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The main objetive of this Doctoral Thesis was to study the influence of female 

castration and pig sex on growth performance and carcass and meat quality of white 

pigs slaughtered at different final weights. Three experiments (Exp.) were conducted. 

In Exp. 1, a total of 200 (Landrace * Large White dam x Pietrain * Large White 

sire) gilts of 50 ± 3 days of age (23.3 ± 1.47 kg BW) was used to investigate the effects 

of castration (intact females, IF vs. castrated feamles, CF) and slaughter weight (106 vs. 

122 kg BW) on productive performance and carcass and meat quality. There were four 

experimental treatments arranged as a 2 x 2 factorial and 5 replicates of 10 pigs each per 

treatment. Half of the gilts were ovariectomized at 58 d of age (8 days after the 

beginning of the trial; 29.8 ± 1.64 kg BW) whereas the other half remained intact. Meat 

samples were taken at m. Longissimus thoracis at the level of the last rib and 

subcutaneous fat samples were taken at the tail insertion. For the entire experiment 

period, CF had higher BW gain (P<0.05) and backfat and m. Gluteus medius (GM) fat 

thickness (P<0.001) than IF. However, IF had higher loin and trimmed primal cut yields 

(P<0.05) than CF. Meat quality was similar for IF and CF but the proportion of linoleic 

acid in subcutaneous fat was higher (P<0.001) for IF. Pigs slaughtered at 122 kg BW 

had higher (P<0.001) feed intake and poorer feed efficiency than pigs slaughtered at 

106 kg BW. An increase in slaughter weight (SW) improved (P<0.001) carcass yield 

but decreased (P<0.05) trimmed primal cut yield. Meat from females slaughtered at the 

heavier BW was redder (a*; P<0.001) and had more (P<0.01) intramuscular fat and less 

thawing (P<0.05) and cooking (P<0.10) loss than meat from females slaughtered at the 

lighter BW. Also, females slaughtered at 122 kg BW had less (P<0.01) linoleic acid 

content in the subcutaneous fat than pigs slaughtered at 106 kg BW. Castration of gilts 

and slaughtering at heavier BW might be useful practices for the production of heavy 

pigs destined to the dry cured industry in which a certain amount of fat in the carcass is 
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required. In contrast, when the carcasses are destined to fresh meat production, IF 

slaughtered at 106 kg BW are a more efficient alternative. 

In Exp. 2, crossbred pigs (n=240) from Pietrain*Large White sires mated to 

Landrace*Large White dams with an average of 100 d of age (60.5 ± 2.3 kg) were used 

to investigate the effects of gender and slaughter weight (SW) on growth performance 

and carcass and meat quality characteristics. There were 6 treatments arranged 

factorially with 3 genders (IF vs. CF vs.castrated males, CM) and 2 SW (114 vs. 122 kg 

BW). Each of the 6 combinations of treatments was replicated 4 times and the 

experimental unit was a pen with 10 pigs. Castrated males and CF ate more feed, grew 

faster and had more carcass backfat depth and fat thickness at the GM muscle, but lower 

loin yield than IF (P<0.05). In addition, CF and CM had more intramuscular fat 

(P<0.05) and less linoleic acid content in the subcutaneous fat (P<0.01) than IF. Pigs 

slaughtered at 122 kg BW had lower ADG (P<0.05), poor gain-to-feed ratio (P<0.05), 

and more GM fat than pigs slaughtered at 114 kg BW (P < 0.05). It is concluded that CF 

and CM had similar productive performance and meat quality characteristics when 

slaughtered at the same age, and that the castration of females improved daily gains and 

increased weight and fat content of primal cuts with respect to IF. Therefore, castration 

of females is recommended in pigs destined to the dry-cured industry because of the 

beneficial effects on the quality of the primal cuts. 

In Exp. 3, the effects of gender and castration of females (IF vs. CF vs. CM) on 

performance and carcass and meat quality were studied in crossbred pigs (Landrace x 

Large White dams x Duroc sires) slaughtered at 119.2 (trial 1) or 131.6 (trial 2) kg BW. 

Intact females had better feed conversion and less carcass fat than CF and CM. 

Trimmed shoulder yield was higher for CM than for CF with IF being intermediate. 

Primal cut yield and meat quality, however were similar for all treatments. Proportion of 
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linoleic acid in backfat was lower for CF than for IF or CM, and the differences were 

significant in pigs slaughtered witn 131.6 kg BW. The higher fat content and the fatty 

acid profile favour the use of CF and CM over IF for the production of heavy pigs 

destined to the dry-cured industry. 
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1. Literature review 

 

1.1. Production of heavy white pig 

Spain, Denmark, and Germany are the major consumers of pork meat in the EU-

27. In 2013, Spain was the fourth largest pig producer in the world after China, EEUU, 

and Germany, with 26.6 millions of heads, 41.4 millions of slaughtered pigs (39.1 

millions corresponding to fattening pigs), and 3.4 millions of tons of meat produced 

(MAGRAMA, 2015). The average carcass weight of the fattening pigs in Spain was 

84.5 kg, and the number of hams and shoulders from white pigs produced in 2013 were 

32.7 and 4.7 million, respectively (Cruz, 2014). Spain is also the world leader in the 

production of dry-cured pork with 254,000 t of cured ham and shoulder (ANICE, 2015).  

Hams and shoulders destined to the dry cured industry are produced not only from 

conventional white pigs (e.g. Serrano ham) and heavy white pigs (e.g. Teruel and 

Trevélez hams), but also from traditional dark pigs (e.g. Iberian ham). The quality of the 

meat destined to the dry-cured industry depend on the type of pig used (Table 1). 

Consequently, the weight and quality of the primal cuts (fresh hams, shoulders, and 

loins) differ according to the slaughter weight and the genetic background of the pigs. 

Table 1. Classification of pigs destined to dry-cured industry. 

 
 

Type 

 
Slaughter 

weight 
(kg) 

 
Carcass 
weight 

(kg) 

 
Fresh weight, kg 

Ham Shoulder Loin 

Conventional white pig 95-110 70-85 8.5-10.5 5.0-6.0 2.5-3.0 

Heavy white pig 110-130 85-105 10.5-14.0 6.0-8.0 3.0-3.5 

Iberian pig 145-160 115-130 10.5-12.0 6.5-7.0 2.5-3.0 
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Conventional white pigs (CWP) result often from crosses of Large 

White*Landrace dams with highly selected, meaty breeds (e.g., Pietrain), and are 

usually slaughtered with 95 to 110 kg BW and 6 to 7 months of age. The high 

proportion of lean meat and the low backfat in the carcass characterize these crossbreds. 

Because of its remarkable precocity, these crosses are less suitable for further 

processing, as evidenced by the large weight losses of the primal cuts during the dry-

curing process. Because of the limited amount of cover fat of the primal cuts, this type 

of pigs is preferred for the production of fresh meat or cooked ham.  

Heavy white pigs (HWP) result from crosses of less conformed pigs such as Large 

White*Landrace dams and specialized breeds of Landrace, Large White, and Duroc, 

slaughtered at 110 to 130 kg BW and 8 to 9 months of age. Under these conditions, 

carcasses with medium to high backfat depth and intramuscular fat, and adequate 

characteristics for the curing process are produced. It is worthy to note that in countries 

such as Italy, the production of HWP based on Large White and Landrace purebreds is 

important. HWP in Italy are slaughtered with 150 to 170 kg BW and 10 to 12 months of 

age.  

The Iberian pigs (IBP) mature late than white pigs and they are slaughtered at 145 

to 160 kg BW and at least 10 to 12 months of age. IBP result from crosses of Iberian 

dams with IB or Duroc sires. The breeds used are characterized by the high backfat 

depth and the high lipid content of the primal cuts at slaughter. Because of these 

characteristics, meat from IBP is more suitable for the production of high-quality dry-

cured products than the meat from CWP or HWP.  

A total of 1.7 millions of tons of meat from Spanish fattening pigs are destined to 

direct fresh consumption, whereas 1.6 millions of tons are destined to industrial 

consumption (MAGRAMA, 2015). Because BW at slaughter is not regulated, it is 



 
 

Chapter 1: Literature review and objectives 

 

 
11 

difficult to estimate the importance and the market share of each type of white pigs, and 

each company or integrator decide the slaughter weight (SW) of their pigs depending on 

consumer preference, as well as selling price of the end product. Moreover, no official 

statistics are available on the production of white pigs by type in Spain. A high 

proportion of CWP is destined to fresh pork and cooked ham productions, with only a 

limited amount of hams and shoulders destined to the dry-cured industry. In contrast, 

most of the primal cuts from HWP and IBP are destined to the dry-cured industry, 

although shoulders from HWP are destined to other types of meat products (cooked 

mainly and fresh meat). In fact, a lower number of shoulders are destined to curing with 

respect to hams from HWP. Cruz (2014) estimated that the production of dry-cured 

hams and shoulders from white pigs in Spain was 87.7 and 50.5 %, respectively (Table 

2). 

The number of white pigs destined to the manufacturing of dry-cured hams in 

Spain is estimated in 16.3 millions, and the total amount of dry-cured hams is estimated 

in 32.7 millions. Therefore, 41.7 % of total white pigs produced are destined to the dry-

cured product industry.  
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Table 2. Pig meat production destined to the dry-cured industry in Spain (2012). 

Type of pig White pig (1) Iberian pig Total 
Slaughtered pigs    

Millions heads     39.1 (2)    2.3 (2)      41.4 (3) 
Percentage of total 94.4 5.6 100.0 

Fresh meat from fattening pigs    
Millions tons       3.03 (2)    0.28 (2)        3.31 (3) 
Percentage of total 91.54 8.46 100.00 

Cured hams     
Millions    32.7 (4)      4.6 (4)      37.3 (4) 
Percentage of total 87.7 12.3 100.0 

Cured shoulders    
Millions      4.7 (4)      4.6 (4)        9.3 (4) 
Percentage of total 50.5 49.5 100.0 

(1) Including conventional and heavy white pigs;  
(2) Personal estimation considering an average carcass weight for Iberian pigs of 122 kg (2015);  
(3) MAGRAMA (2015);  
(4) Cruz (2014). 

 
In conclusion, an important proportion of the white pigs reared in Spain are 

destined to produce heavy carcasses with a high backfat deposition. Most hams, and a 

high proportion of shoulders from these pigs are destined to the dry-cured industry, in 

which a minimum amount of backfat and intramuscular fat is desirable. 

 

1.2. Quality of white pigs destined to the dry-cured industry  

Dry-curing of hams is a widespread technique used in Spanish and other 

Mediterranean countries (Candek-Potokar and Skrlep, 2012). In the process, fresh hams 

are salted and dried under controlled ambient temperature and humidity conditions for 

several months. Consumers show preference for cured products with: a) an oily 

appearance, b) slight rancidity note, c) deep red colour, d) high marbling score, smooth 

and shiny, e) presence of some white pints resulting for the precipitation of certain amino 

acids, and f) a firm texture that allows thin slicing of the piece (Ventanas, 2006). The 

acceptability of the cured ham by the consumer increases when the final product presents 

an intense and persistent aroma. The aroma, texture, and visual aspect of cured hams are 

affected by the aptitude for seasoning of the fresh meat. In this respect, the aptitude of 
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the raw primal cuts for curing, depends on properties such as adipose tissue thickness 

and composition (Candek-Potokar and Skrlep, 2012). In general, the higher the content 

in lean meat of the carcass is, the higher the loss of moisture and the worse the sensorial 

characteristics of dry-cured ham are (Bosi and Russo, 2004). Therefore, the 

manufacturing of high quality dry-cured products requires a high level of fattening to 

develop sound sensory characteristics during the ripening process (Gandemer, 2002). 

Slaughtering the pigs at heavier weights, allows reaching a high fat content in the primal 

cuts. However, an increase in SW impairs growth performance and carcass traits without 

any further benefit in quality when the meat is intended for immediate fresh consumption 

(Corino et al., 2008). 

An increase in SW, results in an increase in the weight of primal cuts. Fresh hams, 

shoulders, and loins account for more than 50% of the commercial value of the carcass. 

Therefore, the higher the weight of these primal cuts the better the benefits of the 

industry. However, heavy primal cuts might not be desirable for commercialization. 

According to the standards for Jamón Serrano production (Diario Oficial Comunidades 

Europeas, 1999), hams destined to the dry-cured industry should have a minimum fresh 

weight over 9.5 kg after trimming. Assuming a 33% loss during the curing period, the 

Jamón Serrano norm aims to obtain hams with a final dried weight of 6.4 kg. However, 

the Spanish industry specialized in the dry-curing hams often prefer fresh hams 

weighing between 10.5 and 13.5 kg, resulting in dried hams with a final weight of 7.0 to 

9.0 kg. The end consumers often prefer this range of weights because of the better 

perceived quality in these dry-cured hams. No data is available on the correlation 

between fresh ham weight in white pigs and the sensorial traits of cured ham. It is 

generally accepted that heavier hams have higher adiposity and better seasoning 

aptitude than lighter hams (Candek-Potokar et al., 1998). In this respect, Latorre et al. 
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(2008) suggested that fresh hams should weigh at least 11.3 kg to insure a good 

uniformity and quality of the end dry-product, according with the protected origin 

Teruel. In Italy, the Consortia of Parma and San Daniele established a minimum weight 

of trimmed fresh hams of 10 kg and an optimum value of 12-14 kg for the production of 

cured ham (Bosi and Russo, 2004). At these ranges of fresh weight, the minimum fat 

content necessary for the improvement of sensory traits and the curing process is 

achieved. Probably, the rate of water migration from fresh hams with weights below 

10.5 kg will be higher than recommended, whereas a ham weight above 13.5 kg will 

require longer curing periods and commercial pieces that are larger than required by the 

customer. Therefore, depending on the crossbreeds used, the Spanish dry-cured industry 

prefers fresh weights between 6.5 - 8.0 kg for shoulders and 10.5 - 13.5 kg for hams 

(Table 3). These weights correspond to a SW of the white pigs within the range from 

110 to 130 kg BW. 

Table 3. Fresh ham weight for the production of high-quality dry-cured hams  

from white pigs. 

Fresh ham 
weight, kg 

Valoration of 
industry 

Advantages / Disadvantages 

< 10.5 

 

 
 

Fast curing process with a decrease in sensory quality. 

10.5-13.5 

 

 
 

Final ham weight between 7.0-9.0 kg with improved 
sensory traits. 

> 13.5 

 

 
 

Long curing periods. Final weight of cured hams not 
adequate for customer preference. 
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The weight of primal cuts is not the only important factor for the quality of dry-

cured products. A minimal amount of subcutaneous fat in the fresh hams is needed to 

prevent a rapid desiccation, with the formation of a crust on the surface (Bosi and 

Russo, 2004), and to avoid a high salt content (Candek-Potokar et al., 2002). However, 

research conducted on the minimal thickness of subcutaneous fat required in fresh ham, 

and its effect on sensorial traits of the cured ham in HWP is very limited. Consequently, 

each processor applies different methodologies and has different parameters to obtain 

the desired final product, based most of the times on its own experience. In this respect, 

the minimum fat thickness of ham measured at the point of convergence of the vastus 

lateralis muscle and the upper tip of the ischium bone fat imposed by the Jamón Serrano 

standard (Diario Oficial Comunidades Europeas, 1999) is 8 mm. However, many 

industries specialized in the production of high quality cured hams require a minimum 

amount of subcutaneous fat at m. Gluteus medius (GM) of 15 to 20 mm in fresh hams 

(Table 4). Latorre et al. (2008) recommended a minimum level of fat thickness over the 

GM of 18 mm to insure a good uniformity and quality of the end dry-cured product for 

the protected Teruel origin. In Italy, Consortia of Parma and San Daniele establish a 

minimum of fat thickness at the level of the head of femur, of 15 and 20 mm for dry-

cured hams of 7-9 kg and hams heavier than 9 kg, respectively. The optimum values are 

of 20 and 30 mm for dry-cured hams of 7-9 kg and hams heavier than 9 kg, respectively 

(Bosi and Russo, 2004). When fat content of fresh hams at the GM is too high, 

producers must eliminate the excess of fat to avoid consumer rejection, and therefore a 

high fat cover results in heavy economic losses. 
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Table 4. Fat thickness at Gluetus medius muscle for the production of high-quality dry-

cured hams from white pigs. 

GM fat, mm 
Valoration of 

industry 
Advantages / Disadvantages 

< 15 

 

 
 

High rate of the curing process. Sensory quality decreased. 

15-20 

 

 
 
 

Minimize curing losses and improves sensory traits. 
Adequate for manufacturing and slicing of deboned dry-

cured ham. 

20-30 

 

  
 

Increases of sensory traits but longer curing periods. 
Premiun quality for the manufacturing of dry-cured hams 

with bone. 

> 30 

 

 
 

Long curing periods and excessive subcutaneous fat that 
must be eliminated with economical losses. 

 

The fatty acid profile (FA) of the subcutaneous fat is other important chemical 

characteristic of the fresh ham that affects the sensory (influences on the visual 

appearance and the aroma) and nutritional quality of dry-cured hams. In this respect, a 

high proportion of oleic acid (C18:1) is desirable since it improves the physical 

properties of the fat (Ruiz-Carrascal et al., 2000; Ruiz and López-Bote, 2002), leading 

to a soft and slight oily lard, which is highly appreciated by the consumer (Ruiz et al., 

2002). On the other hand, a high level of linoleic acid (C18:2) is undesirable because 

affects cutting, mixing, and salt and water migration during the process, jeopardicing 

the ripening of the meat (López-Bote, 1998; Ruiz and López-Bote, 2002). In addition, 

the compounds originated from the oxidation of C18:1 (mainly octanal and nonanal) 

add pleasant aromatic notes to the final product, whereas those resulting from the 
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oxidation of C18:2 (mainly hexanal and 2,4 decadienal) impart rancid or pungent 

flavours, with negative connotations on the overall flavour of the meat products 

(Ventanas et al., 2005). Consequently, the industry of dry-cured products aims for a 

maximum of 12-15% C18:2 (Table 5) in the subcutaneous fat of fresh hams (Ventanas 

et al., 2005). In Italy, the rules of the Consortia of Parma and San Daniele established a 

maximun level of linoleic acid content on total fatty acids of 15% for the production of 

cured ham (Bosi and Russo, 2004). 

