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Abstract

Three uniform groups formed from 120 crossbred heifers (270 + 3.0
kg) were fed a cereal silage/grain diet, and exposed to bulls for six weeks
when their average age was 385 days. This resulted in 96 heifer-calf pairs
(OCH) and 18 heifers which failed to wean a calf (NC). The calves were
weaned and heifers slaughtered at three, five and seven months after
calving (OCH 3, 5, 7, respectively). A similar group (C) of 32 conventionally
managed heifers was also fed to slaughter weight (432 + 6.4 kg at 457 days
of age). All heifers were regularly weighed and pen feed consumption was
recorded. Following slaughter all carcasses were graded and the left sides
dissected into fat, lean and bone.

Efficiencies were calculated on a combined cow-calf unit for the
OCH system and on the C heifers. On a carcass weight basis, C heifers
required significantly less digestible energy than the CCH 3, 5 and 7
groups (210.9 vs 245.7, 236.6, 233.2 MJ kg1, respectively). C heifers
required less dry . :iter, protein and digestible energy per kg of liveweight
gain than OCH 3, 5 and 7 heifers (100.6 vs 121.0, 124.9, 125.8 MJ kg1,
respectively). The OCH 3, 5 and 7 heifers had dressing percentages
similar to ~onventionally reared heifers (68.9, 59.1, 59.0 vs 59.8 respectively)
but significantly lower than NC (62.2).

The carcass weights of the C heifers were significantly less (231 +
3.71 kg) than those of OCH7 (288+ 6.62 kg), CCH5 (298 + 6.41 kg), OCH3 (274
+5.08 kg) and NC (29216.02 kg.). All of the C and NC heifer carcasses
graded maturity I whereas seven OCH carcasses graded maturity II or
III. There was no significant difference in the amount of lean yielded

among treatments when adjusted using total bone as covariate.



Conventionally reared heifers had higher steak moisture losses
than NC, OCH 3, 5 and 7 heifers (9.44 vs 7.01, 3.23, 6.71, 6.85 gkegl,
respectively) and higher ultimate L* values (38.4 vs 35.6, 34.5, 34.7 and 34.8
respectively). The OCHS3 heifers had significantly higher shear muscle
values than all other groups. Electrical stimulation decreased shear
values of OCH 3, 5,7 heifers to make them significantly lower than those of
non-stimulated C heifers (6.58, 5.69, 5.42 vs 7.78 kg respectively).
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Chapter I
A ROLE FOR THE ONCE-CALVED HEIFER IN BEEF PRODUCTION

The role of the heifer as a source of beef has begun to increase. In
1981, Canadian producers raised about 833,000 heifers for beef production
(Statistics Canada, 1982), almost twice that of 25 years ago (Agriculture
Canada, 1963). In 1987, heifers accounted for 27% of slaughter animals in
Canada in contrast to the 49% market share represented by steers
(Agriculture Canada, 1987). As the productivity of the cowherd increases,
more heifers become available for meat.

The industry has achieved a gradnal increase in cow productivity
during the past few decades with more kilograms of beef being produced
per cow in the breeding herd (Gracey, 1981). The importation of European
cattle initiated in 1967 along with the inauguration of new beef carcass
grading standards in 1972 (Frei:en, 1980) were major contributors to this
trend. Results from a life-time production study conducted at the
University of Alberta indicate that new breed crosses made available to the
industry by tre influx of the "exotic" breeds may substantially out-produce
traditionally favoured breeding females (Berg, 1984).

Consumer demand has encouraged the production of leaner beef to
such an extent that in 1987, 58.3% of the "A" carcasses were Canada Al
(Agriculture Canada, 1987). This improvement in lean content due largely
to the adoption of faster growing breeds has been paralleled by a gradual
increase in carcass weight.

The average warm carcass weight has increased by about 42 kg
(from 246 to 289 kg) during the past 25 years (Agriculture Canada, 1963,

1987). Producers are also increasing the reproductive performance of cows,



with a progressive improvement of management and selection skills. As
well, a higher proportion of producers are calving heifers at two rather
than three years of age, consequently reducing the proportion cf females
required for herd perpetuation. As a result of the increased production of
lean beef from cows, fewer females are required to yield the same amount of
product, suggesting that a higher proportion of heifers could be used for
meat production.

Heifers are slower growing and less efficient than males when
compared at a standard body weight (Neumann, 1977; Ensminger, 1978).
They not only commence fattening at a lighter carcass muscie weight than
males but also undergo more rapid fat deposition relative to muscle weight
(Berg et al., 1979). Heifers, however, have a lower proportion of muscle
weight in the neck and thoracic muscles which gives them a better muscle
distribution for beef purposes than either steers or bulls (Berg and
Butterfield, 1976). In general, results indicate that the animal gender may
exert only a minimal (certainly undetectable) influence on its eating quality
(Hood and Allen, 1970; Prost et al., 1975). Exploration into production
methods which are better suited to the slower growth patterns of heifers
may be of merit.

An alternative to the traditional method of raising and marketing
heifers may be a once-calved heifer system. An example of this system
would be one where the heifer produces a calf when she is about 22 months
of age and a quality carcass shortly afterwards. This system would have a
higher efficiency of feed utilization than the present system because the
dam herself would become the source of meat production and the
conventional maternal overhead cost of producing a calf would be reduced

by becoming part of productive growth (Taylor et al., 1985). This system



would allow for possibilities of increasing beef slaughter numbe: s without
increasing the national cow herd. In addition to the calf, there would be a
substantial increase in the output of lean meat obtained from each heifer
compared to maiden heifers slaughtered at the same degree of fatness
(Crowley, 1973). This would be particularly advantageous in Canada since
carcass weight is not a grading criterion. There is however, a shortage of
information in the scientific literature :m the production efficiency of once-
calved heifers compared to conventional feeding of heifers for meat
production.

Depending on the intensity of management, the once-calved heifer
production system could have some additional advantages to those already
outlined. Since the heifers would be handled in much the same way as
replacement heifers, its simplest application could be as an added selection
tool for reproductive females. The once-calved system could be used to
improve selection for reproductive performance and maternal ability to a
limited degree. Assuming all heifers would calve within a narrow time
period, their milking ability could be evaluated early in lactation using the
calf-nursing-method (Butson and Berg, 1984). Butson and Berg (1984) found
that one measurement of either milk yield or any constituent yield was a
sufficient indicator of the pre-weaning average daily gain of the calf and
therefore reflected the production ability of the dam.

With this information the producer could assess the benefits of
different breeding and marketing strategies. Based on the calving results
and current beef prices, the producer could determine the number of
replacement heifers required to fulfill his goal, be it herd expansion or cash
flow. An economic benefit of this system would be that the producer would

only have to predict what the prices would be in a couple of months time



rather than several months or even years in advance as is necessary in a
cow-calf operation. An advantage which would eventually have a repeating
financial effect would be the potential extra productivity of having more
accurately selected the superior producing heifers.

An option available within a cow-calf operation could be a once-
calved double suckling system. In such a system, the calves born to the
heifers would be fostered on to the mature cows from the foundation herd.
The heifers could then be marketed for slaughter. In thecry, the system
would allow all mature cows to be double suckled if all heifer calves were
kept as once-calved heifers. There would still be a high overhead cost of
maintainiag the cow herd. This system would offer an alternative method
of rearinyg the calf. It would have promise in the more intensively oriented
cattle operations in the European countries (Lowman and Broadbent, 1987).
The high labour requirements needed for fostering young calves would
however discourage many Canadian producers. In addition, the
consequences of the added milking demand on the mature cows would be of
concern and would have to be investigated.

Another level of application of the once-calved system would be to
raise heifers solely for meat production. Since all animals are destined for
meat production this system has little to gain by being in synchrony with
the regular calving period. It may even be economically advantageous to
time production with low-season supply, therefore the only time restraint
becomes the availability of facilities and labour. This approach may have
potential in the industry as a marketing scheme for out-of-season heifers.
For example, proper planning with late heifer calves could result in
matching feed requirements with times when less expensive feeds are

available and also marketing during the off-season when demands may be



higher. The feasibility of this system is greatly dependent on the supply of
suitable heifers from other sources.

Developments in the control of fetal sex-determination by
techniques such as spermatozoon sexing (Dziuk and Bellows, 1983), may
contribute to a self-perpetuating once-calved system. In such a system
every heifer produces a heifer calf which in turn produces a heifer calf.
The age at first calving could be two years as is the present practice in
heifer management or it could perhaps be reduced thus improving
efficiency even further. The seasonal variations in Canada encourage
cattle production to follow a cycle which takes either one, one and a half or
two years to complete. The ultimate would be to calve heifers near one year
of age. Obviously, such heifers would be of a different type than those
presently desired by the industry. They would have to be very early
maturing and therefore likely much smaller. Accounis of heifers calving
near a year of age arise on occasion (Price, M.A., pers. comm.) which
suggests that these traits do exist within the cattle genetic pool. The
challenge would be to locate and assemble a iarge enough group which
could eventually become self-sustaining. The short generation interval
would greatly accelerate genetic progress. Although we cannot foresee
whern: techniques such as sex control of offspring will become
commonplace, it is important that researchers study its potential and
determine its merit or limitations.

