderately high positive cor-
relation between loin-eye area and percent preferred cuts, in addition
to the positive correlation between loin-eye area and carcass weight,
caused the estimates of the percent preferred cuts to be positively
correlated with the carcass weight. The estimates of percent preferred
cuts was then Interdependent on carcass welight through its relationship
with the estimated loin-eye areas of the bulls. |In reality the relat-
lonship between the actual percent preferred cuts and the actual car-
cass weight was negative rather than positive. Thus removing the ef=-
fect of carcass weight increased the relationship between the estimated
and the actual percent preferred cuts, thereby causing the correlation
to be positive rather than regative.

Table 6 indicates that the judges were highly repeatable in
their estimates of loin-eye area and most judges were also highly
repeatable in estimating percent preferred cuts.

Analysis of variance (tables 7 and 8) showed that in 1963 axd 1964
there was a highly significant difference between bulls for estimated
loin-eye area. [n 1963, differences in loin-eye area estimates made by
judges were also highly significant but in 1964 this was not the case.
Apparently by 1964 all the judges had readjusted their sights in the
loin=eye area prediction and the average estimate of all of the bulls
mean loin-eye area for each judge were in closer agreement. Although
in 1963 there was a significant difference between the average of all
judges! estimates of each bull and also between the average estimate of
each judge's prediction on all bulls, there were no significant differ-

ences due to the interaction betwean bulls and judges. Thus the



Table 7, Analysic =7 fzr'ar-n Car Intray: Lovs (19635,
Source D;‘ Mezq Sqrare F
Bulls 15 3.24 7,577
Judges 2 3.64 32,507
Bulls X Judges 30 .24 1.67
Replicatiors 1 .01 .07
Bulls X Replications i5 .26 2.51
Judges X Replications 2 .02 b4
Bulls X Judgec X Reps, 30 4

Total (after the mean) 95

Table 8. Aralysic of Variarnce for Loin-eye Area (1964),
Source D.F Mean Sqguare F
Bulls 26 6.45 14,707
Judges 3 L7 .5k
Bulls X Judges 78 .27 2.1
Replicationrs i .12 b
8ulls X Keplicationc 26 .3 2,327
Judges X Repiications 3 T4 5.75°
Bulls X Judges X Repc. 78 .13

Total (after the mean) 215
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judges tended to rank the bulls in the same order but the estimates of
the means for the bulls was different among judges. There was a sig-
nificant interaction between bulls and judges in 1964. Thus in this
year the judges tended to rank the bulls in a different order on loin-
eye area. In 1964 the estimates of loin-eye area for each bull was
different from one replication to the next, also the judges average
estimates of the mean loin-eye area were not in the same order for the
two replications.

Differences among judges was the only significant source of vari=-
ance in estimated percent preferred cuts in 1963, That is, there was
a significant difference between the average estimate of each judges
evaluation on all bulls, In 1964 the sources of variance in estimates
of percent preferred cuts were essentially the same as for loin-eye
area except the average estimates of all four judges for each bull was
not significantly different from one replication to another. As can
be seen in Table 9 only three judges were included in the analysis of
variance, Judge two was excluded from this phase of the study because
on an examination of the data it was established that he had dropped
his estimates of percent preferred cuts a full five points for all
bulls involved in the analysis. By doing this the judge introduced
unwarranted variation into the problem, Since the primary interest
was in determining which sources were contributing to the variation,
his readjustment of percent preferred ctus to sub-normal level caused
an unexplainable interaction effect which in turn affected the analysis.

Hence his estimates were deleted from the analysis of variance.
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Table 9. Analysis of Variance for Percent Preferred Cuts (1963).

Source D.F, Mean Square F
Bulls 15 2.42 2.48
Judges 2 10.27 6.82x
Bulls X Judges 30 1.02 1.28
Replications ] .0k .05
Bulls X Replications 15 .75 9L
Judges X Replications 2 1.28 1.62
Bulls X Judges X Reps. 30 .79

Total (after the mean) 95

Table 10. Analysis of Variance for Percent Preferred Cuts (1964).

Source D.F, Mean Square F
Bulls 26 L.08 2,81
Judges 3 L7 .06
Bulls X Judges 78 1.23 2.90%%
Replications 1 1.07 .16
Bulls X Replications 26 6L 1.50
Judges X Replications 3 6.32 15.00%%
Bulls X Judges X Reps. 78 L2

Total (after the mean) 215
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Live and Carcass Evaluation in Swine

The analysis listed in table 11 shows the judges were able to
estimate the average for length more accurately than for either back-
fat thickness or percent ham, The relative standard deviations of
the judges estimates as compared to the actual standard deviations of
the pigs indicate that the pigs actually varied more than the judges
estimates. Carcass estimates of backfat seemed to be better indica-
tors of actual backfat than did live estimates. However, the live
estimates of percent ham were closer to the true values than were
carcass estimates. The judges' 1fve estimates cf percent ham seemed o
vary more than their estimates of percent ham on a carcass bas!s, This
Is shown by the relative sizes of the standard deviations,

Correlations listed in table 12 indicate that the variance of
the average of all judges was associated with about 50% of the total
variance in length and percent ham but only 21% of the variance in
backfat. Generally speaking the judges second replication was closer
to the actual value than was the first. Judge D seemed to have reset
his sights considerably between replications.

