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INTRODUCTION

Because of the possible European ban on surgical 
castration in 2018, the rearing of boars (BO) instead of 
barrows (Ba) is becoming more common in Europe 
(Škrlep et al., 2010). This offers advantages in terms 
of feed efficiency and meat percentage but also dis
advantages as boar taint may occur in some BO (Xue 
et al., 1997). Immunocastration (via an antiGnRH 
vaccine) is 1 way to minimize the occurrence of boar 

taint without the disadvantages of surgical castration. 
In Spain, GnRH vaccination of freerange Iberian gilts 
(GI) is becoming more common to prevent them from 
mating with wild boars (MartinezMacipe et al., 2015). 
GnRH vaccinated BO are considered as intermediates 
between BO and BA as they stay BO until their sec
ond vaccination, after which their daily feed intake 
increases sharply (Millet et al., 2011). Little research 
has been done to investigate whether the same effect 
is also observed in GnRH vaccinated GI and BA and 
which hormonal factors cause this sudden increase in 
feed intake. Carcass and meat quality are also affected 
by GnRH vaccination. In most studies, GnRH vac
cinated BO were fatter than intact BO (Pauly et al., 
2009; Gispert et al., 2010; Škrlep et al., 2010; Millet 
et al., 2011). Meat characteristics of GnRH vaccinated 
BO differ largely among studies (Pauly et al., 2009; 
Gispert et al., 2010; FontiFurnols et al., 2012; Aluwé 
et al., 2013). In GI, the effect of GnRH vaccination 
on carcass and meat quality assessed in heavy GI 
(slaughter weight > 150 kg) mostly shows no effect 
(GameroNegrón et al., 2015; MartinezMacipe et al., 
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2015). In market gilts (slaughter weight = 120 kg), back 
fat thickness was increased and lean meat percentage 
was decreased in GnRH vaccinated GI (Bohrer et al., 
2014). Therefore, the aim of this study was to assess 
the interaction between sex and GnRH vaccination on 
growth, carcass, technological and sensory meat quality, 
and hormonal profile at 130 kg of slaughter weight.

maTeRIalS aND meTHODS

Animals and Management
This study was approved by the Ethics Commission 

of the Institute for Agricultural and Fisheries Research 
(IlVO; EC: 2013/210).

One hundred and twenty animals were used in this 
study: 40 BO, 40 BA, and 40 GI. Each sex was divided 
into 2 groups of 20 animals, a control group (CON) and 
GnRH vaccinated group (IC). The animals originated 
from 20 litters that were produced by crossing Piétrain 
terminal boars with hybrid sows (RASE Genetics, 
Lokeren, Belgium). From each litter, 6 littermates (4 BO 
and 2 GI) were selected. Half of the BO were castrated at 
approximately 5 d of age after administration of meloxi
cam (Metacam, Boehringer Ingelheim Vetmedica Inc., 
St. Joseph, MO). The piglets were raised at ILVO’s ex
perimental farm and weaned at the age of 27 ± 1 d (mean 
± SEM). At 9 wk of age, each littermate was assigned 
to the CON or IC group and raised in an individual pen 
(1.71 m2 per pig). All pigs in the IC group received 2 
doses (at 70 and 105 kg) of a GnRH vaccine (Improvac, 
Zoetis, Florham Park, NJ). Control pigs were not treated 
with a placebo treatment because the aim of this study 
was to assess the effect of the GnRH vaccination treat
ment in total as given in practice to pigs, including the 
injection itself, the administered conjugate, adjuvants 
and the working substance, and the induced nonspecific 
and specific immune response. Pigs had free access to 
water and were fed ad libitum with the same 3phase diet 
that met their requirements (NRC, 2012; Tables 1 and 
2). From 9 wk of age until 40 kg of BW, they received 
a grower feed. The early finisher feed was given from 
40 to 70 kg of BW, and the late finisher feed was given 
from 70 kg until slaughter. Pigs were slaughtered in the 
week after their individual BW reached 130 kg.

Blood samples were collected at 70 kg (T1 = first 
vaccination), 14 d after they weighed 70 kg (T2), 
at 105 kg (T3 = second vaccination), 7 d after they 
weighed 105 kg (T4), and the day before slaughter 
(T5). Blood sampling was performed between 0800 
and 1200 h via venipuncture of the jugular vein and 
collected in a 10mL serum tube with a siliconecoated 
interior (Becton, Dickinson and Co., Franklin Lakes, 
NJ). Serum was obtained by centrifugation at 1,499 × 

g for 10 min at 4°C. Serum was stored at −80°C until 
analysis.