To date the once-calved heifer system has not been adopted by the
industry since producers do not wish to calve out a high proportion of
heifers and the quality of meat from 30 month old heiferettes has not been
subjected to detailed research. With the advent of beef sires tested for ease

of calving, some of the problems of calving heifers should be resolved. In



6
the Canadian context, the critical information to collect is the carcass grade
and quality information for once-calved heifers as well as an estimate of the
efficiency of such a system. The ratio of output to input for the entire herd
is more important than the performance of individual animals in assessing
the efficiency of cattle production. To avoid the effects of varying costs and
prices, ’efﬁciency in animal production can be assessed solely in biological
terms (Dickerson, 1978). The compilation and evaluation of this
information is essential for determining the financial viability of the once-

calved heifer system.



Chapter I
THE BIOLOGICAL EFFICIENCY OF A ONCE-CALVED HEIFER SYSTEM

A. INTRODUCTION

Western Canada is a major beef producing area and most of the
cattle are produced from traditional cow-calf systems. In such a system, a
foundation cow herd is maintained year-round to produce calves. Calves
are weaned at about seven months of age. With the exception of some
replacement heifers, most are fed in feedlots and eventually slaughtered.
The once-calved heifer system, where heifers produce a calf prior to
slaughter may be beneficial to Western producers. However few studies
have attempted to evaluate the once-calved heifer system as a replacement
for the traditional cow-calf system due to the complexity and high
requirement of resources and time. Researchers have preferred to evaluate
a segment of the system (e.g. caicass quality of bred heifers) and then
combine these with other results to extrapolate to the complete system.
Thus the efficiency of the once-calved heifer system has, to date, been
evaluated using various combinations of actual and derived data, resulting
in dissimilar conclusions among researchers (Boucqué et al., 1980,
Brethour, 1987). Therefore the objective of the present work was to compare
the biological efficiency of the once-calved system with conventionally reared

heifers.

B. MATERIALS AND METHODS
1 - Setup and management
One hundred and twenty heifers ranging from 7/16 to 14/16 British

breed composition were selected at weaning from the Lacombe beef research



herd and sorted into three uniform groups of 40. Many breeds were
represented. The most prevalent being Charolais, Simmental, Hereford,
Angus and Red Angus. Each group of 40 was then sorted by weight into
four groups of increasing average weight. Each of these groups of ten
heifers was then randomly allocated to a pen. These calves were fed a
varying combination of silage and beef ration (Table I1.1) which would allow
them to attain the desired target weight of 350 kg at breeding. Four days
prior to commencement of the breeding season the heifers were allocated
within the three large groups of forty according to their genetic composition.
One half of each group was composed of twenty heifers between 7/16 and 9/16
British breeding (low Briti<h) and the remaining twenty ranged between
9/16 and 7/8 British. Heifers containing 9/15 British breeding were
randomly allocated to the low and high British groups. Each group of
twenty was then allocated to two pen groups of ten composed of equal mean
weights (Figure I1I1.2)

Two breeds of bulls were used for breeding. Red Angus bulls, a
popular choice of easy calving sires were used along with Corriente bulls, a
breed of Criollo descent which is a new Mexican breed available to the
industry and is considered to be extremely easy calving. One bull of each
breed was randomly allocated to each low and high British breeding group
within each treatment. To guard against the possibility of infertility, bulls
were rotated among pens every week throughout the six-week breeding
period. The heifers were pregnancy tested in September by a veterinarian,
approximately 90 days after the last breeding date, and non-pregnant heifers
were separated and placed on the feeding regime shown in Table I1.2. They

became the fourth treatment.
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Table IL2 - Feeding regime of non-pregnant, lost calf and conventionally

reared heifers.
Non-pregnant
duration (days) 21 53 47
feedstuffs (%) asfed DM asfed DM asfed DM
silage 100.0 100.0 78.7 53.7 61.0 34.0
beef ration - - 21.3 46.3 39.0 66.0
daily intake (kg) 23.3 6.5 24.6 10.0 16.9 9.0
Lost calf
duration (days) 60
feedstuffs (%) asfed DM
silage 65.5 39.7
beef ration 345 60.3
daily intake (kg) 335 17.3
Conventionally reared
duration (days) 9 195
feedstuffs (%) asfed DM asfed DM
silage 83.6 61.5 61.0 34.0
beef ration 164 38.5 39.0 66.0
daily intake (kg) 10.2 3.9 14.3 7.6
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At this time a fifth group was formed from 32 newly weaned heifer
calves (C). Two groups of 16 heifers were assembled according to their breed
composition. All calves were sired by Red Angus bulls. The high British
group had Hereford x Angus dams whereas the low British calves had
Charolais dams. These groups were managed as conventional feedlot

heifers and fed as shown in Table 11.2.

2. Calving

All pregnant heifers received an Escherichia coli bacterin (Vynugen
II, M.T.C. Pharmaceuticals, Cambridge, Ont.) approximately nine and six
weeks prior to calving, in an attempt to limit scour problems often
encountered by calving it ose quarters. Calving took place within pens
accessible to sheltered handling facilities. Calves were permanently
identified as soon as possible following calving. The calf data recorded
included calf birth weight, calving ease and presentation. Calvings were
scored from O to 5, 0 indicating normal birth, 1 slight assistance, 2 puller
used easy, 3 pulier used hard, 4 required a veterinarian and 5 caesarian.

In order to minimize the variation among calving dates within the
treatment groups, the heifers were divided into either early or late calving
groups and penned accerdingly as shown by Figure I1.2. Breed of sire was
stratified among pens to allow replication. Twelve new pens were filled with

half the total expected number of heifer-calf pairs (early group) and then the

remain’ - °.eifv:--calf pairs (late group) were stratified among the existing
pens as . “'gure I1.3. Two days per week were designated as
allocatior.+ - -ewly calved heifers. On the allocation day following

calving, the n. ¢ and calf "were moved to their new pen. Heifers were fed a

diet consisting of 64% silage and 36% beef ration (DM basis) to allow
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maximum milk production and ideally encourage an improvement in
condition. Calves had creep feed available throughout the trial to alleviate
the demands on the heifers and to prepare them for early weaning (Table
I1.3).

Heifers which lost their calves at or shortly after parturition were
penned separately, fed a high barley based diet (Table I1.2) and slaughtered
after an average of 60 days. Preliminary analysis of data did not reveal a
significant difference between this group and the heifers which did not
conceive. In the context of the once-calved system, these two groups were
comprised of animals which would be removed from the system so their

data were pooled and analysed as one group which did not rear a calf (NC).

3 - Weaning and slaughter

Calves from the three large groups were weaned at different ages:
three, five and seven months (OCH3, OCH5 and OCH7, respectively). On the
morning of the specified weaning date, the designated pens of heifers and
calves were weighed. The calves were returned to their pens and the heifers
were placed in pens without access to feed or water and later transported to
the meats facility, where they remained until their slaughter time the next
day.

All animals were weighed immediately prior to slaughter (plant
weight). They were stunned by captive bolt and weighed before and after
exsanguination which was performed by severing the major blood vessels in
the neck. All internal organs (tongue, blood, bladder, pancreas, adrenals,
reproductive tract, diaphragm, kidneys, liver, heart, splecn, lungs, small
intestine, large intestine, rumen, reticulum, omasum and abomasum), fat

depots (kidney, mesenteric and omental) along with the head, tail, hide,
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udder and feet were weighed on the slaugiiter floor. The gastro-intestinal
tract was weighed full and empty of digesta. Empty body weight was defined
as the live weight ¢f the animal less the weight of the digesta and urine. All

carcasses were weighed warm before and following trimming.

4 - Feed conversicn efficiency

Feed consurnption was monitored daily on a pen basis. Silage of
cereal and forage origin was the source of roughage for the heifers
throughout the trial. The levels of beef ration, a 73% barley-based
concentrate (Table II.4), were adjusted to meet the nutritive requirements of
the heifers for the varying stages. Magnesium pellets (Table I1.5) were fed
during the breeding period. Feed samples were collected on a monthly basis
and analysed to determine dry matter and protein levels. These results
were used to calculate the dry matter and protein intakes of the heifers.
The digestible energy value for each feed was calculated from the tabulated
Alberta average values (Alberta Agriculture, 1988).

Feed efficiencies were calculated on a combined cow-calf unit for the
once-calved system and on a heifer only basis for the conventionally reared
heifers. Efficiency was calculated using two approaches. The first method
was the ideal situation including only those heifers which successfully
conceived, raised a calf and were slaughtered. The second approach was to
evaluate the actual situation where the efficiency of each treatment was
calculated including those heifers which failed to conceive or raise a calf.
Efficiencies were calculated on a liveweight, carcass weight and lean weight
basis. Liveweight gain was the difference between the final and initial
liveweights. In order to estimate carcass and lean gain, a value for the

initial body composition of the heifers and the final composition of the calves
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was required. This was obtained from a similar group of 30 heifers
slaughtered at the Lacombe Research Station (Aalhus and Jones,
unpublished). The carcasses averaged 51.3% of the liveweight and the lean
was equivalent to 30.7% of the liveweight. Efficiency was therefore
calculated as the amount of feed input (dry matter, protein, digestible

energy) per unit of animal gain (carcass, lean, liveweight).

5 - Data analysis

Dressing percentage was calculated using the warm carcass weight
expressed as a proportion of plant weight. The plant weight, was taken after
a constant 24 hours of water and feed deprivation. The performance,
efficiency and dressing percentage data were analysed using a General
Linear Model procedure (GLM; Statistical Analysis System, 1985). Sources
of variation for the calf performance consisted of breed of sire, breed of dam,
sex of calf and the 2-way and 3-way interactions. Sources of variation for
efficiency consisted of heifer group, pen and the heifer group x pen
interaction. Mean separation of significant main effects was by single
degree of freedom linear contrast. The calving ease data were analysed

using Fisher's Exact Test (Steele and Torrie, 1980).

