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A serial slaughter experiment is described using 48 yearling bulls: 24 Hereford
crossbred (HX) and 24Beef synthetic (Sy). Twetve bulls of each breed type were
fed a high-energy, mainly grain diet (Hi) and the other 12 a pelleted alfalfa diet
(Lo). The two breed types showed similar growth rate and feed efficiency, yet at
constant carcass weight (375.2 kg) the HX were fatter (44.2vs.3i.2 kg) and had
less muscle (110.3 vs. 116.8 kg) in the dissected side than the Sy. The Hi diet
resulted in greater growth rate (1.46 vs. 1.06 kg/day) and feed efficiency (9.5 vs.
12.7 kglkg), in both breed types, than the Lo diet and resulted in a greaier rate of
fat thickness accumulation (p:0.001). At constanr carcass wei+fu (475.2 kg), the
Hi diet gave more fat (46.9 vs. 34.5 kg) and less msucle (l09.ovs. llg.0 kg) and
bone (24.6 vs. 28.0 kg) in the dissected side than the Lo diet in both breediypes.
It is concluded that biological type and diet can be manipulated independettily to
produce optimum carcass grades at various carcass weights.

Key words: Fatness, feed energy, growth, carcass, bulls, beef production

[Influence de ]a valeur 6nerg6tique des aliments sur la croissance et les caractdres
de Ia carcasse des taureaux de deux races.]
Titre abr6g6: Valeur 6nerg6tique des aliments et race des taureaux.
Suit la description d'une exp6rience dans le cadre de laquelle on a abattu une s6rie
de 48 taurillons d'un an: 24 hybrides Hereford (HX) et 24 bovins de boucherie de
race synth6tique (sY). Douze taureaux de chaque type ont regu un aliment d haute
valeur 6nerg6tique, principalement du grain (Hi), Ies autres 6tant nourris d'agglom-
6r6s de luzerne (Lo). Les taurillons des deux types ont montr6 un taux de croissance
et un indice de consommation similaires. Cependant, d poids de carcasse identique
(37 5 ,2 kg) , les taurillons HX 6taient plus gras (44 ,2 contre 37 ,2 kg) et avaient une
musculature moins d6velopp6e (1 10,3 contre I 16,g kg) que les taurillons Sy pour
le c6t6 diss6qu6. Le r6gime Hi entraine une hausse du taux de croissance (i.46
contre 1,06 kg/j) et de I'indice de consommation (9,5 conju.e 12,7 kg/kg) chez les
deux types, de mdme qu'il se caract6rise par un d6p6t accru de graisse (F:0,001).
A poids de carcasse identique (375,2kg),le r6gime Hi augmenie la couche de gras
(46,9 contre 3a,5 kg) et r6duit la musculature (109.0 contre llg,0 kg) ainsi-que
I'ossature (24,6 contre 28,0 kg) du c6t6 diss6qu6 pour les taurillons des deux typls.
On en conclut que le type biologique et le r6gime peuvent €tre modifi6s s6par6ment
pour la production de carcasses de la meilleure cat6gorie, i divers poids.

Mots cl6s: Couche de gras, valeur 6nerg6tique des aliments, croissance, carcasse,
taureaux, production de boeuf

Many factors influence the cost of produc- mally profitable aim is to minimize costs by
tion in a beef feedlot but a common and nor- using breed types and feed formulations
Can. J. Anim. Sci. 64l.323-332 (June 19E4) which maximize growth rate. This inevit-
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ably leads to greater feed efficiency, but can
also lead to overfatness particularly in
breeds with a high propensity to fatten
(Price et al. 1980; Barber et al. 1981). The
maximum price per kilogram in Canada is
achieved by carcasses with both an opti-
mum fat cover (currently those which grade
Canada Al or Canada A2) and an optimum
carcass weight (generally between about
250 and 317 kg) with price penalties for
over- and under-fatness as well as over- and
under-weight. Choosing the appropriate
slaughter weight and fatness to maximize
returns therefore involves understanding the
interactions between the rate of accumula-
tion of fat and of liveweight in cattle of dif-
ferent biological types on different diets.
Estimating maximum profit involves among
other things taking into account the size of
the various discounts for weight and fatness
since maximum return per kilogram and
maximum gross margin do not always co-
incide.