Repeatability of live estimates (table 13) was high for all
except judge D. This is due to the fact that he had readjusted his
sights between replications. Backfat estimates tended to bes more hignly
repeaable than were estimates of percent ham or length.

Analysis of variance for live estimates of backfat thickness in-
dicated the major sources of variance to be the estimates among pigs,
judges, and the interaction between the two sources. Thus the average

of all judges estimates differed among pigs. Effects due to judges
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Table 11. Means and Standard Deviations for Actual, Live Estimates
and Carcass Estimates of Backfat, Length and Percent Ham
for Four Judges.

}rait éf Judge Live A Carcéés
Mean S.D. Mean S.D.
Backfat
Actual 1.35 0.24 1.35 0.24
A 1.59 0.11 1.40 0.17
B 1.42 0.22 1.45 0.07
c 1.56 0.18 1.33 0.17
D 1.42 0.09 1.36 0.16
Mean 1.50 0.15 1.38 0.14
Length
Actual 29.6 0.99 29.6 0.99
A 29.8 0.32 29.5 0.52
B 29.2 0.59 29.4 0.43
C 29.5 0.47 29.5 0.54
D 29.9 0.43 30.0 0.54
Mean 29.6 0.45 . 29.6 0.51
Percent Ham
Actual 19.7 1.48 19.7 1.48
A 20.0 1.20 19.2 1.15
B 19.1 0.80 19.0 0.39
c 19.9 1.26 19.1 0.82
D 18.3 0.47 18.8 0.67

Mean 19.3 0.93 19.0 0.76
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Table 12, Simpie Correlation Coeificie-ts Between Live Estimates and
Carcass Values in Swire by Judge snd Feplication,

Replication
Trait or Judge (1) (2) (O +2)/2

Estimated Backfat

A 0.26 0.28 0.28
B 0.39 0.35 0.37
c 0.48 0.48 0.48
D 0.09 0.54 0.39
Mean 0.39 0.41 0.39

Average Estimate of 8 = 0.L46

Estimated Length

A 0.56* 0.44 0.67:

° 0.52 0.43 0.50

¢ 0.56% C. 7k 0.68:

D 0.06 0.59% 0.53
Mean 0.42 0.55% 0.59%

Average Estimate of 8 = 0,70

Estimated Percent Ham

A 0.439 0.50 0.52

B 0.12 0.54 0.36

c 0.79% 0.60% 0.71%%

D 0.03 0.69% 0.43
Mean 0.37 0.55% 0.51

Average Estimate of 8 = 0.71%*
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Toble 13, Repeatability of Live Fotizaves fr, Sof-e Top Foop Jodses,
J.dqzs

Trait A B C D

Est. B.F. (1) with Est. B.F. (2). 0.86" 0,96 0,96 0,22

Est. Lgh, (1) with Est. Lgh. (2). 0.13 0.73" 0.88x* 0.10

Est., 7ZHam (1) with Est, %Ham (2). 0.81%¢ 0,72%: 0.87"> 0.23

Table 14, Analysis of Variance for 1364 Farmers Week Live
Estimates of Backfat Thickness,

Source of Variaticn D.F. Mean Szuare F
Pigs 12 «135 5 L
Judges 3 212 10, 1+
Pigs X Judges 36 .023 7.6%%
Replications i .007 2,3
Pigs X Replicatiors 12 .0C5 1.6
Judges X Replications 3 .0C1 0.3
Pigs X Judges X Rers. 35 .J03

Total (after the mean) 103




of Varian~s for 196%

¥3i¢S
*m=tes of Parcent Him,
e

Source of Variztion C.F Mezn Syrars i3
Figs 12 L.L7 L, 18
cudges 3 16.74 10. 40w

Pigs X Judges 36

Replicaticns 1

Pigs X Feplications 12
Judges X Feplicaticns 3

Total  (aftar the mezn) 103

.01
.22

.75

. 4.

2.90

Tzble 16, Anzlysis of Variance for 1964 Farmers Weck Liva

Estimates of Length,

Source of Variation C.F.

Pigs 12
Judgas 3
Pigs X Judgss 36
Replicaticns ]
Pigz X Fzaxlicztinns 12
Judjes X Replications 3
Pigs X Judges X FReps. 35

Total (after the mear) 103
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were also significant and this shows that the judge's average estimates
of the group mean for backfat thickness were not the same. The signi-
ficance of the interaction of pigs X judges suggests that the judges
could not agree on a general ranking of the pigs based on the backfat
thickness alone.

The analysis in table 15 indicates much the same story for per-
cent ham estimates as table 14 did for backfat estimates, whereas table
16 indicates that the judges could agree on ranking the swine based on
length alone. Though the judges ranked the pigs the same the average of
all pigs from judge to judge was significantly different.

