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Summary. Growth, carcass and meat characteristics,
market suitability and economic return were compared
in surgically spayed (SS), immunologically spayed (1S)
and entire (E) heifers. Spaying had no effect on daily
weight gains of heifers up to 8 weeks following
spaying. Between spaying at 15 months of age, and
dlaughter at 30 months of age, growth was greater for E
heifers (0.36 kg/day) than for SS heifers (0.32 kg/day)
(P<0.01) and for IS heifers (0.33 kg/day) (P<0.05).
There was no difference in growth between SS and 1S
heifers. Carcass weights at slaughter were: E, 246 kg;
SS, 239 kg; IS 240 kg (P>0.05). Other carcass
attributes (meat and fat colour, texture and marbling)
were similar for the 3 treatments.

Subcutaneous rump fat depth (P8 site) was similar for
the 3 groups (E, 20 mm; SS, 21 mm; 1S, 19 mm) and the
percentages of carcasses that had rump fat depths between

6 and 22 mm were: E, 72%; SS, 66%; IS, 83% (P>0.05).
All other carcasses had fat depths greater than 22 mm.

Warner-Bratzler initial yield and peak force values of
striploin (Longissimus dorsi) samples were lower
(P<0.05) in the SS treatment than both E and IS
treatments, whereas Instron compression values from
the E striploin were lower (P<0.05) than for both the SS
and IS treatments. There were no differences between
treatments in any meat attributes measured from the eye
round (Semitendinosus).

Entire heifers ($A522) realised a higher (P<0.05)
carcass value than SS heifers ($495) whilst IS heifers
($503) did not differ (P>0.05) from E and SS heifers.
Direct costs of the spaying treatments (SS, $2.50 per
head; 1S, 4 vaccinations at $5.50 each) increased the
difference relative to E heifers to $29.50 (SS) and
$41 (1S) per head.

Introduction

The implementation of early weaning programs and
improvements in the management of beef cattle breeding
herds in northern Australia has increased the numbers of
heifers not required as breeder replacements, and
therefore potentially available for meat production
(Burns et al. 1990; Holmes 1990). Under current
marketing systems, most heifers are sold between 6 and
24 months of age, with most to low priced markets. With
the development of the Australian domestic beef market,
Korean and Japanese export markets, and live cattle
export markets, there is an opportunity for Australian
cattle producers to direct heifers into these markets.

Heifers, especially those which are heavily pregnant,
receive lower prices at sale than steers of comparable
age and carcass weight (Todd and Cowell 1981). If these

pregnant heifers are calved out, they may need to be
retained for up to an additional year to recover lost body
condition, making them too old for some markets. There
isan industry perception that spayed heifers have greater
liveweight gains and increased subcutaneous fat than
entire (non-spayed) heifers grown under similar
conditions. This perception, however, has not been
supported by results in North America (Crouse et al.
1987; Garber et al. 1990) or southern Australia (Bouton
et al. 1982; Saul et al. 1982). There is no published
information from northern Australia on the growth and
carcass characteristics of spayed and entire heifers, or
the effects of spaying on meat quality.

Traditionally, surgical spaying or isolation of heifers
from bulls has been used to prevent unwanted
pregnancies (Rudder and Corlis 1974). The development
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of a spaying vaccine, Vaxstrate, which induces heifers to
produce antibodies to luteinising hormone releasing
hormone, leading to anoestrus in heifers (Hoskinson
et al. 1990) provided a third option to control unwanted
pregnancies. The aim in this study was to investigate the
short- and long-term growth of heifers left entire,
surgically spayed or immunologically spayed
16-18 months before slaughter. The effects on carcass
characteristics, meat quality, market suitability and
economic return were also investigated.

Materials and methods

The study was conducted at the Queensland
Department of Primary Industries’ Brigalow Research
Station (240°50'S, 149°48'E), Theodore, Queensland,
between January 1993 and May 1994. Seasonal rainfall
and long-term average rainfall is shown in Table 1.