Most research into the effects of feed en-
ergy and biological type have used the se-
rial slaughter at a fixed end-point approach
to obtain carcass data (Barber et al. 1981;
Kempster et al. 1982). This involves
slaughtering animals when they reach a pre-
determined age, liveweight or fat thick-
ness. Such fixed end-point experiments are
unable to indicate what the effect of the ex-
perimental treatment would have been at
any end-point other than the one chosen.
This design has the further disadvantage of
confounding the effects of time with the ef-
fects of the end-point factor. A random
time-of-slaughter design allows the study
of rates of change in tissue weights relative
to any covariate desired (e.g. time, live-
weight, carcass weight, bone weight). In
addition, the size of any component in the
carcass can be adjusted, within the range of
the data, to estimate the sizes which would
be expected at any desired end-point. It is
also possible to compare growth rate and
feed efficiency using this design.

The present random sequence, serial
slaughter experiment was designed to study

the effects of dietary energy level on rates
of change in live animal and carcass traits
of bulls of a fatter and a leaner breed type.

MATERIALS AND METHODS
The experiment used 48 bulls, selected at the
end of a 140-day feedlot performance test, aged
approximately 1 yr. They consisted of 24 bulls
of each of two breed types: Hereford crossbreds
(HX) with a breed composition of at least 507o

Hereford, and Beef Synthetic (SY), a composite
which has stabilized at approximately 36Vo An-
gus,34Vo Charolais, 20Vo Galloway and llVo of
other breeds. Twelve bulls of each breed type
were allocated at random to a mainly grain con-
centrate diet (Hi) and the other 12 to a pelleted,
dehydrated alfalfa diet (Lo). Both diets (Table
1) were fed ad libitum in pens of six bulls each,
with water freely available. The design was,
therefore, fully replicated with two pens per
breed x diet combination. Until Day I of the
experiment all 48 bulls had been eating the Hi
diet, and on that day they were all weighed (in-
itial weight) and the Lo groups were switched to
the Lo diet. During the course of the experiment
all bulls were weighed individually at 2-wk in-
tervals without restriction of feed or water. At
the same time remaining feed was weighed to
establish the pen feed consumption during the
previous 2 wk. Average daily gain (ADG) was
calculated as the within-bull regression of live-
weight on time. Feed conversion rate was the
total feed consumed in the pen divided by the
total weight gained in the pen for the duration
of the trial.

The bulls were slaughtered in random order,
beginning 4 wk after the initial allocation to
treatments. To ensure a wide range of slaughter
weight and fatness the 24 Hi bulls were dis-
patched at a rate of two a fortnight and the 24
Lo bulls at one a fortnight because of their an-
ticipated slower growth and fattening rates (Fig.
l). This method ensured that the cattle were se-

lected in a random sequence, spread over a long
time period, and that factors such as liveweight,
fat cover and time on feed had no influence on
selection for slaughter.

Bulls were weighed in the normal manner on
the day before slaughter and leftover feed was
weighed at the same time. The bulls were held
overnight without feed or water and then trucked
150 km for slaughter in a commercial packing
plant. They were weighed on arrival (slaughter
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Table 1. Composition of experimental diets

325

High energy
l07o roughage

diett

Low energy
10070 roughage

dietl
Ingre dients ( kgl tonne )
Rolled barley
Rolled oats
Alfalfa pellers{
Rapeseed meal
Calcium carbonate
Dicalcium phosphateg
Vitamin mash (A, D3, E)fl
Trace-mineralized. saltl I
Molasses

Total

Analyses on DM basis
Dry matter (7o)
Crude protein (7o)
Acid detergent fiber (Vo)
Calcium (7o)
Phosphorus (7o)
Gross energy (MJ/kg DM)
Digestible energy (MJ/kg DM)
Metabolizable energy (MJ/kg DM)

620
200
100
58
10

5.2
2.6
2.6
1.6

1000

91.0
14.3
13.5
0.54
0.37
17.8
14.2
11.6

rooo

1000

92.0
17.4
)z- |

1 .65
o.21
16.3
10.9
8.9

TAssumed 8o7o digestibility for high energy diet and 67% digestible for low energy diet.
lDehydrated ground alfalfa with ethoxyquin, an anti-oxidant water-soluble vitamin A preservative.

!Yt^Jy" of monocalcium phosphate and dicalcium phosphate conraining a minimum o1 2l% phosphorus and
l5-18Eo calcium-
flln each kilogram of diet: vitamin A, 5000 IU; vitamin D, g25 IU; vitamin E, 5 IU.
//Containing 96.5vo salt, o.400vo zn, 0.160va Fe, 0.l20vo Mn, 0.033vo cu, 0.oTlEo r and 0.004vo co.

weight) and slaughtered within an hour. After carcasses were taken to the University Meat
overnight chilling the carcasses were appraised Laboratory where they were broken into primal
and graded by Agriculture Canada personnel. cuts as deacribed by Jones et al. (1980), an-d each
The quartered (llth/l2th rib) left sides of the cur was dissected into bone. muscle and fat.