Although the judges did poorest in the live estimates of back-
fat thickness, they were most consistent in these estimates as they
moved from the live evaluation phase of the study to the carcass evalu-
atloﬁ phase., These results are illustrated in table 17. This table
also shows that the pooled live estimates of all four judges more near-
ly approached the true values for all three traits than did the average
estimates of any one judge with the exception of judge C on backfat
thickness estimates,

The coefficients in table 18 show that the correlations between
estimated backfat thickness and the other two traits were generally
higher than the corresponding correlations among actual carcass traits.

The correlations between carcass estimates and actual values are
shown in table 19. These correlations suggest the variance in the
judges estimates are associated with about 64% of the variance in actual
backfat thickness. |In comparison to the live estimates reported in

table 12, backfat thickness can be more accurately evaluated in the
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Table 17, Simple Correlat

ons Between Estimated Live Values and
Estimazted Ca S

.
]
\ e
ss Values,

Judges

Trait A B C D

Est. B.F. (1+2)/2 with Est, C. B.F, 0.55*% 0.60% 0,67* 0.21
Est. Lgh., (1+2)/2 with Est. C. Lgh. 0.51 0.48 0.61% 0,48

Est. %Ham (1+2)/2 with Est, C. %Ham. 0.5] 0.37 0.37 0.47

Est. B.F. (ave. of 8) with Est. C. B.F., (ave. of 4) = 0.64*
Est. Lgh. (ave. of 8) with Est. C. Lgh. (ave. of 4) = 0.63*
Est. %Ham (ave. of 8) with Est. C.%Ham. (ave. of 4) = 0.55%

Table 18, Simple Correlation Coefficients Between Carcass Traits
and Batween Estimates of Carcass Values,

Judges
Trait A B C D
Actual Backfat with Actual Length -.89 -.09 -.09 -.09
Estim. Backfat with Estim., Length -.33 -.ko -.57% =.07
Actual Backfat with Actual % Ham -.43 -.43 -.b43 -.4h3

Estim, Backfat with Estim. % Ham = 737 a 684 -,93%%  =,20




Table 19, Sirple C
and Azt

ass Estimates

Trait or Judqge

Estimated Backfat
A
B
c
D

Mean

Estimated Length

Mean

Estimated % Ham

Simple Correlations

0.81:%
0,68
0.66%
0,87
0.75

Average Estimate of Four Judges = 0,83

Average Estimate of Four Judges = 0,75

Average Estimate of Four Judges = 0,65%
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carcass than it can by subjective live animal evaluation., Subjective
evaluations of bgcti the 1ive animel and the cercass were equally ef=

fective in evaluations of 'length -end percent hem.

Rank Correlation and Index Evaluation

The rank correlation was calculated between live placing and
carcass placing on both heavy and light-weight swine. These correla-
tions showed that there was little If any relationship between the 1live
placing and the carcass placing of either group of swine, The correla-
tion between heavy-weight swine placings was -,02 and that for the
light-weight swine 0.48. Although the correlation coefficlent for
light-weight swine was not significant, It does Indicate that judges
tend to be more nearly correct with regard to carcass merit In their
live placings of light-weight swine than In their placings of the
heavier swine,

The material in table 20 illustrates that index values placed on
the swine carcasses were responsible for their placings. Since carcass
placings are graduated in units of one from place to place and index
values do not follow the same pattern bﬁt instead graduate quite
differently and sporadically the correlation would not be expected to
be perfect, In addition if two pigs were to have the same index value
the tie would be broken by awarding the higher place to that pig which
cut the higher percent ham. This too would tend to decrease the corre-
lation,

The coefficients in table 20 also show that there exists quite

a difference in the amount of emphasis each component part of the index
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Table 20, Simple Correlation Coefficients Between Carcass Placing
and Index Factors and Between Index and Index Factors,

1965 Farmers Week Swine.

Swine
Within Within b
Factor Lights Heavies Overall®
Carcass Placing with
I ndex -, 71k =,93%k% -, 92%%
Backfat 0.63%* 0.39 0. 78%%
Length 0.05 -.43 -.01
Percent Ham - Sl -, 85%% -, 79%%k
Loin=eye Area -, 76%% 0.15 -.35
Quality Points 0.08 -.16 -.16
Backfat Points -, 55% -.50 -, 69k
Length Points -.48 -.10 -.01
% Ham Polnts -, Bl - 8Pk -, 89%%
Loln-eye Area Points -, 75%% 0.07 - 2%
Index with
Backfat -, 76%% -,61% -, 76%%
Length 0.28 0,41 0.16
Percent Ham 0.50% 0.8 0. 70%%
Loin-eye Area 0.60% -.26 0.34
Quality Points 0.02 0.21 0.13
Backfat Polnts 0.93%* 0.60% 0.83%x
Length Points 0.63%% 0.13 0.30
% Ham Polnts 0.89%* 0.88%* 0.83%x
Loin-eye Area Points 0.85%* -.09 0.52%*
a 1% D.F.
b 12 D.F.

c 28 D.F.
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plays in the index values and *his in the overall carcass placing, for
1ight-weight pigs compared to heavy=-weight pigs. This indicates that
variation in the factors in the two classes of swire Is quite different.
For example guality points played a heavier role in placing the heavy
pigs than the light pigs. This suggests that quality in the heavy pigs
was more variable between pigs and hence played a more important role
in determining the final placing, whereas bacfat thickness seemed to
assume a similar role in the placing of light-weight pigs. When the
data for light and heavy-weight swine were combined, on thke whole,
percent ham and ba:zkfat thickress recieved more emphasis than any of
the other factors. Quality and length plzyed ezsentially =o role.