Below-average rainfal in summer and autumn 1993
and late spring rain in 1993 resulted in drought
conditions and low heifer growth during this period. All
heifers grazed together on green panic (Panicum
maximum var. trichoglume), buffel (Cenchrus ciliaris)
and Rhodes (Chloris gayana) grass pastures growing on
cracking clays and duplex soils of the Highworth land
system (Speck et al. 1968). Stocking rates were about
1 adult equivalent (400 kg liveweight) per 3 ha. Heifers
were purchased from a commercial property at Julia
Creek, North Queensland, in June 1992, transported to
Brigalow Research Station and grazed as a single group.
The heifers were 1/2-3/4 Bos indicus content and
6-9 months of age at purchase. Heifers were allocated
on the basis of unfasted liveweight to 1 of 3 treatments
in July 1992 then run as a single group until treatments
began in February 1993. Treatments and unfasted
liveweights in February were: entire (E, n = 30, 333 kg);
surgically spayed (SS, n = 30, 334 kg); or immunologically
spayed (1S, n = 30, 334 kg).

Spaying and vaccination

The spaying was carried out when the heifers were
about 15 months old. The IS heifers were given a
primary Vaxstrate vaccination in January 1993 and a
secondary vaccination 4 weeks later (Hoskinson et al.
1990). Booster vaccinations were given in September
1993 and February 1994. All Vaxstrate vaccinations
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were given subcutaneously in the upper neck area of the
heifers on alternative sides of the neck at each
vaccination time. At the same time as the IS heifers
received their secondary vaccination, the SS group were
surgically (flank) spayed through the left paralumbar
fossa (Heinze 1970) by an experienced contract spayer.
The flank area was disinfected before incision and
treated with fly-strike powder after the ovaries were
removed and the incision stitched. Heifers were returned
to their paddock within 30 min of the final heifer being
spayed. All were monitored daily for a 2-week period for
post-operation morbidity and complications.

Weighing and reproductive studies

All heifers were weighed 1, 2 and 4 weeks after the
start of treatments and every 4 weeks thereafter. Cyclic
ovarian activity in E and IS heifers was determined by
measuring plasma concentration of progesterone
(D’ Occhio et al. 1988). Commencing in March 1993,
about every 2 months E and IS heifers were bled twice
11 days apart. Plasma progesterone concentrations of
=2 ng/mL were taken as indicative of the presence in the
ovary of an active corpus luteum.

Saughter and carcass measurements

During the experiment, 1 heifer from each treatment
group was removed and the data reported are for the
remaining 29 heifers in each treatment. Of the 3 heifers
removed, one was found to be pregnant at spaying, one
calved during the experiment and the third heifer died
due to unknown causes during the drought. Heifers were
turned off for slaughter when carcass weights were
estimated to be suitable for the heavy domestic/light
Korean beef markets. There was no attempt to market
animals on the basis of individual weight or fat depth.
Heifers were consigned for slaughter on the basis of their
initial liveweight blocking over a 3-week period in May
1994. Heifers were serial slaughtered to alleviate
problems of data collection from all 87 animals as
1 group. Ten heifers from each treatment were
daughtered in each of the first and second weeks, with
the remaining 9 heifers from each treatment slaughtered
in the third week. At turnoff, heifers were mustered and
weighed unfasted, trucked 250 km the following
morning to an abattoir, given access to water overnight
and dlaughtered the next morning. A blood sample was

Table 1. Seasonal rainfall (mm) at Brigalow Research Station during the experimental period and mean
annual rainfall (+ s.d.) over the period 1960-94

Year Dec.—Feb. Mar—May June-Aug. Sept.—Nov. Annua
199293 172.7 10.2 47.1 170.8 400.8
1993-94 179.4 217.8 n.a na na
196094 309 + 117 135+ 112 95+ 62 191+ 94 731+ 145
n.a, not applicable.
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collected for measurement of progesterone concentration
from E and IS heifers within 5 min of slaughter and each
body was electrically stimulated using an ultra-low
voltage anal/nasal stimulator for 45 s at 32 rms within
10 min of slaughter. Each body was assessed for
dentition, and each carcass measured for skeletal length
and depth (Anon. 1984) and subcutaneous fat depth at
the P8 site. Carcasses from the IS treatment had lesions
trimmed from the vaccination sites and the trimmings
weighed. All carcass sides were placed in achiller at 4°C
within 1 h of slaughter.

