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Abstract:

Castration of male cattle affects carcass and meat traits. An evaluation was done of the effect
of surgical castration at birth and immunocastration on carcass and meat traits in 7-8-mo-old
male Holstein calves (average weight= 240.8 kg). Animals in the surgical castration
treatment were castrated 24 h after birth, while those in the immunocastration treatment were
administered doses of the Bopriva vaccine at 1, 21, 101 and 181 d of growth. Live weight
was recorded in both groups at 21, 101 and 181 d, and carcass and meat traits were quantified
after slaughter. The surgically-castrated animals exhibited higher average weight (P<0.05),
and higher weight at slaughter. Cold carcass weight, hot carcass weight, ribeye area and
subcutaneous fat thickness were all higher in the surgically-castrated animals (P<0.05). No
differences between treatments were found in meat pH and sheer force (P>0.05), but the b*,
C* and H* values were higher in the IC animals (P<0.05). Castration at birth resulted in
better average carcass weight and meat traits than immunocastration, but animal welfare must
be considered when using surgical castration.
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Introduction

Castration is a common management tool in beef production. It provides benefits such as
reduction of aggressive and sexual behavior which facilitates safer handling. This in turn
promotes better carcass quality due to subcutaneous fat deposition and less carcass damage
from mounting or aggression in the finishing pen; all these favor animal welfare:. Surgical
castration is the norm but requires additional work and cost, causes prolonged pain in the
animal®”, and can lead to infections and bleeding® or death in some cases®.
Immunocastration is a non-surgical technique intended to preserve animal welfare when in
intensive finishing pens®?. Immunocastrated males produce an antibody against GnRh that
consequently reduces testosterone concentrations? and physical activity®?.

Holstein males have been increasingly included in growth pens as a production alternative.

This breed differs from traditional meat-producing breeds in its friendly and playful
temperament, but can become very aggressive if not castrated®. Immunocastration has been
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tested in different breeds, with different vaccination programs, diets and implant programs®#-
11 Immunological castration programs need to be evaluated in different production systems
(breeds, diets, implants); for instance, Holstein beef cattle in commercial production where
final weights greater than 550 kg are required for slaughter. The present study objective was
to compare the effects of surgical castration at birth vs immunocastration on carcass and meat
traits in growing Holstein males.

Material and methods

Geographical location

The study was done in the city of Mexicali, Baja California, Mexico (32°32°00” N;
115°12°41” W). The region has a dry desert climate with an average temperature of 34.7 °C
(-5 °C winter; 50 °C summer), average rainfall of 37 mm, and average relative humidity of
50 %),

Study design

The experimental animals were 720 Holstein males of the same origin, 7 to 8 mo’ age on
arrival at the growth facility, with a 240 kg average live weight. Two treatments were applied:
surgically-castrated (SC) males (T1) and immunocastrated (IC) males (T2). The animals
were randomly assigned to the treatments, with 90 animals per pen and four pens per
treatment. Those in the T1 treatment were castrated 24 h after birth at a dairy farm.

Handling after reception at growth facility

Twenty-four hours after arriving at the growth facility the animals were vaccinated, wormed,
and an implant applied (contains trenbolone acetate, estradiol and tylosin). The animals in
T2 were immunocastrated by subcutaneously administering 1 ml Bopriva® (Laboratorios
Zoetis, Salud Animal, Mexico) at four times after arrival: 24 h (d 1), and on d 21, 101 and
181 of the experiment). The SC animals were administered 1 ml saline solution on the same
days. Live weight (LW) was recorded for each animal on days 1, 21, 101 and 181 of the
experiment and before slaughter. The animals were fed twice a day, following a six-diet
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program widely used in northern Mexico which consists of wheat hay, Sudan grass, tallow,
DDGS (dry distiller’s grains with solubles) and a mineral premix.

Serum testosterone levels

Ten animals were randomly selected from each pen to measure serum testosterone levels;
each was identified with an additional earring. Blood samples were taken on the same days
as Bopriva application. A final sample was taken at slaughter at the bleeding station in the
slaughterhouse production line. Approximately 5 ml blood were extracted from the coccygeal
vein. The samples were centrifuged at 3,500 rpm (TRIAC centrifuge, Clay Adams, Model
0200, New Jersey, USA) to obtain the serum and stored at -20 °C until analysis. Testosterone
concentration was measured using the ELISA (Bovine) Testosterone Kit (Abnova
Corporation, Taipei City, Taiwan), following manufacturer instructions.