Tables 21, 22, and 23 show the multiple correlation coefficients
between the index values and bstwesn the carcass placing and the various
cortributing factors., In all cases the multiple correlation coeffic=
ients of the various indeperdsnt factors with the deperdant index
values all have values which are highly sigrnificant., The suams s tive
concerning the carc2ss placings and the independent factors.

The partial correlation coefficiants of irndex with actuzal czar-
cass values are not 1.0 beczuse each unit of difference in tke car-
cass values is not awarded 1 unit in overall index value. That is,
for example, backfat thickness valuas of 1.37 inches and 1.40 inches
both recieve the same number of ba:zkfat thickness points. However,
the multiple correlation shows that the majority of thke variation in
index values is accounted for by the actu2l values of the comporent

parts.
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Table 21, Partial® and Multiplie Correlation Coefficients for 1965
Farmers Week Heavy We!g-t Svire,

Variable Partial Correlation
Index with
Backfat Thickness 0.61=
Length 0.05
Percent Ham 0.86%="
Loin-eye Area 0.45
Quality 0.60
R = 0,94
Backfat Points 1.00%%
Length Points 1.00%%
% Ham Points 1.00%=%
Loin-eye Area Points 1.00%*
Quality 1,00
R = 1.00%*

Carcass Placing with

Backfat Points -.57
Length Points -.16
% Ham Points -, 90"
Loin-eye Area Poirts -, 66
Quality -.52

R = 0,9k

a Partial correlations were calculated on each variable
with all other variables held constart,
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Carcass data from both light a2nd heavy=weight pigs were pooled
for further aralysis and the partial and multiple correlations are
shown in table 23. Standard partial regression coefficients were also
calculated on the pooled data and are prasented in tables 24 through
27. These measure the amount of emphasis that is placed on ezch of
the factors considered in the cverall evaluation of the index. Each
compornent part should contribute its allottaed skare of emphasis to
the overall index value, Loin=gye arfe2 wag essigned a maximum point
value of 25 yet, in tables 25, 26, a=d 27,‘the d:rect effects of loin=
eye area accounted for cnly about 18% cf the index value. Percsnt
ham was the only variable that could consistently account for at lesst
its allotted skare of the index value on a point basis. This is shown
most clearly in tzble 27 whers psrcsrnt ham points for the combined data
was cortributing over 55% of the emphasis in the carcass placing.

Additionsl information gathered during the Spring Barrow Show
was analyzed in the z2me manrer. Thesze res:lts are presented in tables
28 and 29. Generally speaking theze tables show much the same result
as the previous tzbles. Index valuss, herce carc3ss placings, sesm
to be more dependent on percent ham thz=n on any other factor, with the
direct effects of guality points contributing rext to nothing in the

overall ranking.

Factors Affecting the Firmness of the Loin-Eye
Simple correlations show that backfat thickness, length, ard
loin=eye area zre 2ll related to the firmness of the loin-eve muscle

in pigs with loin=eye area displaying the most marked relationship



Tahie 24, 3ta-dard tial Resreos Comffllanng 1= 3ex on

Actual Tarczns Valiso, Trrrarg Wwock Swirs,
Variable S<d, P=r+, Pe3, Coaf, (A) gA}Z
Backfat Thickrness - 43 0.19
Length 2.28 0.68
Percent Ham 0,42 0.18
Loin-eye Area 2.35 .13
Quality 0.32 0,13

c.u8

Tabie 25, Standard Partial Regression Coefficients oF Index on

Irdex Poirnt Factors, 1965 Farmers Wzek Swire,
Variable St4, Part. Reg. Coef, (A) ()2

Backfat Points
Length Points
Percent Ham Points
Loin~eye Area Points

Quality Points

0.36
0.22

0.56
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Tabie 26, Standard Partial Reqrescian Ccefficients of Carcass

Placing orn Carczcs Vzlies, 13EC Farmers Week Swire,
Variable Std. Part. Reg. Coef. (A) _jﬁli
Backfat Thickness 0.39 ' 0.15
Length -.12 0.02
Percent Ham -.56 0.32
Loin-eye Area -.26 0.07
Quality -.38 0.15
0.71

Table 27. Standard Partial Regression Coefficients of Carcass
Placing on Index Point Factors, 1965 Farmers Week Swine,

Variable Std. Part, Req. Coef, (A) _jﬁli
Backfat Points -.13 0.02
Length Points -.06 0.00
Percent Ham Points -.76 0.57
Loin-eye Area Points -.27 0.07
Quality Points -.20 0.04

0.70
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Table 28. Standard Partiail Regression Cozfficients of Index on
Actual Carcass Values, 1965 Sprirg Berrow Show,

Variable Std. Part. Reg. Coef. (A) (A)2
Backfat Thickness 0.11 0.01
Length -.36 0.13
Percent Ham 0.54 0.29
Loin~eye Area 0.27 0.07
Quality 0.06 0.00
0.50

Table 29. Standard Partial Regression Coefficients of Index on
Index Point Factors. 1965 Spring Barrow Show Swine.

