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ABSTRACT  24 

This study analyzes quality traits of longissimus lumborum and gluteus medius in 25 

surgically castrated (SC) males, inmunocastrated (IC) males and IC female Iberian pigs 26 

reared in intensive conditions (n=18/sex). Vaccination with Improvac® was applied at 27 

18 and 26 weeks of age and slaughtering at 31 weeks. At such conditions, notable sex 28 

differences were found. Both muscles of IC males were less red (P < 0.01), longissimus 29 

had lower intramuscular fat (P < 0.01) and gluteus less Fe content (P < 0.01) than SC 30 

males and IC females. Loins from IC males also exhibited higher drip losses (2.7% at 31 

24h) than SC males (1.9%) and IC females (1.6%) (P < 0.001). Fatty acid composition 32 

of muscles differed among sexes, especially polyunsaturated fatty acids, which varied as 33 

follows: IC males > IC females > SC males in both muscles. It was concluded that meat 34 

quality traits differed between inmunocastrated and surgically castrated male Iberian 35 

pigs. 36 

  37 

 38 

Keywords: Immunocastration, Iberian pigs, meat quality, intramuscular fat, fatty acids.  39 

  40 
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1. Introduction 41 

 42 

The surgical castration of male pigs is a habitual practice among producers with 43 

the main aim of improving meat quality by preventing boar taint, an unpleasant odor 44 

caused by high levels of androstenone and skatole, as well as to decrease aggressive and 45 

sexual behavior (Needham & Hoffman, 2015; Čandek-Potokar, Škrlep &  Zamaratskaia, 46 

2017). In extensive production systems, female pigs may be also gonadectomized to 47 

prevent unwanted oestrus or pregnancies during the finishing period (Martínez-Macipe 48 

et al. 2016). Surgical castration of pigs may induce pain during the procedure and, thus, 49 

there is a growing public criticism regarding this practice (Prunier et al., 2006).  50 

According to the EU legislation, if male castration is practiced after the seventh day of 51 

life, it shall only be performed under anaesthesia and additional prolonged analgesia by 52 

a veterinarian (Official Journal of the European Union, 2009). Apart from animal 53 

welfare concerns, surgical castration may have a negative impact in production 54 

characteristics and lean tissue growth (Font i Furnols et al., 2012). For these reasons, the 55 

search of alternative methods to minimize the boar taint, complying with animal welfare 56 

regulations, being economically efficient and leading to high-quality products is 57 

mandatory; among these, immunocastration, an active vaccination against 58 

gonadotrophin-releasing factor (GnRF), is considered as one of the most attractive and 59 

useful options (Batorek, Čandek-Potokar, Bonneau & Van Milgen, 2012). The 60 

immunocastration in pigs reduces the production of sex hormones by the testes in males 61 

and suppress the ovarian cyclicity in females, showing no intrinsic hormonal or 62 

chemical activity (Dunshea et al., 2001; Bohrer et al., 2014; Čandek-Potokar et al., 63 

2017).  64 

 Vaccination protocol involves the administration of two subcutaneous doses at 65 

least 4 weeks apart, the last one 4 to 6 weeks prior to slaughter. The second dose initiate 66 

the production of GnRH antibodies causing testosterone and androstenone to drop to 67 

levels similar to surgical castrates within 2 weeks (Brunius et al., 2010). Thus, the time 68 

elapsed between the second (and definitive) vaccination and slaughter may influence the 69 

possible effects of the hormonal modification on performance and meat quality (Aluwé 70 

at al., 2013). In addition, results also may greatly vary depending on genetics (D´Souza 71 

& Mullan, 2003) and feeding (Needham & Hoffman, 2015).  72 

The Iberian pig is native from the Iberian Peninsula and has a long productive 73 

cycle and a slow growing rate, characterized by a low capacity for protein deposition 74 
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and high-fat production, which is accentuated as animals go further in their productive 75 

cycle (Nieto et al., 2012). Iberian meat products are especially appreciated due to their 76 

high quality (Palma-Granados, Haro, Lara, Aguilera, Nieto & Seiquer, 2017a). Surgical 77 

castration of males and females is a common practice in the production of Iberian pigs, 78 

in which animals are slaughtered at 145 kg BW or more (Serrano, Valencia, Fuentetaja, 79 

Lázaro, & Mateos, 2009). Regarding meat quality, it has been observed that a better 80 

product may be obtained from intact compared with castrated crossbred Iberian × Duroc 81 

females raised in intensive conditions (Serrano et al., 2009). Thus, possible effects of 82 

alternative practices such as immunocastration on quality traits of Iberian pigs deserve 83 

attention, as the related information is still very scarce (Gómez-Fernández, Horcajada, 84 

Tomás, Gómez-Izquierdo, & de Mercado, 2013; Martínez-Macipe et al., 2016).  85 

Although no effect of vaccination on meat quality was found  among Iberian females 86 

reared in extensive conditions, lower intramuscular fat (IMF) and more rancidity was 87 

found among males compared with surgically castrated (Martinez-Macipe et al., 2016).  88 

 Since the performance of IC pigs seems to differ from SC, their nutrient 89 

requirements could vary, and it has been proposed that inmunocastrated pigs may 90 

require higher lysine levels than surgical castrates in order to improve the cutting yields 91 

(Boler et al., 2011). Thus, as this assay was part of a wider project aimed to study 92 

effects of immunocastration of Iberian pigs on performance and carcass and meat 93 

quality, animals were fed diets containing three different protein levels.  94 

With this background, this study was performed with the main objective of 95 

analyzing the effects of immunocastration and dietary protein level on meat quality 96 

traits in pure Iberian pigs reared in intensive conditions up to approximately 100 kg 97 

BW, which resembles production conditions for Iberian pigs prior to be finished at the 98 

Mediterranean forest (montanera). With this purpose, surgically castrated (SC) males,  99 

inmunocastrated (IC) males and IC females were studied, and quality parameters 100 

(chemical composition, Fe, Zn, pH, color, water holding capacity, lipid peroxidation 101 

and fatty acid profile) were determined in two muscles, longissimus lumborum  and 102 

gluteus medius.  Surgically castrated males are considered the standard for Iberian pig 103 

production, and therefore, both IC males and females were compared to SC males as a 104 

reference group.   105 

 106 

2. Material and methods 107 

 108 
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2.1. Animals and experimental design 109 

 110 

Experimental procedures and animal care were carried out in compliance with 111 

Spanish legislation (RD53/2013) following the European guidelines for the care and use 112 

of animals in research (EU Directive 2010/63/EU for animal experiments). The 113 

experimental protocol was approved by the Bioethical Committee of the Spanish 114 