One day postmortem, a piece of the LM of the right 
side of the carcass (30 cm around the 13th rib) was sam
pled at the slaughterhouse. Samples were trimmed of 
visible fat and sliced (2.5 cm thickness). Prior to analy
sis, meat samples were vacuum packed and stored at 
−18°C. Fresh meat samples were used for pH, color, and 
drip loss determination, and the frozen meat samples 
were used for analysis of intramuscular (i.m.) fat, shear 
force determination, and sensory assessment.

One IC BO (at 23 wk of age) and 1 IC GI (at 38 
wk of age) were euthanized because of illness; growth 
performance parameters were thus measured for 118 
pigs. Three pigs (2 CON BA and 1 CON GI) were 
dead on arrival at the slaughterhouse; meat quality pa
rameters were therefore assessed for 115 pigs. Carcass 
quality parameters were assessed for only 103 pigs be
cause of circumstances at the slaughterhouse.

Performances

At weekly intervals, all pigs were weighed in
dividually, and orts were recorded to calculate feed 

Table 1. Ingredient composition of the diets
 
Ingredient

Grower  
diet, %

Early finisher 
diet, %

Late finisher 
diet, %

Wheat 25.00 21.15 20.42
Corn 17.71 25.00 20.00
Barley 25.01 25.00 25.00
Soybean 15.00 0.00 11.19
Soybean meal 0.00 14.22 0.00
Beet molasses 4.00 4.00 4.00
Rapeseed meal 6.00 0.00 5.75
Beet pulp 0.00 0.00 4.83
Alfalfa 0.00 4.37 0.00
Wheat gluten feed 0.00 0.00 4.14
Potato protein 0.61 0.80 0.00
Sodium chloride 0.28 0.40 0.30
Lard 2.86 1.39 1.66
Limestone 0.97 0.85 0.81
Monocalcium phosphate 0.48 0.65 0.00
lLysine HCL, 78% 0.53 0.56 0.43
lThreonine, 98% 0.23 0.26 0.21
dlMethionine, 99% 0.20 0.23 0.15
lValine, 96.5% 0.07 0.08 0.05
lTryptophan, 98% 0.06 0.05 0.04
Phytase 0.01 0.01 0.01
Premix1 1.00 1.00 1.00

1The premix contains (per kilogram of mixture): vitamin A, 1,200,000 IU; 
vitamin D3, 200,000 IU; vitamin E, 7.5 g; vitamin K, 101 mg; vitamin B1, 150 
mg; vitamin B2, 0.5 g; vitamin B5, 1.8 g; vitamin B6, 0.4 g; vitamin B12, 3 mg; 
vitamin B3, 2.5 g; choline, 43.25 g; folic acid, 300 mg; biotin, 30.0 mg; eth
oxyquin, 55 mg;  butylated hydroxytoluene, 50 mg; Ca, 88.854 g; Mg, 16.44 
g; Fe, 15.0 g; Cu, 1.5 g; Mn, 5.0 g; Zn, 10 g; I, 0.2 g; Se, 0.04 g.
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consumption. Average daily gain, ADFI, and G:F 
were calculated for 4 growth periods, from 20 to 40 
kg BW (growing), from 40 to 70 kg BW (early finish
ing), between the first (70 kg) and the second (105 kg) 
vaccinations (late finishing I), and between the second 
vaccination (105 kg) and slaughter (late finishing II), 
and for the total fattening period. At 105 kg of BW, the 
feed consumption was recorded daily for 14 d.

Carcass Quality

The pigs were fastened 1 d prior to slaughtering, 
which was performed in a commercial slaughterhouse 
using carbon dioxide stunning followed by exsanguina
tion after 1 h of lairage. Dressing percentage was calcu
lated as cold carcass weight, recorded in the slaughter
house, divided by BW immediately prior to transport to 
the slaughterhouse (slaughter weight) and multiplied by 
100. Muscle thickness and fat thickness were measured 
using a Capteur GrasMaigre (CGm) device (Sydel, 
Lorient Cedex, France). The values measured by the 
CGM device were converted into meat percentage by 
the equation approved for use in Belgian abattoirs (Ŷ = 
66.09149 − 0.82047 × X1 + 0.10762 × X2, where Ŷ = 
the estimated percentage of lean meat in a carcass, X1 = 
the thickness of back fat (including rind) in millime

ters, measured 6 cm off the split line between the third 
and the fourth to last ribs, and X2 = the thickness of 
the dorsal muscle in millimeters, measured at the same 
time, in the same place, and in the same way as X1; 
Commission of the European Communities, 2012).