Variable Std. Part. Reg. Coef. (A) (A)2
Backfat Points 0.18 0.03
Length Points 0.42 0.18
Percent Ham Points 0.50 0.25
Loin-eye Area Points 0.38 0.15
Marbling Points 0.10 0.01
Color Points 0.14 0.02
Firmness Points 0.11 0.01
0.65

Table 30. Simple Correiations Between Loin~eye Firmness and
Backfat Thickress, Length ard Loin-eye Area.

Variable Firmness
Backfat Thickness 0.38%%
Length 0.22%

Loin-eye Area = Ll
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which was regative (table 30). This indicates that as the area of the
loin=eye increased tke firmness of the muscle decreased. Correlation
coefficlents were calculated between firmness and backfat thickness,
length, and loin-eye area. Loln~eye area and backfat thickness were
the most highly related of the three, the correlatlons being =4k

and 0.38 respectively. Length had tha least effect (0,22).

Figure 2 is a path coefficient diagram showing the effects of
length, backfat thickness, and loin=eye area on firmness. Although
these factors do contribute to the variance in firmness between pigs
their average effects can only account for about 19% of the variation,
thus about 81% of the variation is dependent on other factors.

The coefficients In table 31 show the relationship of the dif=
ferent factors when the other two are held constant. Loin-eye area
seems to be the major contributcr to the overall variance in this

case as well,



Fiqure 2, Reiatiorchis

Lerngth
o
%ackfat Thickness 0.17 Firmness

_3 Loin-eye Area

0.0

Partial® and Multiple Correlation Ccefficients for

Table 31,
Backfat Thickness, Lensth, and Loin-eye Area with

Firmness,

Partial Correlation

Variable

Firmness with

Backfat Thickness c.17
Length 0.17
Loin-eye Area 0.36%*
R = 0,52

Partial correiations were calculated on each variable

a
with all other variables held constant,



CONCLUSION

It is apparent that live evaluation of beef cattle is a neces-
sary part of selecting beef bulls and cows for breeding purposes.

This study dealt with the accuracy and repeatability of judges in pre-
dicting the loin-eye area and percent preferred cuts of beef bulls,
both of which are significantly heritable. Judges were able to ac-
curately predict the mean loin-eye area and percent preferred cuts of
groups of bulls, providing the live weight was known. On evaluating
each individual bull the judges were not nearly as accurate in pre-
dicting percent preferred cuts as loin-eye area. Judges assumed that
as the loin-eye area increased the percent preferred cuts also increas-
ed ( r =0.50 ), whereas in reality the carcass data indicated a nega-
tive relationship. Repeatability of loin-eye area estimates were con-
siderably higher than were estimates of percent preferred cuts.

A similar study was performed on swine since live evaluation is
also an important giide in the selection of swine breeding stock. Live
evaluation of swine indicated that the four judges were least accurate
in estimating the backfat thickness and most accurate in predicting
length both on the individual animal and on groups as a whole. However
repeatability of backfat thickness estimates was the highest ( r = 0.90
average ). Percent ham was intermediate between length and backfat
thickness in accuracy of prediction.

Carcass evaluation of swine showed that judges were better able

to predict backfat thickness and less able to estimate percent ham in

51
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tke carcass as compared to live anim2]l estimates. In live evaluation
as compared to carcass evaluation, correlations between backfat thick-
ress estimates were the highest., [t seems that judges can quite ac-
curately predict percent ham and length on the live arimal but can rot
accurately predict the backfat thickness.

Rznk correlation between live placing and carcass placing indi=-
cated that judges, on the whole, can not rank swine carcasses by live
evaluation ( r = 0.48 ard -.02 ).

Evaluaticn cf an index used to place swine carcasses based on
backfat thkickness, length, percent ham, loin-eye area, and quality
of meat showed that by far the most important single factor In placing
swine carcasses was percent ham ( b' = 0.36 ). Multiple correlation
coefficients betwean the index and the index factors were all highly
significant.

Relationshkips betwesn firmness of the loin-eye and loin-eye crea,
length, and backfat thickness irdicated that loin-eye area and backfat
thickness were by far the most important facters concerned with the
firmness. The correlation was negative and significant ( =.44 ) for
loin-eye area and positive and significant ( 0.38 ) for backfat thick=-
ness.