C. RESULTS
1 - Calving and weaning
From the original 120 heifers, nine were diagnosed as being non-
pregnant when pregnancy tested in the fall. Another five were detected non-
pregnant at calving time. Data from these five heifers were removed from

the project.
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a - breed of sire

All Corriente calves were born unassisted, whereas 20% of the Red
Angus calves required slight manual assistance and 11% of the Red Aangus
calves required more than a slight assist (Table I1.6). There were two
calvings involving abnormal presentations in the Red Angus group, and
none in the Corriente group. Both groups suffered the same net calf loss
except the Red Angus calves died at calving whereas the Corriente calves
died after birth. One heifer bred to a Red Angus bull died due to calving.
Corriente calves had sigificantly lower birth weights and higher ease of
calving than Red Angus sired calves (Table IL.7).

Jifferences in growth performance (Table I1.7) were apparent at the
early weaning period and remained throughout the different weaning
times. Red Angus calves were 36, 38 and 22% heavier than the Corriente

calves when weaned at three, five and seven months of age respectively.

b -breed of dam
There was no significant difference in birth weight or in the
frequency of calving difficulties between the low and high British breeding
heifer groups (Table I1.8). The only significant difference in performance
(P=.041) was at the 3 month weaning stage where the calves from the high
British heifers were heavier than those of the low British heifers (111.3 vs

97.2).

¢ - sex of calf
Although male calves were assisted at calving more often than
females this difference was not statisticaily significant (Table I1.9). Male

weights exceeded females but the differences were not significant at birth or
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Table I1.7 - Calf performance summary - breed of sire.

Breed of sire

Corriente = Red Angus  SEM Probability

Calving ease frequency
Some difficulty 0 17
No difficulty 52 37 - 0001
Biril ight
number 52 5%
mean (kg)* 28.6 34.7 g1 .0001

3 montk weaning wt

number 17 15

mean (kg)* 89.3 121.3 3.79 0001

n nin

number 16 17

mean (kg)* 132.5 182.8 6.22 0001
7 meuch weaning wt

number 14 17

mean (kg)* 217.2 263.6 5.56 0001

*Least square mean



Table IL8 - Calf performance summary - breed of dam.

Breed of dam

Calving ease
Both sexes
Some difficulty
No difficulty
Male calves
Some difficulty
No difficulty
Female calves
Some difficulty
No difficulty

number
mean (kg)*

Growth performance

3 month weaning wt
number

mean (kg)*

month nin
number
mean (kg)*

7 month weaning wt
number
mean (kg)*

16
97.2

16
165.8

17
239.6

Low British  High Britis}

10

Nl co Ot

B

1

16

111.3

17
151.5

14
246.4

J1

3.78

€.22

5.56

279

656

192

580

041

292

* Least square mean



Table IL9 - Calf performance summary - sex of calf,

Sex of calf
Male Female SEM P ili

Calving ease
Some difficulty 10 7
No difficulty 16 21 - 220
Birtl ight

number 46 &0

mean (kg)* 325 311 72 375
Growth performance
3 month weaning wt

number 13 19

mean (kg)* 107.4 102.1 3.85 845
5 month weaning wt

number 14 19

mean (kg)* 174.6 146.5 6.29 034

n nin
number 12 19
mean (kg)* 255.7 2344 5.68 .003

* Least square mean



p §
at 3 months weaning. Males were significantly heavier than the females in

the 5 and 7 months weaning groups.

2 - Feed conversion efficiency

In the ideal situation (Table II.10), there were no significant
differences (P>0.05) among treatments for estimated carcass feed efficiency
(kg carcass gain.kg DM-1) or estimated carcass lean efficiency (kg lean
gain.kg ¥3%2-1), The conventional heifers required less dry matter per kg of
liveweight gain than those slaughtered at 3, 5 and 7 months after calving
(9.17 vs 10.6, 10.3, 10.0 respectively). The same trend was repeated for the
estimated efficiency of protein intake. No differences were found (P>0.05)
among treatments for estimated carcass feed efficiency (kg carcass gain.kg
protein'l) or estimated carcass lean efficiency (kg carcass gain.kg protein-
1), The conventionally reared heifers, however required significantly less
protein per kg of liveweight gain than the heifers slaughtered after 3,5 and 7
months of lactation (.94 vs 1.16, 1.14, 1.11 respectively). As well,
conventionally reared heifers required less digestible energy than the once-
calved heifers to yield the same amount of carcass and liveweight gain. On
a lean gain basis the conventionally reared heifers : ¢ juired less digestible
energy than the OCH3 and OCHS5 heifers (410.67 vs 496 12, 493.39 MJ kg1,

espectively) and not significantly less digestible energy to the OCHT heifers
(456.33 MJ kg"1).

In the actual situation (Table II.11) feed efficiency results were
similar to those obtained in the ideal situation. The differences which
favoured the C heifers for carcass feed efficiency (kg carcass gain.kg DM-1)
were not statistically significant. The conventionally reared heifers

required less digestible energy per kg carcass gain than the OCHS3 heifers.
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They required less protein per kg carcass gain than all OCH groups. On a
lean gain basis there were no significant differences among treatments in
the amount of dry matter, digestible energy or protein required to yield the
same amount of carcass lean. The conventionally reared heifers required
significantly less dry matter, digestible energy and protein to yield the same

amount of liveweight gain.

3 - Dressing percentage and body components

Those heifers which did noi rear a calf (NC) had a significantly
Y'gher dressing percentage (P>.0001) than the conventional and once-calved
heifers (Table I1.12). No significant differences in dressing percentages
were found between the once-calved heifers and the conventional heifers or
among the groups of once-calved heifers.

Preliminary analysis of weights of the various body components
revealed that although there were significant differences among body
component weights, most were not of real importance. The exceptions were
kidney fat and udder weights. When adjusted to a common empty body
weight, conventionally reared heifers had significantly more kidney fat than
NC, OCH3, OCH5 and OCHY heifer groups (12.56 vs 8.70, 8.56, 9.10, 9.66 kg
respectively). The conventionally reared and no calf heifer groups had
significantly lower adjusted udder weights than the OCH3, OCH5 and OCH?7
heifers (5.04, 4.87 vs 10.20, 10.60, 10.16 kg respectively). The least squares
means and standard errors for the individual body components are

presented in the Appendix Tables 1a, 1b and 2.
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D. DISCUSSION
1 - Calving and weaning

Calf losses were very similar for both breeds of sire. Although the
Corriente calves were born with less difficulty than the Red Angus sired
calves, an equal number died shortly after birth. Although not subject to
scientific validation, the Corriente calves seemed to have less resistance to
disease. In the case of calf scours for example, Corriente calves seemed to
dehydrate rapidly and not respond as readily to treatment as Red Angus
calves. Overall calf losses were higher than the 4% level accepted by the
industry (Alta Ag., 1988). These losses may have been less if the experiment
had not required that the heifers and calves remain in closed confinement at
all times. This suggests that the once-calved system requires a higher level
of management than the conventior.al z;-4-m which directly influences its
profitability.

The calving and growth performance results closely follow those
reported for other trials. Lighter birth weights are closely associated with
decreased calving difficulty (Makarechian and Berg, 1983). Therefore the
lower frequency of calving difficulty from Corriente sired calves is consistent
with their lower birth weights. The average birth weight of the Corriente
sired calves has been reported to be very similar to that of Jersey sired calves
(28.6 vs 28.3 kg; Laster and Gregory, 1973). The percentage calving difficulty
in Jersey calves is also reported to be low (6.6%; Laster and Gregory, 1973).

Breed of dam has been associated with dystocia (Laster et al., 1973).
There is generally a reduction in easy calving in heifers from large sized
beef breeds resulting from both an increase in size and muscle development
(Petit, 1975). Although increasing size increases the pelvic opening of the

dams, it also brings aboeui a 1ise in birth weight which may lead to dystocia.



Results suggest that the low British breed of dam group was not adversely
affected by calving nor was it significantly different from the high British
group for calving ease.

Gregory and coworkers (1978) found significant interactions of breed
of sire with sex of calf and breed of dam with sex of calf for calving difficulty.
This suggests that the higher the average level of calving difficulty observed
for a breed of sire or breed of dam group, the greater the difference observed
between their male and female progeny in the level of calving difficulty
(Gregory et al., 1978). Our results failed to show a sex of calf by breed of sire
interaction even though there was a 31% calving assistance in this group. It
is possible that the smaller sample size of the present study did not allow
enough sensitivity to detect these differences. Since residual error was not
reported by Laster and Gregory (1978), this cannot be confirmed.

As expected the results of this trial support the concept of a strong
relationship existing between birth weight and weaning weight. The
growth rate of the heavier Red Angus sired calves was higher than that of
the Corriente sired calves at all stages measured. Birth weight has a
reported phenotypic correlation of 0.46 with weaning weight (Lasley, 1978).
Thus the advantage of easy calving offered by Corriente bulls was
compromised by a reduced growth rate in the calves evident at the early

growth stages.