Meat Quality Parameters

At 45 min postmortem, pH45 was measured in the 
LM around the 13th rib of the right carcass side. The 
LM was sampled 24 h postmortem to determine the 
other meat quality parameters. On 1 slice, the ultimate 
pHu was measured 24 h postmortem. A second slice 
was used to assess drip loss. The weight of the slice 
(approximately 150 g) was measured, and the slice 
was then placed in a plastic bag and suspended for 
48 h at 4°C using a nylon cord. After 48 h, the slice 
was weighed again after wiping the sample dry, and 
the proportionate weight loss was calculated.

Color was determined on a third slice in duplicate 
after 15 min blooming time with a reflection spectro
photometer (HunterLab Miniscan, Reston, VA), giv
ing the color coordinates L* (lightness), a* (redness), 
and b* (yellowness).

The amount of i.m. fat was calculated on the basis of 
the total amount of lipids present in another slice (with 
all visible fat removed) as determined using the modified 
Bligh and Dyer method (Bligh and Dyer, 1959).

Tenderness was evaluated by shear force determi
nation. A slice was heated in a plastic bag at 75°C for 60 
min in a hot water bath and cooled in a bath of cold tap 
water. Cooking loss was recorded as weight loss dur
ing cooking of this slice. The cooked slice rested for 
24 h at 4°C. Shear force of the cooked samples was de
termined with a triangular WarnerBratzler shear force 
measurement device. Ten cylindrical samples (diam. 
1.27 cm) were taken parallel to the fiber direction and 
were sheared, during which the shear force was record
ed. The lowest and highest values of each sample were 
excluded to determine the average shear force.

SensoryProfiling

The meat sensory attributes were evaluated by a 
panel, consisting of 6 out of 8 trained panelists per ses
sion, at the sensory laboratory of the Food Pilot (Melle, 
Belgium). The 8 panelists had 4 trainings, each last
ing 3 to 4 h, according to the methodology of Arildsen 
Jakobsen et al. (2014). The pork was grilled in an 
electric grill (model GC3060, 2000 W, Tefal, Rumilly, 
France) for approximately 5 min until it reached a 
core temperature of 75°C as monitored with a cooking 
thermometer (model E514, Mingle Instrument GmbH 
Europe, Willich, Germany). Each grilled pork slice 

Table 2. Formulated nutrient composition of the diets1

 
Composition

Grower diet, 
g/kg

Early finisher 
diet, g/kg

Late finisher 
diet, g/kg

DM 875.6 874.5 867.8
Crude ash 50.4 51.7 44.9
Crude fiber 30.5 40.0 45.0
CP 174.5 165.0 150.0
Ether extract 55.3 35.7 37.8
ADF 52.5 53.9 63.4
NDF 124.6 127.0 152.9
ADL 9.1 9.6 10.5
Calcium 7.0 7.2 5.7
Phosphorus 4.7 4.5 4.0
Digestible phosphorus 2.5 2.6 1.9
AID2 LYS 10.4 9.9 8.4
AID2 M+C 6.6 6.2 5.3
AID2 MET 4.2 4.3 3.3
AID2 THR 6.8 6.6 5.6
AID2 TRP 2.1 1.9 1.6
AID2 ILE 5.3 5.0 4.3
AID2 LEU 10.4 10.0 8.5
AID2 VAL 6.8 6.4 5.7
AID2 ARG 8.6 7.5 7.1
AID2 HIS 3.5 3.1 2.9
AID2 PHE 6.6 6.2 5.3
NE, MJ/kg 9.9 9.4 9.4

1According to Centraal veevoederbureau (2007).
2AID = Apparent ileal digestibility
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was cut into 6 pieces; 1 piece was given to each of 
the 6 panelists for tasting. The panelists evaluated 14 
attributes (fried odor, piggy odor, boar taint odor, ma
nure odor, sweat odor, acid flavor, fried flavor, piggy 
flavor, boar taint flavor, manure flavor, sweat flavor, 
tenderness, juiciness, and overall tastiness) by making 
a mark on a 10cm line scale with low and high inten
sity marked at the ends of the scale. These results were 
converted into numerical scores by measuring the dis
tance from the left end of the scale to the point marked 
by the experts. Results for odor and flavor attributes 
were similar; thus, we present only the results for the 
flavor attributes. In each session, 12 pork samples (2 
per treatment group) were tasted. The meat was served 
in the same order to all panelists. To balance out the ef
fect of order of presentation and first-order carryover 
effects, a Williams design was used (Williams, 1949). 
To reduce the effect of sensory fatigue, the panelists 
took a short break after tasting 6 samples. Before each 
session and between samples the panelists were asked 
to drink some water and eat a piece of a salty cracker.