National Research Council (CSIC). 115 

Fifty-four pure Iberian males and gilts of the Silvela strain were involved in the 116 

study, divided in three groups (or sexes): SC males, IC males and IC females (n = 18 in 117 

each group). Pigs were supplied at approximately 25 kg BW and 13 weeks of age by 118 

Sánchez Romero Carvajal Jabugo (Cádiz, Spain). At birth, two males and one female 119 

piglet were selected per litter, and surgical castration of SC pigs was performed within 120 

the first week of life. On arrival at experimental facilities, piglets were individually 121 

housed in 2-m
2
 partially slatted pens in an environmentally controlled room (21±1°C) 122 

until the end of the study, and they were provided ad libitum access to a commercial 123 

diet (170 g CP, 1.1 g Lys and 13 MJ ME/kg) until they achieved 18 weeks of age and 124 

approximately 40 kg BW. At this moment, entire male and females were vaccinated 125 

against GnRH with Improvac® (Zoetis, Madrid, Spain) and all pigs were allocated into 126 

one of 3 isoenergetic diets containing 160, 140 and 120 g CP and 14 MJ ME/kg DM in 127 

a 3 × 3 factorial arrangement (n = 6 animals per treatment combination) in groups of 128 

similar BW. Pigs were fed at 0.9 × ad libitum on a BW basis determined weekly and 129 

with free access to water. From 40 kg BW until the end of the study feed intake was 130 

individually monitored. Ad libitum feeding was determined according to the equations 131 

described in Nieto et al. (2012). Eight weeks after the first vaccination, pigs received a 132 

second dose (26 weeks of age, 70-80 kg BW). Diets (prepared by NANTA S. A., 133 

Seville, Spain) were based on barley, maize and soybean meal and added of essential 134 

amino acids (L-lysine, L-threonine, DL-methionine) to maintain an adequate amino acid 135 

profile (ideal protein, NRC 2012). The experiment was performed in two replicates with 136 

27 pigs each one. 137 

At approximately 105 kg BW and 31 weeks of age (i.e. 5 weeks after second 138 

vaccination) pigs were slaughtered according to standard procedures (20h fasted, 139 

electrical stunning and immediate vertical exsanguination). 140 

 141 

2.2. Muscle quality traits 142 
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  143 

Two muscles were selected for measuring meat quality traits: longissimus 144 

lumborum, as a typical portion with high commercial value and gluteus medius, as one 145 

of the valuable ham muscles (hereinafter referred to as longissimus and gluteus). 146 

Evaluation of meat quality was followed based on reference methods (Font-i-Furnols, 147 

Čandek-Potokar, Maltin & Prevolnik Povše, 2015).  148 

The right half carcass was used for muscles measurements. Immediately after 149 

slaughter, aliquots of longissimus and gluteus (≈ 5 g) were trimmed of connective and 150 

superficial fat tissue, cut in small pieces right off immersed into liquid nitrogen and 151 

stored at -80°C until measurement of lipid oxidation. At 30 min post-mortem (p.m.), the 152 

pH values of longissimus (at the last rib level) and gluteus were measured using a 153 

portable pH meter (HI 99163, Hanna instruments, Romania) equipped with a 154 

penetration electrode (pH 30min). The carcasses were placed in a cold room at 4 °C for 24 155 

h, after which the pH was measured again (pH 24h). At 24 h p.m., the entire longissimus 156 

and the gluteus were dissected and separated from the carcasses. A 3-cm thick steak was 157 

then cut from the longissimus perpendicular to the long axis of the muscle fibers, 158 

trimmed of visible fat and, together with the gluteus, allowed to bloom for 15 min at 4 159 

°C and used for color measurements. After color determination, these samples were 160 

vacuum-packed, stored at -20 °C and reserved for chemical composition analysis. In 161 

addition, 1.5-2 cm steaks were cut from the longissimus muscle, trimmed of external fat 162 

and connective tissue and used for drip loss, thawing loss, and cooking loss 163 

determinations. Samples for thawing loss were weighed and immediately frozen (-20 164 

ºC). 165 

 166 

2.2.1. Physical meat quality assessment 167 

 168 

Meat color measurements were performed instrumentally using a Minolta 169 

colorimeter CR-400 (Konica Minolta Corp. Japan), in accordance with the CIE L*, a*, 170 

b* colour system described by Honikel (1998). The colorimeter was previously 171 

calibrated and the average of 3 random readings was used to measure L * (lightness, 172 

from 0, dark, to 100, white), a* (redness) and b* (yellowness). Additionally, Chroma 173 

(C*) and the hue angle (h°), defined as color intensity and saturation, respectively, were 174 

obtained by using the following equations: C= (a*
2
 + b*

2
)
0.5

 and h°= arctg b*/ a*.   175 
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Drip loss was determined following the method described by Honikel (1998). 176 

Meat slices were weighed and placed within a container on a supporting mesh and 177 

sealed; after storage periods of 24 and 48h at 4°C samples were weighed again to 178 

determine drip loss. After freezing, samples were thawed for 24h at 4 °C in a mesh 179 

within a plastic container tightly closed, to avoid contact between the defrosting water 180 

and the sample; steaks were blotted dry and weighed to calculate thawing loss. To 181 

measure cooking loss, a meat slice was weighed, placed in a plastic bag and cooked in a 182 

hot water bath until reaching 72 °C using a temperature probe with a penetration punch 183 

(LCD Digital Thermo Hygrometer, DC105). Cooked samples were allowed to cool on 184 

crushed ice until a temperature of 10 °C, gently dried with a paper towel and weighed 185 

(Font-i-Furnols et al., 2015). Water losses were expressed as a percentage of the initial 186 

weight. 187 

 188 

2.2.2. Lipid oxidation 189 

 190 

The oxidative stability of muscle samples was assessed by the thiobarbituric 191 

acid-reactive substances (TBARS) assay, according with the methodology described by 192 

Mercier et al. (1997), slightly modified. Muscle samples (0.5 g) were homogenized with 193 

5 mL of 0.15 M KCl+ 0.1 mM BHT (30 s, 4°C). The samples were then centrifuged (15 194 

min, 2500 g, room temperature) and a 0.5 mL aliquot of supernatant transferred into a 195 

test tube and incubated with 0.25 mL of 1% (w/v) 2-thiobarbituric acid in 50 mM 196 