2 - Feed conversion efficienicy
Results from this study generally show that heifers reared in the
conventional system require less feed per unit of gain than those reared as
once-calved heifers. All efficiency calenlations based on liveweight gain

showed the conventionally reared heifers had a better efficiency of feed



conversion than the once-calved heifers. There were fewer significant
differences when feed efficiency was calculated on a carcass or lean basis.
The present experiment effectively compared the two methods of rearing
heifers by having the same initial (post-weaning) and final end-points
(carcass). Few other experiments have followed similar procedures
consequently direct comparisens of the results of this study with others are
difficult.

Boucqué et al. (1980) compared the lifetime feed efficiency of maiden
and once-calved heifers in France. They concluded that although the latter
enhanced meat production, the system was neither biologically nor
economically efficient. Detailed examination of their experimental data
showed numerous shortcomings such as a high number of infertile heifers
(16%), caesarian deliveries (35%) and calf losses (19.4%) which would have
had a major impact on overall efficiency. Feed efficiency estimates were
based on small numbers of heifers and only calculated on a liveweight basis
rather than the actual composition of the carcasses. Bond et al. (1986) found
that daily gains in heifers were higher during both the 170 days prior to, and
the 7, 21, and 42 days after calving compared to non-bred heifers of the same
age. Feed efficiency was better for the bred heifers before parturition but
poorer when calculated using a 24 h post-partum body weight. Again,
efficiency was calculated on a liveweight and not a carcass weight basis.
Efficiency calculations did not take into account the live calf and
consequently are of limited value. Waggoner and coworkers (1983) also
conducted a study on once-calved heifers at Kansas State University, and
found that during the 112 day post-partum period, feedlot average-daily-

gains were higher for two year old open heifers than for calved heifers. This



A
result is in contrast to that reported by Bond et al. (1986), but the length of the
feeding periods differed in the two trials.

Brethour (1987) looked at the economic feasibility of a once-calved
system using models based on four years of research data collected at the
Fort Hays Experiment Station. He concluded that returns could be
increased by 41% when surplus heifers were retained, bred and fed out
rather than selecting replacements in the fall and selling the remainder.
Actual efficiency data were not included and conclusions were dependent
upon the economic values used in the models.

In the present study there was a trend for efficiency among the once-
calved groups to increase with increased suckling time. The differences
were not significant and support the conclusions reached by Taylor et al.
(1985) that variations in the time of slaughter had little implication in the
decline in overall efficiency. This suggests that other criteria such as
carcass quality, market price and feed costs could be allowed to determine
when progeny would be slaughtered without incurring a severe efficiency-
of-feed-utilization penalty.

The different rations and times on feed influenced the efficiency of
the systems. The OCH7 were on test for 598 days and the diet of all once-
calved heifers averaged 90% silage (as fed) whereas the conventionally
reared heifers were on test for an average of 234 days and were fed a diet
averaging 65% silage. The maintenance requirement must be fulfilled
before any energy can be diverted to growth. The energy cost of maintenance
is substantial since the amount of maintenance energy is a function of the
metabolic size (National Research Council, 1984). Therefore the feed costs of
production of muscle increase as the animal becomes more mature.

Maintaining the once-calved heifers for 598 days was an energy sink which



made them biologically less efficient then the conventional system. In
addition, the feeding regime of the experiment resulted in the once-calved
heifers being heavy at the start of the trial therefore raising their overall
maintenance costs.

The once-calved heifer and conventional production systems have
been compared on a biological basis. However, the outcome may be different
if evaluated on an economic basis. Firstly, energy derived from silage and
beef ration are not necessarily equivalent on an economic scale. The once-
calved system, being a high roughage based production system may become
economically advantageous over the conventional system if the price of grain
is substantially more than roughage. The method of calculating efficiency
in this paper underestimates the economic value of the calf. Calculating the
value of the calf as a carcass is less than the live calf would obtain at the
market place. To accurately assess the economic efficiency of the two
production system, factors such as labour costs, interest rates, feed costs
and beef prices must be taken into consideration. The economic merit of the
once-calved system could only be determined by the establishment of a

working model.

3 - Dressing percentage and body components
The present study found that conventionally reared heifers had
similar dressing percentages to once-calved heifers. This contradicts other
researchers who have found the dressing percentage of once-calved heifers
to be lower than yearling heifers (Lalande et al.,1981; Roux et al., 1987).
Results from the present study show that the dressing percentage of calved
heifers is lower than open heifers of the same age. This concurs with other

studies (Lalande et al., 1981; Bond et al., 1986; Roux et al., 1987; Waggoner et



al. 1988). Comparison with other studies may not be valid since some
included kidney fat in the calculations of dressing percentage. The body
component results of the present study show that conventionally reared
heifers had significantly higher levels of kidney fat than the no calf and
once-calved groups. It is clear that a different amount of kidney fat among
conventional and once-calved heifers would influence dressing percentage.
It appears from the body composition data, that the heavier kidney fat
weight of the conventional heifers is balanced by the heavier udder weights
of the once-calved heifers to yield a similar dressing percentage.

In summary, the once-calved heifers were on test for up to 600 days,
gaining .5 kg /day and attaining a final live weight of about 500 kg. The
conventionally reared heifers gained .9 kg/day throughout the 230 day feed
period thus attaining a final liveweight of 400 kg.

E. CONCLUSION

Once-calved heifers slaughtered a few days after weaning had
dressing percentages similar to conventionally reared heifers.

The once-calved sr=t-m yielded carcasses which were significantly
heavier than carcasses from the conventionally managed system.

Feed efficiency on a live weight, carcass and lean basis generaily
tend to be poorer for the once-calved heifers than the conventionally reared
heifers. On an economical basis, the efficiency would vary with feed costs,

labour costs and calf prices.



Chapter II
CARCASS CHARACTERISTICS AND MEAT QUALITY OF ONCE-
CALVED HEIFERS

A. INTRODUCTION
In the first part of the study (Chapter II), it was found that the once-

calved systemn yielded heifer carcasses which were significantly heavier
than heifer carcasses from the conventionally managed system. This may
make the once-calved heifer system attractive to producers since heifer
carcasses of the same grade are usually discounted compared to their
counterparts from steers due to their lower carcass weight at the same fat
level. The composition of these carcasses and their meat quality are
consequently of scientific and commercial interest. Carcasses are
composed of various cuts of meat reflecting differences in tenderness, taste,
shape and size (Swatland, 1984). These different cuts return different value
to people involved in the meat industry. The value of the different cuts are
directly determined by the composition of the carcass, the distribution of the
carcass tissues and the quality of the meat. No study conducted under
Canadian conditions has evaluated these parameters for once-calved
heifers compared to conventionally reared heifers. The aim of the present
study was to establish the differences between carcasses of conventional
and once-calved heifers and to compare the meat quality of the different

animal types.
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B. MATERIALS AND METHODS
1. Carcass evaluation

The carcasses used were obtained from the growth trial described
earlier (Chapter II). Muscle pH and temperature were taken on the cut
surface of the longissimus muscle at the 13th rib using a Corning pH meter
(Corning Glassworks, Medfield, Mass., U.S.A.) equipped with an Ingold
spear-type combination electrode (Ingold Electronics, Andover, MA,
U.S.A.) at 45 minutes and a second temperature at six hours post-
slaughter. All carcasses were shrouded and chilled for 24 hours at 1°C at
which time the shrouds were removed and the carcasses were cut between
the 12th and 13th ribs. When meat is exposed to air, the purple myoglobin
absorbs oxygen to become a bright red oxymyoglobin (Forrest et al.,, 1975).
Since this process requires time, a 30 minute bloom time was allowed after
which the longissimus muscle pH and colour in the C.LE,, L* a* b* scale
(using a Minolta Croma meter II, Minolta Camera Company, Meter
Division, Ramsey, New Jersey, U.S.A.) were recorded. At this time the
amount of marbling was determined by a two-membered panel using a 9
point scale (1=abundant, 9=traces) and the carcass grades were assessed by
Agriculture Canada graders.

The left sides of each carcass were then sequentially removed from
the cooler, weighed and separated into primal cuts. These cuts were each
weighed and then dissected into fat, lean and bone. The longissimus
muscle portions between the 1st and 5th lumbar vertebrae from both sides of
all carcasses were removed for meat quality evaluation. A 25 mm steak
was cut from the anterior end of the longissimus muscle, weighed and

packaged with oxygen permeable wrap (oxygen transmission 8600 cc.m"
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2,24h-1 Vitafilm Choice Wrap, Goodyear Canada Ltd. Toronto) in a display
tray. The packaged steaks were ihen refrigerated at 1°C for 96 hours after
which drip losses were calculated using the "before" and "after" steak
weights. The remaining portions of the longissimus muscles was shrink

wrapped and stored at 1°C for 96 hours (144 h postmortem).

2-Meat quality determinations

At 144 hours postmortem, the packaged longissimus muscles were
removed from refrigeration and unwrapped. One 25 mm steak was cut
from the anterior end of each muscle. Three pH measurements were taken
on each steak and after 30 minutes, three colour measurements were taken
at the same sites using the Minolta Chroma meter. These same steaks
were cooked in a microwave oven (Litton menumaster XLC-20) to an
internal temperature of 80°C as measured with an electronic temperature
probe (Technoterm 1100, West Germany) and left to cool for a minimum of
three hours. At this time, three cylindrical 20 mm cores were removed
from each steak by pressing vertically on the steak with a hand corer.
These were then sheared once using an Ottawa Texture Measuring System
(OTMS, Canners Machinery, Simcoe, Ont.) fitted with a Warner-Bratzler
test cell and the peak shear force recorded. An average of the three
readings was used in the statistical analysis of all pH, colour and shear test
determinations.

