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Summary

Pcstwenaning performance data were abtained an 187 group led purebred Anguos calves from 12 selecred siges (six
high and six low feed cenversion sites) in 19835 and 1GR86. The ohjective of this portion of the siudy was ta develap
prediclion cquations for feed couversion fram a stepwise regression analysis. Variables measured were on-test weight
(ONTSTWT,, an-tesl age (ONTSTAG), live weights by 28-d periods, seven lincar body measurements: heart girth
(HG), hip height (HH), head width (HDW], head length (HDI1), muzzle circumference (MC). length between hooks
and pios (HOPIN) and length hetween shoulder and hooks (SHHO), and backfar thickness (BF). Stepwisc regressions
for maintenance adjusted feed conversion (ADIFC) and unadjusted feed conversion (UNADFC) over the first 140 d
al the test, and ictal feed conversion (FC) uniil propery reached 8.89 mm of hackfal were ahlained separalely by
conversion gronps and sexes and for combined feed conversion groups and sexes. In general, weights werc more
important than Jinear body measurements in prediction of feed utilization. Ta some extent this was expected as weight
is related directly te gain which is 8 component of feed conversion. Weighi at 112 d was the most important variahle
in predictian of lced conversion wher data from both feed conversion grcups and sexes were combined. Weights at
%4 and 40 d were important variables in prediction of UNADFC and FC, respectively, of bulls. QNTSTWT and
weight at 140 d had the highest slandardized partial regression coefficients lTor UNADFC and ADIFC, respectively,
ol heifers. Results indicaled that linear measurements, such as MC, HDL and HOPIN, are uvseful in predicticn of
feed conversior when feed infakes are unavailakle.
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Introduction

A primary goal of the bcef cattle industry is
to improve inputfoutput efficiency of profitable
production of quality meat for consumers. Diffe-
rences in growlh rate and efficiency of converting
feed into hody weight pains arc mnportant economic

'Salaries and research snppart previded hy state and
federal funds apprcpriated to the Ohio Agric. Res. and
Dcv. Center, The Okia Siate Univ. journal article na.
G(-94.

*The anthers wish to thank R M McConnell. | D.
Wells, P. E. Huoudashelt, and G. 1. Reid far their
excellent technical assistance.

"Address reprint requesis 1o Dr. N H. Park, Karean
Nafive Cattle Improvement Center. Seasan, Chungnani,
Karea 352-830

"Present address: American Rreeders Service, 6908 River
Rd P.O Box 459 DeForest. W1 53432 US A

SAnim Sci Dept., The Ohio State Uwniv.,, Calumbus,
OH U.S A. 43210,

Received August 16, 1992

Accepled May 23, 1964

traits. However, determination of individual feed
intake for purposes of estimating feed cenversion
iIs caostly, labor intensive and impractical tn many
feeding situatians. Therefare, equations invelving
easily measured body weights and linear measure-
ments that could te used 1o accuratety predict feed
canversion would be uselul The objective of Lhis
study was 1o develop such prediction equations
for postweaning feed conversion.

Matarials and Methods

Source af data

Postweaning data were caollected from 187
purebred Anpus calves fram 12 selected sises (six
high and six low feed conversion sires) in 1985
and 1986. Until time of weaning, all calves were
located at the Eastern Ohio Resource Development
Center (FORDC), Belle Valley. Sires of these calves
were selected from 35 individually fed bull calves
each year based on feed conversion. The three mast
efficient (in terms of kilograms cof leed reguired
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per kilogram ol gain) and the three least efficient
bulls were randemly mated to approximately 20
cows each in a test herd of Angus cows located
at EORDC. A dilferent group of high and low
{eed conversion, Angus sires was used for breeding
cach year at 2 yr ol age. A more detailed
description of selection, managemcnt and feeding
practices for the population from which the sires
were selected was piven by Davis et al (1985)
Since progeny were scparaled by sire group and
sex and group fed during the postwcaning period,
feed conversions were measured on pens and not
mdividoals.  Thus, 24 experimental units were
avadilable. Detailed descriptions of ADIFC, UNA-
DFC and FC were given by Park et al. (1994).
Calves were weaned at approximately 7 mo of age
and were then transported (o the Northwestern
Branch of the Ohio Agnicultural Research and
Develcpment Center located al Hoytville. Calves
were given approximalely 2 wk Lo bccome accus-
tomed tc the leedlot and postweaning diet. After
the adjustment period, all calves were placed on
full feed. Composition of the pestweaning diet was
given by Park et al. (1994).