Slaughter

The animals were Killed at 242 d after attaining a 607.85 + 12.89 kg average weight. On the
day of slaughter the animals were herded by a wrangler on horseback about 1.5 km to the
slaughterhouse. Here they were kept in rest pens with access to water for approximately 5 h.
They were slaughtered in a Federal Inspection Type (Tipo Inspeccion Federal - TIF)
slaughterhouse, following established procedures (NOM-033-SAG/Z00-2014).

Carcass evaluation

The carcasses from both treatments were stored at 2 °C for 24 h. Sample cuts were made
between rib 12 and 13 to collect carcass data. A total of 120 carcasses per treatment (T1 and
T2) were made available by the slaughterhouse for carcass trait data collection: hot carcass
weight (HCW); cold carcass weight (CCW); back fat thickness (BFT); kidney, pelvic and
heart fat (KPH); marbling; ribeye area (REA), pH and color (L*, a*, b*, C* and H*). Back
fat deposition was measured in mm using a metric ruler®®. Ribeye area was evaluated using
a plastic template following the lowa State University method. Estimated KPH was
determined subjectively and expressed as a percentage of HCW, and marbling was estimated
with a seven-level scale (traces, light, small, modest, moderate, slightly abundant and
moderately abundant)®@?,
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Meat quality

Meat samples (approx. 1,000 g each) were taken 48 hours after slaughter from the
Longissimus dorsi muscle of ten randomly selected carcasses from each pen in both
treatments (total samples 80). These were vacuum-packed, refrigerated and sent to the
Animal Quality Products Laboratory of the Veterinary Science Research Institute of the
Autonomous University of Baja California. The pH was measured with a potentiometer
(Hannah Instruments, Inc., pH 101). Color values (L*, a*, b*, C*, H*) were measured on the
surface of the Longissimus dorsi muscle cut using a spectrophotometer (Minolta CM-2002,
Minolta Camera, Co., Ltd., Japan). The specular component included (SCI) mode was used
with illuminant Des, and a 10° observer; L* is the brightness index, a* is red intensity and b*
is yellow intensity. Shear force (SF) was quantified using previously cooked pieces of meat
extracted perpendicular to the muscle fibers with a 1 cm diameter punch and placed in a
texturometer (Lloyd Instruments, England) equipped with Warner-Bratzler blades. All
measurements were done in triplicate.

Statistical analyses

Total variation was analyzed with a linear model:
Yij=pt+ i+ &jwithi=1,2 and j=1,2,...,r

Where:

Yijare meat pH, color and SF values as response variables;

M is the general mean, 7t is the fixed effect of treatment (surgically-castrated vs.
immunocastrated);

&ij is the residual random effect [&;j ~ N1(0, 62)].

When the treatments were a source of significant variation (P<0.05), a Tukey was applied to
compare the treatments’ mean values; this was done with the GLM procedure in the SAS
statistics package (SAS Inst. Inc., Cary, NC)®Y. Mean serum testosterone levels were
compared between treatments and over time (days 1, 21, 101 and 181, and at bleeding) with
a mixed linear model:
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Yijk= Ut ti +tAki + Dj + (tD)ij + &k withi=1,2;j=1,2,...,5,andk=1,2,...,r
Where:

Yijk is testosterone concentration of the k-th animal taken at j-th time and belonging to the i-
th treatment, as a response variable;

M is the general mean, 7; is the fixed effect of treatment;

A is the random effect of animal within treatment [Axg) ~ N1(0, 62)],

D;j is the fixed effect of time, in days, (tD)i;j is the effect of the treatment x time interaction;
Eijk is the residual random effect [&; ~ N1(0, ¢2)].

The analysis was run using the MIXED procedure with the REPEATED label in the SAS
package. Analysis of repeated records, including correlations between records of the same
animal and heterogeneous variances between records in time was done by evaluating the
covariance structures: unstructured (US); compound-symmetry (CS); and first-order
autoregressive (LAR). This was done based on the Akaike and de Schwartz criteria, choosing
that with the lowest values for these two indicators. In this case the selected covariance
structure was unstructured (UN). When the treatment x time interaction was a source of

variation (P<0.05) a Tukey-Kramer procedure was applied to compare the least squares
means between treatments for each time increment®?.