Hormonal and Metabolic Parameters

Serum testosterone, estradiol, progesterone, and 
urea were measured in a commercial lab using the 
commercial Cobas Testosterone II, Cobas Estradiol III, 
Cobas Progesterone II, and Cobas Ureal kits (Roche, 
Basel, Switzerland), respectively, on all serum sam
ples collected. The limits of detection (lOD) were 
0.087 nmol/L for testosterone, 5 pg/mL for estradiol, 
0.030 ng/mL for progesterone, and 3.0 mg/dL for urea. 
Leptin was measured at ILVO using the commercial 
Porcine ELISA kit for leptin SEA084Po (CloudClone 
Corp., Houston, TX) on all serum samples collected. 
The LOD was 11.9 ng/dL.

Statistical Analysis

For statistical analysis, animal was considered the 
experimental unit. Performance parameters (ADFI, 
ADG, and G:F) were analyzed using a longitudinal linear 
mixed model that included sex, IC, growth period, and 
their interactions as fixed factors and animal and litter 
as random effects. Carcass quality and meat quality pa
rameters were analyzed using a linear mixed model with 
sex, IC, the interaction term sex × IC, and cold carcass 
weight (for carcass quality only) as fixed factors and litter 
and slaughter date (for meat quality only) as random ef
fects. The sensory attributes of pork were analyzed using 
sex, IC, and the interaction term sex × IC as fixed factors 
and animal, litter, and assessor as random effects. Serum 
concentrations of estradiol, progesterone, testosterone, 
urea, and leptin were analyzed using a longitudinal linear 
mixed model that included sex, IC, time point, and their 
interactions as fixed factors and animal and litter as ran
dom effects. The effect of IC on BO, BA, and GI was as
sessed by contrasts of the treatment least squares means 
of CON and IC animals within a certain sex.

Differences were considered significant if P < 0.05. 
Data were considered sufficiently normally distributed 
on the basis of the graphical evaluation (histogram and 
QQ plot) of the residuals. All parameters were analyzed 
using the lmer function in R 3.2.2 (R Core Team, 2015).

ReSUlTS

Performance
Barrows of the IC group had a significantly decreased 

G:F between 20 and 40 kg (P < 0.001) and a tendency for 
a decreased G:F between 40 and 70 kg (P = 0.065) com
pared to the BA of the CON group. In the growth period 
after the second vaccination, GnRH vaccination led to an 

Table 3. Effect of GnRH vaccination on ADFI, ADG, and G:F in boars, barrows, and gilts (least squares means ± SE)

 
Trait

 
Period

Boars Barrows Gilts

CON1 IC2 Pvalue CON1 IC2 Pvalue CON1 IC2 Pvalue
ADFI, kg 20–40 kg 1.36 ± 0.06 1.36 ± 0.06 0.998 1.45 ± 0.06 1.46 ± 0.06 0.837 1.36 ± 0.06 1.41 ± 0.06 0.538

40–70 kg 1.95 ± 0.06 1.93 ± 0.06 0.747 2.26 ± 0.06 2.23 ± 0.06 0.653 1.90 ± 0.06 1.96 ± 0.06 0.489
70–105 kg 2.28 ± 0.06 2.29 ± 0.06 0.827 2.55 ± 0.06 2.46 ± 0.06 0.244 2.18 ± 0.06 2.18 ± 0.06 0.951

105–133 kg 2.77 ± 0.06 3.26 ± 0.06  <0.001 2.76 ± 0.06 2.69 ± 0.06 0.366 2.54 ± 0.06 3.10 ± 0.06  <0.001
ADG, g 20–40 kg 656 ± 31 644 ± 32 0.775 706 ± 31 650 ± 31 0.196 628 ± 31 649 ± 32 0.623

40–70 kg 888 ± 31 859 ± 32 0.509 975 ± 31 910 ± 31 0.130 807 ± 31 810 ± 32 0.944
70–105 kg 936 ± 31 908 ± 32 0.511 876 ± 31 832 ± 31 0.313 772 ± 31 746 ± 32 0.552

105–133 kg 877 ± 31 984 ± 32 0.014 752 ± 31 715 ± 31 0.385 656 ± 32 855 ± 33  <0.001
G:F, g/kg 20–40 kg 483 ± 9 475 ± 10 0.506 489 ± 9 445 ± 9  <0.001 461 ± 10 460 ± 10 0.914

40–70 kg 454 ± 10 445 ± 10 0.478 431 ± 10 407 ± 10 0.065 424 ± 10 413 ± 10 0.389
70–105 kg 411 ± 10 395 ± 10 0.203 342 ± 10 338 ± 10 0.732 353 ± 10 340 ± 10 0.277