NaOH and 0.25 mL of 2.8% (w/v) trichloroacetic acid for 10 min at 100°C. After 197 

cooling, the pink chromogen was extracted with n-butanol and its absorbance was 198 

measured spectrophotometrically at 535 nm. Concentration of TBARS was calculated 199 

using a standard curve prepared with 1,1,3,3-tetramethoxypropane and expressed as  mg 200 

malondialdehyde (MDA)/kg muscle.  201 

 202 

2.2.3. Chemical composition  203 

 204 

Before nutrient and mineral analysis muscle portions were grounded (Retsch 205 

GM 200, Germany), lyophilized (freeze dryer Virtis Genesis, SQ25EL) and 206 

homogenized with liquid nitrogen (Retsh ZM 200).  207 

Dry matter (method 934.01) and total ash content (method 942.05) were 208 

determined using official methods (AOAC, 2000). Intramuscular fat content was 209 
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extracted with chloroform:methanol 2:1 and quantified by Soxhlet (AOAC 2000). Total 210 

nitrogen was analyzed according to the Dumas procedure using a LECO Truspec CN 211 

equipment (LECO Corporation, St. Joseph, MI, USA). Protein content was calculated 212 

using the factor of 6.25. Gross energy of feeds and freeze-dried muscles samples was 213 

determined in an isoperibolic bomb calorimeter (Parr Instrument Co., Moline, IL). 214 

 For mineral determination (Fe and Zn), the procedure described by Palma-215 

Granados et al. (2017a) was followed. Briefly, aliquots of muscles were digested by the 216 

addition of concentrated HNO3:HClO4 (1:4) and heating to high temperatures (180-217 

220°C) in a sand beaker (Block Digestor Selecta S-509; J.P.Selecta, Barcelona, Spain) 218 

and  analysis of Fe and Zn were carried out by flame-atomic-absorption spectroscopy in 219 

a Perkin-Elmer Analyst 700 Spectrophotometer (Norwalk, CT, USA). Standard 220 

solutions were prepared from Tritisol (Merck, Darmstadt, Germany). Certified external 221 

standards (Community Bureau of Reference, Brussels, Belgium) were used to test the 222 

accuracy of the method: bovine liver (BCR 185R) for Zn and lyophilized brown bread 223 

(BCR 191) for Fe, and measured values were always within certified ranges.  224 

 225 

2.2.4. Fatty acid (FA) analysis 226 

 227 

  The FA composition of the muscles was analyzed according to Palma-Granados, 228 

Haro, Seiquer, Lara, Aguilera and Nieto (2017b). Fat in freeze-dried muscle samples 229 

was extracted by the method of Folch et al. (1957). The FA were methylated according 230 

to Kramer and Zhou (2001), using two methylation procedures in each sample, 231 

NaOH/methanol at 50 °C for 15 min, followed by HCl/methanol at 50 °C for 1 h. 232 

Tricosanoic acid (C23:0) and pentadecanoic acid (C15:0) were used as internal 233 

standards (Sigma-Aldrich, Madrid, Spain). FA methyl esters were identified by gas 234 

chromatography using a gas chromatograph equipped with a flame ionization detector 235 

(Focus GC, Thermo Scientific, Milan, Italy) and a capillary column (Teknokroma, 236 

phase: TR-CN100, 100 m × 0.25 mm i.d. and 0.20 µm film thickness). A temperature 237 

program of 70 to 240 °C was used. The injector and detector were maintained at 255° C. 238 

The carrier gas (helium) flow rate was 1.2 mL/min with a split ratio of 50, and 1µl was 239 

injected. Areas of peaks were quantified based on the reference standard mixture 240 

(47885-U, Sigma Aldrich), with correction for recovery of the internal standard. The FA 241 

profile was expressed as a percentage of identified FA. 242 

  243 
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2.3. Statistical treatment  244 

  245 

The results were analyzed for each type of muscle (longissimus and gluteus) by a 246 

analysis of variance (ANOVA) to study the effects of sex (SC males, IC males and IC 247 

females), dietary protein content, replicate and their interactions. As no effect of 248 

replicate and only minor effects of dietary protein content were found for the variables 249 

evaluated (with no interactions), the data were re-analyzed using one-way ANOVA with 250 

sex as the main factor. Data are presented as mean ± standard error for each sex. 251 

Statistical significance was assessed by Fisher’s LSD test and the level of significance 252 

was set to 5%. The relationships between variables were evaluated by computing the 253 

relevant correlation coefficient (Pearson linear correlation).  254 

 In addition, to define the main quality traits in the characterization of meat and 255 

explore the differences between muscles, data were globally analyzed by the Factor 256 

Analysis procedure. The aim of factor analysis is to synthesize the information 257 

contained in a big number of original variables by creating a new data matrix of a 258 

reduced number of variables, the so-called factor, so that a small number of factors are 259 

able to represent a large percentage of the variability. The factor analysis was performed 260 

on all the common traits of both muscles (chemical composition, minerals, pH, color 261 

and FA) and an orthogonal varimax rotation was used to rotate axes. Factor scores 262 

calculated for every characteristic evaluated were treated as a new variable and analyzed 263 

by an ANOVA arrangement with sex and type of muscle as the main factors. Interaction 264 

sex × muscle type was studied and, being not significant, was removed from the model. 265 

Means were compared post-hoc by using the LSD test and differences were established 266 

at P < 0.05. 267 

The statistical calculations were carried out using STATGRAPHICS Centurion 268 

XVI version 16.1.18 (StatPoint Technologies Inc., Warrenton, VA). 269 

 270 

3. Results and discussion  271 

 272 

It has been claimed that immunocastration in pigs might provide an alternative 273 

to physical castration, especially due to animal welfare reasons (Zamaratskaia & 274 

Rasmussen, 2015; Candek-Potokar et al., 2017). Thus, possible effects on meat quality 275 

traits deserve to be studied, since they are closely correlated to consumer acceptance 276 

and, therefore, changes could have economic repercussions.  277 
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The average slaughter weight was 103 ± 8, 109 ± 9, and 106 ± 11 kg for SC 278 

males, IC males and IC females, respectively, with no differences among the 279 

experimental groups (P = 0.172). Statistical correlations between the variables studied 280 

are shown as supplementary material (Table S1 for longissimus and Table S2 for 281 

gluteus).  282 

 283 

3.1. Quality traits  284 

 285 

 Results of pH, color coordinates and lipid oxidation measured by the TBARS 286 

assay are shown in Table 1. The water holding capacity of longissimus, expressed as 287 

drip loss, thawing loss and cooking loss is depicted in Figure 1.   288 

 It is known that the extent of pH fall p. m. due to glycolysis has a considerable 289 

effect on several meat quality attributes in pigs, and a fast pH decline is associated with 290 

paler color and lower water holding capacity, contributing to the development of pale, 291 

soft, exudative (PSE) meat (Bee,  Anderson, Lonergan & Huff-Lonergan , 2007). In the 292 

present study, no differences in pH values were observed between SC males, IC males 293 

and IC females, and values were very similar in longissimus and gluteus muscles.  A fall 294 

of approximately 10% was observed in pH during 24 h p.m., reaching values of ultimate 295 

pH around 5.5-5.7, at which meat is considered having the most desirable fresh quality 296 

characteristics (Mullen & Troy, 2005). Our results agree with previous assays in 297 

conventional pigs in which no relevant effect of immunocastration on pH values of pig 298 

meat have been found (Aluwé at al., 2013; Needham & Hoffman, 2015), although in 299 