Table 5. Linoleic acid content of subcutaneous fat for the production of high-quality 

dry-cured hams from white pigs. 

Linoleic acid, 
% 

Valoration of 
industry 

Advantages / Disadvantages 

< 12 

 

  
 
 

Premium sensory quality because of the correlation with 
higher C18:1 content. Improves cutting and also salt and 

water migration. 

12-15 

 

 
 

Adequate visual apparence and aroma. Limited curing 
losses.  

> 15 

 

 
 

Problems with the ripening of the meat. Negative 
connotations on sensory traits. 

 

Marbling and meat color of the hams influence the visual aspect of the primal 

cuts. Ham perimeter, water holding capacity, and pH are also important variables to 

consider when evaluating the quality of the fresh hams of HWP, because of its effects 

on water migration and consequently, on the rate and extension of the ripening process 

and the acceptability of the cured products (Ruiz-Carrascal et al., 2000; Bañón et al., 

2003a).   
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When the hams have an adequate weight, fat content, and fatty acid profile of the 

fat, backfat of the carcasses might be excessive. An excessive subcutaneous fat has to be 

eliminated, with a concomitant reduction in economical value (Table 6).  

Table 6. Backfat of carcasses for the production of high-quality dry-cured hams  

from white pigs. 

Backfat, mm 
Valoration of 

industry 
Advantages / Disadvantages 

< 20 

 

 
 

It might correlate with better growth performance but also 
with lower IMF and sensory quality. 

20-30 

 

 
 

It might correlate with adequate IMF of the fresh meat but 
also with an increase in the pig production cost. 

> 30 

 

 
 

Excessive subcutaneous fat to be eliminated with 
economical disadvantages. 

 

In conclusion, the objective of the producers of HWP destined to the dry cured 

industry is to slaughter pigs with adequate live weight resulting on carcasses and hams 

adapted in size and quality to processing traits and current consumer demands. Hams 

from these pigs should have a: i) fresh weight over 10.5-13.5 kg; ii) subcutaneous fat 

depth measured on the m. Gluteus Medius over 15-20 mm, iii) C18:2 content in the 

subcutaneous fat below 12-15%, and iv) high marbling and deep red colour. The 

percentage of carcasses from HWP that fulfil the requirements established by the dry-

cured industry have important economical implications for the industry, and depends 

primarily on the genetic background, sex, slaughter weight, and nutrition.  
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1.3. Castration of females: influence on heavy white pig production 

The two strategies used by the pig industry for increasing the fat content of pork 

meat are: i) the introduction of Duroc lines with more infiltrated fat, and ii) an increase 

of the BW at slaughter to at least 110 kg BW (Beattie et al., 1999). These strategies are 

well studied and implemented in extensive production systems, such as that of the 

Iberian and the Alentejano (Spain and Portugal), Parma and San Daniele (Italy), Noir de 

Bigorre (France), and Mangalica (Hungary and Rumania) pigs. These same strategies 

have been studied also for increasing fat deposition of the primal cuts from HWP 

(Latorre et al., 2003a; 2008). However, the information available is scarce. 

An increase to 110 kg SW requires the castration of the males at early ages to 

avoid boar taint and problems with meat quality (Diestre et al., 1990). The castration of 

males fit with EU-28 legislation of Animal Welfare (European Food Safety Authority, 

2004). The EU is considering a future ban on surgical castration by 2018 which may 

affect markets and consumer´s preferences (Kallas et al., 2013). In a study carried out in 

six countries of EU (Spain, United Kingdom, The Netherlands, France, Italy, and 

Germany), results showed that consumers do not perceive pig castration to be a relevant 

aspect for animal welfare nor for meat quality. In addition, consumers concerned about 

animal welfare and who had a negative sensory experience with boar meat are willing to 

accept paying more to avoid boar taint (Kallas et al., 2013).  

Castration increases the cost of production. On the other hand, castration increases 

energy anabolism with a tendency to accumulate fat in primal cuts, because castrated 

pigs mature faster than entire pigs, which favors the quality of dry-cured products. 

Castration has a profound effect on the relative growth of different tissues, and the 

underlying physiological processes. Consequently, castration affects the quality of the 
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pork products. The main differences because of the male castration found by Trefan et 

al. (2013) were related to lipid metabolism and fat deposition (backfat, intramuscular 

fat, and marbling score), taking into account that the fat content increases from early 

life. The adipocytes of the subcutaneous fat develop early in fetal life, but hypertrophy 

very slowly. The size of fetal adipocytes in pigs can be altered by changes in the 

maternal and fetal hormonal and metabolic profiles (Hausman et al., 1984). Moreover, 

the number of adipocytes is not fixed at birth, and the adipose depots in adult pigs 

increase in size by mechanisms which involve both hyperplasia and hypertrophy. 

Gender implies different hormonal status. Growth hormone release depends mainly of 

two hypothalamic factors, growth hormone-realising factor and somatostatin, and is 

modulated by hormones such as gonadal steroids (Dubreuil et al., 1989). According 

with Bender et al. (2006), pigs selected for increased testosterone production grew 

faster and had fatter carcasses than pigs selected for decreased testosterone production. 

In addition, testosterone and estrogen are involved in fat deposition with testosterone 

tending to inhibit and estrogen to increase the size of the adipocytes. Consequently, 

carcasses from gilts contain more lipids than carcasses from entire males, consistent 

with the available information on the effects of low testosterone levels of barrows on fat 

content of carccasses. Castration increases fat cell size and de novo lipogenesis in both 

the subcutaneous and the perirenal adypocites (Benmansour et al., 1991). Studies 

comparing dry-cured hams from castrates and boars have shown less boar taint score 

and higher ham flavor, marbling, and softness in castrates. Moreover, the saltiness of 

cured ham is lower in castrates (Bañón et al., 2003a). Consequently, the production of 

high quality dry-cured hams are based on castrated males, in spite of the extra cost 

associated with the production of castrated pigs. 
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At present time, females are not castrated because they do not develop sexual 

odors. However, when both genders (castrated males and intact females) are fattened at 

the same farm and slaughtered at the same age, meat quality from castrated males (CM) 

is better accepted than meat from intact females (IF), because the primal cuts from CM 

are heavier, and contain more intramuscular and subcutaneous fat, and lower proportion 

of C18:2 in fat than primal cuts from IF. The IF have lower ADG and different nutrient 

requirements than CM (Moore et al., 2012). A faster growth of CM results in greater 

turnover of nutrients, thus higher amounts of all nutrients per kilogram of pig weight are 

excreted (Crocker and Robinson, 2002), even plasma urea nitrogen is influenced by sex 

(Klindt et al., 2006). On the other hand, oestrous reduce feed intake and feed efficiency 

in IF. Amaral Filha et al. (2009) reported that oestrous was first observed in gilts at 160 

to 175 days of age as an average but that exposing gilts to boars reduced age at first 

estrus at least by 10 days or more. Oestrous in gilts increases aggressions, mounting 

behaviour, and skin lesions. When castration is performed before puberty, incidence of 

the secondary sex characters do not develop (Odo, 2002) and might results in less 

aggression behavior. Consequently, the welfare might be best secured by castration of 

gilts and rearing in groups from 57 to 125 kg BW (Borell et al., 2009). However, impact 

of castration on growth performance of group-housed gilts has not been studied in 

detail.  

Uniformity is an important factor affecting profitability of the pig industry, and 

the production of IF and CM in the same batch decreases that uniformity (Alfonso et al., 

2010). Female castration uniforms growth and carcass characteristics of a given batch of 

pigs, facilitating farm management and logistics of transport to the slaughterhouse. 

Consequently, female castration might improve farm profitability and carcass 

uniformity at slaughter. In this respect, Latorre et al. (2008) reported that the proportion 
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of unsuitable carcasses for the dry-cured industry was higher for IF than for CM. Even 

more at heavy slaughter weight IF grow slower and had less fat content in the ham at a 

given age than CM. This information suggests that female castration might be a sound 

strategy to optimize the percentage of carcasses that fit the requirements for a minimal 

amount of fat content at the ham required by the dry-cured industry (Latorre et al., 

2009). On the other hand, it is worthy to be aware that no data is available on the 

coefficient of variation of live weight for castrated females (CF), IF, and CM within-

pen. 

Female pigs sometimes are castrated at 90 d of age to reduce the potential 

negative effect of oestrous on growth (Zeng et al., 2002). However, female castration is 

a novel practice in heavy white pigs destined to the dry-cured product industry in the 

developed countries. The exinting scientific information comparing productive 

performance and carcass and meat quality traits of CF, IF, and CM in heavy white pigs 

is very scarce. In Iberian pigs, different studies have shown similar growth performance 

and carcass and meat quality traits between both CF and CM (Mayoral et al., 1999; 

Ramirez and Cava, 2007). Female castration can increase the final slaughter weight and 

BW uniformity at farm level. Also, the uniformity of carcasses at the slaughterhouse 

might be improved with a substantial reduction in differences between barrows and 

gilts.  

Surgical castration of females reduces animal welfare and increases the risk of 

infection and production cost. The extra cost associated with surgical castration could 

be passed to the consumer because they are willing to pay for the better quality and 

uniformity of the final products. However, surgical castration of females is not allowed 

in the EU. Inmunocastration is a sound alternative to surgical castration in male pigs 

(Gispert et al., 2010; Aluwé et al., 2012; Morales et al., 2013), and the use of 



 
 

Chapter 1: Literature review and objectives 

 

 
23 

inmunocastrated males (INM) is allowed in some countries of the EU-28. 

Inmunocastration might be also an alternative for female castration, improving animal 

welfare. Moreover, inmunocastration of white female pigs slaughtered at heavy weights 

has not been tested in detail, and the data on the potential benefits of this practice is 

scarce (Daza et al., 2013). Inmunocastrated females (INF) of Iberian pigs had better 

ADG and G:F ratio than CF since they maintain intact part of the fattening period, and 

show better uniformity at the end of fattening period than IF (Fernández, 2011). 

However, Gamero et al. (2013a) did not find any differences in physic-chemical 

parameters and sensory traits of dry-cured shoulders among surgically castrated 

females, inmunocastrated females, and entire females of Iberian pigs. 

In conclusion, growth performance and carcass and meat traits of HWP are 

influenced by sex. The use of castrated females, either through surgery or 

inmunocastration, will oblige to redefine current classification of pigs as boars, gilts, 

and barrows. This opens a new possibility of managing the performance and carcass and 

meat quality traits in HWP.  

 

1.3.1. Growth performance 

Traditionally, growth performance of pigs is evaluated by determining average 

daily gain (ADG), average daily feed intake (ADFI), and feed to gain ratio (FCR). Live 

weight of the pigs is measured with a steelyard scale or using electronic weighing 

equipments (Figure 1).  
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Figure 1. Experimental farm and scale used for measuring pig weight. 

   

 
Growth performance is a key parameter to evaluate the economic benefit of pig 

production at farm level. However, this variable could be of little interest for the 

industry of dry-cured products, because pigs with a high growth performance might 

result in leaner carcasses. Growth performance traits correlated positively with fat 

deposition in the carcass and the primal cuts. Latorre et al. (2004) reported that an 

increment in BW above 100 kg BW led to a slightly lower ADG and to a significant 

deterioration in FCR ratio, with an increase in carcass fatness and a reduction in lean 

deposition. Data available on growth performance of white pigs between 20 kg BW and 

heavy slaughter weights are very limited. HWP from 25 to 130 kg BW showed ADG, 

ADFI, and FCR between 917-990 g/d, 2,420-2,840 g/d, and 2.55-2.87 g/g, respectively 

(Tables 7, 8, and 9). Many factors influence growth performance of the pigs, including 

genotype, slaughter weight, nutrient characteristics, feed form of the diet, and sex. 

Duroc sired progeny have faster BW gain than Pietrain-sired progeny but the latter have 

less fat accumulation (Edwards et al., 2006). An increase in SW has economic 

disadvantages resulting from a reduction in growth rate and a worse FCR ratio because 

fat content increase with BW.  
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Our preliminary hypothesis was that CF should show similar growth performance 

than CM (Tables 7, 8, and 9). Also, we expect that CF should have higher ADFI, ADG, 

and FCR than IF. Most available research reported that boars grew faster than gilts 

(Oliver et al., 2003; Conte et al., 2011; Coca et al., 2012). Further, previous research 

reported higher ADG for CM than for IF (Augspurger et al., 2002; Latorre et al., 

2003a,b, 2004, 2009). Data available comparing ovariectomized females with the other 

sexes is scarce. For growth performance, the results obtained with INF are consistent 

with our hypothesis, with IF showing lower ADG than INF (Daza et al., 2013). In 

general, castration of males (surgical or inmunocastration) had higher ADG as 

compared with to IM and IF (Rikard-Bell et al., 2009; Fábrega et al., 2010; Morales et 

al., 2010, 2013). 

In the European Union, most males are surgically castrated without anaesthesia 

during first week of live (Borell et al., 2009), and the method of castration could impact 

on growth. Aluwé et al. (2012) did not find any differences in growth between piglets 

with surgical castration without any anesthesia, using CO2 as anesthesia, and with 

analgesia applied 10-15 min before castration of males. In all cases, the ADG decreased 

immediately after surgical castration with an increase of the concentration of acute 

phase proteins in blood (Fábrega et al., 2010). There are evidences that castration 

induces acute pain in pigs, but little information is available on the persistency of the 

pain after surgery and its effects on growth performance. In this respect, Hay et al. 

(2003) did not find any difference on behavior between castrated and entire males, 5 

days after castration. 
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Table 7. Effects of castration on average daily gain (ADG). 
 

Author Genetic background (1) 
BW interval  
(kg) 

ADG (g/d) 
Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2003a) 
Latorre et al. (2003b) 
Latorre et al. (2004) 
Latorre et al. (2009) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
D x L*LW, P*LW x L*LW 
P*LW x L*LW 
D x L*LW 

25-129 
45-117 
75-125 
111-130 

917-943 
884-922 
752-848 
763-888 

IF < CM 

IF < IM < INF < 
INM < CF = CM 

Oliver et al. (2003) LW x L 64-98 985-1,215 IF < IM 
Serrano et al. (2008) 
Serrano et al. (2009a) 

D x I 
D x I 

25-150 
42-152 

725-743 
663-679 

IF = CM = CF 

Rikard-Bell et al. (2009) LW x L 71-106 950-1,270 IF < IM < INM 
Serrano et al. (2009b) D x I 18-144 675-675 IF = CF 
Morales et al. (2010) LW x L*LW     -107 776-845 IF ≤ IM = CM ≤ INM 
Morales et al. (2011) LW x L*LW 20-125 925-972 IF ≤ INM ≤ CM 
Daza et al. (2013) D x L*LW 33-127 938-990 IF < INF 
Morales et al. (2013) P x L*LW, D x L*LW 42-125 1,041-1,098 IF < INM = CM 
Cámara et al. (2014) P x LW*L*D 28-117 741-798 IF=IM<INM 

(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Table 8. Effects of castration on average daily feed intake (ADFI). 

 

Author Genetic background (1) 
BW interval  
(kg) 

ADFI (g/d) 
Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2003a) 
Latorre et al. (2003b) 
Latorre et al. (2004) 
Latorre et al. (2009) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
D x L*LW, P*LW x L*LW 
P*LW x L*LW 
D x L*LW 

25-129 
45-117 
75-125 
111-130 

2,430-2,620 
2.460-2,610 
2,450-2,840 
2,630-3,580 

IF < CM 

IM < IF < INM < 
INF < CM = CF 

Oliver et al. (2003) LW x L 64-98 2,690-2,945 IF < IM 
Serrano et al. (2008) 
Serrano et al. (2009a) 

D x I 
D x I 

25-150 
42-152 

2,720-2,920 
2,762-2,902 

IF < CM = CF 

Rikard-Bell et al. (2009) LW x L 71-106 2,920-3,650 IF < IM < INM 
Serrano et al. (2009b) D x I 18-144 2,630-2,740 IF < CF 
Morales et al. (2010) LW x L*LW     -107 2,013-2,253 IM ≤ IF ≤ INM ≤ CM 
Morales et al. (2011) LW x L*LW 20-125 2,420-2,660 IF = INM < CM 
Daza et al. (2013) D x L*LW 33-127 2,660-2,840 IF < INF 
Morales et al. (2013) P x L*LW, D x L*LW 42-125 2,710-3,000 INM = IF < CM 
Cámara et al. (2014) P x LW*L*D 28-117 1,930-2,080 IM=IF<INM 

(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Table 9. Effects of castration on feed conversion ratio (FCR). 
 

Author Genetic background (1) 
BW interval  
(kg) 

FCR (g/d) 
Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2003a) 
Latorre et al. (2003b) 
Latorre et al. (2004) 
Latorre et al. (2009) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
D x L*LW, P*LW x L*LW 
P*LW x L*LW 
D x L*LW 

25-129 
45-117 
75-125 
111-130 

2.65-2.78 
2.78-2.83 
3.26-3.35 
3.44-4.03 

IF < CM 

IM < IF < INM < 
INF < CM = CF 

Oliver et al. (2003) LW x L 64-98 2.43-2.73 IM < IF 
Serrano et al. (2008) 
Serrano et al. (2009a) 

D x I 
D x I 

25-150 
42-152 

3.75-3.92 
4.06-4.33 

IF = CM = CF 

Rikard-Bell et al. (2009) LW x L 71-106 2.80-3.07 IM < INM < IF 
Serrano et al. (2009b) D x I 18-144 3.89-4.06 IF < CF 
Morales et al. (2010) LW x L*LW     -107 2.45-2.74 IM < INM < IF < CM 
Morales et al. (2011) LW x L*LW 20-125 2.55-2.74 INM ≤ IF ≤ CM 
Daza et al. (2013) D x L*LW 33-127 2.85-2.87 IF = INF 
Morales et al. (2013) P x L*LW, D x L*LW 42-125 2.46-2.75 INM < IF < CM 
Cámara et al. (2014) P x LW*L*D 28-117 2,52-2.65 IM <INM=IF 

(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Although a greater effect of castration is expected in older pigs (Taylor et al., 

2001), similar results were observed by Peinado et al. (2003) with females 

ovaractamized at 70 d of age and 35 kg BW. In that experiment, samples of blood were 

obtained of IF, CM and CF fattened in the same farm before and after castration of 

females. Acute phase protein concentration of CF decreased throughout time and CF, 

CM and IF showed similar levels of acute phase proteins at 26 days after castration. 

