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Abstract

The effects of immunization against luteinizing hormone releasing hormone (LHRH) on body growth and carcass char-
acteristics in Karaka¸s ram lambs were investigated using recombinant LHRH fusion proteins. Recombinant fusion proteins,
ovalbumin-LHRH-7 and thioredoxin-LHRH-7, were produced using recombinant DNA technology and expressed inE. coli.
The control group (C,n = 5) was injected with ovalbumin and thioredoxin recombinant protein mixture, the immunization
group (I, n = 6) was injected with a ovalbumin-LHRH-7 and thioredoxin-LHRH-7 recombinant fusion protein mixture
(anti-LHRH vaccine) and, ram lambs in the elastrator group (E,n = 5) were castrated using elastrator bands. Animals in
each group were weaned at 17 weeks of age and injected (primary immunization) with either mixture at 18 weeks of age
or castrated. The C and I groups received a booster immunization 8 weeks later (26 weeks of age). Animals were housed in
groups, weighed every 2 weeks and slaughtered at 36 weeks of age. Carcass of slaughtered lambs were chilled for 24 h at+4◦C
and evaluated for carcass characteristics. Immunization did not reduce growth rate and live body weights. Immunization and
castration had no effect on carcass measurements and loin eye muscle area, hot and cold carcass weights, dressing percentage
and wholesale cuts. Immunization against LHRH reduced testis weight and immunized animals had leaner carcasses than
castrates. It was concluded that immunizing ram lambs against LHRH using new recombinant LHRH fusion proteins could be
an alternative to physical castration to improve carcass quality in ram lamb production; however, further research is required
to determine the effective immunization and slaughter age to improve carcass traits.
Published by Elsevier Science B.V.
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1. Introduction

In the US, male livestock are routinely castrated
to improve meat quality, reduce aggressive behaviour
and overcome management difficulties. Surgical cas-
tration causes stress and has negative effects on the
feed efficiency and rate of gain. Immunizing farm
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animals against luteinizing hormone releasing hor-
mone (LHRH) was studied as an alternative to castra-
tion (Reeves et al., 1989; Bonneau and Enright, 1995;
Thompson, 2000). It was demonstrated that the lack of
LHRH induced by immunoneutralization caused a re-
duction in gonadotropin hormone concentrations, sup-
pression in testicular development and reduced sexual
activities in domestic species (Robertson et al., 1982;
Hoskinson et al., 1990; Adams and Adams, 1992).
It has been reported that immunizing male animals

0921-4488/02/$ – see front matter. Published by Elsevier Science B.V.
PII: S0921-4488(02)00153-0



274 H. Ülker et al. / Small Ruminant Research 45 (2002) 273–278

against LHRH had no negative effect on feed effici-
ency and rate of weight gain (Brown et al., 1994; Daley
et al., 1995; Kiyma et al., 2000). In many studies, car-
cass quality of immunized animals was either similar
to physically castrated animals or intermediate to in-
tact and castrated animals (Daley et al., 1995; Kiyma
et al., 2000; Finnerty et al., 1996; Huxol et al., 1998).

For more than two decades, sterilization vaccines
have been produced by coupling LHRH to an anti-
genic carrier protein, using chemical conjugation
techniques. However, these vaccines cannot pass the
requirements of the Food and Drug Administration
(FDA), due to their heterogeneity between and within
batches. Therefore, these agents have not gained fed-
eral approval for meat producing animals in the US.
In order to meet the FDA criteria for approval and
to generate an effective sterilization vaccine, two re-
combinant fusion proteins, ovalbumin-LHRH-7 and
thioredoxin-LHRH-7 were developed (Zhang et al.,
1999; Quesnell et al., 2000). The immunocastrative
effect of these recombinant proteins were demon-
strated in farm animals (Sosa et al., 2000; Ülker et al.,
2001). The study presented here examined the feedlot
performance and carcass traits of ram lambs actively
immunized against LHRH using ovalbumin-LHRH-7
and thioredoxin-LHRH-7 fusion proteins.

2. Material and methods

Spring born Karaka¸s (local breed) ram lambs were
weaned at 17 weeks of age and randomly assigned to
three groups: control, (C,n = 5), immunization (I,
n = 6) and castration (E,n = 5) groups with weaning
weights of 29.1±1.21, 27.8±1.33 and 26.4±1.32 kg,
respectively. Ram lambs in the control group received
ovalbumin and thioredoxin recombinant protein mix-
ture while animals in the immunization group were
immunized against LHRH using ovalbumin-LHRH-7
and thioredoxin-LHRH-7 recombinant fusion protein
mixture (anti-LHRH vaccine). The animals in E group
were castrated with elastrator bands. Immunization
(primary immunization) and physical castrations were
performed at 18 weeks of age. The C and I groups re-
ceived respective booster injections 8 weeks later (26
weeks of age).