Results and discussion

Weight gain

Animal weight was higher in T1 (surgically-castrated) (P<0.05) starting with the second
vaccination (21 d), and remained so until slaughter (Table 1).
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Table 1: Mean values + standard error (SE) of animal weight (kg) by treatment on
vaccination days until slaughter

T1

. T2
Growth day Surgically- Immunocastrated SE P>t
castrated
1 243.25 238.39 2.50 0.052 NS
21 278.30 269.70 2.49 0.006*
101 394.94 379.53 2.51 0.001*
181 520.80 509.52 2.54 0.001*
Slaughter 620.74 594.95 6.90 0.002*

The trend observed in the present results differs from previous studies. For example, in a
study of live weight in beef cattle, at 280 days males immunocastrated with Bopriva were
heavier (P<0.05) than those surgically castrated at 91 days growth™®. In a study comparing
males immunocastrated with Bopriva to other males surgically castrated between fifteen and
seventeen days post-vaccination in the first group, weight did not differ (P>0.05) up to
slaughter®. One notable difference in the present study is that the animals in T1 were
castrated at birth, meaning recovery time due to infection and weight loss had no impact at
seven months’ age when the animals were placed in the growth pens.

Serum testosterone concentrations

Testosterone concentrations in both treatments were below 1 ng/ml on each vaccination day
until slaughter, confirming the effectiveness of vaccination in suppressing serum testosterone
concentrations in cattle®®. The present results also support previous reports that seven
months is the optimal age for immunization against GnRH and generates maximum antibody
production in Bos taurus males®?.

Carcass and meat quality

Both HCW and CCW were higher (P<0.05) in the T1 animals (Table 2), which differs from
the lack of difference in CCW reported elsewhere. Values for BFT and REA differed
(P<0.05) between treatments, with the highest values in T1 carcasses. No differences were
observed in KPH between treatments (P>0.05). In a previous study using male Nellore breed
carcasses no differences (P>0.05) were apparent in BFT and REA between SC and IC
animals®¥. Results for BFT more in agreement with the present results have been reported
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in SC and IC Nellore and Nellore x Angus males"®. Previous reports of REA values are
lower than those observed in the present study®): castrated = 81.06 + 1.78 cm? vs.
immunocastrated = 83.61 + 1.73 cm?. These discrepancies may respond to breed since, for
example, Holstein cattle are reported to have a larger and longer body structure and a longer
growth period, allowing them to develop larger carcasses than beef cattle breeds®.

Table 2: Mean values + standard error (SE) of carcass quality variables by treatment

T1 T2

Growth day Surgically-castrated Immunocastrated SE P>1
HCW, kg 376.60° 362.61° 4.14 0.0009
CCW, kg 374.87° 361.38° 4.09 0.0011
BFT, cm 0.65° 0.55° 0.33 0.0042
REA, cm? 91.412 86.83" 1.54 0.0048
KPH, % 1.492 1.60? 0.09 0.2473

WCW = warm carcass weight; CCW = cold carcass weight; BFT = back fat thickness; REA = ribeye area;
KPH = kidney, pelvic and heart fat.
ab Different letter superscripts in the same row indicate significant difference (P<0.05).

Previous studies comparing SC and IC males in Holstein x Cebu®® and Nellore cattle!*%4),
found no differences (P>0.05) in BFT and REA values. No differences in CCW, BFT and
REA values (P>0.05) were also observed in a study of Holstein males in which the animals
were slaughtered at a lower average weight: 477 kg (SC) and 486 kg (IC)®. Weight at
slaughter was notably higher in the present results: 600+ kg (T1) and 594 kg (T2). The
differences between the present carcass quality trait values and those in previous
studies®!415) may be due to surgical castration schedules; in previous studies it was done
some days before or contemporaneously with Bopriva application while in the present study
it was done 24 h after birth, meaning the animals had fully recovered when placed in growth
pens at seven months’ age.

Marbling category frequency did not differ (P>0.05) between the treatments, with the largest
number of carcasses in both treatments classified in the “slight” and “small” marbling
categories (Table 3). These results agree with previous comparisons between carcasses from
IC and SC males®®®. In another study no differences (P>0.05) were observed in intramuscular
fat percentage between the carcasses of SC and IC Holstein males®.
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Table 3: Marbling classification in male Holstein carcasses by treatment

T1
Marbling Surgically- T2
e Immunocastrated Pr> X2
classification castrated _
(n= 126) (n=126)

Traces 3 0 --
Light 67 66 0.9309
Small 46 50 0.6831
Modest 9 0 --
Moderate 1 10 --

No differences (P>0.05) between treatments observed in the Light and Small categories in a test of a
proportional equality hypothesis.

Meat pH values did not differ (P>0.05) between the treatments (Table 4), with values in a
normal range of 5.5 to 5.8, These results coincide with the 5.57 pH at 24 h reported for
Holstein cattle carcasses®”.

