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Abstract. Effects of hormonal growth promotant (HGP) implantation on liveweight, carcass and meat quality
measurements were examined using 80 Angus yearling cattle. After entry to the feedlot, 40 steers and 40 heifers were
implanted with Revalor-S (28mg oestradiol and 140mg trenbolone acetate) and Revalor-H (20mg oestradiol, 200mg
trenbolone acetate), respectively. Cattle were slaughtered after 55 and 65 days on feed. Samples from theMm. longissimus
dorsi, biceps femoris (the cap and body portions), gluteus medius (the eye andD portions), infraspinatus and triceps brachii
were prepared for sensory testing after aging for 5 and 21 days after slaughter. A total of 854muscle samples were cooked by
grill (601) or roast (253) methods and served to consumers using the Meat Standards Australia taste panel protocols.

When adjusted to the same initial liveweight, implantationwith Revalor-H andRevalor-S resulted in a 4 and 7% increase
in slaughter weight, respectively. Implantation resulted in an increased ossification score in steers (P < 0.05), but not in
heifers. There was a significant interaction (P< 0.05) between HGP implantation and days aged for shear force. There was a
small effect of HGP implants on compression (P < 0.05), but not on cook loss and intramuscular fat percentage. Muscles
differed in their response to HGP implantation (P < 0.05) for tenderness, overall liking and palatability scores. Muscles also
differed in their aging rates after slaughter (P < 0.05). The greatest response in sensory scores toHGP implantationwas found
in those muscles that had the highest aging rates. Possible mechanisms by which muscles differed in their response to HGP
implantation are discussed.

Introduction

Hormonal growth promotants (HGPs) are used in Australia to
increase liveweight and feed efficiency of cattle, both on pasture
and in the feedlot. Although there has been considerable research
quantifying the benefits of HGP implants in terms of their effect
on liveweight and carcass yield (Sawyer and Barker 1988), less
attention has been paid to the effect of HGP implantation on the
carcass traits and beef palatability.

As early as 1991 questions were raised in the National Beef
Quality Audit in the United States as to the potential for HGP
implants to lower marbling scores and reduce beef tenderness
(Smith et al. 1992). Even today there is still much debate on the
subject, to the extent that the conclusions of recent reviews have
varied, with Nichols et al. (2002) stating that HGPs had only
limited, if any, effect on beef palatability. In contrast, Dikeman
(2007) concluded thatwhilst tendernesswas reduced in implanted
compared with non-implanted cattle these effects on tenderness
were probably not of commercial importance. While there is
variation in the interpretation of the literature, a recent meta-

analysis of available published results and unpublished data
by Watson (2008) clearly showed that when the results
from different experiments were considered collectively,
M. longissimus dorsi samples from cattle implanted with HGP
had greater shear forces and lower tenderness scores than
carcasses from non-implanted cattle.

There ismounting evidence that HGPs increase efficiency and
growth rates of cattle by modifying protein turnover rates in the
body (Kerth et al. 2003; Dunshea et al. 2005). In reviewing the
interaction between protein turnover and eating quality,
Koohmaraie et al. (2002) proposed that if in part an increase
in net protein in the live animal was achieved by a decrease in
protein turnover (i.e. as a function of increased calpastatin activity
in the muscle), this would reduce post-mortem aging rates,
resulting in tougher meat. As differences in aging rates
between muscles appear to be a function of the activity of the
calpain/calpastatin system (Geesink et al. 1995), it is possible that
themagnitude of the HGP effect on palatability may interact with
muscle.Most of the studies that have examined the effect of HGP
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implantation on meat quality have only focussed on the
M. longissimus dorsi and generally have only sampled one
aging time.

Themagnitude of the effect of HGP implants on palatability is
particularly important inAustraliawith the recent implementation
of Meat Standards Australia (MSA) beef grading scheme. The
MSA scheme is a beef quality grading system focussed on
accurately describing palatability of individual beef cuts to the
consumer (Polkinghorne et al. 1999, 2008; Thompson 2002),
which uses critical control points from all sectors of the beef
supply chain to predict consumer palatability of individual
muscles in the carcass. If the impact of HGP implants interacts
withmuscle, then unlike other grading schemes around theworld,
the MSA system is well placed to incorporate HGP effect as an
input into its prediction model.

This study investigated the impact of Revalor-H and Revalor-
S implants on carcass traits and meat quality in young, growing
Bos taurus steers and heifers finished in a feedlot production
system typical of that used to prepare beef for the Australian
market. The research also examined the HGP effects on the
palatability of several muscles, aged for 5 and 21 days after
slaughter.