105–133 kg 312 ± 10 301 ± 10 0.362 270 ± 10 264 ± 10 0.621 255 ± 10 272 ± 10 0.180

1CON = control group.
2IC = GnRH vaccinated group.
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increased ADFI and ADG in BO (P < 0.001 and P = 0.014, 
respectively) and GI (both P < 0.001) but not in BA. No 
effect on G:F after the second vaccination was observed 
in any of the sexes (Table 3). The increase in daily feed 
consumption after the second vaccination started at 7 to 
8 d after the second vaccination in BO (Fig. 1A) and at 5 
to 6 d after the second vaccination in GI (Fig. 1C). In BA, 
no differences in daily feed consumption were observed 
between CON and IC (Fig. 1B; P = 0.366).

Carcass Quality

Back fat thickness was increased (P = 0.021) and 
meat percentage tended to be decreased (P = 0.052) in 
IC BO compared to CON BO. Slaughter weight was 
increased (P = 0.028) and cold carcass weight tended 
to be increased (P = 0.067) in IC GI compared to CON 
GI (Table 4). In GI, GnRH vaccination increased back 
fat thickness (P = 0.018) and decreased meat percent
age (P = 0.032).

Meat Quality

In BO, meat of IC pigs was less red (P = 0.019) and 
had a decreased pHu (P = 0.041) and tended to have an 
increased cooking loss (P = 0.082) compared to CON 
BO (Table 5) In BA, meat of IC pigs was more yellow (P 
= 0.038) and tended to be more red (P = 0.071) compared 
to meat of CON BA. The meat of IC GI had a decreased 
shear force (P = 0.002) and tended to contain more i.m. 
fat (P = 0.093) and have a decreased pH45 (P = 0.065) 
compared to CON GI. The GnRH vaccination of BO led 
to a decreased boar taint odor and boar taint flavor, ma
nure flavor, and sweat flavor scores (P < 0.001) and an 
increase in overall tastiness score (P < 0.001). The meat 
of IC BO tended to be less tender compared to meat of 
CON BO (P = 0.063). The GnRH vaccination of BA or 
GI did not result in significant sensory differences.

Hormonal and Metabolic Parameters

At the 3 sampling moments before the second vac
cination, BO of the CON and IC groups produced tes
tosterone and estradiol serum concentrations above the 
limit of quantification (Fig. 2A and 2B). After the sec
ond vaccination, serum testosterone and estradiol con
centrations decreased in IC BO (P < 0.001). The same 
pattern was seen for progesterone in GI (Fig. 2C), but 
the production of serum progesterone already differed 
significantly between the IC and CON GI before the 
second vaccination (P = 0.002) and diverged more be
tween IC and CON GI at later time points (P < 0.001). 
The GnRH vaccination led to increased serum urea 
concentrations (Fig. 2D) at slaughter age (P < 0.001) 

Figure 1. Daily feed intake (means, SE) after the second vaccination 
in (A) boars, (B) barrows, and (C) gilts (1C). CON = control group, IC = 
GnRH vaccinated group.
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in BO and GI. In BA, the serum testosterone, estradiol, 
progesterone, and urea concentrations did not differ be
tween the CON and IC groups at any time point. Leptin 
(Fig. 2E) did not differ at any time point between the 
CON and IC groups of the same sex.

DISCUSSION

In line with previous reports (Millet et al., 2011; 
Batorek et al., 2012), GnRH vaccination led to an in
creased ADFI and ADG in BO after the second vac
cination. A similar pattern was observed in GI, with an 
increased feed intake and, consequently, an increased 
daily gain after the second vaccination. These ef
fects in BO are well known, but studies that include 
GI are scarce. Two Australian studies that included 
GI observed the same rise in ADFI and ADG with
out an effect on G:F (McCauley et al., 2003; Oliver 
et al., 2003). Bohrer et al. (2014) observed a rise in 
ADG and G:F without an effect on ADFI. Slaughter 
weight differed between the 2 treatment groups of GI, 
although all animals were slaughtered the week after 
they weighed more than 130 kg. This is probably due 
to the high daily gain of IC GI in the last week before 
slaughter compared to CON GI. This effect may have 
been caused by our experimental design (i.e., 1 fixed 
slaughter day per week).