Iberian pigs lower values of pH 24h in longissimus have been observed in IC compared 300 

with SC males (5.6 vs. 5.8) (Martínez-Macipe et al., 2016).  301 

Meat color is the first visual sensory index of pork quality and it is considered a 302 

direct primary determinant of consumer preferences and purchase decisions (Needham 303 

& Hoffman, 2015). Color coordinates were significantly affected in the present study; 304 

both muscles of IC males were less red (lower a* value) and exhibited lower intense 305 

color (lower C*) than those of SC males and IC females (P < 0.01). In addition, gluteus 306 

of IC females was darker (lower L*) than in IC males, while SC males presented 307 

intermedium values. This difference of lightness could affect consumers preferences, 308 

since it has been reported that an L* change of 2 units can be visually distinguished by 309 

consumers (Zhu & Brewer, 1999). Instrumental color has been widely used to evaluate 310 

quality in porcine meat and effects of castration have been studied. Previous research in 311 
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conventional breeds report higher redness values  in muscles of IC compared with 312 

surgically castrated males (Gispert, Oliver, Velarde, Suarez, Pérez, & Font i Furnols, 313 

2010; Aluwé at al., 2013), although other authors describe no relevant differences 314 

(Needham & Hofman, 2015). However, Daza, Latorre, Olivares and López-Bote (2016) 315 

found that meat of Duroc × (Landrace ×Large-White) SC males had higher a* and C* 316 

values than that from IC males and, comparing immunocastrated animals, loin from 317 

females was redder than that from males. In Iberian pigs slaughtered at 155 kg BW, 318 

Martínez-Macipe et al. (2016) do not observe differences in color coordinates in males 319 

or females due to vaccination. Since meat color greatly depends on the content of 320 

myoglobin and hemoglobin in muscle (Yu et al., 2017), color differences found in the 321 

present study could be attributed to a decreased content of these compounds in 322 

immunocastrated males. These findings deserve attention, as a darker and redder meat is 323 

generally considered to be more attractive for the consumer (Straadt , Aaslyng  & 324 

Bertram, 2013) and, moreover, the amount of heme pigments and the red color are some 325 

of the most valuable quality aspects in muscles from the Iberian genotype (Palma-326 

Granados et al., 2017a).  327 

 The water holding capacity is known to influence sensory traits such as color, 328 

juiciness and tenderness of meat, in addition of having economic and nutritional 329 

implications. Higher drip losses, both at 24 and 48 h, were observed in longissimus from 330 

IC males (2.7 and 4.1% for 24 and 48 h, respectively) with significant differences 331 

compared with SC males (1.9 and 2.8 %) and IC females (1.6 and 2.8%, P < 0.001; 332 

Figure 1). Drip loss in the period from 24 to 48 h (%) was 0.97, 1.39 and 1.27 for SC 333 

males, IC males and IC females, respectively, with significant differences between SC 334 

and IC males (P<0.05). However, thawing and cooking losses were similar among 335 

groups, ranging between 9.6-10.2 % and 22.6-24.3 %, respectively (Figure 1). Previous 336 

data in conventional pigs describe either no effect on drip loss (Pauly, Spring, 337 

O’Doherty, Kragten, & Bee, 2009; Needham and Hofman, 2015) or increased values of 338 

drip loss and cooking loss (Aluwé et al., 2013) due to immunocastration. It is known 339 

that water holding capacity, color and pH of meat are closely related. In accordance, in 340 

the present study relationships between drip loss 24-48h and L* (r = 0.34, P = 0.015) 341 

and a* (r = -0.28, P = 0.04) were found, and also between pH24h and thawing loss (r = -342 

0.36, P = 0.008) (Table S1), which confirm that muscles with greater water losses have 343 

lower pH values and are paler and less red (Bee at al., 2007).  344 
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 Lipid oxidation is one of the most important causes of meat deterioration. When 345 

oxidative stability was examined, similar values of TBARS were observed among the 346 

three sexes, both in longissimus and in gluteus muscles (Table 1), being all values far 347 

from the 0.5 considered as critical for meat oxidative stability (Wood et al., 2008). It has 348 

been reported that the oxidation of myoglobin is responsible for meat discoloration -a 349 

change from red oxymyoglobin to brownish metamyoglobin- and, therefore, reductions 350 

of a* values appeared to be driven by lipid oxidation and strongly correlated with 351 

TBARS (Faustman, Sun, Mancini & Suman, 2010). However, in the present study, the 352 

less redness found among IC males muscles did not lead to changes in TBARS values, 353 

suggesting that reddish variation should be due to aspects other than iron oxidation. 354 

 355 

3.2. Chemical composition and FA profile 356 

 357 

Nutritional composition of pork meat is strongly linked to quality and may be 358 

affected by several factors such as breed, age, sex or feeding and production systems. 359 

According with the results of the present assay, chemical composition of muscles 360 

differed among SC males, IC males and IC females (Table 2). Both for longissimus and 361 

gluteus muscles, the most different product was found in IC males, with higher moisture 362 

and lower intramuscular fat (IMF) and energy value (kcal/100g) than SC males. For all 363 

these variables, IC females showed intermediate values. In longissimus, higher protein 364 

content was observed in IC pigs (males and females) than in SC males. Previous studies 365 

with conventional pigs have shown that IC exhibit some meat quality advantages 366 

compared to entire males as they have more IMF and tender meat, with no significant 367 

differences compared with SC males (Gispert et al., 2010; Batorek, Candek-Potokar, 368 

Bonneau & Van Milgen, 2012; Font-i-Furnols et al., 2012; Čandek-Potokar et al., 369 

2017). However, in Iberian pigs vaccinated three times (as suggested for heavy pigs) the 370 

IMF in longissimus was higher (and the shear force lower) in SC than in IC males 371 

(Martínez-Macipe et al., 2016), similarly to our results. It is generally accepted that IMF 372 

positively influence the sensory attributes related to texture, especially tenderness 373 

(Straadt et al., 2013; Almeida et al., 2018) being IMF level in Iberian pigs one of the 374 

most relevant meat quality traits, highly appreciated by the consumer (Palma-Granados 375 

et al., 2017a). In this line, in the present study lower percentages of IMF correlated with 376 

higher drip losses (P = 0.019) in longissimus (Table S1) and paler colors (lower a*, b* 377 

and C* values, P < 0.05) in both muscles (Tables S1 and S2), confirming that meat 378 
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color greatly depends on IMF (Serrano et al., 2009). The reasons for the discrepancies 379 

among bibliographic data concerning the effects of immunocastration on pork IMF 380 

might be related with differences in the genetic background, the age of vaccination and 381 

the time elapsed from the second injection to slaughter (Morales, Cámara, Berrocoso, 382 