Weights were taken at the beginning of the
postweaning test and at the end of each 28-d
period until cach calf reached 8.89 mm of backfat
as measurcd via sonoray. Those calves with a fat
measurement of 889 mm or greater after 140 d
were removed from the test and slaughtered. At
completion of the 140-d postweaning period, body
measurements including height at hips (1I1), depth
of chest (CI)), width of chest {CW), length of head
(HDL). width of head (HDW), heart girth (HG),
length between books and pins (HOPIN), length
between shoulder and hooks (SHILQO), circumlerence
of muzzle (MC) and backfat thickness (BF) were
obtained on both bull and heifer calves. Least
sguarcs means and standard errors for weights,
feed conversions and  body measuremcats by year-
conversion group are presented in table 1. Volame
{(VOL = (HOPIN + SHHO) x CD X CW, cm’} of
body was calculated for calves born in 1985
Except BF, body mcasurements were obtained using
a flexible steel or clath measuring tape and metal
calipers. Green and Carman (1976) found these
instruments to be accurale for such measurements.
Points used in taking the measurcments werc
described by Park el al. {1993, 1994).

Statistical analysis
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Multiple regression prediction equations for
ADJFC, UNADFC and FC were construcled in
a slepwisc manner using Sire-six pen means gccor-
ding to a procedure that gave a maximum coef®
icient of multiple determination (R% SAS, 1982),
Independent variables used were on-test weight
(ONTSTWT), on-test age (ONTSTAG), five body
weights by 28-d periods, BT and seven linear body
measurements (HG, HH, HDW, HDL, MC,
HOPIN and SHHO). Since depth of chest and
width of chest werc taken only in onc year, VOL
was used as an independent variable for calves
born in 1985, Stepwise regressions for ADIFC,
UNADFC and FC wcre run separalely by conv-
ersion groups arnd sexes and aiso for combined
feed conversion groups and sexes.

In our study. it is difficult to compare regres-
sion coeflicients because of differences in the units
to mcasurc weights and lincar maits. Thesclore,
standardized partial regression  coelficients were
employed to evaluate the relative importance of
the independent variables.

Danicl and Wood (1971) recommended a
measure of “total squared error” called the C(P)
statistic  when a large nuiber of allernative
equations arc being considered. The C(P) slatistic
is a simple function of the residual sum of squares
from fitting each model. To aftain the
appropriate equations, the model where the value
of C(P) first approached the number of the ind-
cpendent variable i the model was chosen.

mast

Results and Discussion

Results of the analysis for feed conversion
groups and sexes combined are shcwn in table
2. The ONTSTWT, WTI112, HDL and MC were
entered in all models. In addition, modcls for
ADIFC and UNADFEC contained WT26, G,
HDW and HOPIN. The BF was contained in the
model for UNADEC and FC but not the
models for ADJFC. Regression cocfficients of
variables ¢common to the model for ADNIJFC,
UNADFC and FC were identical in sign and
similar partial phenotypic relationships  existed
between these variables and each measurc of fred
converston.

Positive regression coeflicients for ONTSTWT
(0.004, 0.004 and 0.005 kg feed X kg gain' X
kg hody wt? for ADIFC, UNADFC and FC,
respeclively), WT28 (0.004 kg feed > kg gain™

in
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TABLE 1. LEAST SQUARES MEANS AND STANDARD ERRORS FOR 28-D WEIGHTS, BODY MEASURENENTS,
14C-D FEED CONVERSION (FEED /GAIN) ADJUSTFD FOR MAINTENANCF (ADIFC), 140-D FEFD
CONVERSION UNADJUSTED FOR MAINTENANCE (UNADFC) AND FEED CONVERSION MEASURED UNTIL
CALVES REACHED 889 mm OF BACKFAT BY YEAR CONVERSION GROUP