Materials and methods

Animals and experimental design
The experiment used 40 Angus yearling steers and 40
Angus yearling heifers, which at the commencement of the
experiment had mean (�s.e.) liveweights of 310 (�13.0) kg
and 260 (�12.8) kg, respectively. Within sex, cattle were
stratified on liveweight and allocated to either control or
treatment groups, within which animals were allocated to
slaughter at either 55 or 65 days after implantation.

On commencement of feeding, steers in the treatment group
were implanted with Revalor-S (28mg oestradiol and 140mg
trenbolone acetate), while heifers in the treatment group were
implanted with Revalor-H (20mg oestradiol, 200mg trenbolone
acetate) via subcutaneous ear implants. Cattle were fed a starter
ration for 14 days and then a high concentrate ration until
slaughter. Cattle were weighed without fasting at the
commencement of the experiment, and thereafter at ~14-day
intervals until slaughter.

Slaughter
Fifty-five days after implantation, one pen of heifers and one pen
of steers (both containing implanted and control animals) were
slaughtered, with the remaining pens slaughtered 10 days later
(65 days after implantation). These slaughter times ensured that
the HGP implants were still within the effective payout period of
80 days.

Before slaughter, animalswereweighed full and transported to
a local abattoir for slaughter the following day. Bodies were
stimulated using a low voltage system directly after knocking.
Following dressing, hot carcass weight and P8 fat depth were
measured according to AUS-MEAT procedures (Anon. 1992).
Carcass sides were then placed in a chiller, and pH, temperature
and time measured in theM. longissimus dorsi at the 12/13th rib
junction at approximately hourly intervals for the first 6–8 h after
slaughter. After an overnight chill, carcasses were quartered and

measured by MSA graders for 10/11th rib fat depth, ossification
score, AUS-MEAT marbling score and ultimate pH (Perry et al.
2001).AUS-MEATmarbling scoreswere recorded in increments
of 0.1 units to provide a more continuous scale within the AUS-
MEAT chips. The ossification scoring system was based on the
USDA system (Romans et al. 1994). At boning, the striploin,
silverside, rump and blade primals were removed from both sides
of each carcass, vacuum packed and transported at 1�C for
preparation of sensory and objective samples.

Sample preparation
Five days after slaughter the primals were separated into the
followingmuscles for preparation of grilling or roasting samples.
TheM. longissimus dorsi (both the anterior and posterior portions
of the striploin were prepared for grilling),M. biceps femoris (the
proximal portion called the cap from the rump primal was
prepared for grilling, while the distal portion called the body
from the silverside primal was prepared for roasting),M. gluteus
medius (separated into two portions along the natural seam with
the larger ventral portion termed the ‘D’ and the remaining dorsal
portion termed the ‘eye’, both of whichwere prepared for grilling
or roasting),M. infraspinatus (prepared for grilling or roasting),
M. triceps brachii (prepared for grilling or roasting) and
M. semitendinosus (prepared for roasting).

The preparation of sensory samples has been described by
Watson et al. (2008). Briefly,muscles were denuded of all fat and
epimysium. Samples for the 5- and 21-day aging periods
alternated between carcass side. Five 25-mm-thick steaks were
prepared for each grill sample and blocks (~60 by 60 by 150mm
long) prepared for roast samples. Further samples of the anterior
and posterior portions of the M. longissimus were taken for
objective laboratory measurements (~250-g blocks). These
were vacuum packed and aged for 5 or 21 days before
freezing at –20�C. A 150-g sample was also collected and
frozen from the anterior portion of the M. longissimus dorsi
for intramuscular fat measurements.

Objective measurements
Shear force and compression blocks were cooked in a water bath
for 1 h at 70�C. The methodology for the preparation and
measurement of shear force and compression has been
described in detail by Perry et al. (2001). Cooking loss was
calculated as a percentage ofweight change of the objective block
during cooking. Intramuscular fat percentage was determined on
freeze-dried samples of the M. longissimus using near-infrared
spectrophotometry (Perry et al. 2001).

Sensory design and cooking protocol
The taste panel designhas beendescribed byWatson et al. (2008).
Briefly, grill samples were tested using a Latin square design
which comprised 108 samples, allocated to nine sessions and
tasted by 180 consumers. The five steaks from each sample were
tested in five separate sessions. After cooking, each steak was
halved and served to two consumers. In total, eachmuscle sample
was tasted by 10 different consumers. The roast taste panels were
a modification of the above design, where each taste panel
evaluated 36 samples which were tasted by 60 consumers.
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For both steak and roast panels, each consumer tested a starter
sample, followed by six experimental samples. Consumers were
asked to score either grill steaks and roast slice samples for
tenderness, juiciness, like flavour and overall liking by placing
marks on 100-mm lines anchored with the following definitions:
tenderness (very tough to very tender); juiciness (very dry to very
juicy); like flavour (dislike extremely to like extremely); overall
liking (dislike extremely to like extremely).