Table 4: Mean values + standard error (SE) for meat physicochemical variables

Tl T2
Variables Surgically- SE P> f
Immunocastrated
Castrated
pH 5.542 5.562 0.04 0.7163
L* 32.142 32.742 0.43 0.1731
a* 11.972 10.70° 0.33 0.0002
b* 7.93 12.862 0.47 0.0001
C* 14.63° 16.872 0.48 0.0001
H* 33.23° 49.282 1.21 0.0001
SF (N) 52.172 56.382 0.24 0.0919

SE = standard error; SF = shear force.
ab Different letter superscripts in the same row indicate significant difference (P<0.05).

Most of the color values (a*, b*, C* and H*) differed (P<0.05) between treatments, the L*
value being the one exception (P>0.05). No difference in L* values (P>0.05) has also been
reported in previous comparisons of meat from SC and IM male cattle®®®, In addition, a
lack of difference for the L*, a* and b* values was observed between the carcasses of SC
males (L* = 33.9; a* = 17.1; b * = 2.6) and IC males (L* = 34.0; a * = 16.9; b* = 2.4)®),
Although meat pH was normal in the present results, the color values observed here are
similar to those reported for DFD meat (L* = 34.8; a* = 18.8; b* = 6.7)®®, suggesting that
the animals had been exposed to stressors prior to slaughter.
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Shear force (SF) did not differ (P<0.05) between treatments. Based on established criteria®?,
meat tenderness was intermediate (tender: 22.26-35.10N; intermediate: 40.01-52.95N; hard:
57.85-70.60N). The same has been reported elsewhere®!® with no differences in SF
between meat from SC and IC animals. Indeed, another study found no differences in SF due
to sexual condition (SC males: 56.60 + 0.36N; IC males: 53.37 = 0.35N; whole males: 48.85
+ 0.35N)®®). Even in males slaughtered at eleven months of age SF did not differ between
SC (51.9N) and IC males (52.9N)®,

Conclusions and implications

After more than 200 d growth, surgical castration 24 h after birth in Holstein males resulted
in heavier animals with better carcass traits than males immunocastrated with Bopriva.
Further research is needed to assess post castration impacts on animal welfare.

Acknowledgements

The authors thank the personnel of Ganadera Mexicali S.A. de C.V. and TIF Slaughterhouse
No. 511 for their assistance, as well as Dr. Priscila Castro Osuna for her help as technical
advisor for Laboratorio Zoetis.

Literature cited:

1. Bouissou MF, Boissy A, Neindre PL, Veissier I. The social behaviour of cattle. In:
Keeling LJ, Gonyou HW editors. Social behaviour in farm animals. Oxford, UK: CABI
Publishing; 2001;113-274.

2. Price EO, Adams TE, Huxsoll CC, Borgwardt RE. Aggressive behavior is reduced in
bulls actively immunized against gonadotropin-releasing hormone. J Animal Sci
2003;81(2):411-415.

3. Stookey JM, Watts JM. Production practices and wellbeing: Beef cattle. Oxford. UK.:
Blackwell Publishing; 2004.

4. Amatayakul-Chantler S, Jackson JA, Stegner J, King V, Rubio LMS, Howard R, Lopez
E, Walker J. Inmunocastration of Bos indicus x Brown Swiss bulls in feedlot with

464



Rev Mex Cienc Pecu 2020;11(2): 455-467

10.

11.

12.

13.

14.

gonadotropin-releasing vaccine Bopriva provides improved performance and meat
quality. J Anim Sci 2012;90:3718-3728.

Marti S, Devant M, Amatayakul-Chandler S, Jackson JA, Lopez E, Janzen ED,
Schwartzkoppf-Genswein KS. Effect of anti-gonadotropin-releasing facto vaccine and
band castrtion on indicators of welfare in beef cattle. J Anim Sc 2015;93:1581-1591.

Bonneau M, Enright W. Immunocastration in cattle and pigs. Livest Prod Sci
1995;42:193-200.

Mach N, Bach A, Realini C, Font-Furnols M, Velarde A, Devant M. Burdizzo pre-
pubertal castration effects on performance, behavior, carcass characteristics, and meat
quality of Holstein bulls fed high-concentrate diets. J Meat Sci 2009;81:329-334.

Turner AS, Mcliwraith CW. Thecniques in large animal surgery. Philadelphia, PA. Lea
and Febiger; 1989.

Marti S, Jackson JA, Slootmans N, Lopez E, Hodge A, Pérez-Juan M, Devant M,
Amatayakul-Chantler S. Effects on performance and meat quality of Holstein bulls fed
high concentrate diets without implants following immunological castration. J Meat Sci
2017;126:36-42.