López, Mateos & Serrano, 2011). It was established for standard pig production systems 383 

that the second and effective vaccination should be given no later than 4–5 weeks prior 384 

to slaughter, and the longer the period from the second vaccination to slaughter, the 385 

larger the difference between IC and entire males and the similarity to SC (Čandek-386 

Potokar et al., 2017). In the present study, the 5 weeks period between last vaccination 387 

and slaughter seems to be insufficient in males to reach similar IMF than in SC. For 388 

pigs with long production cycles, such the Iberian pig, it has been suggested that an 389 

additional dose might be required (Zamaratskaia & Rasmussen, 2015).  In the study of 390 

Martínez-Macipe et al. (2016) performed in Iberian pigs reared in extensive system and 391 

slaughtered at  the age of 15-16 months, the second dose was given 13-15 weeks (12 392 

months old) prior slaughter and, although animals received a third dose of the vaccine at 393 

14 months old, results of IMF were comparable with ours; the authors also suggest that 394 

the period elapsed between definitive vaccination and slaughter is not enough in terms 395 

of achieving similar IMF deposition in IC male pigs than in SC males. Thus, there is a 396 

need of establishing vaccination protocols according to breed and pork production 397 

systems, particularly for Iberian pigs and other autochthonous breeds. In addition to 398 

effects on meat quality, vaccination protocols should also consider the influence in other 399 

important aspects, such as performance and carcass quality. On the other hand, the 400 

vaccination protocol followed in the present study was effective to decrease backfat 401 

androstenone and skatole levels in IC as they showed similar concentrations to SC 402 

males (< 0.24 g and < 0.03g / g of fat,  respectively; results not shown). 403 

 Not only the content of IMF, but also the FA profile of this fat was affected 404 

among different experimental groups. Table 3 shows the FA composition in longissimus 405 

and gluteus muscles and Figure 2 depicts the global indexes of total saturated (SFA), 406 

monounsaturated (MUFA) and polyunsaturated (PUFA) FA. The most relevant effect 407 

was the significant differences in PUFA levels, which varied as follows: IC males > IC 408 

females > SC males in both muscles. In longissimus, but not in gluteus, total content of 409 

SFA and MUFA also varied between sexes. Oleic acid, the major FA in Iberian meat 410 

products, was higher in the longissimus of IC females than in the other groups. The 411 

increase of PUFA content was mainly due to linoleic (C18:2n6) and arachidonic 412 
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(C20:4n6) acids. The results agree with Pauly et al (2009), who report in adipose tissue 413 

of conventional male pigs lower levels of SFA and higher content of PUFA, linoleic and 414 

arachidonic acids in IC pigs compared with SC, but are in contrast with others who 415 

don’t found significant differences in the fat FA profile between sexes (Font-i-Furnols 416 

et al., 2012; Peinado, Serrano, Nieto, Sánchez, Medel & Mateos, 2012; Daza et al., 417 

2016). Differences in FA composition might be mainly related to changes in the rate of 418 

fat deposition. The main FA produced from de novo synthesis are palmitic and stearic; 419 

therefore, as FA deposition increase the adipocytes fill with triglycerides from the novo 420 

synthesis and, as a consequence, the proportion of SFA increase and, in turn, the 421 

proportion of PUFA decrease (Wood et al., 2008). In other words, the higher content of 422 

IMF observed in SC males and IC females could cause a dilution effect of 423 

phospholipids, leading to lower values of total PUFA, as it has been observed when 424 

comparing fatty and lean pigs (Palma-Granados, 2017a). Supporting this assessment, an 425 

inverse relationships was observed between IMF content and PUFA levels both in 426 

longissimus (r = -0.5918, P  < 0.001) and in gluteus (r = -0.7907, P  <  0.001) (Tables 427 

S1and S2). On the other hand, the FA composition of meat may have repercussions on 428 

meat quality, as an increase in PUFA content reduces the consistency of fat and 429 

increases the rate of fat oxidation, which in turn might affect negatively the color and 430 

flavor of the end products (Peinado et al., 2012). In the present study, total PUFA 431 

content was negatively correlated with color coordinates a*, b* and C* in both muscles, 432 

but no relationship was observed with TBARS value (Tables S1 and S2). Furthermore, a 433 

high PUFA content in meat has been related to low juiciness and tenderness (Straadt et 434 

al., 2013), quality traits that could be partially related to water holding capacity (Calvo, 435 

Rodriguez-Sánchez, Panea & Latorre, 2012). In this sense, significant relationships 436 

between PUFA levels and drip loss of loins at 24h (P<0.01) and 48h (P<0.001) were 437 

found in the present study (Table S1). 438 

  Effects of immunocastration on mineral content of pigs have received little 439 

attention, in spite that pork meat may be a valuable source of Fe and Zn for human 440 

nutrition. In addition, higher levels of Fe and Zn are characteristics of Iberian pigs, 441 

compared with conventional breeds (Palma-Granados et al., 2017a). In the present 442 

study, muscles from IC males had lower content of Fe compared to those of SC males 443 

and IC females (Table 2). In gluteus, levels of Zn tended to be lower (P=0.06) among IC 444 

males. Previous studies report that mineral content of pork muscles is strongly related 445 

with color and composition (Palma-Granados et al., 2017a). In accordance, in the 446 
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current assay Fe levels were strongly correlated with redness (a*) and color intensity 447 

(C*) (Tables S1 and S2), indicating than the colorless muscles found in IC males might 448 

be related to lower heme pigments and myoglobin content. Greater concentrations of Fe 449 

and myoglobin are associated with higher rates of lipid oxidation (Faustman et al., 450 

2010), in agreement with significant relationships found between Fe and TBARS values 451 

(Tables S1 and S2).  This correlation supports that high Fe content could be a risk factor 452 

for oxidation in meat (Papuc, Goran, Predescu & Nicorescu, 2017), although in our 453 

experimental conditions no significant differences in lipid peroxidation were found 454 

between sexes.  455 

 456 

3.3. Multivariate factor analysis 457 

 458 

 The factor analysis was conducted on quality traits (pH, colors and TBARS), 459 

chemical composition and FA profile (SFA, MUFA, PUFA, n6, n3, n6/n3 and oleic 460 

acid) of longissimus and gluteus muscles (18 pigs/sex × 3 sexes × 2 muscles = 108 461 

samples). The aim of factor analysis is to condense several original variables into 462 

combined indexes which help to describe the biological meaning and improve the 463 

interpretation of the data (Prandini, Sigolo, Gallo, Faeti, & Della Casa, 2015). The 464 

relative magnitude of the specific loading vectors allows determining how the different 465 

variables affect the characterization of the samples. The analysis permitted to identify 7 466 

factors (F) which explained 82.2% of total variance (Table 4). There were three factors 467 

clearly governed by fat properties: F1, mainly explained by IMF content and PUFA 468 

levels; F2, with SFA, MUFA and oleic acid having the greatest influence; and F5, 469 

explained by n3 FA and the ratio n6/n3. The univariate analysis showed that meat 470 

obtained from the three sexes differed in F1 but was similar in F2, whereas concerning 471 