Year-conversion group®

Traits® 1985 - 1986

High Low Ligh _ Low
ONTSTWT 207 44 195  +d 211 +4 204 44
WT28 246 42 244 14 247 42 243 42
WT356 21 £3 274 43 283 43 275 £2
WT8&4 316 43 107 =3 320 43 309 +2
WTIEI2 351 44 340 +5 354 44 342 14
WTI40 387 &6 374 46 391 £5 377 &5
Hip height 1143 +1.0 113.2 £1.0 1167 +1.0 1145 +1.0
Heart gitth 1793 £1.9 171.6 +1.8 [74.1 419 174.8 +1.7
Width of chest 444 4-0.5 440 +0.5
Depth of chest 588 +06 574 £0.6
[ength of head 43.0 0.5 424 £0.:5 417 +0.5 408 +0.5
Width of head 206 +0.3 20.6 +0.3 21.7 £90.3 21.5 0.3
Length between hooks and pins 442 408 435 £0.8 491 408 489 L0.8
Length between shoulder and hooks 940 1.6 932 +1.6 95.7 +1.7 93.1 £1.5
Circumference of muzzle 413 4056 41.4 +0.6 407 407 41.8 +0.6
Backfat thickness 0.984-0.05 0.86+0.05 0.85+0.05 0.84+40.05
UNADFC 5.324-0.16 5.74-L0.17 5.6240.16 6.0210.15
AIMFC 5.21 019 5.6240.18 5654018 6.104£0.18
FC 5.3840.11 5.87+0.12 5474011 5.83+0.10

e High [ced conversion calves were progeny of sires with low feed:gain ratios. Low feed conversion calves were

progeny of sires with high feed gain ratios.

" ONTSTWT = on-test weight (kg); WT28 = weight at 28 d (kg); WTSE

weight al 56 d (kg); WT84 = weight

at 84 d (kg); WTII2 = weight at 112 d (kg): WTI40 = weight at 140 d (kg); em for Lody measurements.

x kg body wt? for FC) and WTS6 (0.005 and
0.007 kg feed x kg gain™ X kg bady w(™ for
ADJFC and UNADFC. respectlively) tndicated that
animals that were lighter sn weight during the first
two 28-d periods had better feed conversion when
other variables were held conslant. Bishop et al
(1991) rcported positive phenotypic correlations
of on-test weight with postweaning feed conversion.
Beczuse young animals that are lighter in weight
gain more rapidly thap heavier animals, due to
compensatory gain, this is somewhat expected. Alsa,
lighter weight animals have lower maintenance
requirements. Coefficients for regression of ADIFC,
UNADFC and FC on WTII2 were —0.008,
--0.005 and —0.005 kg feed X kg gain” X kgwt™,
respectively. Therefore, animals that were lighter
in weight at the keginning of the posiweaning test,
gained rapidly during the postweaning period

(Bishop et al. 1991) and were heavier by d 112
af 1he test were more efficient in feed utihzation

Brown et al. {19%6) used weight and body
measurcments to  obtaine lifetime developmental
patterns in Angus. According to their work, linear
skeletal growth occurred more rapidly and matured
carlicr with Jcss variation than wcight. They also
found that body weight was more variable than
linear body measurements among ammals at all
ages. These results indicated that various parts of
the body rcach their maximal devclopment at
different times and at different rates.

Head measurements had negalive regression
coefficients. indicating that calves with larger muz-
zle circumferences (—0.048. —0.062 and -0.055
kg feed X kg gain’ cm MC' for ADJFC.
UNADFC and ©°C.  respeclively) and longer
(—=0.076, —0.068 and —0.09] kg feed % kg gain”
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¢cm HDL™ lfor ADJFC, UNADFC and FC, resip-
ectively) and wider heads (—0044 and -0.063
kg feed X kg gain” em HDW '’ for ADJFC and
UNADFC. respectively) were more efficient in feed
utilization (feedfgain). These results are in agreem-
enl with those reported by Yao et al. (1953) who
found that width of muzzle was negatively corre-
lated with feed conversion (feed{gain) in becf and
milking Shorthorns. Gilbert et al. (1993) found
positive phenotypic correlations of AIDG with head
Jength and width. and with muzzle width measured
al end of test, A possible explanpation for this
result s that calves with larger muzzle circumfer-
ence tend to consume more feed than calves with
smaller muzzle circumference, especially in group
feeding situations, because of competition. Conse-
guently, they have more energy availab'e for weight
gain,