Also, CF showed a decrease of ADG, although they showed a compensatory growth 

during the fattening. Cronin et al. (2003) showed that castration reduced social behavior 

and increased feeding behavior in group-housed finisher pigs. Therefore, castration of 

females could have productive benefits like a better ADG than IF because of the 

compensatory growth and the change on behavior during the fattening with a reduction 

of aggressions and mounting. Besides, compensatory growth of CF could modify 

protein and lipid deposition rates at carcass and muscle levels, and thereby improve 

quality of the pork (Lametsch et al., 2006; Heyer and Lebret, 2007). However, 

Kristensen et al. (2004) described that compensatory growth improves meat tenderness 

in gilts but not in barrows. 

Respect to feed intake, different early feeding behavior among IF and CM were 

detected by Bruininx et al. (2001). In general, IM and CM eat more feed than gilts 

(Oliver et al., 2003; Latorre et al., 2003a, b, 2004, 2009). According to these results, IF 

had lower ADFI than INF in a trial with white pigs (Daza et al., 2013), whereas CF 

showed similar ADFI than CM, and both higher than IF, in a trial with Iberian pigs 

(Serrano et al., 2008). In addition, castration or inmunocastration of males increase the 

ADFI respect to IM and IF (Rikard-Bell et al., 2009; Morales et al., 2010; Fábrega et 

al., 2010; Morales et al., 2013). 
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For FCR ratio, in general IF present higher values than IM (Oliver et al., 2003; 

Conte et al., 2011; Coca et al., 2012), and the castration of males increases this trait 

(Augspurger et al., 2002; Latorre et al., 2003a,b, 2004, 2009). Daza et al. (2013) found 

similar values for FCR between IF and INF. On the other hand, there is a discrepancy 

respect to comparative value of FCR between IF and INM (Rikard-Bell et al., 2009; 

Fabrega et al., 2010; Morales et al., 2010; Coca et al., 2012; Morales et al., 2013).  

Anyway, FCR ratio depends on fat deposition in pigs and increase with the fatness 

of carcass. Fat deposition in pigs depends on many factors and influences on carcass 

quality. Factors that affect the quality of the carcasses of heavy white pigs destined to 

dry-cured industry are described below. The aim of the industry is to obtain carcasses 

with high fat deposition while maintaining feed efficiency at adequate level.  

 

1.3.2. Carcass quality 

Weight, yield, fat thickness, and length are traits that define the carcass quality. 

Also weight, yield, fat thickness, perimeter, length, pH, and shrink loss during chilling 

of primal cuts are important characteristics in this respect.  

Carcass weight is usually measured using a electronic scale or a real-time 

ultrasound equipment either in hot carcasses after slaughter or in cold carcasses after 

chilling (Figure 2). Carcass yield is calculated as the proportion between carcass 

weight and live BW immediately before at slaughter. Consequently, feed withdraw time 

is a key factor influencing carcass yield. Conventionally, carcass yield includes the 

head, feet, tail, and skin. Loss is mostly blood and internal white organs. This trait is 

important for the economic benefit of the slaughterhouse because influences on the kg 

of meat per hook, but an increase in carcass yield could be contrary for economic 

benefit of farmers because a higher carcass yield requires higher slaughter weights with 
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poorer growth performance of pigs. Carcass yield is correlated to fat content of carcass. 

Commonly carcass yield values range between 76 and 80% in heavy white pigs 

slaughtered between 115 and 130 kg BW (Table 10). In the literature, higher uniformity 

for carcass weight than for loin weight or backfat was observed (Alfonso et al., 2010) 

This trait depends on factors such as BW, genetics background, length of the fasted 

period, water availability during the resting period, SW and sex.  

 
Figure 2. Carcasses of experimental pigs at slaughter plant. 
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An increase in SW will reduce the cost per kilogram of meat because of the higher 

carcass yield (it increases by about 0.1 percentage units for each kg increase in SW 

between 80 and 120 kg BW), improved meat to bone ratio and reduced chilling and 

processing losses (Ellis and Bertol, 2001). Consequently, an increase in final BW might 

be beneficial for the producer (increases output of meat per sow per annum), the 

slaughterhouse (labour cost per unit carcass weight is significantly reduced), and the 

processing plant (Beattie et al., 1999). Carcass growth is relatively faster than the white 

organs growth, and therefore the guts and white organs comprises progressively lesser 

proportion of the whole animal as body size increases. However, an increase in SW has 

economic disadvantages such as reduction in growth performance, especially of FCR, 

longer feeding period, and production of overly fat pigs with excessive size of primal 

cuts which might penalize the marketing of the end products because consumers prefer 

primal cuts with moderate weights. 

An increase in SW increases carcass fat content and therefore carcass yield 

(Menaya et al., 1998). In pigs, most of the fat is deposited in the carcass (subcutaneous 

and intermuscular) with less than 10% deposited in the abdomen, and this is discarded 

together with the internal white organs. Consequently, heavier pigs tend to be fatter, and 

to have higher carcass yield than leaner animals at a given slaughter age. Kyriazakis and 

Whittemore (2006) informed that carcass yield increases by about 0.1 percentage units 

per each mm increase in P2 backfat (BF) depth within the range of 8 to 18 mm. In our 

initial hypothesis CF and CM could show similar carcass yield, and both higher values 

than IF.  
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Table 10. Effects of castration on carcass yield. 

 

Author Genetic background (1) 
BW interval  
(kg) 

Carcass 
yiel (%) 

Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2003a) 
Latorre et al. (2003b) 
Latorre et al. (2008) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
D x L*LW, P*LW x L*LW 
D x L*LW 

122, 136 
117 
120, 125, 130, 135, 140 

78.1-78.2 
78.4-78.6 
78.4-78.5 

IF = CM 

IM < IF < INM < INF < 
CM = CF 

Latorre et al. (2004) 
Latorre et al. (2009) 

P*LW x L*LW 
D x L*LW 

116, 124, 133 
130 

77.4-78.3 
79.2-80.2 

CM < IF 

Serrano et al. (2008) 
Serrano et al. (2009a) 

D x I 
D x I 

145, 156 
152 

80.0-80.9 
80.2-80.8 

IF = CM = CF 

Serrano et al. (2009b) D X I 144 80.0-81.3 IF < CF 
Gispert et al. (2010) P x L*D 116 78.6-81.0 INM < IM < CM = IF 
Morales et al. (2010) LW x L*LW 107 76.0-77.5 INM = IM < CM = IF 
Morales et al. (2011) LW x L*LW 125 77.2-79.1 INM < CM = IF 
Daza et al. (2013) D x L*LW 127 76.6-77.6 IF = INF 
Morales et al. (2013) P x L*LW, D x L*LW 125 76.8-78.5 INM < CM < IF 
Cámara et al. (2014) P x LW*L*D 28-117 75.9-77.5 INM =IM<IF 
(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian; H = Hampshire 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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However, similar values for carcass yield showed INF and IF (Daza et al., 2013), 

and Latorre et al. (2008), Gispert et al. (2010), Morales et al. (2011), Font-i-Furnols et 

al. (2012) reported that at the same slaughter age, CM show similar carcass yield than 

IF (Table 6). Latorre et al. (2009) and Morales et al. (2013) have showed opposite 

values to our hypothesis. 

The industry uses the backfat (BF) measurement to determine the potential 

quality of pigs to be destined to dry-cured products. BF has always been the selective 

criterion for reducing fatness in pigs, and it is routinely used in commercial carcass 

evaluation to estimate general fatness (Franci et al., 2001). BF depth is usually 

measured at the space between the third and fourth last ribs starting from the last rib, on 

the midline from left side of the carcass. The skin might be included in the measurement 

(Figure 3). Currently, most pork processors utilize carcass ultrasound equipments (Fat-

o-meter, Animal ultrasound, Ultrasonic fat-o-meter) or optical probe (ruler, flexometer 

or flexible ruler, caliper) to determine backfat depth at the same anatomical location.  

 
Figure 3. Measurement of backfat of the experimental carcasses. 

 

 

The backfat thickness measures the subcutaneous fat depot (which in pigs is more 

than two-thirds of the entire body fat. The subcutaneous fat is subdivided into three 
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layers that differ in their composition and pattern of growth. Outer layer is first to be 

developed and acts as insulation. Middle layer is second layer to develop and is usually 

the thickest (represents the bulk of the subcutaneous fat). Inner layer is last to be 

developed and is very thin. The backfat constitutes an economical disadvantage, since 

fat synthesis requires a high energetic income, while the value of lard is very low in the 

dry-cured industry. In this sense, the production of carcasses with low BF and high IMF 

is interesting, and it is possible because IMF is only partly linked to overall fatness 

(Franci et al., 2001). However, backfat is correlated to subcutaneous fat of the ham that 

contributes to slow down moisture losses during the processing. A long ripening time 

allows the development of bicochemical and chemical reactions, leading to the high 

sensory quality of dry-cured products (Ventanas et al., 2005). Further research is 

necessary for the correlation between BF and subcutaneous fat of the ham. 

In the literature, heavy white pigs slaughtered between 115 and 130 kg BW had 

values between 15 and 30 mm for BF (Table 11). Lukić et al. (2010) reported values in 

backfat area of 18.45-57.15 cm2 for heavy white pigs with a carcass weight between 125 

and 187 kg. No consistent intra-sex differences in uniformity of backfat were found for 

Alfonso et al. (2010) when CM and IF were raised in the same farm, but CM were 

apparently more uniform than IF for backfat. 

Backfat is mainly influence by genetic, diet, SW, and sex. When the selection for 

the heavy pigs is to maintain a backfat thickness in order to satisfy the minimum fat 

covering of ham, it is possible to reduce the genetic progress for the increasing of lean 

cuts. Bosi and Russo (2004) confirmed the unsuitability of Pietrain and Belgian 

Landrace for Parma ham production. In the other hand, the average backfat thickness is 

significantly correlated with slaughter weight. It is estimated that in HWP, each 10 kg 

increment over 100 kg BW, suppose an increase in carcass fatness as well as a reduction 
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in lean deposition (Latorre et al., 2004). However, no data about the effect of increasing 

weight at slaughter on backfat of CF has been found. Backfat depth increased in IM 

with increasing slaughter weight but there was no change in IF (Coca et al., 2012).  

The difference in backfat between animals of different gender are partially due to 

the amount of fat deposited (Nürnberg et al., 1998). The changes in lipid metabolism of 

the animal may be explained by the evolution of testosterone levels during the life of the 

pigs (Schreurs et al., 2008), and this must be considered when the effect of gender on 

backfat is studied. Backfat at the beginning of fattening period was greater in the IF than 

IM or INM (Rikard-Bell et al., 2009), although INM had higher backfat at the end of 

the fattening period. But no data about the effect of castration of females on fat 

deposition has been found. Pallier et al. (1980) studied the effect of ovariectomy on 

adipose tissue cellularity in mice. The ovariectomized mices weighed more than the 

entire female mices although food intake decreased after castration. Ovariectomized 

mice showed fat cell hypertrophy and hyperplasia of the subcutaneous and perirenal 

adipose tissue. 

IF had more backfat than IM (Oliver et al., 2003; Kouba and Sellier, 2011). In 

addition, it is well established that barrows present fatter carcasses than gilts (Serrano et 

al., 2009b; Lo Fiego et al., 2010; Trefan et al., 2013). The difference in backfat between 

both sexes was established in approximately 17% by Latorre et al. (2008). The fat 

content of adipose tissue was lower in IF than CM, and IF had smaller adipocytes than 

CM (Corino et al., 2005). According with our hypothesis, heavy white CM show higher 

backfat than heavy white IF at similar slaughter weight. Further, it is expected that 

backfat thickness of CF will be higher than that of IF and close to that of CM (Table 

11).  
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Daza et al. (2013) reported higher backfat for INF than IF in white pigs 

slaughtered at 127 kg BW. Serrano et al. (2008, 2009a) showed that IF had less carcass 

fat than CM and CF in Iberian pigs. CM had more backfat than IM and INM (Aluwé et 

al., 2012), and these results are coherent with data of Morales et al. (2011, 2013) who 

reported higher values for CM than for INM. However Gispert et al. (2010) showed that 

CM and INM had similar and higher backfat than IF and IM, and Morales et al. (2010) 

and Trefan et al. (2013) found higher values for CM than for IM, with INM and IF in 

intermediate position. 

If the correlation between BF and fat content of the ham is high, the castration of 

females could increase the percentage of carcasses that fulfil a minimum fat thickness in 

the fresh ham at the same slaughter age, and the uniformity of carcass traits. The 

objective to maintain the fat thickness of the ham constant represents a choice destined 

to improve the attitude of meat to salting and seasoning (Bosi and Russo, 2004). 

Soriano et al. (2005) found that IF presented a lower percentage of hams with sufficient 

subcutaneous fat to produce Serrano hams than CM. 
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Table 11. Effects of castration on backfat. 

 

Author Genetic background (1) 
BW interval  
(kg) 

Backfat (mm) 
Summary of data 
available (2) 

Hypothesis tested 

Nold et al. (1997) H*D x L*LW 110 15.5-25.6  IM < IF < CM 

IM < IF < INM < 
INF < CM = CF 

Latorre et al. (2003a) 
Latorre et al. (2003b) 
Latorre et al. (2004) 
Latorre et al. (2008) 
Latorre et al. (2009) 
Lo Fiego et al. (2010) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
D x L*LW, P*LW x L*LW 
P*LW x L*LW 
D x L*LW 
D x L*LW 
 

122, 136 
117 
116, 124, 133 
120, 125, 130, 135, 140 
130,134 
90, 145, 160 

20.8-23.7 
20.9-23.5 
22.7-27.6 
24.5-29.2 
23.5-29.1 
16.4-35.4 

IF < CM 

Oliver et al. (2003) LW x L 98 14.2-17.0 IM < IF 
Serrano et al. (2008) 
Serrano et al. (2009a) 

D x I 
D x I 

145, 156 
152 

55.4-63.1 
51.3-59.0 

IF < CM = CF 

Serrano et al. (2009b) D x I 144 57.1-64.7 IF = CF 
Gispert et al. (2010) P x L*D 116 15.2-20.5 IM = IF < INM = CM 
Morales et al. (2010) LW x L*LW 107 16.2-19.3 IM = IF ≤ INM ≤ CM 
Morales et al. (2011) 
Morales et al. (2013) 

LW x L*LW 
P x L*LW, D x L*LW 

125 
125 

23.3-26.4 
26.1-28.7 

IF = INM < CM 

Daza et al. (2013) D x L*LW 127 20.8-24.7 IF < INF 
Cámara et al. (2014) P x LW*L*D 28-117 21.2-23.3 IM < INM = IF 

(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Carcass length of pigs defines the conformation type. In general, the 

slaughterhouse prefers shorter carcasses because they are easier to manipulate. Carcass 

inner length is measured with a flexometer or ultrasound equipment from the posterior 

edge of the symphysis pubis to the anterior edge of the first rib (Figure 4). Carcass outer 

length is the distance between the joint and cervicothoracic intercoccigeal first joint. 

Obviously, the HWP show higher carcass length than CWP because of the bigger size, 

and the average length of Iberian pigs is of 40 cm outer or inner (Daza et al., 2007). 

However, Lukić et al. (2010) reported carcass outer length and carcass inner length of 

121 and 104 cm for heavy white pigs with a carcass weight of 153 kg. In carcasses with 

125 kg, values of 111 and 94 cm were observed for outer length and inner length, 

respectively. In the literature, heavy white pigs slaughtered between 115 and 130 kg 

BW had values between 81 and 87 cm for BF (Table 12). 

Figure 4. Measurement of carcass length of the experimental pigs. 
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Carcass length is influenced by SW, but could depend on genetic and sex too. 

Differences in carcass length between CM, IF, and CF are expected if all sexes are 

slaughtered at the same age according with our hypothesis (Table 12). When pigs are 

slaughtered at same age, the differences between sexes for the growth could generate 

differences for carcass weight and carcass length. Cisneros et al. (1996) and Latorre et 

al. (2008, 2009) reported similar carcass length for IF and CM.  

Contrary, Correa et al. (2006) found longer carcasses for IF than for CM even 

though they were slaughter at similar BW. According with Gispert et al. (2010), CM 

and INM had similar and higher carcass length than IF and IM. Font-i-Furnols et al. 

(2012) did not found differences between IF, INM, and CM for carcass length. 
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Table 12. Effects of castration on carcass length. 

