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Technical note
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Abstract

Body growth, feedlot performance and carcass characteristics of ram lambs(n = 16) immunized against luteinizing
hormone-releasing hormone (LHRH) at 10 weeks of age with recombinant LHRH fusion proteins were investigated. Recom-
binant fusion proteins, ovalbumin–LHRH-7 and thioredoxin–LHRH-7 were produced using recombinant DNA technology.
Animals were immunized(n = 8) against LHRH with ovalbumin–LHRH-7 and thioredoxin–LHRH-7 recombinant protein
mixture in the Freund’s complete adjuvant. The immunization group received two booster injections 4 and 8 weeks later,
with Freund’s incomplete adjuvant. Animals in control group(n = 8) were not treated. Animals were kept at relatively
poor pasture until 27 weeks of age. This was followed by a 70 days finishing period that involved housing in groups and ad
libitum feeding with concentrate. Carcasses were evaluated after chilling for 24 h at+4◦C. Live weights, finishing weight,
weight gain and average daily weight gain were similar between groups(P > 0.05). Carcass measurements, loin eye muscle
area and back fat thickness were not affected from immunization. Immunization did not affect hot and cold carcass weights,
dressing percentage, offal items and wholesale cuts weights. Immunized animals had smaller testis, chop and bone weights
than control animals(P < 0.05). It was concluded that immunological castration could be achieved at 10 weeks of age in ram
lambs using new recombinant LHRH fusion proteins and used in finishing programs without adverse effect on growth rate,
feedlot performance and carcass characteristics. Nevertheless, the effectiveness of these proteins should be further evaluated
with more animals.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Immunizing farm animals against luteinizing
hormone-releasing hormone (LHRH) was considered
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as an alternative sterilization technique to surgical
castration. This was induced by LHRH antibodies
causing reduction in gonadotropin hormone concen-
trations, suppression in testicular development and
sexual activities Although several laboratories de-
scribed various LHRH vaccines produced by chemi-
cal conjugation techniques, these vaccines are unable
to meet Food and Drug Administration (FDA)
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requirements because of heterogeneity between and
within batches. In order to overcome these prob-
lems, different laboratories have focused on devel-
oping a recombinant LHRH vaccine. To meet FDA
criteria for approval and to generate an effective
sterilization vaccine, two recombinant fusion pro-
teins, ovalbumin–LHRH-7 and thioredoxin–LHRH-7,
were developed (Zhang et al., 1999; Quesnell et al.,
2000). The immunocastrative effect of these recom-
binant proteins was demonstrated in farm animals
(Sosa et al., 2000; Ülker et al., 2001; Aissat et al.,
2002).

In the USA, as well as some other countries, male
farm animals are routinely castrated to improve meat
quality. Some investigators reported that immunizing
male animals against LHRH had no negative effect
on feed efficiency and rate of gain (Daley et al., 1995;
Kiyma et al., 2000). In many studies, carcass quality
of immunized animals was either similar to physically
castrated animals, or intermediary to intact and cas-
trated animals (Daley et al., 1995; Kiyma et al., 2000).
To the best of our knowledge, there are only few im-
munocastration studies in which recombinant LHRH
vaccines were utilized in farm animals (Sosa et al.,
2000; Cook et al., 2000; Ülker et al., 2001; Aissat
et al., 2002). The effects of immunization against
LHRH using recombinant ovalbumin–LHRH-7 and
thioredoxin–LHRH-7 proteins on feedlot perfor-
mance, growth and carcass characteristics in bulls
(Aissat et al., 2002) and ram lambs (Ülker et al.,
2002) have been described. The influence of age on
response to active immunization in bull calves at 7
months of age or at weaning (Adams et al., 1993,
1996), and in ram lambs at 1 month of age
(Daley et al., 1995), was higher than those immu-
nized at later ages. Immunizing ram lambs against
LHRH using recombinant ovalbumin–LHRH-7 and
thioredoxin–LHRH-7 proteins at 18 weeks of age
caused suppression in testicular development but did
not affect growth performance and carcass charac-
teristics (Ülker et al., 2002). Although immunization
suppressed testicular development, this suppres-
sion could be incomplete because of late immu-
nization or the adjuvant used (Ülker et al., 2001).
The purpose of this study was to determine the
feedlot performance and carcass characteristics of
ram lambs immunized against LHRH at 10 weeks
of age.