F5 IC animals were different from SC. This means that fat content and composition are 472 

of the highest importance in terms of meat characterization but differences between 473 

groups depend on the unsaturation degree of FA, according with the differences 474 

described for the individual variables integrating each factor. F3, mostly explained by 475 

color intensity (redness, yellowness and Chroma), was significantly different in meat 476 

from IC males compared with IC females and SC males. The F4 also differed in the 477 

same manner, and was governed by Fe and Zn content, color coordinates (L*, a* and 478 

hue angle) and lipid oxidation (TBARS), parameters highly related according with 479 

Person correlation coefficients. Factors F6 and F7 had lower importance in the 480 
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differentiation of the samples (explaining 6.4% and 4.7% of the variance) and were 481 

mainly influenced by pH values and protein content, respectively, with no significant 482 

differences between sexes.  483 

The univariate analysis of the factors also allowed exploring differences between 484 

longissimus and gluteus muscles. Strong differences (P < 0.001) were found for F2 485 

(MUFA-SFA), F3 (a*, b*, C*) and F4 (redness, Fe, Zn, TBARS), and minor differences 486 

(P < 0.05) for F7 (protein). However, factors influenced by IMF content and PUFA 487 

composition (F1 and F5, respectively) and pH of the meat (F6) were similar for both 488 

muscles. Differences observed between muscles might reflect the oxidative pattern of 489 

the muscle fibers, characterized as oxidative (type Ι, red muscle) or glycolytic (type II, 490 

white muscle), which is closely related to myoglobin concentration (Yu et al., 2017). 491 

Thus, myoglobin affects quality traits such as color, but also, due to the different 492 

oxidation state of Fe, may be related with the oxidative stability of the muscle (Muriel, 493 

Antequera & Ruiz, 2002). It is well known that the longissimus muscle belongs to 494 

glycolytic muscle category, while gluteus is more oxidative. In accordance, due to 495 

higher myoglobin concentration in oxidative fibers, gluteus was richer in Fe and showed 496 

different colors, i.e., was on average more red and dark, and with higher brightness and 497 

intensity color than longissimus. Our results are in line with Muriel et al. (2002) when 498 

comparing predominantly glycolytic (Longissimus dorsi) and oxidative (Masseter) 499 

muscles from Iberian pigs; they reported no influence of type of muscle on IMF content, 500 

but significant differences regarding colors, oxidative stability and FA composition.  501 

   502 

4. Conclusions 503 

 504 

 Male Iberian pigs vaccinated at 18 and 26 weeks and slaughtered at 31 weeks, 505 

showed different meat quality characteristics compared with immunocastrated females 506 

and surgically castrated males. Meat of IC males had different color and drip loss when 507 

compared with SC males and IC females, with the same oxidative stability. Moreover, 508 

muscles of IC males had lower Fe and IMF content, with different FA profile, than 509 

those of SC males and IC females. Multivariate factor analysis showed that IMF, FA 510 

profile and colors were most influencing variables in the characterization of meat. 511 

Findings of the present assays show that effects of immunocastration on Iberian pig 512 

meat quality deserve attention before its implementing as alternative method to surgical 513 
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castration. Further studies are needed to establish adequate vaccination schedules 514 

according to pig genetic background and production systems. 515 
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Figure captions 657 

 658 

Fig. 1. Water holding capacity (%) in longisimus lumborum of surgically castrated 659 

males (SCM), immunocastrated males (ICM) and immunocastrated females (ICF) 660 

pure Iberian pigs slaughtered at 105 kg of weight. Different letters indicate 661 

significant differences between groups (P<0.05, ANOVA and LSD test). 662 

 663 

Fig. 2. Fatty acid (FA) composition (%) in longisimus lumborum and gluteus medius of 664 

surgically castrated males (SCM), immunocastrated males (ICM) and 665 

immunocastrated females (ICF) pure Iberian pigs slaughtered at 105 kg of weight. 666 

SFA: total saturated FA; MUFA: total monounsaturated FA; PUFA: total 667 

polyunsaturated FA. Different letters indicate significant differences between groups 668 

(P<0.05, ANOVA and LSD test). 669 

 670 

 671 

  672 
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Table 1 673 
Quality traits in longisimus lumborum and gluteus medius of surgically castrated (SC) males, 674 
inmunocastrated (IC) males and IC females pure Iberian pigs slaughtered at 105 kg of weight. 675 
 676 

 SC males IC males IC females P-value 

Longisimus lumborum 

     pH 30 min 

 

6.33 ± 0.06 

 

6.28 ± 0.03 

 

6.27 ± 0.04 

 

0.673 

     pH 24h 5.67 ± 0.03 5.60 ± 0.03 5.62 ± 0.02 0.229 

     Lightness L* 43.2 ± 0.66 44.0 ±0.74 43.0 ± 0.65 0.582 

     Redness a*  10.0 ± 0.32
b
 8.55 ± 0.29

a
 9.65 ± 0.40

b
 0.007 

     Yellowness b* 5.16 ± 0.20 4.65 ± 0.20 5.12 ± 0.21 0.153 

     Chroma C* 11.3 ± 0.34
b
 9.75 ± 0.33

a
 10.9 ± 0.43

b
 0.010 

     Hue angle H° 27.2 ± 0.79 28.5 ±0.67 28.0 ± 0.43 0.479 

  TBARS (mg MDA/kg) 0.46 ± 0.02 0.41 ±0.02 0.42 ± 0.01 0.149 

Gluteus medius 

     pH 30 min 

 

6.31 ± 0.05 

 

6.34 ± 0.05 

 

6.38 ± 0.06 

 

0.681 

     pH 24h 5.64 ± 0.03 5.60 ± 0.02 5.57 ± 0.03 0.208 

     Lightness L* 40.7 ± 0.55
ab

 41.6 ± 0.55
b
 38.6 ± 1.16

a
 0.030 

     Redness a*  12.7 ± 0.55
b
 10.7 ± 0.43

a
 13.7 ± 0.89

b
 0.006 

     Yellowness b* 6.08 ± 0.28 5.51 ± 0.17 6.28 ± 0.27 0.083 

     Chroma C* 14.1 ± 0.61
b
 12.0 ± 0.44

a 
 15.1 ± 0.87

b
 0.006 

     Hue angle H° 25.5 ± 0.51 27.4 ± 0.62 22.4 ± 1.26 0.158 

  TBARS (mg MDA/kg) 0.40 ± 0.01 0.38 ± 0.02 0.43 ± 0.02 0.272 

Data are means ± SD (n=18). Different superscripts in the same row indicate significant 677 

differences (P<0.05, ANOVA and LSD test). TBARS: Thiobarbituric acid-reactive substances; 678 