 

Author Genetic background (1) 
BW interval  
(kg) 

Carcass length 
(mm) 

Summary of data 
available (2) 

Hypothesis tested 

Cisneros et al. (1996) 
Latorre et al. (2003a) 
Latorre et al. (2004) 
Latorre et al. (2008) 
Latorre et al. (2009) 

H x LW*D 
D x L*LW, D*LW x L*LW, P*LW x L*LW 
P*LW x L*LW 
D x L*LW 
D x L*LW 

100-160 
122, 136 
116, 124, 133 
120, 125, 130, 135, 140 
130 

84.7-85.0 
86.8-87.0 
85.2-85.3 
87.6-87.8 
85.8-85.8 

CM = IF 

IM < IF < INM < INF 
< CM = CF Correa et al. (2006) D x L*Y 107, 115, 125  CM < IF  

Serrano et al. (2009a) D x I 152 86.1-87.5 CF ≤ CM ≤ IF 
Gispert et al. (2010) P x L*D 116 81.6-84.8 IM = IF < INM = CM 
Font-i-Furnols et al. (2012)  139  IF = INM = CM 
(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian; H = Hampshire; Y = Yorkshire 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Hams, shoulders, and loins are primal cuts of the carcass (Figure 5), and their 

proportion in the carcass determine the economic value. Primal cuts are usually 

fabricated according to the simplified EC-reference method (Branscheid et al., 1990), 

their weights are measured using different types of scales or automatically with 

ultrasound or digital image equipments. The weight and yield of the primal cuts are 

measured generally as fresh at 2 h post mortem, after chilling at 24 h post mortem, and 

after trimming. Trimming consists in eliminating a part of the external fat and skin to 

reduce excess of fat and get the commercial form required by the market. The 

commercial form varies according to the geographical area and the type of ham 

produced. Anyway, pigs destined to the production of primal cuts for dry-curing 

industry must be slaughtered with a BW that allows an optimal development of the 

weight and size of the primal cuts, together with sufficient IMF to insure fresh meat 

quality (Candek-Potokar et al., 1998) and the production of high quality dry-cured 

products. 

Figure 5. Fresh ham, shoulder, and loin dissection of the experimental pigs. 
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Weight of primal cuts is correlated to carcass weight. Weight of fresh and cured 

hams were significantly correlated (Ramos et al., 2007), but the correlation detected 

between both traits was only 0.51, which suggest that other additional factors than fresh 

ham weight contribute to the variation observed in cured ham weight. Similar weight is 

expected for right and left hams or shoulders (Soriano et al., 2005). In the literature, 

heavy white pigs slaughtered between 115 and 130 kg BW ranged values of 24-27, 13-

15, and 6-7 % for ham, shoulder, and loin yield, respectively (Tables 13, 14, and 15). 

The yield of primal cuts is mainly influence by genetic, SW, and sex. When fed to either 

104 or 127 kg BW, high-lean genotype and IF carcasses had higher primal cut yields 

than medium-lean genotype and CM carcasses (Unruh et al., 1996). 

The weight of hams, shoulders, and loins increases with increases in SW, but the 

proportion reduces with SW (Menaya et al., 1998, Serrano et al., 2008). The relation 

between SW of the pigs and the primal cuts yield is a subject of debate. In pigs 

slaughtered at high weights, Cisneros et al. (1996) reported a negative relation of hams 

and shoulders yield with SW. However, García-Macías et al. (1996) and Latorre et al. 

(2003a) did not find any significant effect of SW on primal cuts yield. 

In general, the weight of trimmed primal cuts is higher for CM than for IF because 

at same age CM are heavier and have heavier carcasses. However, the proportion of 

hams, shoulders, and loins of the carcass could be higher for IF than for CM because the 

higher lean proportion of carcasses (Unruh et al., 1996; Lebret et al., 2001; Latorre et 

al., 2008, 2009). In general, the dry-cured industry prefers fatter primal cuts, and 

according with our hypothesis it is expected that heavy white CF show lower primal cut 

yield than IF (Tables 14, 15, and 16) but similar than CM. López-Bote et al. (2000) 

indicated that the castration causes changes in the physiology and nutrient metabolism 

in pigs, which in turn might modify the proportion of primal cuts of the carcasses. 
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Candek-Potokar et al. (2002) found that the weight of ham before and after trimming 

was higher in IF than CM. Peloso et al. (2010) reported that gilts produced heavier and 

leaner hams compared to barrows when pigs are slaughtered between 130 and 160 kg 

BW. Gispert et al. (2010) found similar values between CM, INM, IF and IM for ham 

yield, but higher values of shoulder yield for IM than CM and IF, with INM in a 

intermediate position. Further, these researches observed that CM had higher loin yield 

than IF and INM. Morales et al. (2010) reported higher values of ham, shoulder and loin 

yield for IM than CM, with IF and INM in an intermediate position. In other 

experiment, Morales et al. (2011) observed higher values for ham yield before and after 

trimming for IF than for CM, showing INM intermediate values. In addition, IF showed 

higher loin yield than CM and INM.  

This data is coherent from results showed for Morales et al. (2013) where IF had 

higher ham and loin yield than CM and INM. Daza et al. (2013) reported similar values 

between CF and INF for weight and yield of primal cuts. Similar values between CM 

and INM for ham weight were found by Virgili et al. (2013) too. 
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Table 13. Effects of castration on ham yield. 
 

Author Genetic background (1) 
BW interval  
(kg) 

Ham yield (%) 
Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2003a) 
Latorre et al. (2004) 
Latorre et al. (2008) 
Latorre et al. (2009) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
P*LW x L*LW 
D x L*LW 
D x L*LW 

122, 136 
116, 124, 133 
120, 125, 130, 135, 140 
130 

26.1-26.4 
25.7-27.0 
25.3-26.1 
24.9-25.5 

CM < IF 

CF = CM< INF < 
INM < IF < IM 

Latorre et al. (2003b) D x L*LW, P*LW x L*LW 117 26.5-26.7 CM = IF 
Serrano et al. (2008) D x I 145, 156 16.8-18.2 CM < CF < IF 
Serrano et al. (2009a) D x I 152 18.6-20.2 CM = CF < IF 
Serrano et al. (2009b) D x I 144 17.9-18.9 CF = IF 
Gispert et al. (2010) P x L*D 116 24.7-25.0 CM = IF = INM = IM 
Morales et al. (2011) LW x L*LW 125 25.8-26.4 CM ≤ INM ≤ IF 
Font-i-Furnols et al. (2012)  116  CM ≤ IF ≤ INM 
Morales et al. (2013) P x L*LW, D x L*LW 125 26.4-27.0 CM = INM < IF 
Cámara et al. (2014) P x LW*L*D 28-117 27.4-27.6 IF = IM = INM 
(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian;  
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Table 14. Effects of castration on shoulder yield. 

 

Author Genetic background (1) 
BW interval  
(kg) 

Shoulder yield 
(%) 

Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2003a) 
Latorre et al. (2003b) 
Latorre et al. (2004) 
Latorre et al. (2009) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
D x L*LW, P*LW x L*LW 
P*LW x L*LW 
D x L*LW 

122, 136 
117 
116, 124, 133 
130 

15.2-15.2 
15.1-15.2 
14.7-15.4 
13.9-13.9 

CM = IF 

CF = CM< INF < 
INM < IF < IM 

Latorre et al. (2008) D x L*LW 120, 125, 130, 135, 140 13.7-13.9 CM < IF 
Serrano et al. (2008) 
Serrano et al. (2009a) 

D x I 
D x I 

145, 156 
152 

10.9-11.6 
11.7-12.6 

CM = CF < IF 

Serrano et al. (2009b) D x I 144 11.1-11.9 CF = IF 
Gispert et al. (2010) P x L*D 116 13.7-14.4 CM = IF ≤ INM ≤ IM 
(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian;  
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Table 15. Effect of castration on loin yield. 

 

Author Genetic background (1) 
BW interval  
(kg) 

Loin yield (%) 
Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2003a) 
Latorre et al. (2003b) 
Latorre et al. (2008) 
Latorre et al. (2009) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
D x L*LW, P*LW x L*LW 
D x L*LW 
D x L*LW 

122, 136 
117 
120, 125, 130, 135, 140 
130 

7.0-7.3 
6.9-7.3 
6.0-6.6 
5.9-6.2 

CM < IF 

CF = CM< INF < 
INM < IF < IM 

Serrano et al. (2008) D x I 145, 156 3.5-4.0 CM = CF < IF 
Serrano et al. (2009a) D x I 152 4.1-4.8 CM ≤ CF ≤ IF 
Serrano et al. (2009b) D x I 144 4.1-4.3 CF < IF 
Morales et al. (2011) 
Morales et al. (2013) 

LW x L*LW 
P x L*LW, D x L*LW 

125 
125 

5.8-6.0 
5.8-6.0 

CM = INM < IF 

Cámara et al. (2014) P x LW*L*D 28-117 6.1-6.4 IM = INM < IF 
(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian;  
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Fat thickness of the ham is generally measured over the muscle GM at the 

thinnest point and on the midline (skin included or no) of the left side of the carcass 

(Figure 6). Thickness at GM assumed particular importance because this location 

belongs to subcutaneous fat of the ham (Franci et al., 2001). This measurement is a 

good indicator of the content in IMF of the ham. Optical probes such as ruler, 

flexometer or flexible ruler, and calliper are used for measuring GM when the carcass is 

splitted down the center of the vertebral column. Automatically with equipments based 

on ultrasound or digital image could be used too. For the assessment of GM fat in 

processing plants is necessary to establish complex techniques. Consequently, some 

industries use backfat of the carcass as an indirect method to determine the quality of 

fresh hams destined to the dry cured industry. However, correlation between BF 

thickness and GM fat thickness has not been studied in detail. Besides, in ham there is a 

faster growth rate of subcutaneous fat than intramuscular and intermuscular fat, in that 

order (Franci et al., 2001). There are different fat to lean ratios for each muscle 

(D´Souza et al., 2004). These ratios always increase with age. The IMF in the ham had 

the highest levels at 21 weeks of age and the lowest levels at 17 weeks of age in female 

finisher pigs slaughtered at 25 weeks of age. Between 21 weeks of age and the slaughter 

at 25 weeks no significant differences were found for IMF in the ham, and the increase 

of the age at slaughter supposed an increase of production costs without an increase in 

the ham quality. A higher adiposity of ham is beneficial for minimizing curing losses 

and improving the sensorial quality of the dry-cured ham (Bosi and Russo, 2004; Lo 

Fiego et al., 2010).  
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Figure 6. Measurement of ham fat thickness at muscle Gluteus medius of the 

experimental pigs. 

 

 

In the literature, heavy white pigs slaughtered between 115 and 130 kg BW 

ranged values of 10-27 mm (Table 16). Fatness of ham is mainly influence by genetic, 

diet, SW, and sex. The GM fat thickness increases with an increase in BW (Lebret et 

al., 1996). Castration and slaughtering at heavy weight increase the subcutaneous and 

intramuscular fat of ham, and thus the curing rate decreases. The effect of castration of 

females on GM fat thickness has not been studied in detail. CF are expected to have GM 

fat levels similar to CM and higher than IF (Table 16). The number of studies on the 

effects of sex on quality of dry-cured ham are very limited (Candek-Potokar and Skrlep, 

2012). Hams from barrows are fatter and have more IMF than hams from gilts (Latorre 

et al., 2008, 2009; Peloso et al., 2010). In Iberian pigs, Serrano et al. (2008, 2009a, b) 

reported higher values for CF and CM than for IF. In other study, IM had the lowest fat 

thickness at GM that was significantly different from IF and INM, which were not 

significantly different from each other, but both of them lower than CM (Gispert et al., 

2010).  
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Table 16. Effects of castration on fat thickness of the ham. 

 

Author Genetic background (1) 
BW interval  
(kg) 

Fat thickness of 
ham (mm) 

Summary of data 
available (2) 

Hypothesis tested 

Candek-Potokar et al. (2002) 
Latorre et al. (2003a) 
Latorre et al. (2003b) 
Latorre et al. (2004) 
Latorre et al. (2008) 
Latorre et al. (2009) 

L x L, LW x L, D x L, D x L*LW 
D x L*LW, D*LW x L*LW, P*LW x L*LW 
D x L*LW, P*LW x L*LW 
P*LW x L*LW 
D x L*LW 
D x L*LW 

113 
122, 136 
117 
116, 124, 133 
120, 125, 130, 135, 140 
130 

18.1-21.2  
19.3-21.7 
17.3-19.5 
15.8-20.5 
23.4-27.3 
22.8-25.8 

IF < CM 

IM < IF < INM < 
INF < CM = CF 

Serrano et al. (2008) 
Serrano et al. (2009a) 

D x I 
D x I 

145, 156 
152 

47.7-55.0 
40.9-49.5 

IF < CM = CF 

Serrano et al. (2009b) D x I 144 47.6-58.9 IF < CF 
Gispert et al. (2010) P x L*D 116 10.0-20.1 IM < IF = INM < CM 
Morales et al. (2010) LW x L*LW 107 12.7-16.7 IM ≤ INM ≤ IF ≤ CM 
Font-i-Furnols et al. (2012)  139  IF = INM = CM 
Daza et al. (2013) D x L*LW 127 27.8-31.0 IF < INF 
Morales et al. (2013) P x L*LW, D x L*LW 125 17.3-20.6 INM = IF < CM 
(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Similar results were reported by Morales et al. (2010, 2013) for ham subcutaneous 

fat thickness, but Font-i-Furnols et al. (2012) detected similar values for CM, IF, and 

INM. The INF had higher GM fat thickness than IF in an experiment conducted by 

Daza et al. (2013). The hams from INM showed a covering fat of ham thicker than CM 

(Virgili et al., 2013). 

Subcutaneous fat of ham influences on curing process and quality of final product. 

In this sense, percentage of hams with sufficient subcutaneous fat is an interesting 

parameter from an economic point of view. Percentage of hams with sufficient weight 

and subcutaneous fat to produce Serrano ham was higher in CM than IF (Soriano et al., 

2005). Each industry can establish quality criteria for carcasses and fresh hams 

considering their impact on curing processes, but no data was found about the effect of 

castration of females on percentage of fresh hams with sufficient weight and 

subcutaneous fat to produce cured ham. During curing, lower weight loss of hams was 

observed by Candek-Potokar et al. (2002) for CM than for IF for every phase (salting, 

resting, and drying) as well as for the total weight loss at the end of drying: 3.9 vs 4.5 

%, 17.0 vs 17.5 %, 13.2 vs 13.8 %, and 34.8 and 36.5 %, respectively. Differences 

between CM and IF for ham fat thickness, intramuscular fat content, trimmed ham 

weight, and intermuscular fat area would explain the differences observed between both 

sexes for ham processing losses, and the lower ham processing loss in CM resulted 

mainly from ham fat thickness. Virgili et al. (2013), reported similar chemical 

composition and curing losses for cured hams from CM and INM. Therefore, sex effect 

on ham processing depends primarly of differences in fat content. In a trial executed by 

Peinado et al. (data no published), CF and CM presented similar and lower ham 

processing losses for every phase and for total weight loss at the end of drying than IF 

(Table 17). The values for ham processing losses detected by Peinado et al. (data no 



 
 

Chapter 1: Literature review and objectives 

 

 
52 

published) were higher than those presented by Candek-Potokar et al. (2002) probably 

due to genetic of pigs and to an excessive salting. Genetic of pigs used by the first 

researchers was Pietrain*Large White x Landrace*Large White, while the second 

researchers use pure Landrace, Large White x Landrace, Duroc x Landrace, and Duroc 

x Landrace*Large White. Anyway, the use of hams from CM and IF supposed different 

curing losses, and the castration of females could increases the uniformity not only in 

growth and carcass traits, but also in the manufacturing processes.  

Table 17. Effect of gender on the ham processing losses (unpublished data). 

  
Gender (1) SEM(2) 

(n=111) 
P2 

CF IF CM 

Salting, % 11,46a 12,12b 11,90ab 0,198 <0,001 

Post-salting, % 19,99a 21,15b 20,81b 0,236 <0,001 

Drying, % 23,14a 24,50b 23,44a 0,228 <0,001 

Maturation

Stage 1, % 30,22a 32,02b 30,35a 0,230 <0,001 

Stage 2, % 35,02a 37,30b 35,03a 0,253 <0,001 

Stage 3, % 37,45a 39,99b 37,42a 0,268 <0,001 

Stage 4, % 39,87a 42,47b 39,86a 0,279 <0,001 
a,b,c Means without a common superscript letter within a row differ (P < 0.05). 
(1) CF = castrated females; IF = entire females; CM = castrated males. 
(2) Standard error of the mean 

 

Bañón et al. (2003a) studied the effect of castration on the eating quality of dry-

cured ham of males, and they concluded that castration increased fat content of ham, 

improved the overall flavor, texture, and juiciness, and reduced saltiness. However, 

Candek-Potokar and Skrlep (2012) in a review about the factors that impact the quality 

of dry-cured ham showed different studies where hams from barrows are fatter than 

those from gilts, but where no differences between the two sexes with regard to the 

sensory quality of dry-cured ham are detected.  

Perimeter and length of hams define the conformation of the ham. Generally, 

ham perimeter is measured at the widest side and ham length is measured from the 

carnial edge of the symphysis pubis to the hock joint (Figure 7). A flexometer can be 
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used for measure both parameters, but automatic systems based on ultrasound and 

digital image analysis can be used too. In Spain, consumers prefer narrow hams and 

with high length, because these characteristics are associated with Iberian hams 

(Serrano et al., 2008). Ham perimeter presented significant positive correlations with 

fresh and cured ham weight and the ham weight curing losses (Ramos et al., 2007). 

Lukić et al. (2010) reported values for ham length and circumference of 37-43 cm, and 

79-90 cm in carcasses of heavy white pigs between 125 and 187 kg, respectively. 

Figure 7. Ham perimeter and length of the experimental pigs. 

   

 
The perimeter and the length of ham increase with the slaughter weight, but at the 

same slaughter weight, no differences between castrated heavy pigs and entire heavy 

females are expected. Latorre et al. (2008) observed similar values between CM and IF 

for ham length, but CM had higher ham circumference than IF. In other experiment, 

Latorre et al. (2009) detected similar values between both sexes for length and 

circumference of hams. 

The pH of the carcass generally is measured in m. Semimembranosus (SM), m. 

Longissimus dorsi (LM), m. Longissimus thoracis (LT), m. Bíceps femoris (BF) or m. 
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Psoas major (PM) with a pHmeter (Figure 8). The pH can vary considerably depending 

on the anatomical point where measured in the same muscle, and the sensitivity and 

calibration of the pHmeter (in special for the temperature compensation probe) are key 

to a correct measure. The pH measurement is usually done at 45 min, 2 h and 24 h post 

mortem. The pH of the primal cuts affects water migration and consequently, the rate 

and extension of the ripening process and the acceptability of the cured products (Ruiz-

Carrascal et al., 2000; Bañón et al., 2003a). Then, pH value of pig meat gives 

information about the capacity to the processing of the meat and is commonly 

influenced by several factors that affect post mortem metabolism such as breed, gender, 

physical activity, stress and carcass temperature. 