E
.9
o

=o
.z
J

. Hereford Crossbred
o Beef Synthetic

High
Energy

Low
Energy

Time
Fig. l. Schematic representation of slaughter schedule.
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The data were initially subjected to least
squares analysis of variance (Harvey 1916) to
establish the overall effects of breed type, diet
and their interaction. The experimental design
also allowed the use of covariance analysis to
study the rates of change in the live and carcass
traits relative to some fixed reference, such as

initial or final liveweight, carcass weight or days
on test.

RESULTS
One bull in the Lo HX group died of feedlot
bloat in the 26th week of the experiment;
all data relating to that bull were removed
from the analyses.

Table 2 shows the means and standard
errors of the weights and ages of the bulls
at the time of allocation to treatments, and

the number of days spent on feed by each
group. ADG and feed efficiency were sim-
ilar in the two breed types over the course
of the trial (Table 3). Diet, however,
exerted a significant influence on feedlot
performance: greater ADG (P<0.001) ac-
companied by better feed efficiency
(P<0.001) in the Hi group, though it should
be noted that by design, their time on test
was shorter than that of the Lo group. There
was no significant interaction of breed type
and diet on feedlot performance (Table 3).

The slaughter and carcass analyses
(Table 3) indicated no breed type differ-
ences in slaughter or carcass weight, but the
SY group had a greater side muscle weight
(P:0.045) and a tendency towards a

greater longissimus muscle area (P : 0.067)
and lesser fat thickness (P :0.079) than the
HX group. The Hi diet gave greater carcass
weights (P:0.017), and fatter carcasses
(P<0.001) than the Lo diet, but diet had no
significant effect on muscle or bone
weights. There were no significant inter-

No. of
bulls

Initial
wt. (kg)

actions of breed type with diet for any of
the slaughter or carcass data.

No attempt was made to analyze statis-
tically the carcass grading data, but arrang-
ing them in order of measured fat thickness
(Table 4) indicated that HX carcasses were
fatter than SY carcasses and that the Hi diet
resulted in fatter carcasses than the Lo diet.

Least squares analyses of covariance in-
dicated that gain on test, adjusted to a com-
mon time on test (159.8 days) was not sig-
nificantly affected by breed-type, but was
affected by diet, the Hi group having a

greater (P:0.002) rate'of gain (Table 5).
There were no breed type or diet effects on
slaughter weight adjusted to a common in-
itial weight, or on the regression (b) ofcar-
cass weight on slaughter weight (Table 5).
However, at the mean slaughter weight
(618.0 kg), adjusted carcass weight was
greater in the SY than the HX bulls
(P:0.02T and in the Hi than in the Lo diet
(P:0.007).

There were no significant differences be-
tween breed types for any of the relation-
ships shown in Table 6, though adjusted to
the mean carcass weight, the HX carcasses

had greater fat depths (P:0.029) and side
fat weight (P:0.005), and lower side mus-
cle weight (P:0.014) than the SY car-
casses. Adjusted to a common side bone
weight the SY bulls had greater side muscle
weights.

The relationships between marbling score
and carcass weight, and fat depth and car-
cass weight were both affected by diet
(P<0.01); the Hi diet causing a more rapid
accumulation of fat than the Lo diet. Ad-
justed to the mean carcass weight (375.2
kg), the Hi diet caused increases in fat depth
(P<0.001) and side fat weight (P<0.001)

Initial
age (days)

Days on
experiment

Table 2. Means and standard errors at the time of allocation to treatments

Hi HX
Lo HX
Hi SY
Lo SY

494.7 !11.4
457 .0 + tl .9
4',77 .9 + 1t.4
469.2 ! 1l .4

360.8 + 4. 1

348.'7 !4.2
355.9 ! 4.1
359.7 !4.1

t33.',7 + 23 .3

l'76.8!24.3
136.6 !23.3
190.3 t:23 .3

12

1l
t2
t2
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Table 4. Grades assigned to carcasses in the experiment

Number in each gradef

A3A4No A1 81+ Cl$ EIT

Breed type
HX
SY

Diet
Hi
Lo

Breed x diet
Hi HX
Lo HX
Hi SY
Lo SY

24721
23001

L)

24

TL

u
t2
t2

4
0
3

0

t2
l5

13

t4

A

8

9
6

100
300
000
032

2I
00
00
0l

tThe progression from .A4 to E represents decreasing fatness, except as indicated below.
fThe Hi HX carcass in this column had a fat level appropriate for A1 but was downgraded to B1 for medium-
dark-colored muscle. The other three had Bl fat levels.
$All carcasses were judged youthful but lacking sufficient fat for a B I grade.

flOne E carcass had no measurable fat cover. The other had a fat level appropriate for A3 but was downgraded
for "stag" quality and coarse texture.