2. Materials and methods

Native ram lambs of Turkey(n = 16) weaned
at 10 weeks of age were divided into two groups.
Animals in immunization group(n = 8) were in-
jected against LHRH with ovalbumin–LHRH-7 and
thioredoxin–LHRH-7 recombinant protein mixture at
weaning. Immunization group received first booster
immunization 4 weeks later (14 weeks of age) and sec-
ond booster immunization 8 weeks later (22 weeks of
age). One lamb in the treatment group died 3 weeks
after the first immunization. Animals in control group
(n = 8) were not treated. Animals were kept at rela-
tively poor pasture until 27 weeks of age, followed by
a 70 days finishing period where animals were housed
in groups and fed ad libitum with concentrate.

Ram lambs in the immunization group were im-
munized with a mixture of two LHRH fusion pro-
teins. The reason to use both fusion proteins was
to overcome the carrier-mediated immune suppres-
sion, which is a result of an overwhelming secondary
response to the carrier protein (Sad et al., 1991).
Ovalbumin–LHRH-7 contains a total of seven LHRH
sequences inserted at four different positions in the
sequence of chicken ovalbumin (Zhang et al., 1999).
Thioredoxin–LHRH-7 contains a total of seven LHRH
sequences inserted at three positions in the sequence
of Escherichia colithioredoxin (Quesnell et al., 2000).
Both LHRH fusion proteins have carboxyl-terminal
6× histidine sequence (His-Tag®; pET Manual,
Novagen®, 1994) to facilitate purification by affinity
chromatography as described previously (Quesnell
et al., 2000). Equimolar amounts of each LHRH fu-
sion protein (10 nM) totaling 1.0 mg of protein were
suspended in 6 M urea and emulsified in 0.5 ml of
modified complete Freund’s adjuvant (Sigma, St.
Louis, MI, USA) for the first immunization and mod-
ified incomplete Freund’s adjuvant for the subsequent
two boosters. Immunization injections were adminis-
tered subcutaneously.

During the 70 days finishing period, commercially
available concentrate containing 93.0% dry matter,
24.1% crude protein, 9.1% nitrogen free extract,
12.0% acid detergent fiber, 34.0% neutral detergent
fiber, 2.1% crude fat, and 17.73% crude ash was fed
to lambs. A start up diet was fed for 2 weeks before
finishing regimen applied. Feeding regimen remained
constant during the 70 days finishing period. Animals
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in the immunized and control groups were weighed
every 14 days after 12 h fasting. Live weight at the
beginning and the end of the finishing period was
measured three consecutive days after 12 h fasting.
All animals were slaughtered at the end of finishing
period.

All slaughtered animals were bled and 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 cut off at its articulation. Tail, genitalia and
cannons were excluded. The carcass was chilled for
24 h at +4◦C and weighed. Cold carcass was split
into symmetrical two parts along backbone and left
half carcass measurements (carcass length, leg depth,
leg width, leg length, rump width, chest depth, chest
width, shoulder width) were taken. Left half carcass
was cut into six parts according to procedure given
by Colomer-Rocher et al. (1987)and weighed. For
measuring the area of loin eye muscle, the cold car-
cass was split between the 12th and 13th ribs. From
the cross section, the area was traced onto an acetate
paper and measured using planimeter. Dressing per-
centage was calculated as a ratio of fasting weight
and chilled carcass weight. Muscle, bone and fat
components of carcass were assessed from the region
between 6th and 12th ribs by physical dissection.

The mathematical model for the analysis of weight
gain, live weight and various carcass characteristics
included fixed effect due to treatment (immunization
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Fig. 1. Live weights (kg) of control (C,n = 8) and immunized (I,n = 7) ram lambs during finishing period. S.E.M are given as error bars.

versus control) and regression of live weight at day 0
and residual error (SAS, 1998). Similarly, warm and
cold carcass weight, dressing percentage, offal items,
wholesale cuts, muscle, bone and fat components of
carcass were adjusted for variation using finishing
weight as covariable.