Ovalbumin-LHRH-7 and thioredoxin-LHRH-7 fu-
sion proteins were prepared by recombinant DNA

technology (Zhang et al., 1999; Quesnell et al., 2000).
Briefly, an ovalbumin gene fragment was modified
to insert seven LHRH sequences at different sites
(ovalbumin-LHRH-7). Three LHRH sequences were
inserted in tandem at the C-terminus, and monomers
between AA 65 and 66 and between AA 97 and
98 and two sequences at the C-terminus of oval-
bumin gene. Similarly, another recombinant fusion
gene, thioredoxin-LHRH-7, was constructed. In this
configuration, three LHRH sequences were inserted
in tandem at the N-terminus, one LHRH dimer at
the middle and one LHRH dimer at the C-terminus
of the thioredoxin gene. Each gene construct was
designed to express six histidines (His-Tag) at the
C-terminal end to aid in purification (Novagen, 1994).
Both gene constructs are the final result of cloning
and subcloning in several plasmids using cassette
mutagenesis and oligonucleotide mismatch mutage-
nesis techniques. Recombinant ovalbumin-LHRH-7
and thioredoxin-LHRH-7 genes were over-expressed
in E. coli strain BL-21(DE3) using a T7 phage
promoter-based expression system (pET24), which
expresses target protein with a C-terminal His-Tag.
Metal chelation chromotography was conducted us-
ing a Ni2+ column which binds His-Tag to purify
the proteins. The bound, purified proteins, were then
eluted. Animals in the control group received pu-
rified 0.5 mg ovalbumin and 0.25 mg thioredoxin
in a Immumax-SR adjuvant (Zonagen, Woodlands,
TX), which has been designed for use with recom-
binant proteins that have a His-Tag. The immuniza-
tion group received the same amount of purified
ovalbumin-LHRH-7 and thioredoxin-LHRH-7 fusion
proteins in the same adjuvant. One intramuscular and
three subcutaneous injections under the fore-leg were
administered in each group.

Animals were housed in groups and fed ad libitum
with a clover hay (91.2% dry matter, 1.80 Mcal/kg
ME, 13.9% protein and 37.5% crude fiber), cracked
barley (89.0% dry matter, 3.11 Mcal/kg ME, 143.0%
protein and 5.6% crude fiber), wheat bran (89.0% dry
matter, 2.39 Mcal/kg ME, 18.0% protein and 11.2%
crude fiber) and vitamin and mineral supplements. An
initial diet was fed for the first 10 days and the feed-
ing regimen remained constant during the remaining
18 weeks. Animals were weighed every 2 weeks. All
the animals were slaughtered at 36 weeks of age and
live weight (body weight at three consecutive days



H. Ülker et al. / Small Ruminant Research 45 (2002) 273–278 275

Table 1
Mean (±S.E.M.) weight gain (kg) in control, immunized and castrated ram lambs

Groups

Trait Control Immunized Castrated

Slaughter weight 46.5± 1.71 44.5± 1.58 42.2± 1.76
Weight gain in trial 18.5± 2.00 15.9± 1.86 14.8± 2.07
Total weight gain 18.6± 1.58 16.6± 1.58 14.4± 1.76
Daily weight gain 0.149± 0.013 0.133± 0.013 0.115± 0.014

after 12 h fasting) was recorded for each ram lamb
prior to slaughter.

After complete bleeding, the slaughtered ani-
mals were skinned. Internal fat deposited on the
top of the kidneys (peri-nephric fat) and around the
gastro-intestinal tract (gut fat) were separated and
weighed. The tail was removed at its articulation and
the tail, genitalia and cannons were excluded. The
carcass was chilled for 24 h at+4◦C and weighed.
The cold carcass was split into two symmetrical parts
along the backbone and the carcass length, leg depth,
leg width, leg length, rump width, chest depth, chest
width, shoulder width, and loin eye muscle area were
measured from the left half carcass. The left half
of the carcass was cut into six parts, according to
the procedure ofColomer-Rocher et al. (1987)and
weighed. The area of loin eye muscle was measured
after the cold carcass was split between the 12th and
13th rib. From the cross section, the area was traced
onto an acetate paper and the area was measured us-
ing a planimeter. Dressing percentage was calculated
as a ratio of fasting weight and chilled carcass weight.
Muscle, bone and fat components of the carcass was
determined from the region between 6th and 12th rib
by physical dissection.