As an overall conclusion one could szy that judges were able to
accurately predict group means for severzl carcass traits in both cat-
tle and swine but were not able to estimate these parameters on an indi=-
vidual animal basis. Carcass evaluation of swine was about as good as
wss live evaluation, being more accurate in predicting backfat thickness

but less accurate in predicting percent ham. The correlation between
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live placing and carcass placing indicated that judges were not able to
accurately estimate the overall carcass merit of swine by live animal
evaluation. The index used for placing swine carcasses appears to be
adequate for this purpose but it is apparent that the individual fac-
tors did not all contribute their allotted share of emphasis to the
overall index value on this rather supericr sample of swine. Loin=-eye
area was significantly related to firmness of the loin-eye muscle in
swire, as was backfat thickness, whereas length was not. The relation-
ship between loin=zye area and firmness wzs negative and could account
for about 20% of the variation in the firmness of the loin-eye. Back-
fat thickness could account for about 15% of the variation in the firm=

ness.
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ARIINTIX

./

Judzes Ectirztes of loin-zye Area &-d Fercen* freferred Cuts,
T Remiicatiors, 1963,

Judze 1 l.dqe 2
L, E. A, % Prat, i, B, E, % Pref.
ull (% (232 () (g ) {0 (2)
i 9.3 i2.5  A1.,2 39,9 19.5 9.0 Lo, 37.0
2 10.5 11,5 4i.5 29.5 9.9 12,0 Lo,0 37,0
3 11.9  132.5 Lz,0 39.3 1.2 0.0 42,0 37.0
L 0.5  i3.8 33.0 Li.o 12.0 8.3 37.0 34,0
5 11.5 310.8 L4'.5 L9.5 12.0 9.0 39.5 36.0
6 11,5 1.3 L2,0 42,9 1.0 19,5 Li,o 0 36.0
7 10.5 i2.3 4L1.5 39.0 9.5 8.0 38.0 33.0
8 10.0 9.5 39.5 39.5 10.9 8.0 40,0 35.0
9 11.0 1.5 41,0 39.5 11.0 9.5 41,0 36.0
10 10.5 10.5 39.0 L40.0 10.5 8.5 Lo.5 34.0
B 11.0  19.5 4dy,0 L9,5 19,0 8.0 39.0 34.0
12 1.3 11.0 39.0 Lz,9 10.5 9.5 40.0 36.0
13 9.5 9.8 39.0 39.9 9.5 8.0 38.0 35.0
4 19.0  10.3 L2.0 39.8 9.0 8.9 37.0 34.0
15 11.0 11.3 Lo.,5 40.5 10.0 9.5 38.0 35.0
16 9.0 9.0 38.0 39.8 7.0 8.0 38.0 35.0
Judge 3 Judge L

] 10.3 10.5 39.0 40.5 11.0 10.5 L41.5 L4o.5
2 10.0  11.2 38.8 Lon.o 2.0 11.5 39.5 Lo.o
3 11.3  11.5 Lb.5 LO.5 0.5 10.5 Lo.0 L0.0
4 11,0 19.0 329.8 39.0 9.8 19.0 37.5 Lo.o
5 11.0  19.5 Lg,0 39.0 0.8 19.5 L2.5 42,0
6 0.8 11,9 39.8 33.5 11,3 11,0 39.5 Lo.0
7 0.5 .7 313.0 38.0 9.0 9.0 36.5 39.5
8 9.0 8.5 38.0 38.0 9.7 9,0 &I.5 39.5
9 11.0 11,2 Lo,o 39,5 11,0 11,5 Ll,0  39.0
( 10,2 12.0  39.0 39.2 2.0 9.5 Lo.0 L9.0
9.8 0.0 38.5 38.5 9.9 9.0 41,0 41,0

9.2 id.7 38.3 39.5 0.4 10,0  39.5  39.0

8.8 9.5 37.8 38.0 8.5 9.5 38.5 39.0

9.8 9.5 38.5 38.5 9.5 9.0 37.0 39.0

9.5 i2.0 38.0 39,0 9.5 10.2 38.0 39.5

8.5 8.5 37.5 38.n 8.3 8.5 39.5 39.0

a

Replicaiion.
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Tahle 3, Bstua) LLE A, 2-2 Farca-s Prefepped Dosc (1392 -nd 1954)
el L.E.A.2 Parcent Preferred?®
1 1.0 %8.8
2 .1 33.0
3 il.3 38.7
b 9.8 L) .8
5 - -
4 1C.1 35.5
7 10.5 39.5
8 9.4 L1.3
9 - -
i0 10.6 23.5
i1 9.8 38.9
12 9.7 23.5
13 8.8 7.5
ik 9.5 28.2
i5 9.3 37.6
16 9.2 38.2
i 10.8 38.9
2 10.6 40.7
3 9.8 38.9
b 9.8 39.1
5 9.1 33.2
6 10.2 39.7
7 19.0 Lo,1
8 9.8 39.4
9 9.3 39.4
10 9.3 38.8
11 10.2 39.8
12 1C.4 38.4
i3 9.9 42,2
14 12.2 39.2
15 12.1 39.7
16 3.0 40,9
i7 13.0 49,3
18 16.3 38.5
i3 9.2 4l.1
20 0.7 33.9
21 10.9 38.5
22 10.2 Lo.3
23 9.8 43,8
24 il.3 339.8
25 10.0 39.2
26 9.9 k2,0
27 11.0 39.3