3. Results and discussion

Live weights in both groups increased as the days
of finishing period increased (Fig. 1), nevertheless,
there were no differences between groups. The finish-
ing weight in the control and immunized ram lambs
were 35.7±0.64 and 34.3±0.01 kg, respectively. Cor-
responding values for weight gain were 8.6 ± 0.64
and 7.2 ± 0.69 kg, respectively; and for daily weight
gain were 0.12 ± 0.01 and 0.10 ± 0.01 kg, respec-
tively. None of these differences were significant(P >

0.05). There was no difference in carcass measure-
ments (Table 1) between groups(P > 0.05). In the
present study, there were no differences in hot and
cold carcass weights(P > 0.05). Immunized animals
appeared to have greater kidney and pelvic fat weight
and internal fat weight(P < 0.1), however, these dif-
ferences were not significant (Table 1). Muscle, bone
and fat weights of carcass assessed from the region
between 6th and 12th ribs by physical dissection were
given inTable 1. Chop and bone weight were lower in
immunization group than control group(P < 0.05).
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Table 1
Mean (±S.E.) carcass characteristics in control and immunized
ram lambsa

Trait Groups

Control
(n = 8)

Immunized
(n = 7)

Carcass measurements (cm)
Carcass length 67.7± 1.1 66.8± 1.2
Leg depth 9.1± 0.3 9.1± 0.3
Leg width 6.6± 0.2 6.6± 0.2
Leg length 30.5± 0.8 31.1± 0.8
Rump width 17.6± 0.4 17.6± 0.5
Chest depth 25.8± 0.4 25.3± 0.4
Chest width 17.7± 0.6 17.2± 0.6
Shoulder width 16.9± 0.6 15.5± 0.6
Loin eye muscle area 14.0± 0.7 13.7± 0.9
Back fat thickness 1.5± 1.9 1.8± 0.2

Carcass weights (kg)
Warm carcass weight 16.9± 0.3 17.1± 0.3
Cold carcass weight 16.6± 0.3 16.5± 0.3
Dressing percentage 47.2± 0.9 46.9± 0.9

Offal items (kg)
Heart and liver weight 1.3± 0.053 1.5± 0.057
Spleen weight 0.06± 0.003 0.08± 0.004
Kidney weight 0.11± 0.003 0.08± 0.004
Kidney and pelvic fat weight 0.05± 0.015 0.09± 0.016
Internal fat weight 0.02± 0.006 0.03± 0.007
Testis weight 0.22 a± 0.008 0.03 b± 0.009

Wholesale cuts (kg)
Shoulder weight 1.38± 0.027 1.43± 0.029
Flank weight 0.96± 0.085 0.97± 0.091
Leg weight 2.48± 0.066 2.48± 0.071
Neck weight 0.62± 0.071 0.75± 0.076
Upper-shoulder weight 0.42± 0.025 0.39± 0.027
Rack-loin weight 1.42± 0.091 1.25± 0.098

Muscle, bone and fat components (kg)
Chop weight 0.54 a± 0.031 0.44 b± 0.033
Muscle weight 0.24± 0.016 0.20± 0.017
Bone weight 0.15 a± 0.010 0.12 b± 0.011
Subcutaneous fat weight 0.04± 0.006 0.04± 0.007
Intramuscular fat weight 0.02± 0.006 0.03± 0.006

a Values in the same row that do not share a common letter
differ (P < 0.05).

There was no difference in mean wholesale cuts, mus-
cle, subcutaneous fat and intramuscular fat weights
(P > 0.05).

Physically castrated males utilize feed less effi-
ciently and have lower rates of gain than intact males.
As a results of physical castration, there is a marked
reduction in gonadal steroids which play a critical

role in animal growth and development. Neverthe-
less, researchers demonstrated that daily weight gain
(Kiyma et al., 2000; Ülker et al., 2002) or growth
performance (Daley et al., 1995) did not differ among
immunized, control and castrated ram lambs. Immu-
nization at different ages did not affect growth rate
in ram lambs (Brown et al., 1994). In bulls, immu-
nization against LHRH before puberty did not reduce
weight gain and feed efficiency (Adams et al., 1993;
Cook et al., 2000; D’Occhio et al., 2001; Aissat et al.,
2002). Probably residual levels of testosterone secre-
tion in immunized animals has anabolic activity that
is sufficient to sustain a high rate of growth (Adams
et al., 1993). Similar findings in the presented study
may be an indication that immunization against the
new recombinant LHRH fusion proteins could be an
alternative to physical castration in lamb production.
However, the absence of significant differences be-
tween groups might be attributed to the relatively low
number of animals used in the study.