The remaining portion of the longissimus muscle was trimmed of
any surface fat and ground through a 3.2 mm plate three times. The
ground :nuscle was used for determinations of expressible juice, moisture
content and intramuscular fat. For expressible juice, exactly 20 grams of

ground sample was centrifuged at 3-4°C and 37000 X g for 60 minutes. The



amount of juice which precipitated from the sample was determined. For
the moisture analysis, 100 grams of ground sample was dried in a gravity
convection oven at 110°C for 24 hours. Moisture content was then
calculated from the "before" and "after" dried weights. The dried sample
was crushed and used for intramuscular fat determination using
petroleum ether as an extraction sclvent on a Soxtec apparatus. This value
was corrected for moisture content and presented in the results on a fresh
muscle weight basis.

The carcass composition data were firstly analysed on a non-
adjusted weight basis. Covariance analysis was performed with carcass
weight and then total bone as covariate. The growth coefficients for each
carcass fat depot relative to total carcass fat were calculated by
transforming all weights into log form and using the allometric equation
(Huxley, 1 32). 3ince the difference among slopes was not significant
(P<0.05), the pooled regression coefficient was used for adjustment. If the
difference among adjusted means of the fat depots was significant, the
adjusted anti-log means were compared.

A general linear model which included heifer group, replicate, the
heifer group x replicate interaction and residual error was used to identify
sources of experimental error. The least squares means were compared

using the treatment x replicate mean square as an error term.

C.RESULTS
1-Carcass evaluation
The proportion of carcasses assessed as maturity class 1 (youthful)
decreased as age at slaughter advanced from 692-883 days (Table IIL.1).

The younger conventional heifers and heifers which did not raise a calf
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produced carcasses which all remained in the maturity class 1 category
(Canada A and B grades). One of the 32 OCH3 heifers fell into the maturity
class 2 category (Canada C grade). There was one maturity class 2
(Canada C grade) and one maturity class 3 (Canada D grade) among the
OCHS5 heifers. Of OCH?7, three fell into the maturity class 2 and one into the
maturity class 3 categories. The OCH5 and OCH7 heifer groups had
significantly thicker fat at the grading site than the conventional and OCH3
groups. Marbling scores showed that at 24 hours the once-calved heifers
had more visible marbling fat than the conventional and no calf groups
(Table IIL.1). The 3 month and 5 month weaning groups had more
marbling than those weaned at 7 months.

An evaluation of the composition of the carcasses showed that the
conventionally reared heifers yielded significantly less lean and bone than
all other heifer groups and also significantly less fat than the three once-
calved groups (Table II1.2). The no calf heifer group yielded significantly
more bone and lean than other heifer groups, but was similar to the
conventional and OCHS groups in amount of fat.

When adjusted to a common total carcass weight, the once-calved
system yielded carcasses with similar amounts of fat and lean to those
reared in the conventional system (Table II11.3). The conventionally reared
heifers had significantly less bone weight than all other groups. On a
carcass weight adjusted basis, the no calf heifer group yielded significantly
less fat and more lean than all other heifer groups and were similar to the
OCHS3 group in the amount of bone. The OCH5 and OCH7 groups were
similar for all three carcass components. The OCH3 group bhad
significantly less fat and more lean than the OCH5 group and had more
bone than either the OCH5 and OCH7 groups.
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All heifer groups yielded similar proportions of lean when analysed
using total bone as covariate (Table II1.4). The conventional, no calf and
OCHS3 heifer groups yielded carcasses with significantly les total fat than
the OCH5 and OCH7 groups. More specifically, they had significantly less
subcutaneous and intermuscular fat than GCH5 and OCH7. The once-
calved groups had similar amount- . body cavity fat to the conventional
heifers. The no calf group yield: * ... ificantly less body cavity fat than all
but the OCHS3 heifer groups.

The unalysis of fat deput accumulation relative to that of total
carcass fat showed that the subcutaneous fat depot had an allometric
growth coefficient greater than 1.0, whereas coefficients for body cavity and
intermuscular fat were less than 1.0 (Table IIL.5). The treatment
differences among slopes were not significant (P<0.05) for any of the fat
depots and the adjusted means were not significant for the subcutaneous
and intermuscular fat depots. The no calf, OCH3 and OCH?7 groups yiclded
carcasses with significantly less body cavity fat than the conventional heifer
group. The OCHS5 group yielded similar amounts of body cavity fat to ail
other heifer groups except OCH7 which had the least.

2 - Meat quality determinations
The conventional heifers, compared to all other groups, had
significantly lower 45 minute pH readings (Table II1.6). The 45 minute
temperatures of conventional, no calf and OCH3 carcasses were
significantly lower than those of the OCH5 and OCH7 groups. The OCH3
heifer group had a six hour temperature which was similar to the no calf
group, but significantly lower than all other heifer groups. The only

difference at 24 hours was that the conventional and OCH5 heifers had a



(0"0>d) TUs1apIp Appuedytusis aie s3dLIosIadns JUBISHIP YILm MO1 SWIES Sy} UL SUESH Hqe
SYJUOMW 2, 10 G ‘¢ 10J SSAJED POSINU YOTYM SIBJISY PIATED-IUO =

1000° g6’ 2693 q¥'62 1 (A e8'12 eb’€Z  8Y (3pls) Iemosnuidul
1000’ LYy qlst q€'91 el '€l el’3l g9l 89 (9p!s) snodueInoqns
2000 AN e€'e po9'€ qel’s q8°C pev'€ 85 (ap1s) £y1aed £poq
1000° 991 q6'sY qv'6v eg' 0¥ el'9¢ e€'6¢ 83 {op1s) 7ej TeI0L,
6LeV 021 g'eL g'eL SIL 0'SL g'eL 3 (ap1s) uedr]
"qo1d WNAS  «LHOO  xSHDO +€HOO  Jigd 0U  [BUOIUSAU0D

“9}BLIBACO € duoq [830) Sursn sdnoud xoyey jo uonsodurcod sseare)) - H1I1 9Bl



47

"G0°0>d 18 Apyuedyjudis JapIp syduosiedns JuarayIp Suiaeaq MOI B UT SUBIW pajsnlpy aqe

SYJUOW 2, IO G ‘g I0J SOA[BS POsENU YOTYM SIJISY PIA[BI-9IUO = ,

610 600
620 Gg'0
300 010
sugaw sadofs

pojsulps Suowe
3uowre

sonyeA J

SL'YS 8092 60'63 9LVS 972 8121
9'el 12348 (5441 8L'EL LI'€X 0L0°€
2806 qelc’s q81L'e oqLT’'e  eSYV'E G9CT1

*LHDO *SHOO x*6HOO JIed ou AU0D AD
[enpisax

(33)) Sonyue sueowt pajsnipe

a0  9¥60
€00 9911
900  €2L0
"9's q
UoWwIod

IB[NOSNULIIIUL
snosuBINIQNS

A31a80 Lpoq

sjodap e

Suisn s30dap 78] JO SIYSIOM JO SOUBL.%£.00 JO SIBATEUE I} UT SIN[BA-] PUE SUBIUX PIsnipe () SHUBLYIS0O YIMOIY) - CTIT JqeL

S[qULIBA JuUIpUdIPUT S1Y) S8 18] SIqRIDIISIP SSEITED [8303 JO So]



1ySom apts 10j pajsnipe~

(g0"0>d) JusIayIp APUEdYIUIIS dIe sydridsiadns JUSISIP UM MOI dWIes 5(3} Ul SUBIW Hqe

1000 98'S o8TIZ  oq8'LTT gL 665 qe€ 0¥ eV'358 (1-843)
som( aqqissaxdxy
2000° 299 qg8'9 qiL9 q€%'9 qlO'L eb¥'6 (1-813)
sso dup yedlg
jt420) 8gl’ q90°€ ed¥v'e qe0€'€ qe9g't elG€ ~4yg
1000’ 1§54 obF'ST 2G9°ST qe6°eT 2q6¥' V1 2eSL'9T ~Y49
1050 qT qLS'68 qEL'68 ©E3'68 e81°6¢ 29’68 wgp
(Do) 2anjesadura,
1000’ 830 qs9's ql9'9 ql9°S qG9'S e8¥'S P9
L2230’ 9g0’ q08'S ©69°'S ell’§ 299'G el9'S i (A
1000 evo’ qll9 qoL'9 q6L9 q699 €€9'9 wey
Hd
Lymiqeqoid WES LHDO SHOO €HOO jleo ou  [BUOLIUBAUOD

-sdnous; JaJIoY JO SSo] arngsiow pue axmjeradwa) ‘Hd Sposnw jo sueow axenbs 58] - 9TII AYBL



significantly higher temperature than the OCH7 group. Conventional
heifers had significantly higher moisture losses than other heifer groups
as measured by steak drip loss (Table II1.6). They also had significantly
higher expressible juice values than all heifer groups except the no calf
group. The conventional heifers had significantly higher L* colour values
after 24 hours and the difference was still significant at 6 days postmortem
(Table II1.7). The conventional heifers had a* and b* colour values similar
to the other treatments. The only significant difference being a lower a*
value for the conventional heifers compared to the OCH5 group. The OCH5
group had an a* value which was significantly higher than all other
groups and a b* value which was higher than all but the conventional
group. There were no differences among any of the groups for six day a*
and b* colour values.