The mathematical model included fixed effect due
to group and random effect due to residual error (SAS
Inst. Inc., Carry, NC). The growth performance, live
weight and various carcass characteristics were as-
sessed. Since there were differences among groups in
weaning weight at the beginning of the experiment,
this trait was used as an adjustment factor for statis-
tical analysis of the groups’ mean slaughter weight,
weight gain during the trial, total weight gain and daily
weight gain (Table 1), live weights at different ages
(Fig. 1), warm carcass weight, cold carcass weight and
dressing percentage (Table 2). Similarly, warm car-
cass weight was used as adjustment factor for offal,

Fig. 1. Live weights of control (C), immunized (I) or castrated
(E) ram lambs at various ages (arrows indicate immunizations).

wholesale cuts, and muscle, bone and fat components
of the carcass. Duncan’s multiple range test was used
to determine the differences among means.

3. Results and discussion

This is the first study to report on the effects of im-
munocastration with a new recombinant fusion protein
mixture on body growth and carcass characteristics
in ram lambs. Growth performance of the groups are
presented inTable 1. Slaughter weight, weight gain
during the trial, total and daily weight gain appeared
to be lower in the E group compared to the C and I
groups (P > 0.05). Immunized animals were inter-
mediate to the C and E groups for slaughter weight,
weight gain in trial, total weight gain and daily weight
gain. Similarly, except 18 weeks, live weights of the
C and I groups at certain ages were higher than the E
group, but the differences were not significant. These
findings are consistent withKiyma et al. (2000)that
the duration of feeding to reach the slaughter weight
in immunized or untreated ram lambs was shorter than



276 H. Ülker et al. / Small Ruminant Research 45 (2002) 273–278

Table 2
Mean (±S.E.) carcass characteristics in control, immunized and castrated ram lambs

Groups

Trait Control Immunized Castrated

Carcass measurements (cm)
Carcass length 78.02± 0.69 79.89± 0.62 79.03± 0.73
Leg depth 9.00± 0.47 8.96± 0.42 9.20± 0.50
Leg width 6.79± 0.26 6.94± 0.23 6.20± 0.27
Leg length 27.35± 0.85 28.44± 0.76 30.02± 0.90
Rump width 19.67± 0.59 18.80± 0.53 19.95± 0.62
Chest depth 28.04± 0.25 27.97± 0.24 27.86± 0.28
Chest width 18.82± 0.38a,b 19.69± 0.34a 18.38± 0.40b

Shoulder width 17.49± 0.40 16.84± 0.36 16.94± 0.42
Loin eye muscle area 14.55± 0.88 15.87± 0.78 15.67± 0.92

Carcass weight (kg)
Warm carcass weight 20.29± 0.37 20.54± 0.33 20.26± 0.39
Cold carcass weight 19.72± 0.38 20.03± 0.33 19.70± 0.40
Dressing percentage 45.14± 0.87 45.73± 0.77 45.39± 0.91

Offal items (kg)
Heart and liver weight 1.573± 0.068 1.529± 0.058 1.469± 0.068
Spleen weight 0.221± 0.022 0.179± 0.020 0.187± 0.024
Kidney weight 0.122± 0.005 0.116± 0.004 0.124± 0.005
Kidney and pelvic fat weight 0.118± 0.047 0.160± 0.042 0.248± 0.050
Internal fat weight 0.269± 0.056 0.316± 0.045 0.399± 0.061
Testes weight 0.269± 0.041a 0.106± 0.041b –

Wholesale cuts (kg)
Shoulder weight 1.665± 0.033 1.555± 0.033 1.580± 0.039
Flank weight 1.100± 0.039 1.075± 0.035 1.115± 0.041
Leg weight 2.906± 0.048 2.886± 0.042 2.888± 0.050
Neck weight 0.608± 0.054 0.608± 0.047 0.630± 0.055
Upper-shoulder weight 0.479± 0.021 0.522± 0.019 0.486± 0.022
Rack loin weight 1.500± 0.050 1.537± 0.045 1.629± 0.053

Muscle, bone and fat components (kg)
Chop weight 0.606± 0.054 0.735± 0.048 0.749± 0.056
Muscle weight 0.265± 0.027 0.332± 0.024 0.309± 0.028
Bone weight 0.137± 0.012 0.172± 0.011 0.157± 0.013
Subcutaneous fat weight 0.079± 0.016a 0.099± 0.015a 0.137± 0.017b

Intermuscular fat weight 0.034± 0.007a 0.043± 0.006a 0.058± 0.007b

Values in the same row with different superscripts differ (P < 0.05).

castrated lambs. However, daily weight gain did not
differ among the groups.Schanbacher (1982)reported
higher weight gain and feed efficiency in immunized
lambs compared to castrated lambs, whereas,Daley
et al. (1995)found no differences in growth perfor-
mance among immunized, castrated and control ram
lambs. Studies with bulls support these findings that
immunizations against LHRH before puberty does not
reduce weight gain and feed efficiency (Adams and

Adams, 1992; Adams et al., 1993; Finnerty et al.,
1996; Huxol et al., 1998; Cook et al., 2000).