Moderate correlations were found by Ramos et al. (2007) between pH collected in 

the loin and the SM. The pH is correlated with water holding capacity of the meat. 

Lukić et al. (2010) reported values for pH at 45 min and at 24 h of 5.46-6.74 and 5.42-

6.36 measured in the LM of heavy white pigs with carcasses between 125 and 187 kg 

BW. Alfonso et al. (2010) considered the pH as a trait with major uniformity than 

backfat, drip loss and loin weight when data from CM and IF was studied. 
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Figure 8. pH measurement in m. Semimembranosus of the experimental pigs. 

 

 

In the post mortem phase, supply of oxygen is stopped and consequently ATP 

must be regenerated by an anaerobic glycolytic breakdown of glycogen. The 

accumulation of lactic acid contributes to an acidification and thus to decrease the pH in 

the muscle. A normal pH decrease from pH 7.2 in the living muscle to an ultimate pH at 

24 h post mortem of 5.5; that can be observed in well-fed unstressed genetically 

unaffected pigs, depending on the muscle and muscle glycogen level. In a short term 

pre-slaughter stressed pigs, the pH decreases faster, and leads to pale, soft and exudative 

(PSE) meat (Scheffler and Gerard, 2007). The pH of PSE meat at 45 min post mortem is 

lower than 6.2 whereas the temperature is still high. A rapid decline of pH while the 

muscles are still warm causes the denaturation (loss of funcionality and water binding 

ability) of many proteins, including those involved in binding water (Huff-Lonergan 

and Lonergan, 2005). Therefore, the rate and extent of pH decline during the conversion 

of muscle to meat significantly impact the development of attributes of fresh meat 

destined to dry-cured industry (Scheffler and Gerrard, 2007). Ramos et al. (2007) 

detected that pH was positively correlated with ham curing losses. In general, the 
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incidence of PSE meat is low in heavy white pigs. Soriano et al. (2005) detected that IF 

presented higher incidence than CM. On the other hand, a pre-slaughter stress for a long 

term, results in a less extended pH decrease and in a high ultimate pH at 24 h post 

mortem. This meat is dark and firm and has a dry surface (DFD). The pH of DFD meat 

at 24 h post mortem is higher than 6.2. Higher ultimate pH values are associated with 

higher firmness scores and with darker color (Ramos et al, 2007). The information 

about the incidence of DFD meat in HWP is limited.  

Research data on the impact of age and slaughter weight and sex of pigs on meat 

pH are not coherent and generally show a negligible effect (Latorre et al., 2008; 

Candek-Potokar and Skrlep, 2012). The effect of castration of females on pH of ham is 

unknown, and no differences between CF and IF or CM are expected. Castration of gilts 

did not affect SM muscle pH at 2 or 24 h post mortem, which agrees with data of 

Cisneros et al. (1996) in Duroc pigs. Candek-Potokar et al. (2002) reported similar 

values of pH between CM and IF for LT, SM, and BF. These results are coherent with 

those reported by Latorre et al. (2008, 2009) that detected similar values of pH for CM 

and IF. Gispert et al. (2010) detected similar values of pH for CM, IF, IM, and INM, as 

did Morales et al. (2011, 2013) for CM, IF, and INM. Virgili et al. (2013) did not found 

differences for pH between CM and INM. However, Trefan et al. (2013) found higher 

values of pH at 24 h for IM than for CM and IF. Font-i-Furnols et al. (2012) found that 

IF presented lower values of pH at 24 h than INM, and CM had a intermediate value. 

The shrink loss during chilling (4º C for 24 h) includes evaporative loss and can 

be calculated as the relation between the difference in weight before and after chilling 

and the pre-chilling weight of carcass or of primal cuts. Shrink loss increases with the 

area of exposition and consequently, shrink loss will be greater when is measured in the 

whole carcass than when is measured in hams and shoulders, exclusively. This trait is 
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very important for the industry because the higher the value the lower the benefit. The 

fat content of hams and shoulders could reduce their shrink losses, and values could be 

different for pigs with different SW. In these sense, perhaps the castration (through a 

higher fat content) could reduce the shrink losses of hams and shoulders from pigs 

slaughtered at the same age and with similar size of primal cuts. In any case, the effect 

of castration of females on shrink loss of primal cuts is unknown, and not differences 

between sexes are expected. 

 

1.3.3. Meat quality 

The term meat quality concerns product and production process. It is divided into 

technological, nutritional, hygienic and sensory quality. The industry might be most 

concerned with technological meat quality, whereas the consumer is concerned with 

sensory and nutritional meat quality of the product and, increasingly, production process 

quality. Many factors affect meat quality such as breed, gender, maturity status, diet, 

rearing system, final BW, health, stress, activity, transport, processing, and preparation. 

Technological meat quality includes traits such as chemical composition, colour, 

texture, and water holding capacity. The technological quality of fresh meat influences 

on quality of cured product. The measurement of these parameters in hams and 

shoulders is difficult with trials where primal cuts are fabricated in commercial 

conditions, and there is scarce data about these parameters in hams and shoulders from 

heavy white pigs. Currently, there are not nondestructive analytical methods available 

for the evaluation of these parameters in fresh product. In this sense, these parameters 

could be measured in loins because it is easier to sample them during the cutting of 

carcasses, considering that loins values are correlated with ham and shoulder values. 

D´Souza et al. (2004) did not detected significant difference in IMF of loin and shoulder 
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of IF from 16 to 25 weeks of age. However, there is little information on these 

correlations and IMF shows high individual variation (Franci et al., 2001). For example, 

moderate correlations were found by Ramos et al. (2007) between marbling scores 

measured on the ham and on the loin.  

Chemical composition of meat is defined by the IMF, crude protein (CP), and 

moisture content, These traits depend of breed, gender, nutrition, age and other factors. 

The chemical composition can be measured in different muscles (LM, LT, SM, BF, PM, 

and GM). In general, moisture content of the meat increases when IMF content 

decreases while the CP content is the parameter with less variability. These parameters 

are usually analyzed with chemical techniques. IMF is evaluated by ether extraction on 

Sohxtex (Hernández et al., 2004), and CP is determined by the Kjeldahl method in 

samples of 1 g for fresh and 0.75 g for dry muscles, and results are expressed as 

milligrams per gram of dry matter and milligrams per gram of desalted dry matter, 

respectively (Candek-Potokar et al., 2002). The dry matter or moisture content could be 

determined by different methods, for example, with a sample of ground meat (1 g) that 

is incubated at 80ºC and weighed several times until the sample reached constant 

weight, and the dry matter is expressed as a percentage of the initial weight of the 

sample (Ramos et al., 2007). Moisture content can be determined as weight loss of 5-g 

samples after drying at 130°C in a vacuum oven until reaching a constant weight and 

was expressed as percentage (%) of initial weight, too (Candek-Potokar et al., 2002). 

Other studies determine moisture content by oven drying samples at 105º during six 

hours (Lo Fiego et al., 2010).  

In the other hand, the chemical composition can be measured in fresh loin with a 

near-infrared reflectance (NIR) or transmittance (NIT) spectroscopy (Figure 9). To 

achieve a correct measurement in loins from heavy white pigs are very important good 
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calibration of equipment and eliminate connective tissue and subcutaneous and 

intermuscular fat from the sample before mincing. Future research is needed for the 

implementation of novel technologies, such as computer tomography or near-infrared 

spectroscopy, that offer the possibility of fast and non-invasive characterization of the 

raw material and process monitoring in dyr-cured product industry (Candek-Potokar 

and Skrlep, 2012). 

 
Figure 9. Measurement of chemical composition of loin of the experimental pigs with a 

NIT spectroscopy. 
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The fat content of loins analyzed with that methods will be higher with samples 

that adhering subcutaneous or intermuscular adipose tissue (Wood et al., 2008). It is 

important to note that intermuscular fat has different characteristics than IMF (Kouba 

and Sellier, 2011).  

Consumers consider marbling of cured product as a quality index, and it links 

directly to IMF content in dry-cured products (Muriel et al., 2004). IMF content is 

closely related to the juiciness of dry-cured products, and the moisture content does not 

influence such sensory trait (Ventanas et al., 2005). A higher fat content of fresh ham 

results to higher marbling, slower salt diffusion, and less curing losses (Gou et al., 

1995), due to the barrier effect of IMF. Therefore, there is a high correlation between 

the carcass and the meat fat content, and an increase of adipose tissue of carcass is 

related to an increase of the meat lipids content. It is considered that the infiltrated fat of 

hams is correlated with the backfat in the carcass, that could be a measure used by 

industry to determine the quality of pigs destined to dry cured product. Lukić et al. 

(2010) reported values for IMF, CP, moisture and collagen of 1.35-4.41 %, 22.98-25.50 

%, 71.38-74.92 %, and 0.53-1.38 % measured in the LM from carcasses between 125 

and 187 kg of heavy white pigs, respectively. In the literature, heavy white pigs 

slaughtered between 115 and 130 kg BW ranged values of 1.7-5.0, 21.8-24.4, and 71.6-

74.0 % for IMF, CP and moisture of the loin (Table 18, 19, and 20). 

Sire breed, slaughter weight, feeding program, and gender influence on the 

quantity and the composition of subcutaneous and IMF of hams (Latorre et al., 2003a), 

and therefore these parameters influence on sensorial quality of cured ham. The effect 

of genetics on IMF is more important than the gender (Bañón et al., 2003b). Hernandez 

et al. (2004) reported values for IMF in Psoas mayor muscle from gilts of 1.32, 1.24, 

1.22, 2.81, and 2.79 % for Pieatrin, LargeWhite, Landrace, Iberian x Duroc, and Iberian 
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pigs, respectively. Peloso et al. (2010) observed differences levels of IMF between three 

distinct genetic gropus of white pigs slaughtered between 130 an 160 kg BW, too. The 

IMF and marbling of dry-cured products increase with the SW (Corino et al., 2009). 

Also, an increase of SW decrease moisture and increase fat content of loin. Soluble 

collagen content decreased and muscle protein increased with increasing SW (Correa et 

al., 2006). Older and heavier pigs have higher adiposity and lower moisture, which 

could also reduce the activity of hydrolytic enzymes (Tibau et al., 2002). Elevated IMF 

content might be achieved by modifying the onset or duration of the restriction period 

(Heyer and Lebret, 2007). According with Candek-Potokar and Skrlep (2012) research 

to better understanding of the impact of compensatory growth on intramuscular fat 

content, proteolysis and water holding capacity would be of interest to producers of dry-

cured ham. Further, castration increases fat content of dry-cured ham and reduced the 

androstenone and skatole levels of the fat (Bañón et al., 2003a). In this sense, dry-cured 

ham from CM are scored as more flavoured, more marbled and softer, even it is 

perceived as less grainy and salty than dry-cured ham from IM by habitual consumers.  

In previous studies, loins of CM show higher IMF and lower CP than loins of IF 

(Correa et al., 2006; Latorre et al., 2009; Coca et al., 2012; Maiorano et al., 2013). 

However, in a trial of Lo Fiego et al. (2010), CM and IF showed similar values for IMF 

and moisture in the LT muscle of pigs slaughtered at 6.0, 8.5, and 9.5 months of age. 

CM showed a higher percentage of IMF than IM and IF, while INM showed an 

intermediate percentage in the muscles GM and LM (Morales et al., 2010; Morales et 

al., 2013). In samples of LM, INM had more IMF and lower CP than IF, but not 

differences were detected between INM and CM (Morales et al., 2011). Pork of CM is 

the fattest when it is compared with pork of IM, IF, and INM, while pork of IM is the 
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leanest (Trefan et al., 2013). This is coherent with the data reported by Aluwé et al. 

(2012). CM had more IMF and less total nitrogen in fresh and cured hams than IF 

(Candek-Potokar et al., 2002). CM presented higher IMF in the ham than IF and IM, 

with INM in an intermediate position (Gispert et al., 2010). However, Virgili et al. 

(2013) did not detected differences between CM and INM for IMF, CP and moisture 

measured en BF muscle. As Font-i-Furnols et al. (2012), that reported similar values of 

IMF in GM muscle for CM, IF, and INM. The effect of castration of females on IMF of 

fresh primal cuts is unknown, and it is expected that castrated females show values for 

this parameter different from entire females, but similar to castrated males (Table 14). 

However, Gamero et al. (2013a) studied chemical composition of shoulder from 

surgically castrated, innmunocastrated and entire females of Iberian pigs slaughtered at 

the same age, and not significant differences were found between sexes regarding of 

IMF, CP and moisture. Daza et al. (2013) detected that imnucastration of females 

increased the IMF of LT muscle respect to IF.  
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Table 18. Effects of castration on intramuscular fat (IMF) of the loin. 
 

Author Genetic background (1) 
BW interval  
(kg) 

IMF (%) 
Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2003a) 
Latorre et al. (2003b) 
Latorre et al. (2009) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
D x L*LW, P*LW x L*LW 
D x L*LW 

122, 136 
117 
130 

2.5-2.8 
2.7-3.4 
2.4-3.2 

IF < CM 

IM < IF < INM < 
INF < CM = CF 

Latorre et al. (2004) 
Lo Fiego et al. (2010) 

P*LW x L*LW 116, 124, 133 
90, 145, 160 

2.5-2.8 
1.5-1.8 

IF = CM 

Serrano et al. (2008) D x I 145, 156 10.2-13.0 IF = CM = CF 
Serrano et al. (2009a) D x I 152 6.0-8.2 IF < CM = CF 
Serrano et al. (2009b) D x I 144 6.6-9.1 IF < CF 
Gispert et al. (2010) P x L*D 116 1.7-2.5 IF = IM ≤ INM ≤ CM 
Morales et al. (2011) LW x L*LW 125 3.5-4.0 IF < INM = CM 
Daza et al. (2013) D x L*LW 127 4.2-5.0 IF < INF 
Morales et al. (2013) P x L*LW, D x L*LW 125 3.5-3.9 IF ≤ INM ≤ CM 
Cámara et al. (2014) P x LW*L*D 28-117 3.3-3.5 IF = IM = INM 
(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Table 19. Effects of castration on protein content of the loin. 
 

Author Genetic background (1) 
BW interval  
(kg) 

Protein content 
(%) 

Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2003a) 
Latorre et al. (2004) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
P*LW x L*LW 

122, 136 
116, 124, 133 

23.9-24.0 
23.8-24.0 

CM = IF 

CF = CM < INF < 
INM < IF < IM 

Latorre et al. (2003b) 
Latorre et al. (2009) 

D x L*LW, P*LW x L*LW 
D x L*LW 

117 
130 

23.8-24.1 
23.3-24.4 

CM < IF 

Serrano et al. (2008) D x I 145, 156 20.1-20.8 CM = CF = IF 
Serrano et al. (2009a) D x I 152 21.1-21.7 CM = CF < IF 
Serrano et al. (2009b) D x I 144 21.2-21.7 CF = IF 
Morales et al. (2011) LW x L*LW 125 22.2-22.6 INM ≤ CM ≤ IF 
Morales et al. (2013) P x L*LW, D x L*LW 125 21.8-22.1 INM < CM = IF 
Cámara et al. (2014) P x LW*L*D 28-117 21.0-21.7 INM = IM < IF 
(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Table 20. Effects of castration on moisture of the loin. 

 

Author Genetic background (1) 
BW interval  
(kg) 

Moisture (%) 
Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2003a) 
Latorre et al. (2004) 
Latorre et al. (2009) 
Lo Fiego et al. (2010) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
P*LW x L*LW 
D x L*LW 
 

122, 136 
116, 124, 133 
130 
90, 145, 160 

73.6-73.8 
73.6-73.8 
71.6-73.2 
73.8-74.0 

CM = IF 

CF = CM < INF < 
INM < IF < IM 

Latorre et al. (2003b) D x L*LW, P*LW x L*LW 117 72.8-73.3 CM < IF 
Serrano et al. (2008) D x I 145, 156 65.0-68.1 CM = CF = IF 
Serrano et al. (2009a) D x I 152 70.3-72.2 CM = CF < IF 
Serrano et al. (2009b) D x I 144 69.1-71.0 CF < IF 
Morales et al. (2011) LW x L*LW 125 72.4-72.7 CM = INM = IF 
Morales et al. (2013) P x L*LW, D x L*LW 125 72.7-73.0 CM ≤ IF ≤ INM 
Cámara et al. (2014) P x LW*L*D 28-117 73.4-73.7 IF ≤ IM ≤ INM 
(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Colour is an important meat technological quality characteristic that influences 

the purchase decision of consumers for fresh pork or cured product. Meat colour of 

fresh meat could influence on colour of cured products. In addition, curing process can 

influence on colour of ham, shoulder or loin due to the application of nitrifying salts. 

The mechanisms that contribute to ham colour variation during dry-curing are not yet 

defined and require further research (Ramos et al., 2007). This parameter can be 

determined by subjective (visual method) or by instrumental (pigment content and 

CIELAB parameters) methods. Subjective measures have the inconvenient since human 

judgements may not be repeatable and are influenced by personal preference, lighting, 

visual deficiencies of the eye and appearance factors other than colour. Some 

researchers have detected significant correlations between subjective color and CIELAB 

parameters (Ramos et al., 2007). 