The OCHS3 group yielded meat which had significantly higher
shear values than any of the other treatments. All other heifer groups
yielded meat of similar tenderness. The percentage intramuscular fat as
measured by ether extraction showed no significant difference between the
conventional group and the others. The intramuscular fat percentages of

the OCH5 and OCH?7 groups were significantly higher than the no calf

group.

D. DISCUSSION
1- Carcass evaluation
The carcass grading results from this experiment suggest that as
animals age chivnologically beyond 25 months, an increasing proportion
are assessed as being physiologically older than the maturity class 1

category (Canada A and B). The carcass grade would have a major
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influence on the profitability of a once-calved system since the highest
prices are paid for those in the youthful categories with optimal fat cover
(Canada A1). The grade fat depth results show that all heifer groups were
able to attain the minimium 4 mm fat depth required to grade A1l. The
constraints of the experiment resulted in some heifer groups reaching
higher fat levels than would be desired by producers. In the practical
situation, this could be avoided by earlier slaugihtering or changing the
management so that a lower quantity of grain was fed following calving.

The results of this study showed that the once-calved system
produced meat which was judged to be significantly more marbled than the
conventional system but chemical analysis showed no significant effect on
intramuscular fat content. Marbling is not a grading criterion in Canada
at the present time. It is included in the grading systems of Japan ar.d the
United States and is consequently a factor which affects Canadian bee:
exported to those countries. Resuiis from this experiment show that the
majority of the carcasses from the once-calved heifer system could be
classified as Al and may even be favoured for markets where a premium is
paid for higher marbled meat.

The Canadian grading system could not distinguish between
carcasses from the once-calved heifer system and those from the
conventional system. A detailed evaluation of the composition of the
carcasses was nevertheless performed. Since the conventional heifers were
slaughtered earlier and at a lighter liveweight than the other heifer groups,
it was expected that they would yield lighter carcasses, with less lean and
bone then the other heifer groups. When adjusted to a common weight the
carcasses from the once-calved system did not differ in fat or lean weight

compared to those of the conventional system. The once-calved heifer



groups did have more bone than the conventional system suggesting a
difference in stage of maturity. In order to bring all heifer groups to a
similar stage of maturity, the carcasses were adjusted to a common total
bone weight. This showed that no differences existed among the heifer
groups in the adjusted quantity of lean yield, thus indicating that calving
did not influence the lean:bone ratio of the once-calved heifer carcasses.
The OCH5 and OCH?7 groups tended to have more fat in the subcutaneous
and intermuscular depots, but overall the differences found in composition
were minor and probably not of commercial importance.

The growth coefficients of all three fat depots relative to total
carcass fat were not significantly different (P<0.05) suggesting that over the
growth range studied the fattening patterns were similar for all heifer
groups. Results show that subcutaneous fat had an allometric growth
coefficient greater than 1.0 indicating it was the last fat depot to be deposited
and increased as a proportion of total dissectable fat as weicht increased.
Body cavity fat had a growth coefficient less than 1.0 suggesting that it was
an early deposited fat and relative to total dissectable fat , its size decreased
as liveweight increased. Intermuscular fat had a growth coefficient which
was slightly below 1.0 indicating it would decrease as a proportioa of total
dissectable fat . weight iritreased. These results agree with those of
Kempster (1981) who found that intermuscular fat was early developing
and subgutaneous fat late developing.

No significant differences existed among the adjusted means for
thesubcutaneous and intermuscular fat depots. This indicates that there
were no differences among the heifer groups in the relative rates at which
the, deposited subcutaneous and intermuscular fat, nor was there a

difference in the amounts deposited when adjusted to a common total fat



53

level. The proportion of carcass fat deposited in the body cavity is relatively
small and variable (Berg and Butterfield, 1976). When adjusted to a
common carca. ‘=t level, there were differences in fat partitioning with
the conventional heifer group having more body cavity fat than the no calf,
OCH3 and OCH?7 groups. However, the differences were small and
probably not of economic importance. Carcass dissection results therefore
show the once-calved syster ielded carcasses which were of similar

' oiters.

composition to convention.
2 - Meat quality deterininations

This study showed that the older once-calved heifers had
significantly higher longissimus muscle pH values than the younger
conventional heifers. The once-calved system may produce meat with
different characteristics than that from conventionally reared heifers, since
these animals are older and have undergone calving and lactation. Other
studies comparing once-calved heifers and open heifers of the same age
have shown that meat pH was not influenced by pregnancy and calving
(Petit, 1973; Dumont et al., 1987). Tuma et al. (1963) showed that the
ultimate pH of the longissimus muscle decreased with increasing animal
age. The small difference between the pH value of the cinventional group
and the other groups is not readily explainable. The rate of pH decline is
affected by muscle temperature which in turn is influenced by the fatness of
the carcass (Sruith et al. 1977). In this ctudy however, differences in
muscle temperature did not explair; variations in pH measurements. It is
possible that the stress of weaning may have contributed to the higher pH
perhaps by a decrease in store: glycogen. Other work performed on heifers

has reported pH values ranzing from 5.61 (Dumont et al., 1987) to 5.73



(Petit, 1973). This compares favourably with the pH values obtained by the
older heifer groups (5.61-5.65) but not with the pH values of the conventional
heifers (5.48). All groups had muscle pH values which fall within the
normal range reported for commercial conditions (Murray, 1989).

The present experiment showed higher water losses in the
conventional than once-calved heifers, as measurea by expressible juice
and steak drip loss. Although this contradicts results from Dumont et al.
(1987), it is consistent with the lower pH values. The water holding capacity
of meat is mainly influenced by pH. As the pH of meat approaches the
isoelectric point of the protein (pH 5.0-5.1), the water-binding capacity of
that protein also decreases (Swatlend, 1984). Previous research has shown
that calving prior to slaughter results in higher meat water losses (Dumont
et al., 1987). This difference was found even though there was no difference
in six hour pH. It is not surprising that many researchers have failed to
find a difference in cooking losses between maiden and once-calved heifers
(Dumont et al.,1987; Bond et al., 1986; Waggoner ¢t al., 1988} since the same
studies have not found a difference in pH. A disparity was found when
actual water losses were measured. Petit (1973) found no difference in
water retention between maiden and once-calved heifers. Dumont et al.
(1987) found that calving produced significzatly nigher mean water losses.

Results from this experiment showed that the once-calved and no
calf heifer groups yielded slightly darker meat (lower L*) than the
conventional group. There was little difference in the muscle redness (a*
value) or yellowness (b* value) of the different heifer groups at 24 hours and
no significant differences at six days.

It is not clear from the literature what effect calving has on the

colour of meat. In a study undertaken by Dumont et al. (1987) calving
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tended to result in lighter meat colour in Charolais X Friesian heifers. In
the same trial, however, the meat >f once-calved heifers of Friesian
breeding was somewhat darker than the meat of maiden heifers (Dumont
et al., 1987) suggesting an interaction between genotype and calving.
Waggoner et al. (1988) found that one year old open heifers yielded
significantly lighter coloured lean than once-calved heifers. However, they
found no difference between once-calved and two year old open heifers
which agrees with findings by Petit (1973), Bond et al. (1986) and the present
study. The darker meat of the older animals is probably due to an increased
myoglobin concentration. The concentration of myoglobin increases rapidly
until about 36 months of age (Lawrie, 1979).

The lower pH of the meat from conventionally reared heifers could
have resulted in more free water at the surface of the meat. This may have
increased the reflectance and accounted for the significantly higher L*
values. The lower pH may have also affected the spacial structure of
myoglobin (Asghar and Pearson, 1980), thus increasing the light scattering
properties of the muscles and influencing its colcur.

Results from the present study showed that all heifer groups
yielded meat of similar tenderness to that of conventionally reared heifers,
except the OCHS3 heifers which had the highest shear values. Meat
tenderness is the main determinant of consumer eating satisfaction and
thereby has the greatest influence on acceptablility (Jeremiah, 1981).
Dumont et al. (1987) found that the influence of calving on tenderness
varied according to the muscle considered. For example the longissimus
muscle was more tender in calved heifers but the semitendinosus muscle
was tougher compared to maiden heifers of the same age. Evidence also

presented by Dumont et al. (1987) suggested a genotype influence.



The tenderness of meat from once-calved heifers and maiden
heifers of the same age has been found to be similar using both shear test
(Petit, 1973; Bond et al., 1986; Waggoner et al., 1988) and taste panel
evaluation (Joseph and Crowley, 1971; Bond et al., 1986). Waggoner et al.
(1988) however found that meat from two year old once-calved heifers had
higher shear values than those from one year old open heifers.

The shear test results obtained in the present study show that time
of slaughter after calving significantly influenced meat tenderness. Bond
et al. (1986) found that taste panel tenderness scores decreased and shear
force values increased for heifers slaughtered between 21 and 42 days post-
partum. Results suggest that increased toughness is not due to
chronological maturation as suggested by Bond and coworkers (1986), but is
related to the time interval between calving and slaughter.

Merkel and Pearson (1975) suggested that even under conventional
chilling methods the major differences in tenderness between fat and thin
beef are due to fat retarding the rate of heat dissipation during carcass
chilling. The significantly higher shear value of the OCHa3 heifer group
may be due to its lower fat cover over the longissimus muscle. This lack of
thermal insulation is reflected by the lower muscle temperature of the
OCHS3 group measured at six hours post mortem. Although the
conventional heifers had less fat cover, their younger age may contribute to
their lower shear values. The carcass results would suggest that the no
calf heifers should have shear results similar to those of the OCH3 group
due to their similar fat levels. This was not the case.