After about 20 h in the chiller, the left side of each
carcass was quartered between the 12th and 13th ribs.
After allowing at least 20 min for the meat to attain full
colour (bloom), subjective meat colour of the
Longissimus dorsi (L. dorsi) was assessed using the
AUS-MEAT (1990) 11 point scale of 1A, 1B, 1C, 2-9,
where 1A is bright and 9 is dark. Intermuscular fat
colour of the L. dorsi was subjectively assessed using the
AUS-MEAT 13 point standard of 0-12 with 0, white fat
and 12, yellow fat. Marbling scores of the L. dorsi were
assessed using a subjective rating of intramuscular fat
content on an AUS-MEAT 12 point scale with 1, nil and
12, excessive marbling. Eye muscle area was measured
using astandard 1 cm? grid (AUS-MEAT 1990).

During boning a 1 kg sample from the anterior end of
the striploin section of the L. dorsi and the entire
Semitendinosus (eye round) were collected. These
respective meat samples were wrapped in plastic and
stored in a blast freezer at —28°C for a minimum of
4 days then relocated to a storage freezer at —20°C
3 weeks before objective meat quality measurements.
The striploin represents the superficial muscles of the
carcass and can be affected by cold shortening, while the
eye round is not affected by cold shortening and
represents the deep skeletal muscles of the carcass.

Meat quality measurements

Meat samples were thawed for 48 h at 5°C. A number
of subsamples (about 250 g each) were removed from
the anterior end of the striploin sample and the distal
third of the Semitendinosus for cooking. These
subsamples were individualy wrapped in polyethylene
bags and cooked by total immersion in a water bath at
80°C (+ 0.5°C) for 60 min. After cooking, each sample
was cooled in cold running water (20°C) for a minimum
of 30 min and dried with paper towel before being
placed in polyethylene bags and stored overnight at
0-1°C.

Laboratory determination of sarcomere length,
ultimate pH, shear force (initial yield and peak force)
and compression of the L. dorsi as well as adhesion on
the Semitendinosus samples was carried out using
methods previously described by Bouton and Harris
(1972), and Shorthose and Harris (1990). Ultimate pH
values <5.6 are considered ideal, 5.6-5.7 acceptable and

721

>5.7 unacceptable. Sarcomere lengths <1.9 um indicated
muscle shortening while Instron compression values
<2 kg indicated acceptable levels of connective tissue
toughness. Warner-Bratzler initial yield values <4 kg
indicated tender meat, 4-8 kg acceptable tenderness, and
>8 kg tough meat (Baxter et al. 1972; Harris 1976).

Objective meat and fat colour was measured using a
Minolta CR-200 chromometer. Meat lightness (‘L' values)
of both the L. dorsi and Semitendinosus were calculated as
the mean of 3 measurements taken from a freshly cut
surface perpendicular to the grain of the meat, which had
been allowed to bloom at 0°C for 60 min. Higher ‘L’
values for meat colour indicate brighter (lighter) meat.
Colour of subcutaneous fat was measured only on the fat
covering the L. dorsi. Fat was removed, cut and
3 measurements taken immediately to give an average fat
colour. Lower ‘b’ values for fat colour indicate whiter fat.
Total fat content and dry matter percentage of the denuded
L. dorsi samples were determined using the methods
described by the Association of Official Analytical
Chemists (1980).

Carcass price and value

The carcass price (cents/kg) was determined by the
meatworks on the basis of a price grid based on hot
standard carcass weight, dentition and P8 fat depth.
Overdl carcass values used in the economic analysis are
those received from the meatworks.

Satistical analyses

The data were analysed by analysis of variance, using
a randomised block design, where blocks were based on
initial weight of individual animals. The |.s.d. was used
to test for differences amongst group means. A logistic
regression was used to test for significance in the
proportion of animals within different categories.
Parameters analysed using log-linear regression were
dentition, subjective meat and fat colour, subjective
marbling, P8 rump fat depth and levels of cyclicity of the
E and IS heifers. Turnoff times were used as blocking. In
all parameters analysed, the number of heifers in each
treatment was the same (n = 29).

Results

No individual SS heifers had severe weight loss,
showed signs of post-operative trauma or infection, or
died following the surgical spaying.