In the present experiment, all the animals received a 
highAA diet to ensure that they would all have their AA 
requirements met. This led to excess protein in some an
imals, as reflected in the serum urea levels of BA and GI 
in comparison with BO. Boars have an increased ana
bolic potential compared to BA and GI (NRC, 2012). In 
addition, BA have an increased ADFI compared to BO 
and GI, resulting in high, intermediate, and low nitrogen 
excess and, consequently, high, intermediate, and low 
serum urea levels. The second dose of GnRH vaccine 
also led to increased serum urea levels in both BO and 
GI. This is a logical consequence of the increased dai
ly protein intake, apparently without increased protein 
needs (McCauley et al., 2003). Consequently, back fat 
thickness is increased in BO and GI, and meat percent

age was (GI) or tended to be (BO) decreased after GnRH 
vaccination. In contrast to McCauley et al. (2003), who 
observed an increase of serum leptin concentration at 14 
and 28 d after the second vaccination in BO, no effect 
of GnRH vaccination on serum leptin concentration was 
observed in this study.

Immunization against GnRH results in the produc
tion of antibodies that block the GnRH neuropeptides 
and subsequently decrease the levels of hormones 
down the hypothalamicpituitarygonadal axis. The 
exact mechanism responsible for the increase in feed 
intake has not been reported. In this study, we chose to 
compare the whole treatment of immunization against 
GnRH, including the injection and the administration of 
conjugate, adjuvants, and the working substance, with 
no treatment at all (no administration of a placebo). The 
aim of this study was to assess the effect of the GnRH 
vaccination in total as given in practice to pigs and not 
to prove that the working substance of the antiGnRH 
vaccine is the GnRH antigen. However, we did want 
to explore the physiological background of the effect 
of GnRH vaccination on the performance parameters 
ADFI and ADG. Because we did not see an effect of 
GnRH vaccination in BA on any performance param
eter, we support the hypothesis of Zamaratskaia et al. 
(2008) that the increase of ADFI and ADG in BO and 
GI is caused by the decrease of gonadal hormones and 
not by the decrease of GnRH itself. Weiler et al. (1996) 
found strong and moderate negative correlations be
tween serum testosterone levels and feed intake in the 
wild boar and in the domestic pig, respectively. In wild 
boars, feed intake even ceases for several weeks during 
the mating season when testosterone concentrations are 
at their highest level. Intramuscular injections of testos
terone or estradiol to BA resulted in a dosedependent 
decrease of the feed intake (Claus and Weiler, 1994). 
The rise in feed intake of IC BO is mostly explained in 
the literature as an effect of behavioral changes resulting 
from the decrease of testicular hormones. The GnRH 
vaccination reduces aggressive and sexual behavior, 
and it is believed that the time not spent on those behav
iors is used to show more feeding behavior (Dunshea et 

Table 4. Effect of GnRH vaccination on carcass quality in boars, barrows, and gilts (least squares means ± SE)
 
Carcass quality traits

Boars Barrows Gilts
CON1 IC2 Pvalue CON1 IC2 Pvalue CON1 IC2 Pvalue

Slaughter weight, kg 136 ± 1.0 137 ± 1.0 0.481 135 ± 1.0 134 ± 1.0 0.375 132 ± 1.0 135 ± 1.0 0.028
Cold carcass weight, kg 107 ± 0.9 107 ± 0.9 0.907 109 ± 0.9 108 ± 0.9 0.324 106 ± 0.9 108 ± 0.9 0.067
Dressing percentage, % 79 ± 0.3 78 ± 0.3 0.237 80 ± 0.3 80 ± 0.3 0.984 81 ± 0.3 80 ± 0.3 0.187
Meat percentage, % 63 ± 0.5 62 ± 0.5 0.052 61 ± 0.6 61 ± 0.5 0.412 63 ± 0.5 61 ± 0.6 0.032
Back fat thickness, mm 13 ± 0.6 15 ± 0.6 0.021 16 ± 0.7 16 ± 0.6 0.429 14 ± 0.6 16 ± 0.7 0.018
Muscle thickness, mm 70 ± 1.5 72 ± 1.5 0.519 72 ± 1.5 73 ± 1.4 0.791 75 ± 1.5 74 ± 1.5 0.901

1CON = control group.
2IC = GnRH vaccinated group.
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al., 2001; Cronin et al., 2003). Therefore, some authors 
suggest that the increased ADFI will only be seen in 
grouphoused pigs (Oliver et al., 2003). In our experi
ment, the animals were housed individually. Therefore, 
behavioral changes are unlikely to be the cause of the 
observed increase in feed intake. Moreover, aggressive 
and sexual behavior is less observed in GI (Van den 
Broeke et al., 2015), but the increase in feed intake was 
also present in GI, with even a higher effect compared 
to BO. Therefore, apart from behavioral changes, other 
physiological reasons must be responsible.