The higher marbling scores obtained for the OCH5 heifer group
may be a reflection of the higher carcass fat content. This agrees with

Cianzio et al. (1982) that intramuscular fat increases in proportion to total
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fat. This does not seem to be the case for the OCH3 group which had less
total fat but higher marbling scores. The significantly higher shear values
and marbling scores of the OCH3 group cannot be clearly explained by
differences in pH, temperature, fat levels or age. It is possibie that there is
a physiological link between early lactation and meat quality. During
pregnancy there is a marked increase in prolactin secretion, however its
action is inhibited by estrogen and progesterone during pregnancy
(Ganong, 1979). After parturition, prolactin secretion continues due to a
reflex action on the hypothalamus caused by nipple stimulation. A study by
Zinn et al. (1986) showed that heifers exposed to short-day photoperiods had
higher intramuscular fat content in the longissimus muscle than heifers
exposed to long-day phtoperiod. Since prolactin levels are depressed during
short-day photoperiods (Zinn et al., 1986) it is possible that prolactin is
responsible for the change in body composition. Prolactin may influence
the meat quality of once-calved heifers slaughtered at early stages of
lactation. The once-calved system may produce animals with a higher
degree of marbiing which is favoured in some markets though not in
Canada, but the physiological activities which take place during early
lactation may also reduce meat quality.

Although the heifers weaned at 7 months of age received the
highest proportions of Canada C and D grades, their meat was more tender
and more marbled than the meat from conventionally reared heifers. The
meat {rom heifers whose calves were weaned at 3 months, of which only
one carcass was assessed with intermediate maturity, had the highest
marbling, but also the highest shear values. The once-calved heifer
appears to undergo changes in meat quality with delayed slaughter time

after calving. These changes do not follow those of conventionally reared



heifers and consequently challenge some of the meat quality "rules of
thumb” involving marbling and meat tenderness. Results from this study
do not explain the reason for these higher values. However they suggest
that the endocrinology of the post-calving heifer with its possible
relationship with meat quality should be investigated.

E. CONCLUSION

The majority of carcasses from the once-calved system remained in
the youthful Canada A and B grades. Once-calved heifers were able to
attain A1 fatness levels within 3 months post-calving and all once-calved
heifer groups had significantly higher marbling scores than the
conventional heifers.

Once-calved heifers produced carcasses of similar composition to
conven' -nally managed heifers. When all carcasses were adjusted to the
same level of maturity, once-calved heifers produced similar amounts of
Jean to conventional heifers. Once-calved heifers also had similar fattening
patterns to conventionally reared hcifers.

Most once-calved heifers yielded meat of a similar quality to that of
conventionally reared heifers. Meat from once-calved heifers had lower
moisture losses and was a darker colour than conventional heifers. It did
have similar intramuscular fat and similar shear values except for the

OCH3 group which was tougher.



Chapter IV
THE EFFECTS OF ELECTRICAL STIMULATION ON THE MEAT
QUALITY OF ONCE-CALVED HEIFERS, NON-PREGNANT TWO -
YEAR-OLD AND CONVENTIONALLY REARED BEEF HEIFERS

A. INTRODUCTION

Results from the previous experiment (Chapter III) showed that
once-calved heifers yield meat of more variable quality (tenderness and
colour) than meat obtained from conventionally reared heifers. Those
heifers which were slaughtered after nursing their calves for 3 months had
meat with higher shear values than meat from conventionally reared
heifers. Meat tenderness is the main determinant of consumer eating
satisfaction and thereby has the greatest influence on acceptability
(Jeremiah, 1981). However, visual characteristics per se are poorly related
to meat tenderness. Consumers nevertheless rely on visual cues such as
meat colour, fat cover and marbling as selection criteria of beef cuts at
retail outlets. Thus the once-calved heifer system must consistently
produce meat of similar visual quality and tenderness to conventionally
reared heifers or be agressively marketed as special in order to be adopted
by the industry. Present research results (Chapter III), however show that
meat from once-calved heifers may have greater variation in both
tenderness and colour compared to meat from feedlot fed non-pregnant
heifers.

Electrical stimulation has been shown to increase the tenderness of
young beef as well as to imprsve a number of other meat quality factors
such as colour and, marbling score (Cross et al., 1984). It is a relatively

inexpensive method of improving the appearance and palatability of meat.



Experiments using high voltage electrical stimulation have shown
improvements in meat quality of grain-fed or range-fed heifers and aged
cows (Stiffler et al., 1982). Other trials using low voltage electrical
stimulation of young and mature cows showed no differences in the cooking
and quality attributes of roasts (Hawrysh and Wolfe, 1985). There has not
been any work performed on once-calved heifers. Not only is it important
that electrical stimulation tenderize meat produced from the once-calved
heifer system, but also that it makes it comparable to meat produced in the
conventional system. The purpose of this study was to ds*~vmine if
electrical stimulation could be used to improve the meat guality of once-
calved heifers and consequently make them part of a viable meat production

system.

B. MATERIALS AND METHODS

The carcasses used were obtained from the efficiency trial described
in Chapter II. They represented five groups of heifers (Table I11.1).
Ninety-six heifers had been fattened while raising a calf and slaughtered at
three different times, either at three (OCH3), five (OCHS5) or seven (OCH?7)
months post-calving. A fourth group was a set of heifers which did not
raise a calf (no calf). The fifth group was comprised of conventionally
managed feedlot heifers. Alternate sides of each carcass were electrically
stimulated at 475 volts for one minute (20 pulses.min‘l, 60 Hz) at 45 min
post-stunning. Carcass evaluation and meat quality determinations were
done as previously described (Chapter III).

Differences among heifer groups were analysed using a general
linear model which included treatment, replicate, stimulation, the

treatment by stimulation interaction and the residual error. Treatment by
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«timulation interactions were presented when significant. Mean
separation of significant main effects was by single degres of freedom

linear contrast.

C.RESULTS

The stimulated carcasses had significantly lower pHs than the
unstimulated carcasses at all times of measurement (Table IV.1). There
was a significant treatment x stimulation interaction for pH readings taken
at 45m, 6h and 24 h, but not at 6d post-mortem. Electrically stimulated
carcasses had a significantly higher temperature at the 45m reading which
was taken immediately after stimulation. Electrical stimulation did not
affect the temperatures at 6h and 24h.

Electrically stimulated meat was significantly brighter (higher L*);
redder (higher a*) and yellower (higher b*) than unstimulated meat (Table
IV.1). These changes were evident at both 24 h and 6 d post-mortem. The
only significant treatment x stimulation interactions were present at 24h
for the a* and b* values (Table IV.2). All electrically stimulated once-calved
heifer groups yielded meat of a redder colour than the unstimulated
conventional heifers. The stimulated no calf, OCH3 and OCH5 groups
yielded meat with more yellow (higher b*) than the unstimulated
conventional group (Table IV.2).

There were no significant differences in drip losses between
stimulated and unstimulated sides (Table IV.3). However, electrically
stimulated meat did have significantly more expressible juice. The
treatment x stimulation effect was not significant.

Electrical stimulation significantly reduced the amount of shear
force required to cut a 20 mm cylindrical cooked meat sample core (Table

IV.3). There was a significant treatment x stimulation effect indicating



TableIV.1 - pH, tem]

unsti

serature and colour at various times post-mortem for
imulated and electrically stimulated sides.

unstimulated

stimulated

pH
45m
6h
24h
6d

Temperature (°C)
45m
6h~
24h~

Colour
24h L*

mean S.E.

6.70
6.14
5.70
5.60

39.39
15.16
3.31

34.7
214

9.5
35.6

214
9.7

009
020
005
.006

033
099
021

11
A1
09

A1
A1
07

mean S.E,

6.33
5.68
5.63
5.68

3948
15.34
3.30

36.2
23.2
10.8

36.7
225
10.5

.006
.020
005
.006

018
.098
021

A1
11
.09

A1
A1
07

ili

0001
0001
.0001
0312

0329
1638
5830

0001
0001
0001

0001
0001
0001

~adjusted to common side weight (kg)
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TablelV.3 - Quality analysis of unstimulated and electrically

stimulated sides.

unstimulated

stimulated

mean SE.

steak drip loss 7.53
(gkgD
expressible juice 2324
(gkgDH
shear value, kg 7.9
marbling score* 6.5
intramuscular fat 54.2
(gkg D

85

92

10

03
47

8.23 Ba5
236.4 91
59 10

6.4 .03

55.1 47

0556

0025

0001
0283
2094

* (1=abundant, 9=traces)



that some treatments responded ditizrently to stimulation than others
(Table IV.2). Meat from all heifer greaps except for OCH3, had similar
shear values prior to stimulation. Stimulation resulted in decreased shear
values in all heifer groups, but the no ¢2lf and OCH3 groups remained
significantly tougher than all other grow. 5. All stimulated heifer groups
were more tender than the non-stimulated conventionally reared heifer
carcasses.

Electrically stimulated carcasses had significantly lower marbling
scores than unstimulated carcasses Table IV.3). The treatment x
stimulation interaction was not significant. There were no differences in
the amount of intramuscular fat in the longissimus muscle as measured

by petroleum ether extraction.