Liveweight and liveweight gain

Weight changes after spaying. There was no effect of
spaying on daily gains up to 8 weeks post-spaying. In the
first week following spaying, SS heifers maintained
liveweight, while E heifers gained 6 kg and IS heifers
gained 4 kg during the same period. By the end of
week 4 after spaying, the weight gains for the E, SS and
IS groups were 17, 12 and 15 kg, respectively, and gains
by week 8 were 18, 15 and 16 kg, respectively (P>0.05).
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Figure 1. Liveweights of heifers left entire (O0), immunologically spayed heifers (¢) and surgically spayed
heifers (»), percentage of entire heifers (m) and immunologically spayed heifers (®) cycling, and vaccination

times (1) during the experiment.

At the end of the experiment in May 1994 when the
heifers were about 30 months of age, the E heifers
(491 kg) were heavier (P<0.05) than the SS (473 kg)
heifers. Liveweight of IS heifers (478 kg) did not differ
from SS or E heifers. Liveweights during the experiment
are shownin Figure 1.

Daily weight gains. Overall weight gain was greater
for E heifers (0.36 kg/day) than SS heifers (0.32 kg/day)
(P<0.01) and IS heifers (0.33 kg/day) (P<0.05), but there
was no significant (P>0.05) difference between SS and
IS treatments.

Cyclic ovarian activity
The percentage of E and IS heifers that showed cyclic
ovarian activity during the study are shown in Figure 1.
Except for July and September 1993, there were
significantly (P<0.05) fewer IS heifers cycling at all
observations than E heifers. The percentage of IS heifers
cycling varied between 10 and 20%, except in February

1994 when the percentage was 40%. The percentage of E
heifers cycling at any one time varied between 25% in
July 1993 to 100% in March 1994.

Of the E heifers, 21% were found to be cycling at
every observation during the study. There were no E
heifers which failed to cycle during the experiment, and
only 7% were acyclic at 2 or more of the 8 sampling
periods. Within the IS heifers, 76% were acyclic on at
least 6 of the 8 sampling dates, with 45% acyclic for the
full period. No IS heifers cycled for the full experimental
period.

Carcass characteristics

There were no significant (P<0.05) differences
between the treatments for any carcass attribute
(Table 2).

P8 rump fat depths were similar between the
3 treatments with no carcasses with rump fat depths
below 7 mm. Thirty-four percent of the SS heifers had

Table2. Carcassattributes of heiferseither left entire (E), surgically spayed (SS) or immunospayed (15)

Treatment Carcass wt Dressing Rumpfatdepth  Carcasslength Carcassdepth Eye muscle area
(kg) (%) (mm) (mm) (mm) (cm?)

E 246 50.0 20 1059 569 63.9

SS 238 50.3 21 1051 567 61.8

IS 239 50.0 19 1043 566 61.7

l.s.d. (P =0.05) 7.4 0.7 3.0 17.0 10.1 33
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Table 3. Marbling score, objective meat colour score, objective and subjective fat colour scores, fat
content, and dry matter percentage of striploin (Longissimus dorsi) samples of heiferseither left
entire (E), surgically spayed (SS) or immunospayed (1S)

Values within columns followed by the same letter are not significantly different at P = 0.05

Treatment Marbling Objectivemeat Subjectivefat  Objectivefat Fat content Dry matter
score colour score colour score  colour score (%) (%)

E 13 33.4a 17 15.4a 2.60 26.9

SS 15 35.0b 21 16.9b 2.99 27.2

IS 13 34.5b 19 16.7b 2.68 26.9

|.sd. (P =0.05) ns. 1.0 n.s. 12 0.47 0.44

rump fat depths greater than the market preferred
maximum of 22 mm compared with 28% of E heifers
and 17% of IS heifers (P>0.05), while 11% of E heifers
had rump fat depths above 30 mm, compared with 3% in
both the IS and SS treatments (P>0.05). The E heifers
tended to have heavier, longer and deeper carcasses with
greater eye muscle areas than SS and IS heifers (P>0.05)
(Table 2). Site reactions to the Vaxstrate vaccinations
resulted in 86% of IS heifers requiring trimming of
tissue from the vaccination sites (0.9 kg/head).

Meat and fat attributes

There was no difference in marbling score of the
3 treatments, with the E, IS and SS treatments having
mean scores of 1.3, 1.3 and 1.5 respectively (Table 3). In
all groups, 90% of carcasses had marbling scores <2.

Subjective meat colour (AUS-MEAT) scores of all
carcasses were similar between treatments and ideal by
industry standards, ranging from scores of 1A to 1C. The
SS (35.0) and IS (34.5) treatments had lower objective
meat colour measurements (lighter meat) than the
E (33.4) treatment (P<0.05).