In BO, both testosterone and estradiol were signif
icantly increased in the CON group compared to the 
IC group. Metz and Claus (2003) hypothesized that 
estrogens mediate their effect on the metabolism in 
BO by IGF-1. They observed significantly decreased 
levels of IGF1 in IC BO compared to CON BO with 
a similar concentrations of GH and further suggested 
that estrogens are needed for the coupling between 
GH and IGF1 (Metz and Claus, 2003). We did not 
observe differences in levels of estrogens between 
CON and IC GI, but still, the effect on feed intake was 
high. The increase in progesterone level indicates that 
(some) sows were cycling. It is possible that (a deficit 
in) progesterone has a direct or indirect effect on feed 
intake, but the literature contains few data on that re

lationship. Even though not all control sows were cy
cling, all IC GI showed an increased feed intake with
in a week after the second vaccination. Consequently, 
the rise in feed intake after GnRH vaccination cannot 
be explained by the withdrawal of progesterone or es
trogen alone, so other mechanisms may be involved.

Remarkably, the CON group produced significantly 
more progesterone compared to the IC group starting af
ter the first vaccination. The suppression of the produc
tion of progesterone in IC gilts can be explained by the 
working mechanism of the GnRH vaccine. GnRH stimu
lates the anterior pituitary to release LH, which induces 
follicle development, followed by progesterone secretion 
(Bohrer et al., 2014). Antibodies produced in response to 
the GnRH vaccine will block that pathway and decrease 
the progesterone production. Turkstra et al. (2002) al
ready reported early responders in BO: visible effects of 
the GnRH vaccination after the first dose instead of after 
the second vaccination. To our knowledge, this has not 
been reported before in GI and was thus unexpected.

Furthermore, meat quality traits were affected by 
sex and GnRH vaccination. Meat of BO was perceived 
as not tasty, mostly because of boar taint–related odor 
and flavor attributes. The percentage of boar-tainted 
carcasses was surprisingly high: 42% of the CON BO 
were considered boar tainted by the experts (score above 

Table 5. Effect of GnRH vaccination on meat quality and sensory attributes in boars, barrows, and gilts (least 
squares means ± SE)
 
Meat quality traits

Boars Barrows Gilts
CON1 IC2 Pvalue CON1 IC2 Pvalue CON1 IC2 Pvalue

Technological traits
pH45

3 6.3 ± 0.08 6.3 ± 0.09 0.872 6.1 ± 0.09 6.1 ± 0.08 0.916 6.2 ± 0.09 6.1 ± 0.09 0.171
pHu

4 5.5 ± 0.06 5.4 ± 0.06 0.041 5.5 ± 0.06 5.4 ± 0.06 0.179 5.4 ± 0.07 5.4 ± 0.06 0.628
Color L* 55 ± 1.1 57 ± 1.1 0.113 55 ± 1.1 56 ± 1.1 0.878 55 ± 1.2 56 ± 1.2 0.823
Color a* 7.4 ± 0.34 6.3 ± 0.36 0.019 6.5 ± 0.37 7.3 ± 0.35 0.071 7.4 ± 0.36 7.6 ± 0.36 0.702
Color b* 15.6 ± 0.33 15.3 ± 0.34 0.441 15.0 ± 0.35 15.7 ± 0.34 0.038 15.5 ± 0.35 16.0 ± 0.35 0.234
Drip loss, % 6.8 ± 0.41 6.4 ± 0.43 0.483 5.1 ± 0.44 5.2 ± 0.42 0.759 4.9 ± 0.43 5.4 ± 0.43 0.407
Cooking loss, % 32.6 ± 0.42 33.6 ± 0.45 0.082 31.6 ± 0.45 31.6 ± 0.44 0.969 32.2 ± 0.45 31.4 ± 0.45 0.158
Shear force, N 35.5 ± 1.27 35.7 ± 1.34 0.894 34.3 ± 1.35 34.6 ± 1.30 0.872 38.7 ± 1.33 32.7 ± 1.34 0.002
IM fat content, % 1.7 ± 0.10 1.8 ± 0.10 0.675 2.0 ± 0.11 2.0 ± 0.10 0.872 1.6 ± 0.11 1.8 ± 0.11 0.093