a

14 Eulls in 1963 and 27 bulls in 1944,
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Jabie B.  Fidreg Eosimecee o Tpeszec Teoloe Fop 1964 Farmers Weak,
Pig £Lr Lah, L an BT, Lk, “Han
Judge A Judge B
1 1.2 20.5 18.0 1.5 C.9 18.5
2 1.5 33.0 13.0 i.5 29.C 19.2
3 1.4 29.0 13.5 1.6 28.5 19.0
4 1.3 23.5 19.0 T 23.0 19.5
5 i.5 392.0 19.0 T.h 29.5 18.5
6 1.2 0.0 21.0 1.3 23.5 19.5
7 1.1 23.5 21.5 T.h 29.0 i9.0
8 1.3 23.5 19.5 T.h 29,5 19.0
9 1.6 23,0 i3.6 1.5 23.5 19.5
Hy 1.4 23.9 18.5 T.h 29.5 18.7
11 1.5 32,0 2. i.5 30.0 i8.5
12 1.6 23.9 18.0 1.5 29.90 19.0
i3 1.6 29,3 17.5 LSS Z29.5 18.5
Judsz C dodz2 D
1 1.2 29.8 i8.0 1.1 3.1 18.0
2 1.5 30.0 3.0 1.4 33,0 18.0
3 1.4 28,2 13.5 1.4 23.90 i9.1
L 1.4 39.1 i2.0 1.3 29.9 i8.0
5 1.3 29.8 20.0 T.b 32.8 18.9
6 1.1 29.5 23.0 1.2 32.7 20.0
7 1.1 28.7 20.5 1.1 23.8 19.8
8 1.1 30.0 i9.5 1.3 32.1 18.8
9 105 2905 19.0 ].6 23.8 ]9.2
10 1.3 23.9 13.C 1.4 30.2 18.4
11 1.4 23,5 19.0 1.5 31.0 18.9
12 1.5 23.3 18.5 1.6 29,8 18.9
13 1.6 29.5 17.5 1.5 23,5 18.0




Tartde 6, 1284 Farisrs = i3, ferzans Valvag
Pig Live W, B.r. Lergth e
1 214 1418 22.9 25,2
2 212 1.2 29.5 13.2
3 VAN 133 8.1 23.5
b 208 1.3 3.6 23.2
5 274 1.27 23.2 19.4
6 222 07 29.6 22.9
7 229 1.02 28.8 22.3
8 225 1.53 30.1 2.2
9 218 132 23.3 22,6
J

LR
12

i3




ol €2 8l°H €l %°61 ol 9°6¢ 8l 09°1 A 9 Hl
il 0z 00°Y 6 0°81 ol 0°62 8l L5°1 89 l €1
zl 0z 9l 6 1°81 ol 1°62 8l €9°1 69 8 4
4t [4/ 5%y 6 1°81 ol 8°0¢ 8l £€9°1 1L L ]
4 1z onth 6 z°8l ol S°o¢ 8 L9°] 09 ult ol
zl St 6°¢ (44 6°02 ol 8°62 8l £59°1 LL i 6
9 iz hh*4 02 £°02 ]| 1€ ¥4 £4q° 8L € 8
6 22 £35°y 6 6°81 ol 962 81 LS°1 89 ol L
ol al q6°¢ Al 6°61 o] £°0¢ 1z 0s°1 €l 9 9
Ct e? Hl*y €2 1°12 ol g°o¢ ¥4 JAS | Hg 14 S
it al q8°¢ 6 g°8l ol 0°0¢ ¥4 JAS | 99 £l h
Sl 0z 00y 94 1°12 ol 9°0¢ €7 0€°1 16 l €
£l 1z €€y 6 h°8l S 8°82 1z €4 69 6 4
h €2 08°% 6 9°gl ol 9°62 1z (03,0 | 9 4l l
siybiom AAesy
ol Sl (AR 0z 0°02 ol HLE T4 oLt 08 £l 9l
Lt ol TANS 6 9°8l Z ©°8¢ 8 £€9°1 0% 1 ql
£l A4 49°4h A4 6°02 ol 962 £ 0zl 16 z hl
Zl 0z 60° 4 A4 L°02 q 8°8¢ 1z g€l 08 4l €l
£l (74 f1°h 02 h°oz ot L°67 1z o1 18 6 zl
Lt ¥4 £q°h 0z 02 S g°8e 1z oh° 1 8 H1 L
ol 51 16°¢ 02 1°02 ol ] ¥4 o4°! 9l gl cl
i 1z 87°+ 44 L°0Z ol 0°0¢ 1z £€°1 S8 L 6
£l 0z in°y 0¢ £°0¢ ol g°o0¢ iz £€°1 +8 ol 8
it €7 JAAR 42 6°12 ol 9°62 LT €Ll z6 1 L
6 27 69°4 42 stz ol 0°62 £z £z°1 88 € 9
it 4 044 rAA 6°02 g 6°82 (4 LE* | 08 Lt S
ot 1z gh°h 4 2°€t S 8°8¢ LA JARS | a8 S i
it A4 €54 0z £€°02 ol 4°62 ¥4 AN 98 Ui €
Ul [A4 859y 02 0°02 S 8°82 He JAR 98 8 4
S LA 91°5 Y4 0°92 ol L° 62 1z JAS | 98 9 l
Asllemd *sid  ‘v*3"T *sSid  weyy *sid  "yb) *sid  °*4°g Xopul  °Id "2  °Id °1

s1ybiomM Jyb17

*OUIMG )O9M sdawded G96| 'san|eA Jujod pue san|ejp |enjdoy ‘buideld ssedde) “buide|d 2A}7 °[ 2|GeL