The subjective fat (AUS-MEAT) colour scores of all
carcasses were 5 or below with 80% of carcasses scoring
2 or less. Mean subjective fat colour scores for the E, SS

and IS treatments were 1.7, 2.1 and 1.9 respectively
(P>0.05). The objective subcutaneous fat colour
measurements showed the E heifers had whiter fat (15.4)
than both the SS (16.9) and IS (16.7) heifers (P<0.05).
Treatment did not influence either (P>0.05) dry matter
percentage or fat content of the L. dorsi samples.

Meat attributes

Objective meat attribute measurements are shown in
Table 4.

There were no significant differences in ultimate pH
or sarcomere length of the L. dorsi between treatments
(Table 4). Ultimate pH levels, sarcomere lengths and
meat colour of all samples were ideal. The SS treatment
had lower (P<0.05) initial yield and peak force values
than both the IS and E treatments while the Instron
compression values for the E treatment were higher
(P<0.05) than both the IS and SS treatments, which did
not differ. There were no significant differences
(Table 4) between any of the treatments in any of the
Semitendinosus meat attributes.

Economic returns
The economic analysis is based on costs and returns
from the experiment. Direct treatment costs were the

Table4. Meat attributes of the striploin (Longissimus dorsi) and eye round (Semitendinosus) samples of heifers
either left entire (E), surgically spayed (SS) or immunospayed (15)
Values within columns followed by the same letter are not significantly different at P = 0.05

Treatment Ultimate Sarcomerelength Initia yield Peak force  Instron compression  Adhesion

pH (Hm) (kg) (kg) (kg) (kg)
Longissmus dorsi

E 5.49 1.82 5.09b 6.01b 2.16a 26.9

SS 5.49 181 4.42a 5.21a 2.01b 27.2

IS 551 181 5.00b 5.83b 2.03b 26.9

l.s.d. (P =0.05) 0.06 0.05 0.58 0.59 0.12 0.44

Semitendinosus

E 5.52 2.16 455 6.17 253 84.1

SS 5.52 220 4.46 592 2.58 80.9

IS 553 218 450 6.07 2.61 94.3

|.s.d. (P =0.05) 0.04 0.04 0.27 0.36 0.16 23.38
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Table5. Valuesand grossreturnsfrom heifersleft entire (E),
surgically spayed (SS) or immunospayed (1S)

Treatment Carcass Gross Costof  Advantageto
value return  treatment  E after costs
(centgkg) ($A/head) ($A/head)  ($A/head)
E 211 522a — —
SS 208 495h 2.50 30
IS 210 503ab 22.00 41
|.s.d. (P=0.05) 4 22

surgical spaying costs at $A2.50 per head and the cost of
Vaxstrate vaccinations at $5.50 per dose ($22 total).
There was no difference between treatments in carcass
value (cents/kg) (P>0.05; Table 5).

Gross returns per head were higher (P<0.05) for the
E heifers than the SS heifers, with no difference between
the IS and E heifers or IS and SS heifers. The gross
returns from the E heifers were $A27 and $19 greater
than the SS and IS heifers respectively. After accounting
for direct treatment costs, these differences increased to
$30 and $41 per head for the SS and IS heifers
respectively.

Discussion

The findings of the present study indicate that surgical
or immunological spaying tended to reduce weight gains
and economic returns but did not affect carcass or overall
meat attributes in heifers. In this study, although spaying
improved some meat quality (tenderness) attributes it is
unlikely the differences would be detected by consumers
or members of a taste panel or be commercially
important. Costs of spaying and lighter carcass weights
of spayed heifers slaughtered at the same age as E heifers
reduced returns to spayed heifers. Surgical spaying was
the only method of ensuring animals were non-pregnant
at slaughter unless entire heifers were removed from the
herd, with the Vaxstrate vaccination failing to provide
protection against pregnancy in 55% of heifers for the
duration of the study.