A negative relationship was found hetween HG
and feed conversion at d 140, whereas a positive
relationship existed between HOPIN and feed
conversion at thatl time, indicaling that calves with
larger HG and lower HOPIN had more acceptable
feed:gain ratios. These results are in agreement with
Khalil and Pirchner (1986), whe found that teed
conversion (leed:gain) had a negative correlation
wilth heart girth of fattened yearling buils of con-
tinental cattle breeds. Although body length
{(HOPIN and SHHOQO) oblained from calves born
in 1985 and 1986 was entered in some models,
volume, calculated as length (FIOPIN + SHHQ)
X depth (CD) X width (CW) for progeny born
in 1985, was not contained in the models for feed
conversion groups and sexcs combined.

Moulton ¢t al. {1921) reported cffects of plane
of nutrittion on growth and form of cattle. Plane
of nutrition had liule affect on hip height and
wither height, whercas nutritional restrictions on
growth involving body length, heart girth and hip
width were reported. Results indicated that relat-
ienships between feed converston and linear mea-
surements may differ over time with differing diets.
Therefore. caution must be excicised in interpreting
relationships of feed conversion with linear meas-
urements.

Standardized partial regression cocfficients id-
icated that wecight measurements were much more
closely assaciated with feed conversion than were
finear measurements. Among linear body measur-
emerts, head measurcments, especially HDL
(~—0.255. —0.235 and —0.291 for ADJFC, UNADFC
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and FC, respectively) and MC (—0.224, —0.300
and —0.245 for ADIFC, UNADFC and FC,
respectively) were mast important.

Variation in feed conversion accounted Ior by
the various equalions approached significance sig-
nificant {p < 0.15). Coefficients of multiplc deter-
mination (R* indicated that more variation in
ADJFC (R* 0.76) and UNADFC (R* = 0.75)
was accounted for than in FC (R? 0.55). This
result was to be expected because lincar mcasure-
ments were taken at the end of the period used
to determine ADJFC and UNADFC (d 140),
whereas FC was a measurcment of feed conversion
ta a fat constant endpoinl, which occurred alter
d 140 for many progeny.

In sepatate analyses of bul] and heifer data,
12 pens each of bulls (86 bulls) and heifers (101
heifers) were used to
various Llraits with feed conversion, Coefficients
of mnltiple determination for the bull and heifer
regression equations were substantially smaller than

examine relationship of

those for the earlier equations involving both sexes
combined excepl for FC of bulls {table 2), Length
of head and ONTSTWT for bulls and HOPIN
for heilers were included in all models. Variables
common o the models for ADJFC and UNADFC
were ONTSTWT, HDL, MC and HOPIN for bulls
and HDL and BHOPIN for heifers. The HG and
HI were included only in the model uvsed to
predict UNADFC for heifers. Standardized partial
regression cocflicients ( 0.694 and  -0.381 for bulls
and ncifers, respectively) indicated that BIY was
the variable most closely associated with FC of
both sexes and that fatter bulls and heifers were
more efficient. A possibic ¢cxplanation of this result
is that more efficient calves have higher weight
gains. Thus, they begin depositing fat eariier and
become fatter. This result is in agreement with that
reported by DiConstanzo et al. (1990) who used
14 mature, nonpregnant, nonlactating Angus cows
to examine within-herd variation in energy utiliz-
alion for maintenance. They reported that metaboliz-
able cnergy required to maintain 1 kg of fat was
lower than that required to maintain | kg of
protein (20.7 vs 192.9 Kcealfkg). Bulls having lesser
ONTSTWT and greater WT84 (standardized partial
regression coefficicnts 0.583 and —~1.713, resp-
ectively) and heilers having preater WT140 (stan-
dardized partial  vegression  coefficient 22

0.860) were more efficient in terms of UNADFC
and ADIJFC, respectively. Length of head was of
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TABLE 2. REGRESSION EQUATIOCNS FOR MAINTENANCE ADJUSTED FEED CONVERSION {AD.FC) AND UNADJU-
STED FEED CONVERSION (UNADFC) OVER THE FIRST 140 D OF THE TEST AND FOR TOTAL FEED
CONVERSION (FC) UNTIL PROGFNY REACHED 8.89 mm QOF BACKFAT (PARTIAL REGRESSION COEF-
FCIENTS ARE GIVEN AND STANDARDIZED PART AL COEFFICIENTS IN BOLD)