The colour of pork can be determined by the pigment concentration (primarily 

myoglobin that comprises 50 to 80% of the total muscle pigments) and its chemical 

state. Myoglobin is a water-soluble protein with a central iron atom that stores oxygen 

for the aerobic metabolism in the muscle. Muscle colour depends primarily on the 

concentrations and distribution of the three types of myoglobin. The three forms are 

purplish-red deoxymyoglobin (DMb), bright red oxymyoglobin (OMb) and brown 

metmyoglobin (MMb). The DMb is the colour of meat in the absence of oxygen. The 

OMb is the colour in the presence of oxygen that consumers associate with freshness 

and MMb is the colour associated with chilled meat that has been stored too long, but 

also appears when oxygen partial pressure is low, such as when meat pieces are stacked 

one on top of another. The three forms constantly are inter-converted depending of the 

conditions at which the meat is stored. The change from DMb to OMb and vice versa 

usually occurs quite readily. Similarly, the reaction that produces the MMb occurs quite 



 
 

Chapter 1: Literature review and objectives 

 

 
67 

easily, but the reverse of this is more difficult. Maintaining OMb colour requires that 

the meat surface should be free from any contamination which would cause a chemical 

reaction that resulting in the formation of the undesirable MMb. Myoglobin content can 

be measured with a spectrophotometer (Figure 10), by the method of Hornsey (1956), 

and modified by Boccard et al. (1981).  

Figure 10. Spectrophotometer used for measure myoglobin content on loin of the 

experimental pigs. 

 

 

Also, meat colour can be measured using a colorimeter (Figure 11) with the 

CIELAB parameters (Commission International de l’Eclairage, 1976) that define meat 

colour for lightness or darkness (L*), redness (a*), yellowness (b*) and colour intensity 

(c* or chroma and Hº or hue angle). Colour intensity increases as c* is higher and Hº is 

lower. As myoglobin content, CIELAB parameters depend of the type of muscle. Some 

colour parameters are correlated with the pH of the meat (Ramos et al., 2007). Hunter 

L-values were correlated with total lipid and drip loss of the meat (Huff-Lonergan et al., 

2002). Lukić et al. (2010) reported values for L*, a*, and b* of 42.24-64.22, 4.22-14.80, 

1.44-10.09 measured in the LM of heavy white pigs with carcasses between 125 and 

187 kg. In the literature, heavy white pigs slaughtered between 115 and 130 kg BW 

ranged values of 3.8-6.6, 8.2-11.6, and 46.8-49.6 for a*, b*, and L* of the loin, 
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respectively (Tables 21, 22, and 23). Alfonso et al. (2010) studied the uniformity of 

meat quality traits of white pigs and the higher uniformity was observed for L* value.  

Figure 11. Colour measurement on loin of the experimental pigs. 

   

 

The colour of the meat depends on several factors as genetic, nutrition, age at 

slaughter, transport and pre- and post-slaughter conditions. According with Bañón et al. 

(2003b), meat colour is strongly dependent on genetics and is not affected by castration. 

The higher a*:b* ratio detected in hams of pigs slaughtered at 10 months of age respect 

to hams of pigs slaughtered at 8 months of age indicated that older pigs are more 

suitable for curing up to 18 months or longer, with low salting and without nitrate and 

nitrite for colour development (Virgili et al., 2003). Also, colour depends on the type of 

muscle, therefore different colours can be found in a fresh and cured ham or shoulder 

because they are formed by different muscles. For example, Tikk et al. (2008) 

demonstrated a different evolution for colour between LT and SM muscles. 

In some studies, the incorporation of high level of antioxidants in the diet has 

improved colour stability in pork (Wood et al., 2008). Myoglobin content and redness 

of fresh primal cuts increase with age at slaughter. In this sense, Corino et al. (2008) 

observed that slaughter weight did not affect L* and b* values, however the a* values 

were statistically different between white pigs slaughtered at 110 and 160 kg BW. In 

other study of the same researchers (Corino et al., 2009), increasing SW from 120 to 

160 kg BW resulted in redder, yellower and more intense colour, and the colour 
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difference of fresh meat was the only parameter detected by the consumers. In other 

studies, heavier carcasses produce more yellow and less red meat (Tikk et al., 2008). 

Lightness of meat depends partly on the degree of separation of the myofibrils, with 

larger distances between myofibrils causing scattering of the light and consequently, the 

meat is perceived as paler. The distances between myofibrils depend on ultimate pH and 

on the rate of early post-mortem pH decline (Huff-Lonergan and Lonergan, 2005). 

Ramos et al. (2007) confirmed that a high ultimate pH is associated with dark colour. 

Several authors reported that colour traits are not affected by sex (Unruh et al., 1996; 

Candek-Potokar et al., 2002; Latorre et al., 2009; Terlow et al., 2009; Trefan et al., 

2013). No differences are expected between IF and CF slaughtered at the same age for 

myoglobin content and redness of fresh primal cuts (Table 17). When Gamero et al. 

(2013a, 2013b) compared the values of myoglobin content and redness measured by a 

sensory test of shoulders from IF, CF and INF in Iberian pigs, they no detected 

differences. However, Nold et al. (1999) and Lindahl et al. (2001) reported that muscles 

from IF were darker than muscles from CM. Further, Gispert et al. (2010) observed 

higher values of L* in CM and INM than in IM, with IF in an intermediate position, and 

the a* value was higher for IM than for CM and IF, with INM in an intermediate 

position. No differences between sexes were found for b* in this work.  
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Table 21. Effects of castration on redness (a*) of the loin. 

 

Author Genetic background (1) 
BW interval  
(kg) 

a* 
Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2003a) 
Latorre et al. (2003b) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
D x L*LW, P*LW x L*LW 

122, 136 
117 

4.3-4.6 
4.0-4.6 

IF < CM 

IM = IF = INM = 
INF = CM = CF 

Latorre et al. (2004) P*LW x L*LW 116, 124, 133 3.8-3.8 IF = CM 
Serrano et al. (2008) 
Serrano et al. (2009a) 

D x I 
D x I 

145, 156 
152 

7.1-7.4 
5.1-5.4 

IF = CF = CM 

Serrano et al. (2009b) D x I 144 7.5-10.1 CF < IF 
Gispert et al. (2010) P x L*D 116 5.7-6.6 CM = IF ≤ INM ≤ IM 
(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
 

Table 22. Effects of castration on yellowness (b*) of the loin. 
 

Author Genetic background (1) 
BW interval  
(kg) 

b* 
Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2003a) 
Latorre et al. (2003b) 
Latorre et al. (2004) 
Latorre et al. (2009) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
D x L*LW, P*LW x L*LW 
P*LW x L*LW 
 

122, 136 
117 
116, 124, 133 
130 

9.5-9.5 
8.2-8.2 
10.0-10.3 
10.8-11.6 

CM = IF 

IM = IF = INM = 
INF = CM = CF Serrano et al. (2008) 

Serrano et al. (2009a) 
D x I 
D x I 

145, 156 
152 

12.9-13.0 
10.2-10.5 

IF = CF = CM 

Serrano et al. (2009b) D x I 144 8.3-13.2 CF < IF 
Gispert et al. (2010) P x L*D 116 1.2-1.6 IF = IM = CM= INM 
(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Table 23. Effects of castration on lightness (L*) of the loin. 
 

Author Genetic background (1) 
BW interval  
(kg) 

L* 
Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2003a) 
Latorre et al. (2003b) 
Latorre et al. (2004) 
Latorre et al. (2009) 

D x L*LW, D*LW x L*LW, P*LW x L*LW 
D x L*LW, P*LW x L*LW 
P*LW x L*LW 
D x L*LW 

122, 136 
117 
116, 124, 133 
130 

47.9-48.2 
46.8-47.4 
49.5-49.6 
46.1-47.9 

CM = IF 

IM = IF = INM = 
INF = CM = CF Serrano et al. (2008) 

Serrano et al. (2009a) 
D x I 
D x I 

145, 156 
152 

44.3-44.8 
43.3-45.0 

IF = CF = CM 

Serrano et al. (2009b) D x I 144 33.4-37.3 CF < IF 
Gispert et al. (2010) P x L*D 116 47.0-48.8 IM ≤ IF ≤ CM = INM 
(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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Warner–Bratzler test is probably the most uniformly used method of texture 

measurement. Shear Force test is based on the application of a V-shaped blade attached 

to a texture meter (Figure 12). There are different types of texture analysis probes and 

many other methods of determining the mechanical properties of meat (Lepetit and 

Culioli, 1994). In cooked meat it is suggested that applying mechanical tests in different 

strain directions is likely to produce information that can be more readily related to 

perceived texture. In any case, the use of fresh samples of meat will show different 

values from those obtained with frozen and thawed samples. Texture is correlated with 

drip loss and total lipid of the meat (Huff-Lonergan et al., 2002). Lukić et al. (2010) 

reported values for Warner–Bratzler Shear Force of 47.95-73.64 N measured in the LM 

from carcasses between 125 and 187 kg of heavy white pigs. 

Figure 12. Shear Force measurement on loin of the experimental pigs. 

  

 

The texture of cured ham can be softer and more pastier than expected, and this 

defect is very penalized by consumers. Regardless of the quality of the fresh ham, cured 

ham texture may be influenced by the curing process (Guerrero et al., 1999). No data 

about the correlation between texture of fresh and cured ham or about the correlation 

between the texture of the fresh ham and fresh loin has been found. But firmness of 

fresh ham was significantly correlated with salt percentage and curing losses of cured 
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ham: firmer fresh meat tends to retain less salt and consequently had higher curing 

losses (Ramos et al., 2007).  

Texture is closely related to fat content of meat (Ventanas et al., 2005). Rincker et 

al. (2008) indicated that a lipid content of 2% is sufficient to ensure a good texture of 

the fresh loins. There are several possible explications for a positive effect of lipid on 

tenderness, including the location of neutral lipids in fat cells within the perimysium 

which could have a physical effect in separating muscle fibre bundles, beginning the 

process of tenderization (Wood et al., 2003). All factors that impact in fat content could 

impact the texture of the meat. Therefore, the texture of the fresh meat is related to the 

age of the animals, and the Shear Force of fresh loin increase with slaughter weight. In 

this sense, Corino et al. (2009) in a sensory test of loins observed than tenderness 

decrease with the SW. On the contrary, published research conducted with pigs 

slaughtered within commercial ranges of SW between 100 and 125 kg BW has not 

found any effect of age on meat tenderness (Weatherup et al., 1998). On the other hand, 

even the nutrition could impact in texture of meat, and in this sense the use of low 

protein diets could increase marbling and produce higher score for tenderness and 

juiciness in cooked pork (Wood et al.; 2008). Respect to the effect of sex on texture of 

hams, Armero et al. (1999) and Soriano et al. (2005) suggested that IF show dry-cured 

hams more tender than CM. Contrary to these results, a firmer texture and higher 

resistance to cutting were observed in the hams from IF when they were compared with 

hams from CM (Candek-Potokar et al., 2002), and it was probably due to the lower IMF 

content as indicated Wood et al. (2008) for cooked meat. This is coherent with a data 

published by Bañón et al. (2003a), that concluded that castration of male pigs 

improving the overall flavor, texture and juiciness. Latorre et al. (2009) comparing loin 

samples, found that CM had less resistance to cutting than IF slaughtered at the same 
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age. Some preference, primarily because of texture, for cured hams from IF respect to 

those from CM has been suggested by Armero et al. (1999) and Soriano et al. (2005). 

Differences are expected between castrated heavy white pigs and entire heavy white 

pigs slaughtered at the same age for texture of fresh primal cuts, but no differences are 

expected between CF and CM for this trait. In a sensory test with cured shoulders of 

Iberian pigs, Gamero et al. (2013b) found similar values for hardness, chewiness, 

juiciness and fibrousness for IF, CF and INF. Proteolysis index of cured ham is related 

with texture, and Virgili et al. (2013) did not found differences for that index between 

CM and INM. The level of IMF and tenderness of loin were not affected by gender 

according with data of DeVol et al. (1998) and Fortin et al. (2005). These data is 

coherent with results of Trefan et al. (2013), because they did not found differences 

between CM, IM, IF, and INM for juiciness and tenderness of loin. 

Water-holding capacity (WHC) of fresh meat is defined as the ability of the 

postmortem muscle to retain water even though external pressures (e.g. gravity, heating) 

are applied to it. The water holding capacity of fresh primal cuts can influence on 

quality of dry-cured product. On the other hand, thawing loss of frozen primal cuts can 

influence on curing process or quality of dry-cured products. However, water holding 

capacity of hams and shoulders is not measured because there are not non-destructive 

methodologies. The water holding capacity of loin is easier for assessment and it could 

be correlated with water holding capacity of ham and shoulder. There are different 

methods (gravimetric, absorbent, and enhanced force methods) for assessment water 

holding capacity of fresh loin. Gravimetric method is the simplest one. In this method, 

samples of muscle are stored for a known period of time and the drip loss is measured. 

The most commonly used gravimetric procedure (the bag method) was proposed by 

Honikel (1987). But other methodologies based on to suspend slices of the loin inside 
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polythene bags to prevent evaporative losses (Figure 13) and the samples are kept at 1 

to 5 ºC for 48-72 h, sometimes even for 192 h (Wilborn et al., 2004). Respect to 

absorbent method, water holding capacity can be assed as the time necessary for 1 cm2 

of filter paper to become completely wet (Candek-Potokar et al., 2002). Cooking losses 

are analyzed with a water bath where samples must reach internal temperature of 70-75 

ºC (Figure 14). 

Figure 13. Drip loss measurement on loin of the experimental pigs. 

  

Figure 14. Cooking loss measurement on loin of the experimental pigs. 

  

 

Influence of pH, ionic strength, and oxidation on the ability of myofibrillar protein 

and muscles myofibrils and muscle cells to entrap water is the most important factor for 

water holding capacity (Huff-Lonergan and Lonergan, 2005). Genetics of pigs tended to 

produce PSE meat and a variety of factor such as stress, stunning method, muscle type, 

and the diet affect muscle energy level and its utilization postmortem (Scheffler and 

Gerard, 2007), and these factors need to be considered in the control of water-holding 
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capacity of the meat. Anyway, drip loss is a trait with low uniformity in pig production 

(Alfonso et al., 2010) and water holding capacity and proteolysis of meat from heavy 

white pigs would be of interest to producers of dry-cured ham and need further research 

(Candek-Potokar and Skrlep, 2012). The drip losses are associated with decreased 

proteolysis in the post-mortem period (Huff-Lonergan and Lonergan, 2005). The 

excessive proteolysis of dry-cured ham can produce and inferior meat texture, giving 

abnormal softness. The ripening period should be adapted to the initial drip loss and pH 

characteristics of hams (Tabilo et al., 1999). Marbling score and total lipid of the meat 

were significantly correlated with cooking loss (Huff-Lonergan et al., 2002). Lukić et 

al. (2010) reported values for drip loss and cooking loss of 2.40-14.49 % and 26.24-

36.27 % measured in the LM from carcasses between 125 and 187 kg of heavy white 

pigs. 

Respect to impact of gender on WHC, (Candek-Potokar et al., 2002) found 

similar values between CM and IF for LT, BF and SM muscles. Although, Latorre et al. 

(2009) found higher thawing losses of meat for IF than for CM slaughtered at same age, 

the differences between both sexes were not significant for cooking losses of loin. Lo 

Fiego et al. (2010) observed higher drip loss for loins from IF than those from CM, too. 

The effect of castration of females on WHC of fresh primal cuts is unknown, but no 

differences between castrated heavy white pigs and entire heavy white females are 

expected because no differences between sexes are expected for pH of loin. In this 

sense, drip loss of loins from CM, IM, IF, and INM had similar values according with 

results of Trefan et al. (2013), and is coherent with previous data (Cisneros et al., 1996; 

Maioriano et al., 2007). Also Virgili et al. (2013) did not find different refrigeration 

weight loss for hams from CM and INM.  
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Sensorial analysis determines the way in which consumers perceive meat quality. 

The field of sensory evaluation emphasizes the utilization of subjective procedures 

rather than objective procedures. There are different subjective panel methods and the 

number of the panellists should be based on the test result. Panellists are chosen and 

received a formal training in analytical test. It is necessary to define different sensory 

traits and special cabins for the analysis are used (Figure 15). 

Figure 15. Sensorial analysis of experimental fresh loins. 

 

The production of pigs for manufacturing cured primal cuts supposes the 

production of fresh meat whose sensory quality is important for the consumer. The 

sensorial traits of fresh and cooked meat are mainly correlated with fat content. 

Castration can affect qualities of fresh meat (WHC and colour) and cooked meat (loss of 

juices, aroma, taste, juiciness and tenderness), which are related to IMF (Bañón et al., 

2003b). More than 2% of IMF is recommended in order to obtain good sensorial quality 

in the cooked meat. The advantages and disadvantages of the use of IM or CM are well 

known, and it is generally accepted that the production of heavy white IM is cheaper but 

limited mainly by off-flavours of unprocessed meat. However, there is not data about 

the effect of castration of females on sensorial quality of fresh or cooked meat from 

heavy white pigs. Bañón et al. (2003b) reported that castration of males reduces drip 

loss and cooking loss, improving the retention of juices in the meat. Castration 

eliminated boar taint, and meat from CM had better aroma and taste of freshly cooked 
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meat than meat from IM. However, its effect on juiciness and tenderness are less clear. 

The meat of castrates could be juicer and more tender than meat from entire pigs only 

when there are important differences in the IMF. Lipid could separate muscle fiber and 

trap moisture in the muscle, improving tenderness and juiciness (Wood et al.; 2003). 

The differences in IMF between CM and IF are lower than between CM and IM, but 

pork from CM had higher consumer acceptance scores for tenderness compared with 

pork from IF. This result could be partially associated with a higher surface exudate and 

lower muscle ultimate pH observed in IF (D´Souza and Mullan, 2002). An experiment 

where the effect of castration method is studied, the consumer taste panel preferred pork 

from surgically castrated pigs compared with either entire or immunologically castrated 

pigs (D´Souza and Mullan, 2003). 