Individual sensory scores for tenderness, juiciness, like
flavour and overall liking were weighted by 0.4, 0.1, 0.2 and
0.3, respectively and summed to calculate a palatability score
(MQ4, Polkinghorne et al. 1999; Watson et al. 2008). Before
calculating the mean sensory scores for each sample, the 10
individual scores for each samplewere ranked and the twohighest
and two lowest scores clipped to reduce the variance of the mean
sensory scores (Polkinghorne et al. 1999; Watson et al. 2008).

The numbers of sensory samples tested from each muscle and
cooking protocol are shown in Table 1. There were a total of 854
samples tested by the grill and roast cooking methods. This
included several duplicate M. longissimus dorsi samples from
the anterior position aged for 5 days.

Statistical analysis
One treated heifer lost its implant soon after induction. Therefore,
its liveweight, carcass traits, andmeat quality data were excluded
from subsequent analyses.

Calculation of glycolytic rate
Changes in both pH and temperature as functions of timewere

modelled in individual carcasses using the exponential function

yt ¼ au þ ðai � auÞ:e�k:t ð1Þ
where yt is pH, or temperature at time t; au is ultimate pH, or
temperature; ai is initial pH, or temperature; k is the exponential
rate of pHor temperature change and t is time after slaughter. This
equation was fitted using PROC NLIN (SAS 1997). Parameters
from the pH v. time equation was used to predict the time to
achieve pH 6.0, which was then used in the temperature v. time
equation to predict temperature at pH 6.0 (temp@pH6).

Liveweight and carcass measurements
The four liveweights recorded after implantation were

analysed in a repeated-measurements analysis (SAS 1997),
which included terms for sex, HGP nested within sex [written
as HGP(sex)], and liveweight at implantation as a covariate. The
sex effect was tested on pen, while other effects were tested on the
between animal term. Interactionswere not significant (P > 0.05).

Final liveweight and carcass weight were analysed using
PROC GLM (SAS 1997). Models included fixed effects for
sex, HGP(sex) and liveweight at implantation as a covariate.
Carcass measurements (ossification and marble scores, fat depth
at the P8 and 12/13th sites, ultimate pH and temperature at pH 6)
were analysed using similar GLM models, but including a
covariate for carcass weight, rather than liveweight at
implantation. Again, sex was tested against pen.

Objective meat quality
Objective meat quality measurements (shear force,

compression, cooking loss and intramuscular fat percentage)
of anterior and posterior portions of the M. longissimus dorsi
were analysed using mixed models (PROCMIXED, SAS 1997),
which contained terms for sex,HGP(sex), position, days aged and
the interaction days aged ·HGP(sex). Other interactions were
tested but were found to be not significant (P> 0.05). Sex was
tested on pen and HGP(sex) on the between animal term.

Sensory scores
The final model for sensory scores was developed using a

multivariate analysis, where the dependent variables comprised
the four sensory scores. Initially, the multivariate model
contained fixed effects for sex, HGP(sex), cooking method,
muscle, position(muscle) and days aged, which examined the
effects on tenderness, juiciness, like flavour and overall liking
scores, simultaneously. First and second order interactions were
tested and, if significant (P < 0.05), were included in the model.

PROC MIXED was then used to examine the effects of the
finalmultivariatemodel for each of the four sensory variables and
the MQ4 score individually. The final model contained fixed
effects for sex, HGP(sex), cook, muscle, position(muscle), days

Table 1. Number of samples sensory tested within each sex, days aged, hormone growth promotant (HGP) treatment, muscle and
cooking method treatments

Muscle Portion Cooking Steers Heifers
method 5 days 21 days 5 days 21 days

Control HGP Control HGP Control HGP Control HGP

M. longissimus dorsi Grill 29 28 20 19 31 28 21 19
M. biceps femoris Proximal Grill 10 10 9 9 10 10 10 9

Distal Roast 11 9 9 11 16 13 9 11
M. gluteus medius Eye Grill 12 12 14 14 13 11 15 12

Eye Roast 7 8 9 9 8 8 8 9
D rump Grill 6 6 7 7 7 5 7 7
D rump Roast 4 4 6 6 4 4 6 6

M. infraspinatus Grill 6 6 6 6 7 5 6 6
Roast 4 3 4 4 4 3 3 4

M. triceps brachii Grill 16 16 16 16 15 15 16 16
Roast 3 4 4 4 5 2 3 4
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aged,muscle · days aged andmuscle ·HGP(sex). Sexwas tested
on pen and HGP(sex) on the between animal term.