Data set Dependent T o B Independeni variables® o
AL Gariable TP ONTSTWT WT28 | WTS6 WTS4  WTH2  WTI40  HG
Feed ADJFC 11.155 0.004 0.005 —0.008 —=0.007
conversion 0.309 0.553 1.i51 —0.106
proups
and sexes UNADFC 10.684 1.004 0.007 —0.00% —0.0011
combined 0.332 0.812 —0.740 -0.161
FC 12.343 0.005 0.004 0.005
0.353 0318 -0.732
Bulls ADJFC 5.234 0.004
0.687
UNADFC 4,701 0.002 —0.005
0.583 —-1.713
FC 6.640 0.006 0.003
0.181 0.684
Heifers ADJFC 5.534 0.003 —0.004
0.532 —0.860
UNADFC 5.556 0.003 —0.009
0.400 —0.289
FC 4,006
High feed ADJFC 10.803 —0.004 0010 —0.007 —=0.009
conversion -0.413 1.197 —-1.210 —0.143
group - - . - -
UNADFC  10.684 0.010 —0.008 0.009
1.144 - 1.266 —-0.140
FC 12.533
Low lead ADJFC 11.827 0.008 —0.007
conversian C.867 —1.12%
group e :
UNADFC 13130 0.003 0.011 —0.003 0.013
0.225 1.110 -0.518 —0.79
FC 14.673 0.007 —0.003
0.543 —0.368
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TABLE 2. CONTINLED

Dependent _ Independent variables®

o 229 e sssmm— S, . EEE— 2
Data sel = able "7 U Upw  HDL  MC BF  HOPIN SHHO
Feed ADIFC 11.155 —-0044 —-0076 —0.048 0.022 076
conversion —0.110 —-0.255 —0.224 0.126
groups =~ - " - -
and sexcs UNADFC 10684 0052 —0063 —0068 —0062 0970 0022 0.75
cambined C.143 —0.160 —C.235 —0.300 0.119 0.13C

FC 12.343 0091 —-0035 —224 0.55
— 0291 —0.245 — @0.261
Bulls ADJEC 5334 —0.047 0.023 0.017 0.44
-£32 0.144 0.210
UNADFC 4701 —0.026 —0.025 0.014 0.49
— 0.260 — 0.226 0.250
FC 6.640 -0.047 —4.30 0.60
— 0.205 T B.94
Heifers ADIJFC 5.534 —0.038 (.039 0.056 031
—0.158 0.16" 0.501
UNADFC  5.556 0.069 -0.036 0.052 0.38
0.204 0."57 0.459
FC 4006 0.066 —0.246 0.032 023
0.222 —0.381 0.182
High feed ADJFC 10.803 —0.088 0.82
conversion —0.470
aronp -
UNADFC  10.684 —0.090 0.78
-0.477
FC 12.533 —0.136 - 0.380 0.62
- 0675 - 0.464
Low feed ADJFC 11.827 —0.097 —0.065 0.948 0.029 0.78
conversion -0.308 —0.3722 0.120 0.173
group T ) T
UNADEC 13,130 —-0.108 -0.007 0.133 0.78
- 0329 —-0.364 0.160
FC 14.673 —0.132 -0.046 —1432 —0.025 Q.52

-0369 —0205 -—0.141 —0.188

“ ONTSTWT — on-tesl weight (kg): WT28 = weight at 28 d (kg); WTS6 — weighr a1 56 d (kg): WT84 = weight
at 84 d (kg); WTI12 — weight at 112 d (kg). WT140 = weight at 140 d (kg); HG = heart girth (¢m); HH = hip
height (cm): HDW = head width (cm); HDL = head length (em): MC = muzzle circumference (cm); BF = backfat
thickness (mm); HOPIN = length between hooks and pins (cm); SHHO = iength between shouider and hooks {em).

no
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grealer impertance in determining feed conversion
in tulls than in heifers. A bigger muzzle was
undesitable for heifers. In addition, bulls and
hetfers with shorter rumps (tower HOPIN) were
more efficient.