Castration also has influence on sensorial quality of dry-cured meat. But the 

androstenone and skatole content of fat, appear to be more closely related to boar odour 

and flavour in cooked meat than in dry-cured meat (Bañón et al., 2003c). Cooking 

generates a large number of volatile compounds and affects the initial androstenone and 

skatole content. However, in dry-cured ham volatile compounds are mainly generated 

by biochemical (lipolysis and proteolysis) and chemical reactions (lipid oxidation, 

Maillard reactions, degradation of amino acids) that occur during the ripening (Ventanas 

et al., 2005). Therefore, the aromatic compounds formed could hide boar taint in dry-

cured meat, and high levels of androstenone and skatole are needed in the fat to be 

perceived (Bañón et al., 2003c). Apart from the sex effect on texture of dry-cured ham, 

it seems that the eating quality of dry-cured hams is little affected by sex (Candek-

Potokar et al., 2002). The sex effect was also remarkable on moisture content of dry-

cured ham, resulting that IF had higher moisture and lower hardness than IM (Tabilo et 
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al., 1999). In dry-cured meat, the castration improves mainly juiciness and tenderness, 

while it improves mainly aroma and flavour in cooked meat. 

 

1.3.4. Fatty acid deposition 

Subcutaneous fat samples from fresh hams can be used to determine the quality of 

deposited fat. Samples are usually taken at the tail insertion in the coxal region of the 

left side from carcasses in the slaughter house, including fat layers, skin, and lean. For 

the fatty acid profile analysis, subcutaneous adipose tissue must be homogenized and 

saponified, then the fatty acids are extracted, methylated, and analyzed with a gas 

chromatograph (Figure 16). The fatty acid profile can be presented as total saturated 

fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids 

(PUFA), unsaturated fatty acids (UFA) or PUFA/SFA.  

Figure 16. Fatty acids measurement on subcutaneous fat of the experimental pigs. 

  

Currently, dry-cured products from white pigs are not classified into different 

commercial types with different prices according to the fatty acid composition (FA) of 

the raw subcutaneous fat, as occurs with the Iberian pigs (Boletín Oficial Estado, 2007). 

But the fatty acid composition of the deposited fat in fresh cuts of white pigs influence 

on final quality of dry-cured products too. Fat consistency strongly influences the 

appearance, the feasibility for manipulation and the dehydration of meat products 

(Ventanas et al., 2005). That consistency of the fat depends on the fatty acid melting 
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point, which in turn depends upon the number of double bonds per fatty acid residue. 

The high proportion of C18:1 in the carcass strongly influences the physical properties 

of fat (Ruiz-Carrascal et al., 2000; Ruiz and López-Bote, 2002), leading to a soft and 

oily lard, which is highly appreciated by consumers (Ruiz et al., 2002). On the other 

hand, a high level of C18:2 is undesirable (López-Bote, 1998) for the appropriate 

ripening and flavour of the products since it impairs cutting, mixing and salt and water 

migration during the processing (Ruiz and López-Bote, 2002). It has been estimated that 

in dry-cured hams from Iberian pigs with high content of C18:2 and additional year of 

curing is needed (Ventanas et al., 2005). In addition, the higher susceptibility of 

unsaturated fatty acids to oxidation can result in lowered nutritional value of the meat 

(Rossi and Corino, 2002). No high differences between fresh meat and cured meat are 

expected for FA (Font-i-Furnols et al., 2012), although Delgado et al. (2002) observed 

that the curing process decreased unsaturated fatty acids and increased the saturated 

ones. Fat tissue firmness depends not only of C18:2 level, but also C18:0 is important. 

The role of C18:0 is particularly interesting since it varies across a smaller range than 

C18:2 (Wood et al.; 2003). Further research is necessary about the effect of C18:0 level 

on the curing process and quality of dry-cured ham. 

In pigs, the C18:2 content is derived entirely from the diet. It passed through the 

stomach unchanged and is then absorbed into the blood stream in the small intestine and 

incorporated from there into tissues (Wood et al., 2008). 

The FA is different between the three layers of subcutaneous adipose tissue. In 

general, the unsaturation degree of the fat deposits in the pig follows a negative gradient 

from outside inwards (Monziols et al., 2007). Then, the concentration of SFA is lower 

and the concentrations MUFA and PUFA are higher in the outer compared to the inner 

layer (Rosi and Corino, 2002; Daza et al., 2007). In particular, the C18:2 concentration 
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is much higher in the backfat outer layer. The metabolic causes behind the preferential 

deposition of polyunsaturated fatty acids (particularly C18:2) in the outer layer are not 

fully understood, and maybe it is relational to a lower lipid metabolism in the outer than 

in the inner layer of subcutaneous adipose tissue. The inner layer exhibits larger de novo 

lipogenesis with the result that polyunsaturated fatty acids (particularly C18:2) of feed 

origin are diluted with more endogenous fatty acids than in the outer layer. This 

difference in composition between the fat layers could be due to an adaptation of 

adipose tissue to temperature, with the aim of keeping the physical fluidity of the lipids 

in the different adipose tissues. 

On the other hand, not all adipose tissues (visceral, subcutaneous, intermuscular 

or intramuscular) have similar FA because each shows specific development and 

metabolism (Monziols et al., 2007). The fatty acid composition of subcutaneous and 

intramuscular fat is broadly similar (Delgado et al., 2002), but level of C18:2 can be 

higher in subcutaneous than intramuscular fat (Wood et al., 2008). 

Further, the backfat firmness increases with backfat thickness due to an inverse 

relationship between the C18:2 level and backfat thickness. The differences in fatty acid 

composition of subcutaneous fat between carcasses of different fat thickness have an 

important effect on fat firmness and cohesiveness between lean and fat tissues (Wood et 

al., 2008). As the fat content of pigs increases between early life and time of slaughter, 

the proportion of fatty acid changes during the fattening period. There is an increasing 

trend to deposit SFA and MUFA, and a relatively decreasing trend for deposition of 

C18:2 during the fattening period.  

In the literature, heavy white pigs slaughtered between 115 and 130 kg BW 

ranged values of 9.0-17.5 % for C18:2 of the subcutaneous fat (Table 24). There are 

many factors (mainly of genetic, diet, SW and sex) that affect to the FA profile of 
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subcutaneous fat, but information that compares this trait of heavy white pigs is scarce 

(the major research has been done in Iberian pigs). In white pigs slaughtered between 8 

and 10 months of age, Virgili et al. (2003) found lower polyunsaturated fatty acid 

concentrations and higher oleic acid concentrations in hams of older pigs. Genetic of 

pigs can influence on the concentration of linoleic acid (exclusively from exogenous 

origin), and it is higher in lean pigs. This could be explained by the fact that the de novo 

lipogenesis is lower in leaner pigs, therefore with less endogenous fatty acids, resulting 

in less dilution of exogenous C18:2. This could be the reason why contemporary pigs 

selected against fatness present high C18:2 concentrations (Averette Gatlin et al., 2003; 

Monziols et al., 2007). 

It is clear from the available scientific literature that FA is highly influenced by 

diet and the feed intake in pigs (Ventanas et al., 2005). FA depends on the proportion of 

those coming from the feed (direct deposition) and those produced endogenously (de 

novo synthesis). The energy balance (excess of energy consumed in relation to 

requirements) and the diet composition determine relative importance of endogenous 

synthesis and direct accumulation of FA from the feed. The priority for energy is to 

fulfil maintenance and protein synthesis, and the excess is accumulated as triglycerides 

in adipocytes. Carbohydrates are the preferential energy source for metabolic purpose, 

and only when the need of energy cannot be fulfilled by dietary carbohydrates, dietary 

fat would be used for energy production. Therefore, if intake of energy from 

carbohydrates is enough, almost all ingested fat would be accumulated in pig tissue with 

little modification. When pigs are fed a high fat content diet, the endogenous synthesis 

would be considerably low and the lipid composition of pigs would reflect to a great 

extent dietary fatty acid composition. A lot of research has been published about the 

effect of the composition of the diet on FA profile in pigs (Rossi and Corino, 2002; 
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Corino et al., 2003; Corino et al., 2008), even about the effect of feeding program (Daza 

et al., 2007). 

The C18:2 content decreases with SW because of higher adiposity in pigs is 

associated with a higher proportion of SFA (Tibau et al., 2002). Therefore, the aptitude 

for curing of FA of fresh ham increases with SW. Since higher fat deposition is usually 

associated with increased fat saturation (Wood et al., 1985), when all pigs are fed with 

the same concentrate, heavy white pigs should show a subcutaneous fat with higher 

content of C16:0, saturated FA (SFA), C18:1 and monounsaturated (MUFA) and lower 

of C18:2 and polyunsaturated (PUFA) than conventional white pigs.  

The fat quality tends to be lower in IM than CM and IF (Wood et al., 2008). 

Subcutaneous adipose tissue from IM contains a higher proportion of water and a lower 

proportion of lipid, signifying a less mature tissue, and this can explain higher level of 

C18:2 than IF. The C18:2 is higher in IM than in CM because of higher backfat in pigs 

is associated with a higher proportion of SFA (Tibau et al., 2002). This is coherent with 

lower C18:2 content in fat at GM from CM respect to IF (Latorre et al. 2009) in white 

pigs slaughtered at 130 kg BW. Similar results were reported by Lo Fiego et al. (2010) 

for subcutaneous fat from white pigs slaughtered between 6 and 9.5 months of age, but 

similar levels of C18:2 were observed between CM and IF for lipids of LT muscle. 

When Correa et al. (2008) studied the effect of growth rate, sex and SW on FA of 

bellies, fat firmess score was only affected by sex, with IF showing softer bellies and 

higher C18:2 content than CM. It is expected that castrated heavy white pigs (both 

surgically castrated males and females) show lower C18:2 content in subcutaneous fat 

of hams than entire heavy white females (Table 24). Daza et al. (2013) found that the 

inmunocastration reduce the C18:2 content of subcutaneous fat of white females 

slaughtered at 127 kg BW. However, in a trial published by Gamero et al. (2013a), CF 
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showed higher content of C18:2 in the subcutaneous fat of shoulder from Iberian pigs 

than INF, with IF in an intermediate position. The PUFA in the subcutaneous fat of ham 

from white pigs slaughtered at 139 kg BW was similar for IF, CM, and INM, but 

MUFA was higher in IF than INM, with CM in an intermediate position (Font-i-Furnols 

et al., 2012).  
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Table 24. Effects of castration on linoleic acid (C18:2) content of subcutaneous fat of hams. 

 

Author Genetic background (1) 
BW interval  
(kg) 

C18:2 (%) 
Summary of data 
available (2) 

Hypothesis tested 

Latorre et al. (2009) 
Lo Fiego et al. (2010) 

D x L*LW 130 
90, 145, 160 

13.5-15.4 
15.5-17.5 

CM < IF 

CF = CM < INF < 
INM < IF < IM 

Serrano et al. (2008) D x I 145, 156 8.3-8.9 CF = CM = IF 
Serrano et al. (2009a) D x I 152 8.6-9.2 CF = CM < IF 
Serrano et al. (2009b) D x I 144 8.2-8.6 CF < IF 
Daza et al. (2013) D x L*LW 127 9.9-11.3 INF < IF 
Gamero et al. (2013a) D x I  7.0-8.4 INF ≤ IF ≤ CF 
(1) LW = Large White; L = Landrace; D = Duroc; P = Pietrain; I = Iberian 
(2) IM = Intact males; IF = Intact females; CM = Castrated males; CF = Castrated females; INM = Inmunocastrated males; INF = Inmunocastrated females 
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2. Objectives 

 

The general scientific aim of this Doctoral Thesis has been to study the influence 

of gender, castration of females, and slaughter weight on growth performance and 

carcass and meat quality of heavy white pigs destined to dry cured-industry. To reach 

these goals, three experiments were carried out: 

In experiment 1 (chapter 2) productive performance, carcass and meat quality of 

intact and castrated gilts slaughtered at 106 or 122 kg BW were studied. The 

experimental pigs were the progeny of Pietrain*Large White sires and Landrace*Large 

White dams. According with our initial hypothesis, we expected that the castration of 

females might influence on growth and carcass quality in different ways depending on 

slaughter weight of the pigs. 

In experiment 2 (chapter 3) we studied the influence of sex and castration of the 

females on growth performance and carcass and meat quality of heavy pigs slaughtered 

at 114 or 122 kg BW. The experimental pigs were the progeny of Pietrain*Large White 

sires and Landrace*Large White dams. The initial hypothesis for this trial was that 

castrated males and castrated females could show similar carcass characteristics and 

different for both than for intact females. In addition, it was expected that the quality of 

pigs destined to the dry-cured industry could improve with increases in the slaughter 

weight of the pigs from 114 to 122 kg BW. 

In experiment 3 (chapter 4) we studied the effects of sex and castration of the 

females on growth performance and carcass and meat quality traits of pigs slaughtered 

at 119 and 131 kg BW. The experimental pigs were the progeny of Duroc sires and 

Landrace*Large White dams. In this experiment, the hypothesis tested was similar to 



 
 

Chapter 1: Literature review and objectives 

 

 
87 

that of the previous experiment and the objective was to confirm previous results in pigs 

slaughtered at heavier BW. 

First, this thesis studied the effect of castration of gilts in the production of 

conventional pigs (slaughtered at 105 kg BW approximately) and heavy pigs 

(slaughtered at 120 kg BW approximately), using a Pietrain*Large White X 

Landrace*Large White crossbreeding. Then, it was analysed comparatively entire 

females, castrated females and castrated females of Pietrain*Large White X 

Landrace*Large White pigs at two different weight at slaughter: approximately 115 kg 

of BW, this weight is recognized in general by the industry as the minimum weight of 

pigs for the elaboration of dry-cured products, and 120 kg of BW for an increase in 

quality of heavy pigs. Finally, to compare the results obtained in previous trials with a 

higher quality of heavy pigs, the crossbreeding used was changed to Duroc X 

Landrace*Large White in the experimental pigs and the BW at slaughtered was 

increased from 120 to 130 kg approximately. 

A better understanding of gender effect is particularly necessary in Spanish pig 

production which uses heavy pigs, normally not studied in foreign reports, and which is 

specially geared to dry-cured products manufacturing. The effect of gender on dry-cured 

products is rarely studied even though gender influence the fat deposition that is 

fundamental for the quality of seasoned products. 

The practical implication of this research could be the redefinition of the usual 

classification of pigs based on sex as boars, gilts, and barrows because of the 

introduction of castrated females as a new category in the pig industry. In this sense, 

one of the main objectives was to understand whether female castration is a real sound 

alternative to the intact females for the production of heavy white pigs. Castration of 

females (surgical or inmunocastration) might increase fat content of primal cuts and the 
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quality of final products, while it might increase quality uniformity respect on the final 

products from castrated males. Uniformity is one of the main factors that affect 

profitability of pig farmers and processors. Uniformity saves on production costs by 

reducing the proportion of out of range pigs and by standardizing carcass and primal 

cuts weight to transform at the processors. The results of this study may help to develop 

new heavy white pig fattening processes based on the use of castrated males and 

castrated females and intended to achieve greater uniformity in the growth of animals, 

and should be follow by future work collecting data on the impact of this new category 

on retailers needs and consumer preferences. 

Also, the interpretative conclusions suggest further research priorities and 

strategies to follow for future sustainable and welfare friendly alternatives to the use of 

castrated females in the dry-cured industry. 
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1. Implications 

There is a growing interest in the Iberian Peninsula and other countries throughout 

the world to increase backfat depth (BF) and intramuscular fat (IMF) content of pig 

carcasses destined to the dry cured industry. An useful strategy consists in increasing 

slaughter weight (SW) up to 120 - 160 kg BW (Iberian and Mangalica pigs, Italian 

heavy pigs). Under these circumstances, castration of boars and gilts will result in more 

homogeneous carcasses, easier and better drying processes and better quality of primal 

cuts. This research intends to evaluate the interest of castration of gilts, as is currently 

practised in Iberian pigs, on growth performance and carcass quality of gilts slaughtered 

at 2 different ages. The data can be used in future research comparing intact and 

immunocastrated gilts. 

 

2. Introduction 

Traditionally, pig production in Spain has been based on the fattening of intact 

males and gilts (IF) slaughtered at 95 to 105 kg BW. Currently, 41.1 million of hams 

and shoulders pieces are destined to the production of dry cured products (Cruz, 2009) 

in which excessive lean carcasses and high unsaturated fatty acid (FA) content are not 

desirable. Pigs slaughtered at 100 kg BW produce carcasses that are leaner and have 

more content of linoleic acid (C18:2) than pigs slaughtered at heavier weights. In this 

respect, the dry cured industry prefers a BF depth over 20 mm, a m. gluteus medius 

(GM) fat depth wider than 18 mm and a content of C18:2 in BF less than 15% (Latorre 

et al., 2008; 2009). In addition, carcasses destined to the dry cured industry require 

hams with a fresh weight over 9.5 kg (DOCE, 1999). Castration of males and the 

increase in SW to at least 115 kg BW are useful practices to meet these quality criteria 
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(Latorre et al., 2003a,b). However, even at these final BW a high proportion of IF fails 

to meet these requirements, especially those related to GM fat depth (Latorre et al., 

2008). Castration of gilts is a common practice in the production of Iberian pigs that are 

slaughtered at 145 kg BW or more and in which a certain amount of fat at GM is 

required (Serrano et al., 2009b). Peinado et al. (2008) observed that castration of gilts 

increased the proportion of carcasses that fulfilled the requirements of the dry cured 

industry for a minimal amount of BF and GM fat and a maximal amount of C18:2 in 

pigs slaughtered at 114 and 122 kg BW, increasing the economic value of pork meat. 

Therefore, castrated gilts (CF) might be a good alternative to IF for the production of 

heavy pigs intended for the industry of dry cured products. There is a dearth of 

information on the effects of castration of gilts on productive performance (Serrano et 

al., 2008; 2009a,b) and carcass quality (Mayoral et al., 1999) of Iberian pigs. However, 

few data are available on the effects of female castration on growth performance and 

carcass quality in conventional crossbred pigs. 

An increase in SW increases IMF content and improves meat quality (Candek-

Potokar et al., 2002) resulting in carcasses better adapted for the production of high 

quality dry cured products. However, heavy pigs needs longer feeding periods and have 

poorer feed conversion ratio (FCR) than lighter pigs. In addition, the production of 

heavy pigs, results in overly fatty and excessive size primal cuts which penalizes the 

marketing of the end products. Consequently, the final SW in pigs destined to the 

production of dry cured primal cuts is a compromise between growth performance 

parameters and carcass and meat quality traits. The purpose of this research was to 

investigate the effects of castration of crossbred gilts from Landrace x Large White 
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dams and Pietrain x Large White sires slaughtered at different BW on productive 

performance, carcass and meat quality. 