Results

Liveweight changes during feedlotting

Table 2 shows the F-ratios for the repeated-measurements
analysis of liveweight during feedlotting. Steers were heavier
than heifers (P< 0.05), and this difference was constant over
the feedlotting period. The HGP(sex) term was highly
significant (P < 0.001), both as a main effect and the
interaction with time. The covariate for initial liveweight was
significant (P < 0.05).

Figure 1 shows the increase in liveweight in heifers and steers
for the HGP and control treatments over the feedlotting period.
Within both the steer and heifer groups, differences betweenHGP
and controls groups increased with time, with a larger HGP
implant response in the steers than in the heifers.

Final liveweight and carcass traits

Predicted means for the HGP implant effects on slaughter and
carcass weights within sex class are shown in Table 3, after
adjustment for initial liveweight. There was almost a 2-fold

increase in liveweight due to the HGP implanted in steers,
compared with the heifers (30 kg v. 15 kg for steers and
heifers, respectively). As expected a similar trend was evident
for carcass weight, where HGP-implanted steer carcasses were
17 kg heavier than the controls, compared with only an 8-kg
advantage for the heifers.

There was a significant (P < 0.05) HGP(sex) effect on
ossification score. Within the steers, HGP treatment resulted in
a higher ossification score than the controls (P< 0.01), although
there was no effect of HGP treatment on ossification score in the
heifers (Table 3). There was no effect of HGP(sex) treatment on
marbling score, 12/13th rib fat depth, ultimate pH or temp@pH6
(P > 0.05).

Objective meat quality

Therewas a significant (P< 0.001) interactionbetweenHGP(sex)
and days aged (Table 4) whereby the HGP(sex) effect decreased
in samples which were aged for longer (Table 5). Compression
values for M. longissimus dorsi samples from HGP-implanted
steer carcasses were greater than the controls (P < 0.05). The

Table 2. F-ratios for the repeated-measurements analysis of sex, HGP
(sex) and initial liveweight on subsequent liveweights during feedlotting
NDF, DDF, numerator and denominator degrees of freedom.

*, P < 0.05; ***, P< 0.001; n.s., not significant

Independent variables NDF, DDF F-ratio

Time 3, 216 1.25
Sex

Mean sex effect 1, 2 96.15*
Time· sex 3, 6 0.09n.s.

HGP(sex)
Mean HGP(sex) effect 2, 72 16.69***
Time·HGP(sex) 6, 216 12.14***

Initial liveweight
Mean initial liveweight effect 1, 72 58.27***
Time· initial liveweight 3, 216 0.35n.s.

Table 3. Predicted slaughter weight, carcass weight and carcass measurements for the HGP(sex) effect
F-ratios for the HGP(sex) effect are also shown. Within the same sex, means are significantly different at *, P< 0.05; **, P< 0.01; ***, P< 0.001, respectively.

NDF, DDF, numerator and denominator degrees of freedom

Carcass measurements Steers Heifers F-ratios
Control HGP s.e. Control Max. HGP s.e. NDF, DDF HGP (sex)

Adjusted for liveweight at implantation
Slaughter weight (kg) 401 431 6.1*** 389 404 6.2* 2, 72 14.98A

Carcass weight (kg) 206 223 2.5*** 194 202 2.5** 2, 73 26.41A

Adjusted for carcass weight
Ossification score 127 139 2.9*** 138 140 2.7 2, 72 8.43A

Marbling score 0.47 0.38 0.08 0.60 0.51 0.08 2, 72 1.77
12/13th fat depth (mm) 6.6 5.4 0.8 7.4 7.7 0.7 2, 72 1.32
pH ultimate 5.52 5.54 0.02 5.49 5.51 0.02 2, 72 0.63
Temp@pH6 30.1 31.1 1.3 28.9 28.0 1.4 2, 72 1.32

AF-ratios were significant at P= 0.001.
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Fig. 1. Mean liveweights for heifers andsteers from the control andhormone
growth promotant-implanted treatments. Heifers were implanted with
Revalor-H and steers with Revalor-S.
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magnitude of the HGP(sex) effect on compression values did not
interact with aging (P> 0.05). There was no effect of HGP(sex)
treatment on cooking loss or intramuscular fat % (P > 0.05,
Table 5).

Within the M. longissimus dorsi a position effect was
significant for shear force, cook loss and intramuscular fat
percentage (P < 0.05, Table 4) whereby the caudal portion of
the M. longissimus dorsi had 0.3 kg greater shear force, 1.4%
greater cooking loss and 0.17% greater intramuscular fat
percentage than the cranial portion.