MDA: malondialdehyde.  679 

  680 
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Table 2 681 
Chemical composition of longisimus lumborum and gluteus medius of surgically castrated (SC) 682 
males, inmunocastrated (IC) males and IC females pure Iberian pigs slaughtered at 105 kg of 683 
weight. 684 
 685 

 SC males IC males IC females P-value 

Longisimus lumborum 

     Moisture (%) 

 

71.3 ± 0.49
a
 

 

72.9 ± 0.22
b
 

 

71.7 ± 0.33
a
 

 

0.007 

     Protein (%) 21.8 ± 0.18
a
 22.3 ± 0.11

b
 22.6 ± 0.19

b
 0.006 

     IMF (%) 7.56 ± 0.62
b
 5.28 ± 0.27

a
 6.67 ± 0.31

b
 0.002 

     Energy (kcal/100g)  181 ± 5
b
 164 ± 2

a
 175 ± 3b 0.006 

     Ash (%) 1.04 ± 0.014
a
  1.07 ± 0.009

ab
 1.09 ± 0.006

b
 0.020 

     Fe (mg/kg) 7.70 ± 0.25
b
 6.82 ± 0.22

a
 7.10 ± 0.26

ab
 0.035 

     Zn (mg/kg) 20.8 ± 0.39 20.9 ± 0.36 20.5 ± 0.33 0.742 

Gluteus medius 

     Moisture (%) 

 

70.3 ± 0.43
a
 

 

72.0 ± 0.51
b
 

 

71.2 ± 0.35
ab

 

 

0.024 

     Protein (%) 21.5 ± 0.39 21.7 ± 0.50 21.9 ± 0.46 0.798 

     IMF (%) 8.97 ± 0.44
b
 5.89 ± 0.45

a
 6.90 ± 0.36

a
 0.000 

     Energy (kcal/100g)  191 ± 4
b 

171 ± 5
a
 175 ± 5

a
 0.006 

     Ash (%) 1.12 ± 0.013 1.14 ± 0.009 1.16 ± 0.012 0.102 

     Fe (mg/kg) 8.89 ± 0.34
b
 7.76 ± 0.24

a
 9.11 ± 0.38

b
 0.009 

     Zn (mg/kg) 22.3 ± 0.62 20.25 ± 0.55 21.3 ± 0.66 0.066 

Data are means ± SD (n=18). Different superscripts in the same row indicate significant 686 
differences (P<0.05, ANOVA and LSD test). IMF: intramuscular fat.     687 
  688 
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Table 3 689 
Fatty acid profile of longisimus lumborum and gluteus medius of surgically castrated (SC) 690 
males, inmunocastrated (IC) males and IC females pure Iberian pigs slaughtered at 105 kg of 691 
weight. 692 
 693 

 SC males IC males IC females P-value 

Longisimus lumborum 

     C12:0 

 

0.07 ± 0.00
b
 

 

0.06 ± 0.00
a
 

 

0.07 ± 0.01
b
 

 

0.008 

     C14:0 1.65 ± 0.05
b
 1.47 ± 0.03

a
 1.49 ± 0.02

a
 0.002 

     C16:0 28.9 ± 0.16
b
 28.0 ± 0.24

a
 27.9 ± 0.28

a
 0.007 

     C16:1 4.03 ± 0.13 3.87 ± 0.10 3.86 ± 0.12 0.560 

     C17:0 0.22 ± 0.01 0.24 ± 0.01 0.21 ± 0.01 0.066 

     C18:0 13.0 ± 0.16 12.9 ± 0.20 12.5 ± 0.23 0.137 

     C18:1n9 41.9 ± 0.29
a
 41.4 ± 0.24

a
 42.8 ± 0.28

b
 0.003 

     C18:1n7 4.14 ± 0.08 4.25 ± 0.09 4.15 ± 0.08 0.646 

     C18:2n6 4.08 ± 0.14
a
 5.33 ±0.17

c
 4.70 ± 0.16

b
 0.000 

     C20:0 0.16 ±0.01 0.15 ± 0.01 0.16 ± 0.01 0.184 

     C20:1n9 0.73 ± 0.04 0.70 ± 0.02 0.72 ± 0.02 0.659 

     C18:3n3 0.18 ± 0.01 0.21 ± 0.01 0.20 ± 0.01 0.101 

     C20:3n6 0.10 ± 0.007
a
 0.16 ± 0.005

c
 0.13 ± 0.005

b
 0.000 

     C20:4n6 0.58 ± 0.04
a
 0.91 ± 0.04

c
 0.78 ± 0.04

b
 0.000 

     C20:5n3 0.03 ± 0.00
a
 0.05 ± 0.00

b
 0.04 ± 0.00

ab
 0.023 

     C22:4n6 0.09 ± 0.01
a
 0.14 ± 0.01

c
 0.11 ± 0.01

b
 0.000 

     C22:5n3 0.07 ± 0.00
a
 0.11 ± 0.01

b
 0.10 ± 0.01

b
 0.000 

     C22:6n3 0.01 ± 0.00
a
 0.01 ± 0.001

a
 0.02 ± 0.001

b
 0.000 

     n6 4.86 ± 0.18
a
 6.54 ± 0.21

c
 5.72 ± 0.18

b
 0.000 

     n3 0.31 ± 0.01
a
 0.38 ± 0.01

b
 0.36 ± 0.01

b
 0.002 

     n6/n3 15.9 ± 0.40
a
 17.4 ± 0.35

b
 16.2 ± 0.31

a
 0.015 

     PUFA/SFA 0.12 ± 0.004
a
 0.16 ± 0.006

c
 0.14 ± 0.005

b
 0.000 

     MUFA/SFA 1.15 ± 0.01
a
 1.18 ± 0.02

ab
 1.22 ± 0.02

b
 0.046 

Gluteus medius 

     C12:0 

 

0.09 ± 0.01 

 

0.08 ± 0.01 

 

0.08 ± 0.01 

 