Table 5. Least squares analyses of covariance to test the effects of breed type and diet on live animal and

carcass traits

Gain on test Slaughter wt Carcass wt Carcass wt

Factor (ke) fte) (ke) (kg)

Least squares mean
Covariate
Covariate mean
R2

RMS

Breed type
bI HX

SY

)+ HX
SY

Diet
bHi

Lo

vHi
Lo

185.2 611 .9

Days on test Initial wt
159.8 days 474.6 kg
0.887 0.320
9'10.6 7210.9

3'16.2 3'76.2

Initial wt Slaughter wt
474.6 kg 618.0 kg
0.368 0.965

2359.7 129.8

0.581 0.2 0.56 t 0.03
0.45 + 0.4 0.55 *0.03
(P = 0.311) (P:0'675)

1.05 t 0.09
1.08 + 0.08
(P:0.838)

185.4 + 6.5
185.1 + 6.7
(P = 0.999)

1.2'7 !0.1O
0.86 r 0.07
(P:0.002)x

223.4+ 6.9
l4'l .t+ 6.6

0.94 + 0.4
0.68 r 0.7
(P:0.752)

605.2 * 18.6
618.6 i 17.8
(P:0.602)

1.35 r 0.5
0.26! 0.6
(P = 0.146)

628.3 I I 8.3
595.5 + 18.6

366.2!10.6
381.1+10.2
(P:0.'1't3)

3'12.2+ 2.4
380.2+ 2.4
(P = 0.023)x

0.81I 0.3 0.58+0.02
0.22 ! 0.3 0.53 + 0.03
(P:0.08r) (P:0.181)

387.0 r 10.5 381.2+ 2.5
360.2!10.7 371.2+ 2.5

(P<0.001)* (P:0.2r6) (P = 0. 163) (P = 0.007)*

Tb = coefficient of regression.
f y : estimated value of dependent variable at covariate mean.
xl-evel of probability considered to be significant.
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and decreases in marbling score
(P:0.005), side muscle weight
(P:0.002) and side bone weisht
(P<0.001) (Table 6).

DISCUSSION
The experiment was designed to study
changes in live animal performance and
body composition over a wide range of
weights and ages representing the full range
likely to be encountered in commercial beef
production.

Since there were no significant interac-
tions between breed type and diet for any
of the traits measured during the study,
these two factors can be considered sepa-
rately.

Effects of Breed Type
Analysis of the breed type data showed no
significant differences between the two
breed types for feedlot performance (Table
3), and it may be assumed that costs of pro-
duction for these two types of cattle would
be similar. Study of the carcass data, how-
ever, showed important differences in tis-
sue content (Table 3). The HX group,
though similar in liveweight and age to the
SY group, had less muscle (P:0.045), and
a tendency towards more fat. Although the
carcass grades could be transformed to nu-
merical scores for statistical analysis (e.g.
Jones and Macleod 1981), the complexity
of the relationships among weight, fat
thickness, subjective characteristics and
grade would make detailed interpretation of
the results difficult. Table 4 shows, how-
ever, that over a similar range of age and
liveweight, the HX group had more car-
casses grade fatter than Canada A2 (6 vs.
3) and fewer carcasses grade leaner than
Canada Bl (0 vs. 5) than the SY group. It
would be anticipated that to achieve any
particular grade consistently HX carcasses
should be lighter than SY carcasses.

Covariance analysis allowed a study of
the rates of change during the trial. Table 5

shows no breed effect on rate of gain ad-
iusted for time on test or in slaughter or car-

cass weight adjusted for differences in ini-
tial weight. This agrees with the results
from the earlier analyses (Table 3) ' The SY
bulls yielded significantly heavier car-
casses than the HX bulls when adjusted to
a common slaughter weight (Table 5), sug-
gesting higher dressing percentage. Greater
dressing percent may result from greater
fatness (Geay 1978), which is undesirable;
or from greater muscularity (Kauffman
1978), which appears to be the case in the
present study.