The growth rate trends in this study were similar to
those from other studies from North America and
southern Australia. In all reported studies, E heifers
recorded higher growth rates than SS or IS heifers.
Crouse et al. (1987), Garber et al. (1990), and Klindt and
Crouse (1990), using heifers lot-fed for up to 140 days,
found SS heifers grew slower than IS heifers, which
grew slower than E heifers, although the differences
were not significant. Adams and Adams (1990), and
Adams et al. (1990) also found lot-fed, E heifers grew
faster than IS heifers, whilst the latter grew slower than
ovarectomised heifers. Saul et al. (1982) in a study of
4 pasture-based experiments in southern Australia found
no differences in growth rates of flank spayed or
E heifers.

M. Jeffery et al.

The lack of major differences in carcass composition
between E heifers and spayed heifers observed in this
study agreed with results obtained in feedlot-based
studies (Zinn et al. 1970; Crouse et al. 1987; Adams
et al. 1990; Klindt and Crouse 1990) and pasture-based
studies (Bouton et al. 1982; Saul 1983).

There were no treatment effects on rump fat depth.
Immunospaying tended to increase the proportion of
heifers with rump fat depths within market requirements
at the time of study, while surgical spaying increased the
proportion of heifers with excessive subcutaneous fat.
The relatively large number of heifers from each
treatment with fat depths above 22 mm may be
important when trying to maximise returns from these
heifers, as these heifers may be penalised when sold due
to being over-fat. The loss of value of those carcasses
with fat depths above the market-preferred level may be
reduced through selling heifers on an individua basis,
however, this would require more mustering and hence
increase the costs of managing the heifers. Selling the
heifers into a lighter weight market may reduce this
problem.

The lack of major differences in meat quality
attributes between E, SS and IS heifers is in agreement
with previous studies from both pasture and feedlots.
Bouton et al. (1982) found no differences in meat colour,
ultimate pH or sarcomere length between E and SS
heifers that were pasture-fed. Likewise, there were no
differences in these characteristics between E and SS
heifers that were lot-fed (Horstman et al. 1982).

The small advantage of the E heifers over the SS and
IS heifers in carcass weight resulted in a higher return
(P<0.05) from these animals at slaughter. Each of the
spaying treatments incurred other costs including
treatment and mustering costs, which further reduced the
returns from the heifers in these treatments. Balanced
against these extra costs associated with the spaying
treatments is the risk of E heifers becoming pregnant
before reaching market weights through failure of
keeping bulls away from the heifers. A major advantage
to surgical spaying is that the heifers can be run with the
main herd without the risk of becoming pregnant,
reducing the need for extra infrastructure and
management. Surgical ‘passage’ spaying could be used
to overcome the reluctance of some markets to purchase
sides of carcasses from heifers which have been flank
spayed and have an operation scar. This can reduce
market options or lead to price reductions at sale.

Whilst the use of multiple vaccinations of Vaxstrate to
control heifer cyclicity was encouraging, with fewer IS
heifers than E heifers cycling at any time, practical
application of this method is limited. The failure of the
vaccine to prevent the same individual heifers from
cycling resulted in 55% of the IS heifers cycling at some
stage of the study. These heifers could potentially have
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become pregnant if exposed to bulls, negating the value
of the vaccination. The costs of the vaccine and the need
to muster the heifers at least once every 4 or 5 months to
administer booster vaccinations further reduces the
practical application of Vaxstrate in its present form. The
immunospaying technology needs to be further
developed so that all heifers respond to vaccination and a
sustained immunospayed response is induced by a single
vaccine.

The reasons for the apparent reduced effectiveness of
the Vaxstrate between the third (September 1993) and
fourth (February 1994) vaccinations are not clear. During
this period, 66% of the IS heifers which cycled only
once during the study were found to be cycling. The
rapid improvements in pasture conditions and liveweight
change of the heifers may have caused this breakdown of
the vaccination, but this is not supported by liveweight
changes of cyclic and acyclic heifers at this time as each
had similar weight changes. Other possible causes may
be an overall reduction in heifer sensitivity to successive
vaccinations or individual animal sensitivity to the
vaccine, neither of which can be supported by the current
study.

Returns to cattle producers from surplus heifers can
be maximised if heifers can be maintained as entire and
non-pregnant until turnoff. However, whilst surgical
spaying did not increase growth rates or modify carcass
composition, it remains the most reliable method of
ensuring heifers are not pregnant at slaughter in areas
where cattle control can be difficult. Possible reduced
growth performance due to morbidity resulting from
complications, mortalities and reduced market
acceptance must be considered when flank spaying.
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