Carcass sizes and wholesale cuts weights are in-
dicators for growth characteristics of animals and
are closely related to yield grade of the carcasses.
Absence of significant differences in carcass mea-
surements and wholesale cuts observed between im-
munized and control groups of lambs in the present
study is in agreement with reports in ram lambs
(Schanbacher, 1982; Daley et al., 1995; Kiyma et al.,
2000; Ülker et al., 2002) as well as in bulls (Adams
et al., 1993; Cook et al., 2000). It seems, therefore,
that it is possible to produce ram lambs carcasses with
moderate yield grade by immunization against LHRH.

While hot and cold carcass weights were similar
between immunized and control groups of lambs as
reported byDaley et al. (1995)andÜlker et al. (2002)
in ram lambs andFinnerty et al. (1996)andD’Occhio
et al. (2001)in bulls, some researchers reported that
control bulls had greater carcass weights than immu-
nized bulls (Adams et al., 1993; Cook et al., 2000).
However, in many of the studies, carcass weights in
immunized groups were intermediary to intact and
castrated carcasses. Immunization increased dressing
percentage compared with intact and physically cas-
trated (Daley et al., 1995) or intact (Kiyma et al., 2000)
lambs. In the present study, treatment did not affect
(P > 0.05) dressing percentage. Similar results were
reported in bulls (Adams et al., 1993; D’Occhio et al.,
2001).
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Although not significant, the higher kidney and
pelvic fat weight and internal fat weight in the present
study is in agreement with reports in ram lambs
(Daley et al., 1995; Kiyma et al., 2000; Ülker et al.,
2002). Immunization reduced testis weight(P <

0.05). The response of immunization against LHRH
was a decrease in testicular mass in agreement with
immunization studies in ram lambs (Brown et al.,
1994; Daley et al., 1995; Kiyma et al., 2000; Ülker
et al., 2002) and bulls (Adams et al., 1993; Cook
et al., 2000). While in some proportion of immunized
ram lambs (Brown et al., 1994) and bulls (D’Occhio
et al., 2001) the testicular weight at later ages was as
the same as contemporary animals that had not been
immunized, in the present study the testis weights of
all of immunized ram lambs were smaller at slaugh-
ter. Although there were relatively low number of
animals in the study, these results suggest that new
recombinant LHRH fusion proteins are very effective
in long-term immunocastration in ram lambs.

Wethers produced carcasses with higher fat percent-
ages than ram lambs at all ages, however, in the present
study, immunologically castrated ram lambs produced
carcasses similar to control animals in fat content.
Similar findings were reported previously (Daley et al.,
1995; Cook et al., 2000; Kiyma et al., 2000; Ülker
et al., 2002). This fact, as suggested byAdams et al.
(1993), could be attributed to residual production of
gonadal steroids, testosterone, in particular, which is
associated with a positive N balance and leaner car-
cass characteristics (Schanbacher et al., 1980).

In conclusion, immunization against LHRH using
the new recombinant fusion proteins (ovalbumin–LH-
RH-7 and thioredoxin–LHRH-7) at 10 weeks of age
resulted in similar growth rate, feedlot performance,
body and carcass weights and various carcass charac-
teristics in immunocastrated and control group of ram
lambs suggesting the possible use of these proteins
for immunological castration. Nevertheless, since the
number of animals used in the study is relatively low,
the absence of significant differences between groups
should be further evaluated using more animals.

Acknowledgements

This study was supported by Yüzüncü Yıl Univer-
sity Research Fund (Project no: 2001-ZF-043). We

wish to thank Van-Et A¸S, Van, Turkey, for providing
slaughter and carcass evaluation facilities and Dr. Ser-
hat Arslan for statistical advice.

References

Adams, T.E., Daley, C.A., Adams, B.M., Sakurai, H., 1993. Testis
function and feedlot performance of bulls actively immunized
against gonadotropin releasing hormone: effect of implants
containing progesterone and estradiol benzoate. J. Anim. Sci.
71, 811–817.