Sensory attributes
Tenderness 5.0 ± 0.42 4.1 ± 0.43 0.063 4.2 ± 0.44 4.6 ± 0.42 0.398 5.1 ± 0.43 4.5 ± 0.43 0.242
Juiciness 3.9 ± 0.42 4.3 ± 0.43 0.335 4.0 ± 0.44 3.9 ± 0.42 0.747 3.8 ± 0.43 4.0 ± 0.43 0.619
Fried flavor 2.7 ± 0.59 3.0 ± 0.59 0.578 2.6 ± 0.60 3.1 ± 0.59 0.342 2.7 ± 0.59 2.8 ± 0.59 0.710
Piggy flavor 3.6 ± 0.25 3.7 ± 0.26 0.851 4.2 ± 0.27 3.7 ± 0.25 0.256 3.7 ± 0.26 3.7 ± 0.26 0.983
Boar taint odor 2.5 ± 0.25 0.2 ± 0.26  < 0.001 0.1 ± 0.26 0.3 ± 0.25 0.361 0.1 ± 0.26 0.3 ± 0.26 0.519
Boar taint flavor 2.3 ± 0.25 0.1 ± 0.25  < 0.001 0.1 ± 0.26 0.2 ± 0.25 0.741 0.2 ± 0.25 0.2 ± 0.25 0.840
Manure flavor 1.1 ± 0.30 0.3 ± 0.30  < 0.001 0.4 ± 0.30 0.2 ± 0.30 0.407 0.3 ± 0.30 0.3 ± 0.30 0.610
Sweat flavor 0.7 ± 0.16 0.2 ± 0.16  < 0.001 0.2 ± 0.17 0.3 ± 0.16 0.463 0.2 ± 0.16 0.1 ± 0.16 0.372
Overall tastiness 1.9 ± 0.46 3.6 ± 0.46  < 0.001 3.2 ± 0.46 3.4 ± 0.46 0.505 3.3 ± 0.46 3.3 ± 0.46 0.907

1CON = control group.
2IC = GnRH vaccinated group.
3pH45 = the pH measured at 45 min postmortem.
4pHu = the ultimate pH, measured at 24 h postmortem.
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Figure 2. Effect of GnRH vaccination on (A) estradiol, (B) testosterone, (C) progesterone, (D) urea, and (E) leptin (means, SE) in boars, barrows and gilts. 
CON = control group, IC = GnRH vaccinated group. Values that differ significantly between the control group and the GnRH vaccinated group of a certain sex at 
a certain time point are noted with asterisks: *P < 0.05, **P < 0.01, and ***P < 0.001.
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1), whereas in previous studies, only 0% to 22% of the 
meat samples of various breeds and various slaughter 
weights up to 110 kg were identified as having boar taint 
as scored by an expert panel (Aluwé et al., 2009, 2011). 
The higher slaughter weight (130 kg) in our study prob
ably plays a role in the high percentage of boartainted 
animals. Some sensory studies already showed a cor
relation between slaughter weight and boar taint when 
assessing slaughter weights between 101 and 157 kg 
(Babol et al., 2002), although others did not find a corre
lation but used lower slaughter weights (between 91 and 
114 kg; Coker et al., 2009). Apart from the boar taint–re
lated characteristics, the tendency for decreased tender
ness of the meat may also have a negative impact on the 
sensory quality of the meat. In GI, GnRH vaccination 
had no effect on the sensorial perception of the meat, al
though shear force was decreased and i.m. fat content 
tended to be increased in IC GI compared to CON GI. 
Only a few studies have been conducted with a GnRH 
vaccine in GI, mainly studies of freerange Iberian pigs, 
and most studies found no effect of GnRH vaccination 
on meat quality (Bohrer et al., 2014; GameroNegrón et 
al., 2015; MartinezMacipe et al., 2015). One study ob
served a tendency for increased i.m. fat percentage for IC 
GI compared to CON GI in a commercial cross (Duroc × 
[Landrace × Large White]) at slaughter weights around 
125 kg (Daza et al., 2014). Sensory parameters were not 
assessed in that study. We can therefore state that, in line 
with the literature, GnRH vaccination has positive ef
fects on the sensory quality of the meat in BO and on the 
technological quality in GI.

Conclusions

In BA, GnRH vaccination had minor effects on per
formance, and therefore, we conclude that the observed 
effects in BO and GI are not caused by the GnRH vac
cination itself but probably by the subsequent with
drawal of gonadal hormones. In BO, the increased 
feed intake after GnRH vaccination, accompanied by 
a fall in estradiol and testosterone levels, led to faster 
growth, increased back fat thickness, and a tendency for 
decreased meat percentage. The GnRH vaccination de
creased the boar taint–related sensory attribute scores 
so that they were similar to the levels of BA and GI. In 
GI, the increased feed intake after GnRH vaccination, 
accompanied by low progesterone levels, led to faster 
growth, increased back fat thickness, decreased meat 
percentage, and a decreased shear force of the meat but 
without significant differences in the sensory profile.
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