Sensory scores

The magnitude of the HGP(sex) effect interacted with muscle for
tenderness, overall liking and MQ4 scores (P< 0.05,
Table 6). Predicted means in Table 7 showed a large decrease
in the sensory scores for the M. longissimus dorsi (P < 0.05) in
HGP-implanted steer and heifer carcasses compared with the
respective controls. There was a similar trend in the M. biceps
femoris, although this did not always attain significance.
Differences in sensory scores between HGP-implanted
carcasses and controls were not significant (P > 0.05) for the
various portions of the Mm. gluteus medius, infraspinatus and
triceps brachii.

There was a significant interaction between the change in
sensory scores with aging and muscle for all sensory scores
(P< 0.05, Table 8). The greatest increase in sensory scores due
to agingoccurred in theM. longissimusdorsi (P < 0.05),with very
little change in theM. infraspinatus. The ranking of the muscles
on the changes in the different sensory scoreswith aging from5 to
21 days was relatively consistent.

Aging rates for the different sensory scores (i.e. 21-day
minus 5-day sensory scores expressed as the change in score
per day) were plotted against the mean change in sensory scores
due toHGP implantation for the differentmuscles fromheifer and
steer carcasses (Fig. 2). For all sensory scores there was a clear
trend for muscles with the greatest increase in sensory scores
between days 5 and 21 to have the greatest HGP effect on sensory
scores.

Table 6. F-ratios for fixed effects [sex, HGP(sex), cook, muscle, position(muscle), days aged, muscle�days aged and muscle�HGP
(sex)] on sensory scores for theMm. longissimus dorsi, biceps femoris (both proximal and distal portions), gluteus medius (both eye and D

portions), triceps brachii and infraspinatus
NDF, DDF, numerator and denominator degrees of freedom, respectively. *, P< 0.05; **, P< 0.01; ***, P< 0.001; n.s., not significant

Dependent NDF, DDF Sensory scores
variables Tenderness Juiciness Like flavour Overall liking MQ4 score

Sex 1, 2 0.50n.s. 0.08n.s. 0.28n.s. 0.27n.s. 0.26n.s.
HGP(sex) 2, 74 3.00 (P= 0.056) 4.29* 2.26n.s. 2.38n.s. 2.96 (P= 0.058)
Cook 1, 741 80.42*** 0.27n.s. 7.59** 15.99*** 34.84***
Muscle 6, 741 71.98*** 40.58*** 17.77*** 29.76*** 49.27***
Position(muscle) 1, 741 53.47*** 31.99*** 26.83*** 42.55*** 50.37***
Days aged 1, 741 63.96*** 9.02** 18.97*** 32.17*** 43.55***
Muscle· days aged 6, 741 4.31*** 4.05** 3.10** 3.94*** 4.40***
Muscle·HGP(sex) 18, 741 2.33** 1.03 1.90* 1.90* 2.09**

Table 4. Varianceratios (F-ratios) for theeffect of sex,HGP(sex),position,daysagedandwhere significant the interactionbetweendays
aged�HGP(sex) for objective meat quality measurements (shear force, compression, cook loss % and intramuscular fat %)

for the M. longissimus dorsi
NDF, DDF, numerator and denominator degrees of freedom, respectively. *, P< 0.05; **, P< 0.01; ***, P< 0.001; n.s., not significant

Dependent NDF, Shear NDF, Compression Cook NDF, Intramuscular
variables DDF force DDF loss % DDF fat%

Sex 1, 2 3.40n.s. 1, 2 0.46n.s. 0.11n.s. 1, 2 1.70n.s.
HGP(sex) 2, 73 4.33* 2, 75 4.04* 0.89n.s. 2, 48 2.14n.s.
Position 1, 71 14.03*** 1, 75 0.74n.s. 35.64*** 1, 48 5.38*
Days aged 1, 71 188.39*** 1, 75 135.55*** 0.20n.s. 1, 48 29.25***
Days aged ·HGP(sex) 3, 71 8.33*** – – – – –

Table 5. Predicted shear force for the days aged�HGP(sex)
interaction for the M. longissimus dorsi

Predicted compression, cook loss and intramuscular fat percentage for the
HGP(sex) effect. Means within the same row and sex treatment were
significantly different at P< 0.05 (*) and P< 0.01 (**); n.s., not significant

Steers Heifers
Control HGP s.e. Control HGP s.e.

Shear force
5 days aged 3.6 4.0 0.30n.s. 4.3 5.2 0.3**
21 days aged 3.0 3.3 0.30n.s. 3.2 3.6 0.30n.s.