Carcass measurements of the three groups of lambs
are presented inTable 2. Except for chest width,
there were no differences in carcass measurements
among groups. Chest width was higher in the I group
than the E group (P < 0.05), but not significantly
different from C group. It has been reported that loin
eye muscle area was not affected by immunization or
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castration in ram lambs (Daley et al., 1995; Kiyma
et al., 2000) in agreement with the present study.
Similar results have been reported in LHRH immu-
nized bulls (Finnerty et al., 1996; Cook et al., 2000).
However,Adams and Adams (1992)andHuxol et al.
(1998) demonstrated that loin eye muscle area de-
creased following castration, but did not differ be-
tween the control and immunized bulls. Again,Adams
et al. (1993)reported a smaller loin eye muscle area
in steers and immunized bulls than in the control
group. Also, the loin eye muscle area in immunized
bulls was significantly greater than that in steers.
Studies on carcass measurements in ram lamb immu-
nization are not common, therefore it was difficult to
evaluate the findings in the present study.

Some carcass and offal weights are presented in
Table 2. The groups did not differ in hot and cold
carcass weights, in contrast to reports that the con-
trol bulls had greater carcass weights than the im-
munized bulls or steers (Adams and Adams, 1992;
Adams et al., 1993; Jago et al., 1996, 1999; Huxol
et al., 1998; Cook et al., 2000). Daley et al. (1995)and
Finnerty et al. (1996)reported similar findings in ram
lambs and bulls, respectively. In many of the studies,
carcass weights in immunized groups were intermedi-
ate to intact and castrated carcasses. Immunization in-
creased the dressing percentage compared with intact
and physically castrated (Daley et al., 1995) or intact
(Kiyma et al., 2000) ram lambs. In the present study,
treatment did not have any significant effect on dress-
ing percentage. Similar results have been reported in
bulls (Adams and Adams, 1992; Adams et al., 1993).

Though not significant, immunized rams in the cur-
rent study had less kidney and pelvic fat, and lower
internal fat weights than castrated lambs, but higher
than that in control animals. Similar results have been
reported in ram lambs (Daley et al., 1995; Kiyma et al.,
2000). Again, there were no differences (P > 0.05) in
offal among groups (Table 2). Immunization reduced
testis weight (P < 0.05). The response of immuniza-
tion against LHRH resulting in a decrease in testicular
mass has been reported in many studies (Adams and
Adams, 1992; Adams et al., 1993; Brown et al., 1994;
Daley et al., 1995; Huxol et al., 1998; Kiyma et al.,
2000; Cook et al., 2000).

The wholesale cuts are presented inTable 2. There
were no differences (P > 0.05) in mean wholesale
cuts among the groups. Immunization against LHRH

reduced the masculinity in bulls (Adams et al., 1993;
Finnerty et al., 1996). In the current study, the ef-
fects of lack of androgens, which can be induced by
immunization against LHRH or physical castration,
on masculinity could not be observed. Androgen lev-
els appeared to be maintained at a minimum level, at
which anabolic effects cannot be observed. In the cur-
rent study, immunization was performed at a relatively
older age (18 weeks). It was not possible to measure
testosterone concentrations, nevertheless, immuniza-
tion at such an advanced age may result in incomplete
suppression of testicular development and allow a spe-
cific amount of testesterone production.

Muscle, bone and fat weights of the carcasses as-
sessed from the 6th and 12th rib by physical dissection
are presented inTable 2. There were no differences in
chop, muscle and bone weights among groups (P >

0.05). In contrast, the C and I groups had less subcu-
taneous and intramuscular fat weights than E lambs
(P < 0.05). Considering the consumer demands, it is
obvious that the production of leaner carcasses is of
critical importance to producers; however, the finish-
ing weight or time related to the last immunization
may affect the lean content of the carcass (Jago et al.,
1999; Kiyma et al., 2000). In the present study, animals
were slaughtered at 36 weeks of age and 10 weeks
after a booster immunization. Both factors may have
an effect on the carcass components. An alternative to
study the effects of immunization against LHRH on
carcass components would be to immunize ram lambs
at an earlier age and slaughter after effective immuno-
suppression of LHRH is achieved.

In conclusion, immunization against LHRH using
the new recombinant fusion proteins (ovalbumin-
LHRH-7 and thioredoxin-LHRH-7) did not reduce
growth rate, body and carcass weights in ram lambs.
In many of the carcass characteristics studied, the
immunized animals were intermediate to control and
castrate animals. Immunized animals produced leaner
carcasses than castrate animals indicating immuno-
castration may be an effective alternative to physical
castration in lamb production.
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