Table Mistifooa Mozl fs, D ol Oacea Taed [iod-y = 102)

Tab e Pabteza G e 1),
Loir-cye Area (235) Fercert Ham (252)
£.25 and up (25) 22.% and up (25)
5,03 = 5,24  (24) z1.5 = 21.9 (&%
L,75 = 4,93  (23) 21.0 = 21.4 (23)
4,50 = 4,75 (22) 29.5 = 23,9 (z2)
L,25 - L3  (27) 25.0 = 22.4 (22)
Loeo = L2k (22) 19.5 = 19.9 (17)
3.75 = 3.99  (i5) 19.C = 13.4 (13)
3.5 = 3,74 (12) 18.0 - 18.9 (9)
3.25 = 3.3 ( 3) 7.0 =173 (&)
2,00 - 3.2+ (1) 16,0 = 16,9 (1)
2.99 & dowa ( Q) 15,9 & 4dowa ( 0)
Czr~zcc Lan~+x (i2) B.F, Thlziknsec (28)

and up (12)
- 28,3 ( 5)
- 28,4 ( 2)
& down ( 0)

1.31 = 1,53
1.51 = 1.40
1.€1 = 1.7

- W TN

P e Y e e t T v 2
- NN PR

D —a 20 00

N N N e N N e P

Coality

{olzr (c) Structure
Crayish Pink (3) Firm & Dry
Lark or Light (4) M:d, Firm & Dry
Tus=tored 3y 1. Firm & Dry
Fals (1) S~ft & Watery
Very Pale {2) V. Soft & Watery (0)
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Table 10, Actual Values for Backfat, Length, Loin-eye Area and Firm-
ness. 1965 Spring Barrow Show Pigs Slaughtered at Farmer
Peets,

Piq B.,F, Lgh, L.E.A, Fns, Pig B.F. Lgh. L.E.A, Fns.

Ls 1.13  29.7 L.30
L6 1.k0  30.5 L.08
L7 1.50 31.5 L,12
L8 1.50 31.7 L,72
Lg 1.40  30.0 L,18
50 1.57 33.0 L.85
51 1.30 30.7 3.75
52 1.43 31,1 L.05
53 1.43  29.9 L.30
54 1.37 29.6 3.95
55 1.47  30.5 L, u8
56 1.70 30,1 4,03
57 1.37 30.3 L,51
58 1.50 30.5 L,57
59 1.30 29.8 5.00
60 1.33  29.0 5.41
61 1.47 29.0 3.71
62 1.30 30.4 5.02
63 1.30 27.5 4,38
64 1.17 28.6 L,72
65 1.43  30.0 4,05
1.23 30.8 5.15
67 1.13  30.5 L,95
68 1.13 28,5 L1k
69 1.13  30.0 4,21
70 1.27 29.9 L,56
71 1.27 29.2 4,02
72 1.20 30.0 4,75
73 1.07  27.3 3.67
7h 1.43 28,7 L.62
75 1.20 30,2 L.85
76 1.23 29,0 6.43
77 1.57 31.7 L,43
78 1.43 29,5 L, ok
79 1.27  30.1 5.35
80 1.27  29.7 L,23
81 1.27 31,2 L,37
82 1.10 29.8 6.13
83 1.30 29,0 5.43
84 1.23 28,2 5.75
85 1.10 30.5 5.75
86 1.17 28,6 5.38
87 1.20 29.0 6.41

1.13  31.3 6
1.27 29.8 4
1.13  30.0 5
1.20 29.5 5
0.97 29.5 L
1.03  30.5 6
1.30  29.4 6
1.27  29.0 5
1.30 29.0 5
10 1.23 29,5 5
11 1.20 31.4 5
12 1.30 30.7 L
13 1.37 30.5 L
L 1.13  31.0 6
15 1.43 32,0 L
16 1.30 32,5 5
17 1.13  30.2 6
18 1.37  29.6 5
19 1.13  29.8 L
20 1.33  30.0 L
21 1.30  30.4 L,
22 1.27  30.5 5,
5
L
5
6
5
5
5
6
6
L
L
L
L
L
L
L
5
3
3
3
5
5

W OoONOVIFWN —

31
L8
91
09
92
16
21
-30
L8
.80
6l
90
10
85
68
15
00
68

23 1.07 30.6
2L 1.03  29.5
25 0.97 29.7
26 1.17  29.8
27 1.20  30.5
28 1.07 29.7
29 1.23  30.0
30 1.20 29.0
31 1.13  30.0
32 1.43  30.1
33 1.27  30.8
34 1.23 29,5
35 1.07 28.8
36 1.07 30.0
37 1.03  30.0
38 1.27 28,1
39 1.20 28.8
Lo 1.60 30,4
L1 1.30 29.5
L2 1.50 30,1
L3 1.27 29.9
Ly 1.30 30.0
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o2
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10
56
05
23
60
92
33
95
20
26
66
.56
.35
.50
85
05
L8
71
92
L6
57
77
95
61
L5
50