Compression 1.37 1.49 0.05* 1.34 1.44 0.05n.s.
Cook loss (%) 23.0 23.4 0.40n.s. 22.8 23.3 0.40n.s.
Intramuscular

fat %
3.23 2.79 0.36n.s. 3.85 3.35 0.36n.s.
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Cooking method had a significant effect on tenderness, like
flavour, overall liking and MQ4 scores (P< 0.05,
Table 6). Although not tabulated, roasting resulted in greater
tenderness, like flavour, overall liking and MQ4 scores than
grilling.

Positionwithinmusclewas significant for all sensoryvariables
(P < 0.001, Table 7). The cranial portion of the M. longissimus
dorsi had greater sensory scores than the caudal portion (the
anterior portion had 10.9, 8.0, 5.3, 7.9 and 8.2 greater taste panel
scores than the posterior portion for tenderness, juiciness, like
flavour, overall liking and MQ4 scores, respectively). Position

effects within theM. gluteus medius eye and D portions were not
significant (P > 0.05).

Discussion

Effect of HGP implantation on liveweight and carcass
measurements

The application of Revalor-S and Revalor-H in steers and heifers
resulted in a 30- and 15-kg increase in liveweight over the feeding
period. This compared favourably with the review of Australian
literature by Sawyer and Barker (1988) who concluded that the

Table 7. Predicted sensory scores for the interaction between muscle and HGP(sex)
*, P< 0.05; **, P < 0.01; ***, P< 0.001; n.s., not significant

Sensory attribute PortionA Steers Heifers
and muscle Control HGP Max. s.e. Signif. Control HGP Max. s.e. Signif.

Tenderness
M. longissimus dorsi 60.0 50.3 2.0 *** 56.6 47.4 2.1 ***
M. biceps femoris Proximal portion 68.2 60.9 2.6 * 70.3 63.7 2.6 P= 0.087

Distal portion 47.5 44.2 2.9 45.5 39.9 2.5
M. gluteus medius Eye portion 61.6 58.9 2.0 58.0 57.0 2.0

D portion 62.6 60.4 2.4 62.3 60.6 2.5
M. infraspinatus 71.8 71.1 2.6 70.9 71.2 2.6
M. triceps brachii 55.4 55.5 2.1 56.1 56.0 2.1

Juiciness
M. longissimus dorsi 54.5 48.9 2.0 * 54.7 49.8 2.0 *
M. biceps femoris Proximal portion 61.4 55.4 2.5 P= 0.059 64.2 58.5 2.5 P= 0.072

Distal portion 49.4 49.6 2.5 49.2 44.8 2.4
M. gluteus medius Eye portion 56.8 54.7 1.9 53.3 51.8 2.0

D portion 55.6 51.1 2.3 54 54.9 2.4
M. infraspinatus 70.2 66.8 2.5 68.0 66.5 2.5
M. triceps brachii 55.5 52.9 2.0 54.3 51.7 2.0

Like flavour
M. longissimus dorsi 60.0 54.9 1.5 * 58.6 53.3 1.5 **
M. biceps femoris Proximal portion 63.5 59.5 2.1 67.3 64.1 2.1

Distal portion 54.0 53.0 2.1 52.2 48.7 1.9
M. gluteus medius Eye portion 61.7 60.5 1.5 59.2 56.0 1.6

D portion 63.4 58.6 1.9 59.3 61.2 1.9
M. infraspinatus 59.9 62.5 2.1 61.9 61.3 2.0
M. triceps brachii 59.9 58.7 1.6 59.6 60.0 1.6

Overall liking
M. longissimus dorsi 59.1 51.9 1.7 ** 57.1 50.5 1.7 **
M. biceps femoris Proximal portion 64.8 59.2 2.3 P= 0.073 67.6 63.1 2.3

Distal portion 51.0 49.8 2.3 48.7 45.4 2.2
M. gluteus medius Eye portion 60.5 58.6 1.7 57.8 55.3 1.7

D portion 61.6 57.7 2.1 58.8 59.8 2.1
M. infraspinatus 64.3 63.3 2.2 61.7 64.5 2.3
M. triceps brachii 57.5 56.0 1.8 57.8 57.9 1.8

Composite palatability
M. longissimus dorsi 59.3 51.4 1.7 *** 56.9 49.6 1.7 ***
M. biceps femoris Proximal portion 65.5 59.6 2.3 P= 0.051 68.1 63.2 2.3 P= 0.097

Distal portion 49.6 48.1 2.3 48.3 43.7 2.1
M. gluteus medius Eye portion 60.8 58.6 1.7 57.7 55.7 1.8

D portion 61.7 58.3 2.1 59.9 59.8 2.1
M. infraspinatus 67.4 66.4 2.2 65.7 67.0 2.3
M. triceps brachii 56.9 55.9 1.8 57.0 56.8 1.8

ASee Sample preparation section for details.
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gains from a single implant were of the order of 10–20 kg over a
100- to 150-day feeding period. When expressed as a percentage
increase, our results were less than Dikeman (2003) who
concluded that United States results generally show a 10–20%
increase in growth rate due to implants. The smaller increasemay
reflect the shorter feeding period commonly used in Australia.
The formulations of Revalor-S and Revalor-H given to steers and
heifers differed slightly in the active ingredients, so it was not
possible to directly compare their performance. Montgomery
et al. (2001) commented that androgen based and combination
implants were required to ensure a liveweight response in heifers.