Amatayakul-Chantler S, Hoe F, Jackson JA, Roca RDO, Stegner JE, King V, Howard
R, Lopez E, Walker J. Effects on performance and carcass and meat quality attributes
following immunocastration with the gonadotropin releasing factor vaccine Bopriva or
surgical castration of Bos indicus bulls raised on pasture in Brazil. Meat Sci 2013;95:78-
84.

Thompson DL. Immunization against GnRH in male species (comparative aspects). J
Anim Sci 2000;60:459-469.

Jannet F, Gerig T, Tschuor AC, Amatayakul-Chantler S, Howard R, Bollwein H, Thun
R. Vaccination against gonadotropin-releasing factor (GNRF) with BOPRIVA®
significantly decreases testicular development, serum testosterone levels and physical
activity y pubertal Bulls. Theriogenology 2012;78:182-188.

Glenn CD, McMurphy CP. Feeding Holstein steers from start to finish. Vet Clin Food
Anim 2007;23:281-297.

Ribeiro EL, Hernandez JA, Zanella EL, Shimokomaki M, Prudéncio-Ferreira SH,
Youssef E, Reeves JJ. Growth and carcass characteristics of pasture fed LHRH
immunocastrated, castrated and intact Bos indicus bulls. J Meat Sci 2004;68:285-290.

465



Rev Mex Cienc Pecu 2020;11(2): 455-467

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Giuliana ZM, Faria MH, Roca RO, Santos CT, Suman SP, Faitarone ABG, et al.
Immunocastration improves carcass traits and beef color attributes in Nellore. J Meat
Sci 2014;96:884-891.

Miguel GZ, Roca RO, Suman SP, Faria MH, Santos CT, Resende FD, et al.
Immunocastration and surgical castration improves color attibutes of beef from Nellore
males. J Meat Sci 2014;96:462-463.

Andreo N, Bridi AM, Soares AL, Prohmann PEF, Peres LM, Tarsitano MA, De Lima
GB, Takabayashi AA. Fatty acid profile of beef from immunocastrated (BOPRIVA®)
Nellore bulls. Meat Sci 2016;117:12-17.

Garcia E. Modificaciones al sistema de clasificacion climatica de Koppen (para
adaptarlo a las condiciones de la Republica Mexicana. México, DF. Instituto de
Geografia, UNAM;1981.

Hale DS, Goodson K, Savell JW. USDA beef quality and yield grades. USA: USDA,;
2013.URL.: http://meat.tamu.edu/beefgrading/.pdf. Consultado 10 Abr, 2017.

AMSA, American Meat Science Association. Meat evaluation handbook. USA.
American Meat Science Association; 2001.

SAS. SAS software release 9.4. STAT 14.1. Cary, NC, USA: SAS Institute. Inc. 2015.

Steel RG, Torrie J. Bioestadistica: principios y procedimientos. México, D.F. McGraw-
Hill Interamericana;1985.

Adams TE, Daley CA, Adams BM, Sakurai H. Testis function and feedlot performance
of bulls actively immunized against gonadotropin-releasing hormone: Effect of age
immunization. J Anim Sci 1996;71:950-954.

Duff GC, McMurphy CP. Feeding Holstein steers from start to finish. Veterinary Clinics
of North America: Food Anim Practice 2007;23(2):281-297.

De Freitas VM, Ledo KM, de Araujo Neto FR, Marques TC, Ferreira RM, Garcia LL F,
de Oliveira EB. Effects of surgical castration, immunocastration and homeopathy on the
performance, carcass characteristics and behaviour of feedlot-finished crossbred bulls.
Semina: Ciéncias Agrarias 2015;36(3):1725-1734.

Marifio G, Vilca M, Ramos D. Evaluacion del pH en canales de toros Holstein (Bos
taurus) y Nelore (Bos indicus). Rev Investig Vet Pert 2005;16:90-95.

Silva JA, Patarata L, Martins C. Influence of ultimate pH on bovine meat tenderness
during ageing. J Meat Sci 1999;52:453-459.

466



Rev Mex Cienc Pecu 2020;11(2): 455-467

28.

29.

Wulf DM, Emnett RS, Leheska JM, Moeller SJ. Relationships among glycolytic
potential, dark cutting (dark, firm, and dry) beef, and cooked beef palatability. J Anim
Sci 2002;80:1895-1903.

Boleman SJ, Boleman SL, Miller RK, Taylor JF, Cross HR, Wheeler TL, Johnson DD.
Consumer evaluation of beef of known categories of tenderness. J Anim Sci
1997;75:1521-1524.

467