0.055 

     C14:0 1.58 ± 0.04 1.47 ± 0.04 1.47 ± 0.03 0.094 

     C16:0 29.8 ± 0.47 29.3 ± 0.71 28.3 ± 0.47 0.191 

     C16:1 3.70 ± 0.14 3.32 ± 0.16 3.64 ± 0.12 0.129 

     C17:0 0.26 ± 0.036 0.29 ± 0.017 0.21 ± 0.009 0.101 

     C18:0 13.7 ± 0.35 13.8 ± 0.45 13.4 ± 0.35 0.729 

     C18:1n9 40.9 ± 0.47 39.8 ± 0.84 41.9 ± 0.62 0.103 

     C18:1n7 3.86 ± 0.11 3.89 ± 0.15 3.80 ± 0.13 0.891 

     C18:2n6 4.16 ± 0.14
a
 5.79 ± 0.23

c
 4.97 ± 0.18

b
 0.000 

     C20:0 0.18 ± 0.004 0.16 ± 0.004 0.17 ± 0.004 0.005 

     C20:1n9 0.67 ± 0.02 0.71 ± 0.02 0.67 ± 0.03 0.386 

     C18:3n3 0.19 ± 0.007
a
 0.25 ± 0.011

b
 0.20 ± 0.009

a
 0.000 

     C20:3n6 0.10 ± 0.004
a
 0.15 ± 0.009

b
 0.13 ± 0.005

b
 0.000 

     C20:4n6 0.58 ± 0.03 0.74 ± 0.04 0.78 ± 0.04 0.001 

     C20:5n3 0.02 ± 0.00 0.07 ± 0.02 0.03 ± 0.00 0.078 

     C22:4n6 0.09 ± 0.003
a
 0.14 ± 0.013

b
 0.12 ± 0.006

ab
 0.002 

     C22:5n3 0.08 ± 0.003
a
 0.10 ± 0.007

b
 0.10 ± 0.005

b
 0.001 

     C22:6n3 0.01 ± 0.00 0.02 ± 0.00 0.04 ± 0.03  0.285 

     n6 4.93 ± 0.17
a
 6.82 ± 0.27

c
 6.00 ± 0.22

b
 0.000 

     n3 0.30 ± 0.011
a
 0.43 ± 0.035

b
 0.38 ± 0.034

ab
 0.006 

     n6/n3 16.5 ± 0.32 16.5 ± 0.64 16.5  241 0.65 0.999 

     PUFA/SFA 0.11 ± 0.006
a
 0.16 ± 0.01

b
 0.15 ± 0.01

b
 0.000 

     MUFA/SFA 1.08 ± 0.03 1.08 ± 0.05 1.15 ± 0.04 0.416 
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Data are means ± SD (n=18). Different superscripts in the same row indicate significant 694 

differences (P<0.05, ANOVA and LSD test). PUFA: polyunsaturated fatty acids; SFA: 695 

saturated fatty acids; MUFA: monounsaturated fatty acids.  696 

  697 
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Table 4 698 
Loading vectors of longisimus lumborum and gluteus medius analysis of surgically castrated 699 
(SC) males, inmunocastrated (IC) males and IC females pure Iberian pigs on varimax rotated 700 
extracted factors (F) as estimated by multivariate analysis and univariate analysis on factor 701 
scores. 702 
 703 

Multivariate analysis 

F1  F2 F3 F4 F5 F6 F7 

IMF-PUFA 
MUFA-

SFA 
Colors  

Redness-  

minerals-

TBARS 

n6/n3 pH  Protein 

pH 30min -0.152 0.083 -0.039 0.158 -0.046 0.819 -0.119 

pH 24h 0.196 -0.050 -0.068 -0.107 0.019 0.797 0.034 

L* 0.115 0.110 -0.213 -0.724 -0.176 -0.151 -0.173 

a* 0.273 -0.031 0.808 0.456 -0.070 -0.051 0.034 

b* 0.283 -0.059 0.891 -0.156 0.041 -0.069 0.023 

Croma C* 0.283 -0.036 0.853 0.370 -0.057 -0.055 0.031 

Hue angle H° -0.068 0.012 -0.059 -0.905 0.099 -0.018 -0.026 

TBARS -0.042 0.381 -0.273 0.521 0.106 -0.152 -0.322 

Moisture -0.833 -0.047 -0.301 -0.053 -0.055 -0.015 -0.285 

Protein 0.1388 0.146 0.008 0.015 -0.111 -0.129 0.789 

IMF 0.879 0.057 0.258 0.062 0.072 0.055 0.103 

Energy 0.879 0.063 0.250 0.002 0.046 0.049 0.213 

Ash -0.327 -0.348 0.389 0.300 0.081 0.115 0.369 

Fe 0.165 -0.053 0.422 0.681 0.144 -0.141 -0.122 

Zn 0.398 -0.007 0.008 0.422 -0.082 0.172 0.352 

SFA 0.282 -0.938 0.062 0.032 -0.085 -0.052 -0.070 

MUFA 0.071 0.976 -0.046 -0.022 -0.018 0.040 0.020 

PUFA -0.888 0.104 -0.052 -0.032 0.260 0.038 0.133 

n6 -0.894 0.104 -0.053 -0.038 0.205 0.040 0.141 

n3 -0.591 0.076 -0.031 0.042 0.792 0.004 0.015 

n6/n3 0.021 0.021 0.000 0.076 0.937 -0.030 -0.133 

C18:1n9 0.091 0.956 0.006 -0.019 0.015 -0.031 0.069 

 %  variance 27.9% 15.3% 13.8% 7.8% 6.5% 6.4% 4.7% 

 % accumulated 27.9% 43.1% 56.9% 64.6% 71.1% 77.5% 82.2% 

Univariate analysis
1
        

Sex        

  SC Males 3.658
a
 -0.284 0.925

a
 0.649

a
 -0.713

a
 0.193 -0.221 

  IC Males -3.555
b
 -0.521 -1.716

b
 -1.337

b
 0.488

b
 -0.066 -0.084 

  IC Females -0.116
c
 0.906 0.889

a
 0.775

a
 0.253

b
 -0.142 0.343 

Muscle        

  Longissimus -0.543 1.238
a
 -2.035

a
 -1.457

a
 -0.293 -0.069 -0.304

a
 

  Gluteus 0.535 -1.171
b
 2.101

b
 1.515

b
 0.312 0.059 0.329b 

        

SEM 0.422 0.284 0.246 0.240 0.184 0.147 0.134 

P-value Sex <0.001 0.104 <0.001 <0.001 <0.05 0.621 0.218 

P-value Muscle 0.203 <0.001 <0.001 <0.001 0.105 0.665 <0.05 

Variables with the major influence in each factor are highlighted in bold. 
1
 Different 704 

superscripts in the same column indicate significant differences within sex or muscle (P < 0.05). 705 
IMF: intramuscular fat; PUFA: polyunsaturated fatty acids; SFA: saturated fatty acids; MUFA: 706 
monounsaturated fatty acids.  707 
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Fig. 1.  708 
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Fig. 2 722 
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