The increase in ossification score in HGP-treated steers
reported in this study agreed with other studies (e.g. Apple
et al. 1991). There was no effect of HGP implantation on
ossification score in heifers, which was consistent with the
results of Crouse et al. (1987). Implantation of steers or heifers
with Revalor-S or Revalor-H did not significantly decrease
marbling score, or intramuscular fat percentage in the present
study. Other reviews have reported a trend, albeit often small, for
HGP implants to decrease marbling score (Hunter et al. 2001b;
Dikeman 2003). Johnson et al. (1996) and Dunshea et al. (2005)
concluded that the effect of implants on marbling was via an
increase in lean, rather than fat deposition. Duckett et al. (1999)
concluded that theHGP effect wasmost likely through dilution of
the fat, rather than a direct effect on marbling per se. This present

study also showed no effect of HGP implants on subcutaneous fat
thickness, which againwas consistent with other studies (Duckett
et al. 1996; Hunter et al. 2001a).

Effect of HGP implants on sensory and objective
meat quality

In this study, heifer or steer carcasses which had been implanted
with Revalor-S or Revalor-H and slaughtered within the payout
period, showed lower sensory scores and greater shear force and
compression measurements than carcasses from control animals.
There was a clear difference between HGP-implanted carcasses
and controls for theM. longissimus dorsi and to a lesser extent the
proximal portion of theM. biceps femoris. For the other muscles
tested in this study, the HGP effect failed to achieve significance
when viewed as a simple contrast between implanted and control
carcasses.

The M. longissimus dorsi from HGP-implanted carcasses
initially had a greater shear force after 5 days aging, whereas
after 21 days aging, the difference had halved. Platter et al. (2003)
found no interaction between HGP treatment and aging time for
shear force of the M. longissimus dorsi aged 14 or 21 days.
Perhaps this was not surprising, given that aging is most rapid
immediately after rigor, and by 14 and 21 days most of the
changes in shear force would have already occurred.

Table 8. Predicted sensory scores for the interaction between muscle and days aged
*, P< 0.05; **, P< 0.01; ***, P< 0.001; n.s., not significant

Longissimus Biceps femoris Gluteus medius Infraspinatus Triceps
dorsi CapA BodyA EyeA D portionA brachii

Tenderness
5 days 47.8 61.4 41.5 56.7 61.0 69.8 52.9
21 days 59.3 70.2 47.1 61.1 61.9 72.9 58.6

Average s.e. 1.4 1.8 1.7 1.3 1.6 1.7 1.4
Significance *** *** *** ** n.s. n.s. ***

Juiciness
5 days 48.0 58.4 46.7 53.7 54.8 67.9 52.7
21 days 56.0 61.3 49.8 54.6 52.9 67.8 54.5

Average s.e. 1.3 1.8 1.7 1.3 1.7 1.7 1.4
Significance *** n.s. n.s. n.s. n.s. n.s. n.s.

Like flavour
5 days 53.5 61.4 50.9 58.2 60.2 62.3 57.4
21 days 59.9 65.8 53.0 60.5 61.0 60.5 63.4

Average s.e 1.1 1.5 1.4 1.0 1.2 1.4 1.1
Significance *** * n.s. n.s. n.s. n.s. **

Overall liking
5 days 50.4 60.5 47.0 56.4 59.0 64.2 54.9
21 days 58.9 66.9 50.5 59.7 59.8 62.8 59.6

Average s.e. 1.2 1.6 1.5 1.1 1.4 1.5 1.2
Significance *** ** n.s. * n.s. n.s. ***

Composite palatability
5 days 49.7 60.9 45.6 56.5 59.6 66.4 54.3
21 days 59.0 67.3 49.5 59.9 60.2 66.8 59.0

Average s.e. 1.2 1.5 1.5 1.1 1.4 1.5 1.2
Significance *** *** * ** n.s. n.s. ***

ASee Sample preparation section for details.
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The smaller differences between HGP and the control groups
in compression compared with shear force and the lack of an
aging· treatment interactionwould suggest thatmost of the effect
was being exhibited via the myofibre axis and decreased with
aging. The general consensus is that HGP implants result in
muscle hypertrophy via a net increase in net protein accretion
(e.g. Vernon and Buttery 1978; Johnson et al. 1996; Dunshea
et al. 2005), although the relative contributions of muscle
synthesis and muscle degradation varies between studies.
Some studies have reported no effect of testosterone and
oestradiol on protein synthesis or degradation rates (Roeder
et al. 1986; Desler et al. 1996), although others have shown
an increase in protein synthesis alone (Martinez et al. 1984;

Hayden et al. 1992). Kerth et al. (2003) concluded that
implantation of cattle with trenbolone acetate impacted both
synthesis and degradation, with perhaps the strongest effect on
protein synthesis.