Separate regression equations also were devel-
oped for the 12 pens of high (9! calves) and 12
pens of low (96 calves) leed conversion calves
(table 2). Muzzle circumference entered inte  all
models for both high and low feed conversion
groups. In all cases, a larger muzzle was destrable
with standardized partial regression coefficients
ranging lrom —0.322 to —0.477. In addition to
MO, WT56, WT'I12 and HG, for feed conversion
through d 140, and BF, for feed conversion over
the entire test, increased the reduction in sum of
squarcs and explained a Jarge portion of the
variation in feed conversion in the high feed
group. Calves having lesser WTS6
(standardized partial regression cocelficients = 1,197
and 1.144 fer ADIFC and UNADFC, respectively),
but preater WTI|2 (standardized partial regression
coefficients = —1.210 and —1.266 {or ADJFC and
UNADFC, respectively), HG (standardized partial
regression coefficients = —0.143 and —0.140 for

conversion

ADIJFC and UNADFC, respectively) and BF
(standardized partial regression  coefficient  —
—-0.464 for FC) were more elficient. Standardized
partial regression coefficients indicated that HOPIN,
MC and BF were cjosely associated with [leed
conversion in the low feed conversion group.
Regression coeilicients of the variables common
to the equations for feed conversion in the high
and low efficiency groups were identical in sign
(except BF lor ADJFC in the low feed conversion
group) and similar in magnitude {except BF for
FC in the high feed conversion group). Cocflicients
of muluiple determination for these equations were
similar to those for equations which involved all
data.

« Volume was entered only in the UNADFC
equation of 1985 high (43 calves) feed conversion
calves (table 3). This model also contained WT28
and FHDL. Negative regression coefficients for
HDL {—0.169 kg feed % kg gain™ ecm HDL™) and
VOL (—0.00000791 kg feed X gain™ X cm® VOI.™)
indicated that 1985 high feed conversion animals
that were [onger headed and larger in volume had
better fecd conversion when other variables were
held constant.

TABLE 3. REGRESSION EQLATIONS FOR UNADJUSTEC FEED CONVERSION (UNADFC) CF PROGFNY BORN IN
1685 (PARTIAL REGRESSION COEFFIC ENTS ARE GIVEN ANC STANCARDIZED PARTIAL REGRESSION

COEFFICIENTS I BOLD)

Data set Dependent Intercent Independent variables® )
WS arable TP ONTSTWT W28 WTs6  WIER4  WTII2  WTI40 _ HG
1985 UNADFC 13.134 0.005
Fligh feed
conversian 0.397
group
Dependent Independent variables® 2
ate . X R
Dataset = viaple ™¥P' TTHH WDW  HDL  MC BF VO B
1985 UNADFC 13134 —0.169 —0.00000791 060
High feed
conversion —0.581 —0.539
group

L ONTSTWT = on-test weight (kg); WTI2R = weight at 28 d (kg) WTS6 = weight at 56 d (kg): WTB4 = wcight

at 84 d (ke); WTI12 — weight a1 112 d (kg); WTI40

weight ar 140 d (kg)y HG = heant girth (cm); HH = hip

height (cm); FIIDW — head width (em); HNI. = head length (cm); MC = muzzle circumierence (em); BF = backial

thickness (mm}); VOL — valume (cm®).

Conclusions

Efficiency of leed usc is not a directly measu-

rable trait. It is a ratio between direct mcasure-
ments of gain and feed consumption. Therefore,
it might be expected that weights would be more
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closely associated than linear tody measurements
with fced utibization, hecause gains contribute to
weights and gain is ane component of the feed:gain
Weight at 112 d was the variahle most
closely related 1o feed conversion when data from
both feed conversion groups and sexes were cam-
bined. In the prediction of {eed conversion of bulls,
weight at 84 and 140 d were impcrtant variables
for UUINADFC and FC, respectively, whereas in
heifers an-test weight and weight at 140 d had
the highest standardized partiai regression coeffic-
ients for UNADFC and ADIJFC, respectively. BF
had the highest standardized partial regression
coellicients for FC of both sexes. Among linear
measurements, head length and muzzle cirenmfer-

ratio.

ence were the variables most closely associated with
feed conversion in cambined analysis of all data.
Even though progeny of high and low {eed con-
version sires will net vary greatly in hady type
and canfarmation (Park et al, 1993), results of
this study indicate that linear body measurcments
are uscful in prediction of postweaning feed con-
version when [eed intake data are unavailable.
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