Adams, T.E., Daley, C.A., Adams, B.M., Sakuari, H., 1996. Testis
function and feedlot performance of bulls actively immunized
against GnRH: effect of age at immunization. J. Anim. Sci. 74,
950–958.

Aissat, D., Sosa, J.M., de Avila, D.M., Bertrand, K.P., Reeves,
J.J., 2002. Endocrine, growth, and carcass characteristics of
bulls immunized against luteinizing hormone-releasing hormone
fusion proteins. J. Anim. Sci. 80, 2209–2213.

Brown, B.W., Mattner, P.E., Carroll, P.A., Holland, E.J., Paull,
D.R., Hoskinson, R.M., Rigby, R.D.G., 1994. Immunization
of sheep against GnRH early in life: effects on reproductive
function and hormones in rams. J. Reprod. Fertil. 101, 15–21.

Colomer-Rocher, F., Morand-Fehr, P., Kirton, A.H., 1987. Standard
methods and procedures for goat carcass evaluation, jointing
and tissue separation. Livest. Prod. Sci. 17, 149–157.

Cook, R.B., Popp, J.D., Kastelic, J.P., Robbins, S., Harland,
R., 2000. The effects of active immunization against GnRH
on testicular development, feedlot performance, and carcass
characteristics of beef bulls. J. Anim. Sci. 78, 2778–2783.

D’Occhio, M.J., Aspden, W.J., Trigg, T.E., 2001. Sustained
testicular artrophy in bulls actively immunized against GnRH:
potential to carcass characteristics. Anim. Reprod. Sci. 66, 47–
58.

Daley, D.A., Adams, T.E., Daley, C.A., Patton, W.R., Evens,
J.L., 1995. Effects of immunocastration on growth, carcass
characteristics and reproductive development in ram lambs.
Sheep Goat Res. J. 11, 31–34.

Finnerty, M., Enright, W.J., Prendivelle, D.J., Spicer, L.J., Roche,
J.F., 1996. The effect of different levels of gonadotropin
releasing hormone antibody titers on plasma hormone
concentrations, sexual and aggressive behavior, testis size and
performance of bulls. Anim. Sci. 63, 51–63.

Kiyma, Z., Adams, T.E., Hess, B.W., Riley, M.L., Murdoch,
W.J., Moss, G.E., 2000. Gonadal function, sexual behavior,
feedlot performance, and carcass traits of ram lambs actively
immunized against GnRH. J. Anim. Sci. 78, 2237–2243.

Quesnell, M.M., Zhang, Y., De Avila, D.M., Bertrand, K.P.,
Reeves, J.J., 2000. Immunization of male mice with luteinizing
hormone-releasing hormone fusion proteins reduces testicular
and accessory sex gland function. Biol. Reprod. 63, 347–353.

Sad, S.H., Gupta, M.H., Talwar, G.P., Raghupaty, R., 1991.
Carrier-induced suppression of antibody response to a ‘self’
hapten. Immunology 74, 223–227.

SAS, 1998. PC SAS User’s Guide. Statistics SAS Institute Inc.,
Cary, NC, USA.



218 H. Ülker et al. / Small Ruminant Research 50 (2003) 213–218

Schanbacher, B.D., 1982. Responses of ram lambs to active
immunization against testosterone and luteinizing hormone
releasing hormone. Am. J. Physiol. 242, 201–208.

Schanbacher, B.D., Crouse, J.D., Ferrel, C.L., 1980. Testosterone
influences on growth, performance, carcass characteristics and
composition of young market lambs. J. Anim. Sci. 51, 685–692.

Sosa, J.M., Zhang, Y., De Avila, D.M., Bertrand, K.P., Reeves,
J.J., 2000. Technical note: recombinant LHRH fusion protein
suppresses estrus in heifers. J. Anim. Sci. 78, 1310–1312.

Ülker, H., Kanter, M., Gökdal, Ö., De Avila, D.M., Reeves, J.J.,
2001. The effects of recombinant LHRH fusion proteins on

testicular development and histology in ram lambs. Deutsche
Tierärztliche Wochenschrift 108, 459–464.

Ülker, H., Gökdal, Ö., Temur, C., Budağ, C., Oto, M., De Avila,
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