Several studies have shown reduced protease activity in post-
mortem muscle of implanted animals. In an earlier review,
Dransfield (1994) concluded that implanted animals showed
increases in calpastatin, an inhibitor to the calpain enzymes in
the live animal. This was supported by Gerken et al. (1995) who
showed that implants with oestradiol and trenolone acetate
resulted in an increase in calpaststin activity. Dransfield (1994)
proposed a model for tenderisation in which he hypothesised that
the use of growth promoters were likely to decrease protein
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Fig. 2. Relationships between sensory aging rates for individual muscles and the response to hormone growth promotant (HGP) implantation for
(a) tenderness, (b) juiciness, (c) like flavour, (d) overall liking and (e) composite palatability scores. Response to HGP implants was calculated as the sensory
score for theHGP-treatedgroup,minus thecontrol group for heifers (¤♦) and steers (&).Aging rateswere calculated as thedifferencebetween sensory scores for
21-day aged and 5-day aged sensory scores, expressed in taste panel units/day.
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turnover in the live animal, which if carried through to the post-
mortem carcass would impact on the aging rates and result in
tougher meat. Questions on how changes in protein turnover in
the live animal could impact on tenderness were reviewed by
Koohmaraie et al. (2002). They concluded that increases in
protein synthesis per se were unlikely to impact tenderness,
because the factors that regulate protein synthesis were not
directly involved in the regulation of meat tenderness and
tenderisation. Rather, it was the calpastatin activity that was
important in determining post-mortem tenderness. Koohmaraie
et al. (2002) commented that most of the examples, where
increased net protein accretion has been achieved in the live
animal, have generally been via decreased protein degradation
and, therefore, would potentially have a negative impact on meat
quality.

Ouali and Talmant (1990) reported a range of calpain to
calpastatin ratios in the muscles of the beef carcass which
contributed to differences in aging rates across the musculature
of the carcass. Those muscles with the greater aging rates
had lower levels of calpastatin. Presumably, the increase in
calpastatin due to HGP implants (Gerken et al. 1995) occurred
across the musculature and, therefore, those muscles with
the highest calpain to calpastatin ratio (or greatest aging rate)
would have the greatest response to HGP application
and, therefore, potentially the greatest impact on post-mortem
tenderness. While protease activity was not measured in
this study, aging rates for individual muscles were estimated.
Figure 2 clearly showed that those muscles with the greatest
aging rates also had the greatest increase in toughness to
HGP implants.

Although the higher calpastatin levels in the muscles from
HGP implanted animals would presumably lead to slower aging
rates after slaughter, this study failed to show any interaction
between HGP treatment and aging rate for sensory scores,
although this interaction did achieve significance for shear
force. However, it was likely that by 5 days of aging,
differences in enzyme activity due to HGP implantation
would have largely been exhausted (Koohmaraie and Geesink
2006). Therefore, in the present study, it would be difficult
to detect differences in aging rate between HGP-treated
and control samples. Gerken et al. (1995) investigated the
effect of several HGP treatments on sensory and objective
traits in three different muscles at 7, 14 and 21 days.
While they reported a HGP implant effect for the top round
(i.e. M. gluteus medius), the interaction between HGP implant
and aging was not significant for objective or sensory traits in
the three muscles tested.

Conclusion

Steers and heifers implanted with Revalor-S or Revalor-H and
slaughtered within the payout period resulted in tougher meat in
some muscles. The greatest response was in those muscles that
had the greatest aging rates after slaughter. This result was
consistent with a mechanism for the increased lean due to
HGP implants being in part due to reduced protein
degradation, possibly as a result of increased calpastatin
activity in the live animal, which resulted in lower aging rates
and less tender meat after the animal had been slaughtered. This

effect was most evident in those muscles with the greatest aging
rates, as presumably these muscles would respond most to
increased calpastatin activity. The MSA system, which
predicts palatability of individual muscles from a range of
production and processing inputs, is well placed to incorporate
the HGP bymuscle interaction into the muscle-based palatability
model.
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