No significant differences were detected
in the rates of change, relative to carcass

weight, of any of the traits shown in Table
6. However, when adjusted to a constant
carcass weight, the HX bulls had signifi-
cantly greater fat depth and side fat weight,
confirming that the breed difference ob-
served in carcass fatness was real, and not
a result of differences in carcass weight'
Similarly, the SY bulls showed signifi-
cantly greater muscularity than HX at con-
stant carcass weight (Table 6). The breed
composition of the SY bulls (34Vo Charo-
lais) would be expected to give a more mus-

cular animal than the HX breed composi-
tion (at least 50Vo Hereford); greater
muscularity, together with faster growth,
having been the original incentive for using
Charolais cattle in beef cross-breeding pro-
grams. The fact that the greater muscularity
of the SY bulls was not associated with an

increase in bone weight meant that they had
greater muscle:bone ratios in the carcass.
This was manifested as a breed difference
(P :0.026) in side muscle weight adjusted
to a common side bone weight (Table 6).

It is concluded that while the two breed
types of cattle used in this study had similar
growth rates and feed conversion efficiency
over a liveweight range from about 450 to
about 800 kg, they did not produce similar
carcasses. While it was clearly not difficult
to achieve optimum fat levels (defined as

grades Canada A1 and Canada 42) with
either breed type, the HX bulls reached this
fat level at a lighter weight than the SY
bulls. In an economic environment with
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high cost of production relative to selling
price, the HX types of cattle would be pre-
ferred. In an environment where the mar-
gins favored taking cattle to heavier
weights, the SY type would be preferred.
Producers would also need to take into ac-
count any discounts applied to under-and
over-weight carcasses in estimating their
margins.

Effects of Diet
The initial weight of the Lo bulls was less
than that of the Hi bulls (Table 2), but in
view of the range of liveweights over which
the trial was conducted, this is of minor im-
portance. By design the Hi bulls were on
test for a shorter period and, as expected,
the Hi diet resulted in a more rapid gain,
greater estimated feed efficiency and fatter
carcasses than the Lo diet (Table 3). The
slaughter weights (P:0.060) and carcass
weights (P:0.017) were greater for the Hi
than the Lo bulls (Table 3). The Hi diet pro-
duced a greater weight of carcass per unit
of slaughter weight than the Lo diet (Table
5). This is presumably a reflection of the
greater alimentary tract content associated
with lower energy feeds. The effec,t of di-
etary energy content on dressing percent is
well established (Preston and Willis 1970;
Price et al. 1980) and normally results from
the dual effect of greater gut fill and less fat
accumulation on lower energy diets. The Hi
carcasses were notably fatter than the Lo
carcasses, but differences in side muscle
and bone content of the carcasses were not
pronounced (Table 3). This agrees with
well-established growth theory which in-
dicates that bone and muscle have higher
priority than fat for limited nutrients (Pals-
son 1955). The difference in fat content re-
sulted in clear differences in grade (Table
4); the Hi diet yielded nine overfat and no
underfat carcasses, compared with no ov-
erfat and eight underfat carcasses from the
Lo diet. The majority of carcasses in both
groups had optimum fat levels (Canada Al/
A2), however, reflecting the grade stability
of bull carcasses (Price et al. 1980) even
over this very wide weight range.

In the present experiment dietary energy
level influenced the rate of accumulation of
carcass fat; marbling score (P:0.005), fat
depth (P:0.001) and side fat weight
(P : 0 . 105) all increased more rapidly in the
Hi carcasses (Table 6). Similarly, adjusted
to a common carcass weight, these same fat
measures were all significantly greater in
cattle fed the high energy diet (P<0.005 in
all cases). No diet-induced differences were
found in the rate of increase in longissimus
muscle area, side muscle or side bone
weight relative to carcass weight, or in the
rate of increase in muscle weight relative to
bone weight. It is generally accepted that
the relative growth of muscle and bone are
under genetic more than nutritional control,
so that nutritionally induced differences in
the rate of accumulation of non-fat tissue
relative to carcass weight are unlikely.
However, at constant carcass weight sig-
nificant differences in adjusted side muscle
(P:0.002) and bone weight (P:0.001)
were apparent. This result can be explained
as a fatness effect; at a constant weight the
carcass with more fat (Hi) must have less
muscle and bone. Since there was no effect
of diet on muscle:bone ratio (Table 6) both
of these tissues shared in offsetting the ex-
tra weight of fat in the Hi carcasses.

Dietary energy level clearly influenced
production efficiency, with low eirergy
diets reducing growth rate and feed effi-
ciency, but giving leaner carcasses at any
particular weight. Because of the lack of
any significant interaction between the ef-
fects ofbreed type and feed energy level, it
is concluded that these two could be used
to manipulate production to ensure opti-
mum fat at optimum carcass weight. How-
ever, any reduction in feed energy level
would carry the penalty of increased cost of
production.
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