D. DISCUSSION

In this study electrical stimulation caused a rapid reduction in
muscle pH while carcass temperatures were still elevated. This agrees
with other studies in the literature (Dutson et al., 1980; Hawrysh et al.,
1986). The rapid fall in pH as a result of electrical stimulation is caused by
an accelerated glycolysis and leads to earlier development of rigor mortis
(Asghar and Henrickson, 1982). These changes influence both the
appearance and tenderness of electrically stimulated meat.

Since the colour of fresh meat has a major influence on consumer
selection it is an important quality factor. Electrical stimulation resulted in
brighter and redder (higher L*, a* and b* values) meat for all the heifer
groups. Other studies have found that meat from stimulated carcasses
evaluated at 18-24 hours post-mortem is generally brighter than that from
unstimulated carcasses (Calkins et al., 1980; Hawrysh et al., 1986). The



lower pH obtained in the electrically stimulated sides could cause more
denaturation of muscle proteins and result in more free water at the
surface of the meat. This greater content of free water may have increased
the reflectance and would account for the significantly higher L* values of
the stimulated meat. It has also bzen suggested (Asghar and Pearson,
1980) that pH affects the spacial structure of myoglobin, increasing the light
scattering properties of the muscles, and influencing its colour. Hov. .ver,
researchers have found that meat from electrically stimulated beef
carcasses had more oxymyoglobin than meat from unstimulated carcasses
(Tang and Henrickson, 1980) which may also explain the higher a* values.

This improvement in meat colour on the day after slaughter is
considered to be mainly a transient effect since carcasses judged at 48
hours or longer after slaughter have not shown a similar improvement in
muscle colour (Smith et al., 1977 : Calkins et al., 1980). The present study
showed that these colour differe: :: es were still present after 6 days. Other
researchers have also reported ¢ nermanent colour change in electrically
stimulated beef (Eikelenboom et a:.. 1981). Results from the present study
suggest that electrical stimulation could be used to improve the colour of
meat from once-calved heifers by making it more similar to that yielded
from conventionally reared heifers. This would enhance the attractiveness
of retail cuts from once-calved heifers to the consumers.

Results from this study indicate that electrical stimulation of once-
calved heifers and conventional heifer sides prior to chilling exerts little
influence on drip loss. Such results concur with the reports of other
workers (Morgan, 1979; Hall et al., 1980; Jeremiah and Martin, 1982) who
found that electrical stimulation did not alter the amount drip in the

packages during retail display. Electrical stimulation did, however,



significantly :7«crease the amount of expressible juice. This is consistent
with the lower pH of stimulated meat since water holding capacity is
reduced as the isoelectric point of meat is approached (Swatland, 1984).
This suggests that electrical stimulation reduced the ability of meat to bind
water, but this was only measurable when an external force (pressure) was
applied. The amount of moisture loss is partially responsible for many of
the physical properties, such as colour, texture, and firmness of raw meat
and the eventual juiciness and tenderness of cooked meat.

The present experiment showed that electrical stimulation could be
used to tenderize meat from once-calved heifers by 26% overall and up to
30% for the OCHS3 group. Since the stimulated mez: of all once-calved
heifer groups was significantly more tender than that of the unstimulated
conventionally reared heifers, the adoption of electrical stimulation would
ensure that the eating satisfaction obtained from eating meat from once-
calved heifers would be at worse similar to that obtained from
conventionally reared heifers. However, with the exception of OCH3 the
once-calved heifer meat was as tender as the conventional without
stimulation.

Although the mechanisms involved are still being researched,
results of this study agree with many studies that post-mortem stimulation
of beef carcasses does produce a tenderizing effect on the meat (George et
al., 1980; Bouton et al., 1980; Medeiros et al., 1989). This situation results in
favourable conditions for the naturally occurring lysosomal enzymes to
degrade muscle proteins and cause rapid tenderization (Asghar and
Henrickson, 1982). Dutson and coworkers (1980) have shown that the
lysosomal enzymes in electrically stimulated carcasses are released sooner

as a result of the lysosomal membrane rupturing and work at a faster rate



than lysosomal enzymes in unstimulated carcasses. It is suggested that
collagen thermal stability in electrical stimulated muscles is lessened
perhaps by the disruption of heat-stable intermolecular crosslinks (J udge et
al., 1981). The thermal stability of the intermolecular cross-links in
collagen play an important part in determining the toughness of meat
(Bailey and Sims, 1977). Structural damage to the actual myofibrils has
also been detected in electrically stimulated meat (Savell, 1979). The
dissarray of protein filaments observed in the contracture bands of
electrically stimulated muscle fibers suggests that structural damage may
result in tenderization (Savell, 1979) particularly with high voltage
stimulation. A very rapid fall in pH should be avoided however, since this
could result in heat shortening and consequent meat toughening (Marsh et
al., 1987).

At the present time marbling is not a grading criterion in Canada,
but in the United States and Japan, the degree of marbling is used to grade
carcasses in each maturity group and consequently has economic
significance. Although grading is normally done following a 24 hour chill
period, longer periods of chill increase marbling scores (Calkins et al.,
1980). This same degree of marbling score enhancement can be achieved
within a few hours by electrical stimulation. In the present study electrical
stimulation significantly increased the marbling score of the heifer meat.
The increase in marbling score was however quite small and probably
without commercial consequence.

It is not known if the human eye can perceive ranges in degrees of
marbling which are linearly related to the relative area of marbling fat
(Swatland, 1984). Fat content estimated using chemical determinations is

related to marbling scores (Cooper et al., 1968) and is often used as an



objective measurement of intramuscular adipose tissue, although it also
includes structural lipids. Results from the present study show that
intramuscular fat as measured by petroleum ether extraction was not
influenced by electrical stimulation. Thus the increases in marbling scores
due to electrical stimulation probably resulted from acceleration of the
postmortem processes and are a reflection of the more advanced state of

carcass conditioning.

E. CONCLUSION
The use of ele:trical stimulation on meat from once-calved heifers
resulted in:
(1) A rapid pH drop while carcass temperatures
remained elevated.
(2) A significant improvement in meat tenderness, colour
and marbling.
(3) An increased amount of expressible juice but not retail
drip loss after € days.
It can therefore be concluded that electrical stimulation improved the
quality characteristics of meat produced from once-calved heifers to make it
not significantly different to that yielded from unstimulated conventionally

reared heifers.
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Chapter V
THE ONCE-CALVED HEIFER SYSTEM: CONCLUSIONS

From the results of the present study, it can be concluded that the
once-calved system may have a role in today's cattle industry. The
system could be used to produce meat of similar quality as from a
conventional system and yet be predominately based on a roughage diet.
As a result of breeding, calving and maintaining heifers for an extra
year, the once-calved heifer system yielded an extra 60 kg of carcass
weight and also a live calf. In the present study, all once-calved heifer
groups were able to attain the minimum four mm fat depth required to
grade Al. However, as the animals got older than 25 months, an
increasing proportion were classified as Canada C or D. Although the
carcasses were heavier than those produced from the conventional
system, they were of similar composition. The use of elcetrical
stimulation ensured that the meat was of comparable quality to that
produced from the conventional system.

Tn the present study it was shown that on a biological basis Liie
once- caived heifer system required about 10% more digestible energy to
yield the same unit of carcass weight as the conventional system.
Various explanations presented in Chapter II suggest that biological
efficiency calculations may underestimate the true value of the system.
The high roughage utilization of the once-calved heifer system might
make it an advantageous system to use in conjunction with forage
rroduction on marginal quality land. It would make use of different

feed inputs to yield meat comparable to that from conventionally reared
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heifers. Its adoption by the industry depends on whether the added
value of the heavier carcass weight and calf warrant the extra labour
and expenses incurred by managing a once-calved heifer system. The
financial viability of the once-calved svstem can only be determined from
a thorough economic analysis.

The once-calved heifer system may have advantages over the
conventional cow-calf system in its responsiveness to market demands.
The cow-calf system requires a considerable lag time to adjust to
changes in the demands of the supply of beef. Large shifts in the cow
inventory would have to occur to accomodate fluctuations in demands.
Consequently, beef production levels tend to be of a longer term, cyclical
nature with little sensitivity to immediate industry demand. The
heavier carcasses from the once-calved system show this system could
produce an increase in meat production with little effect on population
dynamics. The once-calved heifer system would allow the industry to
respond quicker to shifts in beef demands. There would be a decreased
dependence of the beef supply on the cattle cycle resulting in an
increased efficiency at the industry level.

This leads us to two research areas deserving further attention.
Firstly, feeding regimes to minimize maintenance costs should be
developed. Heifers in the once-calved system should be fed to meet the
optimal weight and body condition levels required for breeding, calving
and slaughter. A refinement of *he feeding regime utilized in the
present study ceu’d improve the efficiency of the system. Secondly,
economic modelling should be performed at both the farm and industry

levels. The economic consequences resulting from the adoption of the



once-calved system could be simulated using data collected from this
experiment. The implications to both the producer and the cattle
industry as a whole could therefore be predicted and addressed.

The full merit of the once-calved heifer system will only be
realized if it replaces the cow herd and becomes responsible for both
meat production and herd perpetuation. The present study evaluated
the biological efficiency of one complete cycle of the once-calved system.
To accurately compare this system with the cow-calf system, efficiency
data from both systems must be compared. A working model should be
developed to compare both systems under varying economic scenarios.
Data from the present trial could be used to test the model and simulate
other situations. Modelling would also allow the industry to anticipate
changes resulting from the new developments such as twinning and
sexed embryos. These developments are essential for the realization of a

self-sustained once-calved system.
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