 

3. Material and methods 

 

3.1. Husbandry and diets 

The experimental procedures used in this experiment were approved by the 

Animal Ethics Committee of the Universidad Politécnica de Madrid and were in 

compliance with the Spanish guidelines for the care and use of animals in research 

(Boletín Oficial del Estado, 2005). A total of 200 gilts (50 ± 3 days of age and 23.3 ± 

1.47 kg BW) was used to study the influence of castration of gilts (coded IF and CF) 

and SW (106 and 122 kg BW) on performance and carcass and meat quality. All pigs 

were the progeny of Landrace x Large White dams (Copese S.A., Segovia, Spain) and 

Pietrain x Large White sires (Gene+, Erin, France). From birth to the start of the 

experiment, pigs were managed according to standard commercial procedures. Pigs 

were fattened in a naturally ventilated finishing barn with 20 pens (3.64 x 2.75 m2) 

provided with concrete floors (80% slatted). On arrival to the experimental farm, pigs 

were individually weighed and stratified by BW into 10 groups of five pigs each per 

treatment. Each treatment was replicated five times and the experimental unit consisted 

of a group of 10 pigs penned together (1 m2/pig). At eight days on trial (58 ± 0.7 days of 

age and 29.8 ± 1.64 kg BW), half of the gilts were ovariectomized as indicated by 

Serrano et al. (2008).  

The feeding program used was common for all pigs and consisted of two diets 

offered for ad libitum consumption as 4-mm pellets. All the diets were based on cereals 
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and soybean meal and were formulated to meet or exceed the nutrient requirements 

recommended by Fundación Española Desarrollo Nutrición Animal (2006) for pigs at 

these ages. The ingredient composition and the calculated (Fundación Española 

Desarrollo Nutrición Animal, 2003) and determined (Association of Official Analytical 

Chemists International, 2000) nutrient value of the diets are shown in Table 1.  

Table 1. Ingredient composition and nutrient content of the diets (%, as-fed basis unless 

otherwise indicated) 

Item 0 to 84 days 84 days on trial  

Ingredient  
Barley 37.00 47.88 
Wheat 36.00 26.82 
Field peas   5.00 14.49 
Soybean meal (47% CP) 14.00   2.81 
Yellow grease   1.74   2.03 
Beet molasses   3.52   3.83 
Calcium carbonate   1.12   0.85 
Dicalcium phosphate    0.68   0.64 
Sodium chloride   0.36   0.30 
L-lysine (50%)   0.26   0.09 
DL-methionine (99%)   0.02 - 
L-threonine   0.05   0.01 
Vitamin and mineral premixa   0.25   0.25 

Determined analysisb 
Crude protein 16.30 13.50 
Ether extract   5.01   6.03 
Linoleic acid   0.94   1.03 
Oleic acid   0.83    0.94 

Calculated analysisc 
Net energy (kcal/kg) 2,310 2,350 
Total lysine   0.88   0.62 
Calcium   0.69   0.55 
Total phosphorus   0.49   0.42 

a Supplied per kg of diet: 7,000 I.U. vitamin A (trans-retinyl acetate); 1,600 I.U. vitamin D3 
(cholecalciferol); 20 I.U. vitamin E (all-rac-tocopherol-acetate); 1.0 mg vitamin K3 (bisulphate 
menadione complex); 0.7 mg thiamin (thiamine-mononitrate); 3.0 mg riboflavin; 9 mg pantothenic 
acid (D-Ca pantothenate); 15 mg vitamin B3 (niacin); 100 mg choline (choline chloride); 1 mg 
pyridoxine (pyridoxine HCl); 0.016 mg vitamin B12 (cobalamin); 16.5 mg Cu (CuSO4•5H2O); 75 
mg Fe (FeSO4•7H2O); 40 mg Mn (MnO2); 110 mg Zn (ZnO); 0.1 mg Co (CoSO4); 0.3 mg Se 
(Na2SeO3); 0.8 mg I (Ca(IO3)2) and 125 mg ethoxiquin. b n = 2. c According to Fundación Española 
Desarrollo Nutrición Animal (2003). 
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3.2. Performance traits 

Individual BW and feed consumption per pen were recorded at 0, 8, 54, 84, 96 

and 117 days on trial, and these data were used to calculate average daily gain (ADG), 

average daily feed intake (ADFI) and FCR per replicate by period and cumulative. The 

information provided at 8 days on trial (day of castration of half of the gilts) and 54 

days on trial (46 days after castration) was used to evaluate the recovery of the pigs after 

castration. Pigs that died or were withdrawn from the trial were weighed and the data 

was included in the calculation of FCR. Pigs were slaughtered when the pre-planned 

average BW was achieved; 106 kg BW (96 days on trial which corresponded to 146 

days of age) or 122 kg BW (117 days on trial which corresponded to 167 days of age). 

Therefore, all pigs from each of the SW groups were slaughtered the same day. 

 

3.3. Carcass traits 

The day before slaughter, pigs were fasted for 14 h, individually weighed and 

transported 50 km to the slaughterhouse (Alfrese, S.A., Segovia, Spain) where they 

were allowed a 12 h rest period with full access to water but not to feed. Pigs were 

electrically stunned (225 to 380 V, 0.5 A, 5 to 6 s), exanguinated, scalded, skinned and 

eviscerated according to standard commercial procedures. Carcasses were split down 

the centre of the vertebral column and weighed, and the hot carcass yield was 

calculated. The head was then removed at the atlanto-occipital junction and the 

carcasses were blast chilled at 2ºC (1 m/s) for 2 h. At 2 h post mortem, an incision was 

made into the m. semimembranosus (SM) of the left ham and the initial pH (pH2; 2 h 

from slaughter) was measured using a Crison pH meter (Crison 507, Crison Instruments 

S.A., Barcelona, Spain) equipped with a glass electrode (model no. 52-11, Crison 
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Instruments S.A., Barcelona, Spain) as described by Stalder et al. (1998). Also, BF 

depth between the third and fourth last ribs on the middle of the carcass (skin included) 

and fat thickness over the GM at the thinnest point were measured in the left side of 

each carcass using a flexible ruler with a precision of 0.5 mm. Carcasses that had a BF 

of 20 mm or more received a score of 100 and carcasses with less BF received a score 

of 0. Similarly, carcasses that had a GM fat depth of 18 mm or more received a score of 

100 and those below this value received a score of 0. These scores were established 

according with the criteria of the industry for high quality, added value dry cured 

products. 

Carcasses were jointed to yield hams, shoulders and loins according to the 

simplified EC-reference method (Branscheid et al., 1990) and the weight of hams and 

shoulders was measured at 2 h post mortem (fresh untrimmed weight). Carcasses with a 

fresh ham weight at least 9.5 kg received a score of 100 whereas carcasses with hams 

below this weight received a score of 0 (DOCE,1999). Hams, shoulders and loins were 

suspended in the air and chilled for 24 h at 4ºC. At 24 h post mortem, untrimmed hams 

and shoulders (chilled weight) and trimmed loins were weighed again and the ultimate 

pH (pH24; 24 h from slaughter) of the SM was measured as indicated previously. The 

difference between weights of hams and shoulders measured at 2 and 24 h post mortem 

was divided by the weight obtained at 2 h to estimate shrink loss. At 48 h post mortem, 

hams and shoulders were trimmed of external fat as described by Serrano et al. (2009b) 

and weighed again, and the trimmed ham and shoulder yields were calculated. For 

carcass and meat quality parameters, the experimental unit was the pen composed by ten 

or five pigs, respectively. 
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3.4. Meat traits and fatty acid profile of backfat 

After collection of the carcass data, a sample (300 ± 25 g) of m. longissimus 

thoracis (LT) was excised at the level of the last rib from the left side of five carcasses 

chosen at random from each replicate. Meat samples were weighed, vacuum packaged 

and frozen at –20ºC during 54 days for subsequent analyses. The day before the 

analysis, the LT samples were thawed in vacuum package bags for 24 h at 4ºC, removed 

from packages, blotted dry and weighed. Thawing loss was calculated by dividing the 

difference in weight between the fresh and thawed samples by the initial fresh weight. 

Additionally, objective measures of pork colour (L*, a* and b*) were determined on all 

thawed chops after a 20 min bloom period (CM 2002 Minolta chromameter, Minolta 

Camera, Osaka, Japan) as described by Serrano et al. (2009a). Additionally, the chroma 

(c*) as c*= (a*2 + b*2)1/2 and the hue angle (Hº) as Hº= arctan (b*/a*) were calculated 

as estimators of colour intensity (Wyszcecki and Stiles, 1982).  

The IMF, crude protein (CP) and moisture content of the LT samples were 

determined with a near infrared transmittance meat analyzer (Infratec® 1265, Tecator, 

Höganäs, Sweden) as described by Latorre et al. (2004). Drip loss was determined using 

15-mm thick LT slices excised from each thawed chop. The slices were weighed and 

placed on a metallic net in a hermetic plastic cage at 4ºC during 24 h without 

application of any external force. Afterwards, samples were weighed again and the 

difference between the weights of the slice before and after conservation in the cooler 

was divided by the initial weight to determine drip loss. Cooking loss and shear force 

were determined as described by Honikel (1998) and Peinado et al. (2008), respectively. 

From two of the same five carcasses used to study meat traits, BF samples, 

including the skin and the lean, were obtained at 10 cm from the coccyx. The samples 
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were packaged vacuum in individual plastic bags and frozen at –20ºC during 54 days 

until subsequent analyses. The FA profile of the samples was determined as described 

by Peinado et al. (2008). Briefly, FA were extracted with diethyl ether from a 200 mg 

sample and analysed by chromatography (Autosystem XL, Perkin Elmer, Boston, MA, 

USA). Carcasses with BF containing 12.0% or less than C18:2 received a score of 100 

and those with more than 12.0% C18:2 received a score of 0. This score on C18:2 

content was established according with the criteria of the industry for high quality, 

added value dry cured products. 

 

3.5. Sensorial evaluation of fresh meat 

Samples of LT (2.5 cm thick) from one individual pig randomly selected from two 

replicates of each treatment were taken for sensorial evaluation as described by Candek-

Potokar et al. (1998a). The selection of the trained judges was carried out in accordance 

with ISO 8586-1 (International Standards Organization Norms, 1993). Sensorial 

evaluation was performed as described by Fernández-Dueñas et al. (2008). Briefly, 

seven trained panellist performed the sensorial evaluation of chops (two sessions with 

four samples each) for intensity of meat odour and flavour, toughness, juiciness and 

overall acceptability. Equal bite size (7.5 g) from each treatment was blind coded and 

the order of presentation was randomized. Water was provided to the panellists between 

sample evaluations. Scores were measured on a 10-cm anchored unstructured line scale 

where 0 was the minimum and 10 the maximum. 
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3.6. Statistical analyses 

Data were analysed as a completely randomized design using the Proc Mixed 

procedure of Statistical Analysis Systems Institute (1990). The model included the main 

effects of castration of gilts and SW as well as the interaction. There were five pen 

replicates per treatment for all traits except for the sensorial evaluation in which only 

two pen replicates per treatment were used. For performance and carcass traits, the 

experimental unit was the average of 10 pigs within a pen. For meat quality traits and 

FA profile of BF, the experimental unit was the average of five and two pigs randomly 

selected from each pen, respectively. For sensorial evaluation, the experimental unit was 

the chop obtained from one pig randomly selected from two pens per each treatment. 

Trained panellist and session were used as fixed effects. The average weight of the pen 

initial was used as a covariate for growth performance parameters. Data in tables are 

presented as least squares means for growth performance parameters and as means for 

all other traits. Pearson correlation coefficients (r) were calculated to determine the 

relationship between carcass traits and FA profile of BF. An α value of less than 0.05 

was considered as significant whereas α values between 0.05 and 0.10 were considered 

as a tendency. Mortality data was analysed using the Proc Catmod procedure of 

Statistical Analysis Systems Institute (1990). 
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4. Results 

No significant interactions between castration of gilts and SW were detected for 

any of the traits studied and therefore, only main effects are presented. 

 

4.1. Performance traits 

Mortality and percentage of animals withdrawn from the trial (4%) was 

considered normal for pigs reared under standard management conditions and were not 

affected by treatment. The percentages were 2% and 6% for IF and CF, and 3% and 5% 

for gilts slaughtered at 106 and 122 kg BW, respectively (data not shown). At the 

beginning of the trial, gilts had an average age of 50 days and weighed 23.3 kg BW 

(Table 2). From the day of castration to 46 days after surgery (8 to 54 days on trial and 

30 to 63 kg BW), no differences in productive performance were observed between IF 

and CF. However, from 54 to 96 days on trial (63 to 106 kg BW), CF had higher ADFI 

(2.87 vs. 2.58 kg/d from 63 to 92 kg BW and 3.45 vs. 3.20 kg/d from 92 to 106 kg BW; 

P<0.05) and ADG (1,015 vs. 931 from 63 to 92 kg BW and 1,007 vs. 934 g/d from 92 

to 106 kg BW; P<0.05) but no differences were observed for FCR. From 96 to 117 days 

on trial (106 to 122 kg BW), CF had higher ADFI (3.42 vs. 2.92 kg/d; P<0.001) and 

ADG (795 vs. 731 g/d; P<0.05) but tended to be less efficient (4.30 vs. 3.99 g/g; 

P<0.10) than IF. For the entire experimental period, CF had higher ADFI (2.11 vs. 1.96 

kg/d; P<0.01) and ADG (866 vs. 835 g/d; P<0.05) but were less efficient (2.44 vs. 2.35 

g/g; P<0.01) than IF.  
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Table 2. Effect of castration of gilts and slaughter weight on average daily gain, average daily feed intake and feed conversion ratio of pigs 
 

 CASa SW, kg s.e.m.b

(n=5) 
Significance 

 IF CF 106 122 CAS SW 
Initial BW (kg)c    23.3    23.3    23.2    23.3     0.71 ns ns 
Final BW (kg)d  119.9  123.7  105.8  121.6     2.59 * *** 
From 0 to 8 days on trial (23 to 30 kg BW) 
ADG (g) 768 816 801 782 30.6 ns ns 
ADFI (kg)         0.95         1.15          1.00          1.10       0.111 ns ns 
FCR (g/g)         1.24         1.41          1.25          1.41         0.0637 ns ns 
From 8 to 54 days on trial (30 to 63 kg BW) 
ADG (g) 781 753 770 764 17.3 ns ns 
ADFI (kg)         1.21         1.16          1.19          1.19         0.0400 ns ns 
FCR (g/g)         1.55         1.54          1.55          1.56         0.0227 ns ns 
From 54 to 84 days on trial (63 to 92 kg BW) 
ADG (g) 931     1015 962 984 21.5 ** ns 
ADFI (kg)         2.58         2.87          2.67          2.78         0.0693 *** ns 
FCR (g/g)         2.77         2.83          2.78          2.83       0.078 ns ns 
From 84 to 96 days on trial (92 to 106 kg BW) 
ADG (g) 934     1007 991 950 26.0 * ns 
ADFI (kg)        3.20         3.45          3.28          3.37       0.094 * ns 
FCR (g/g)        3.43         3.43          3.31          3.54       0.116 ns ns 
From 96 to 117 days on trial (106 to 122 kg BW) 
ADG (g) 731 795 - 763 16.5 * - 
ADFI (kg)        2.92         3.42 -          3.17         0.0689 *** - 
FCR (g/g)        3.99         4.30 -          4.15         0.0987 † - 
From 0 days on trial to slaughter (106 or 122 kg BW) 
ADG (g) 835 866 860 841 13.3 * ns 
ADFI (kg)         1.96         2.11          1.91          2.17         0.0438 ** *** 
FCR (g/g)         2.35         2.44          2.22          2.58         0.0296 ** *** 

CAS = castration; SW = slaughter weight; ADG = average daily gain; ADFI = average daily feed intake; FCR = feed conversion ratio; IF = intact gilt; CF = 
castrated gilt. a Surgery was performed at eight days after the start of the trial. b Five pens of 10 pigs each per treatment. c 50 days of age. d 167 days of age. ns, 
non significant; † P<0.10; * P<0.05; ** P<0.01; *** P<0.001. The interaction CAS x SW was not significant (P>0.10). 
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Consequently, BW at slaughter was higher for CF than for IF (123.7 vs. 119.9 kg 

BW; P<0.05). Pigs slaughtered at 106 kg BW consumed 260 g less feed per day and 

were 0,36 units more efficient than pigs slaughtered at 122 kg BW (P<0.001).  

 

4.2. Carcass traits 

Castration of gilts tended (P<0.10) to increase carcass weight but did not affect 

carcass yield (Table 3). Also, gilt castration increased BF (22.0 vs. 18.9 mm; P<0.001) 

and GM fat (20.7 vs. 17.2 mm; P<0.001). The correlation (r) between BF and GM fat 

thickness was 86.1% (P<0.001; data not shown). No differences between IF and CF 

were observed for pH, ham yield and shrink loss. However, trimmed shoulder (15.3 vs. 

14.8%; P<0.001), loin (7.0 vs. 6.7%; P<0.05) and primal cut (48.8 vs. 47.8%; P<0.01) 

yields were higher for IF than for CF.  

An increase in SW from 106 to 122 kg BW increased (P<0.001) carcass weight 

(78.5 vs. 91.8 kg), carcass yield (75.2 vs. 77.8%) and carcass fat (17.6 vs. 23.3 mm for 

BF and 16.8 vs. 21.1 mm for GM) and decreased (P<0.001) shrink loss. Pigs 

slaughtered at 106 kg BW had higher (P<0.01) pH at 2 and 24 h post mortem and more 

(P<0.05) trimmed ham (26.5 vs. 26.3%), shoulder (15.2 vs. 14.9%) and primal cut (48.5 

vs. 47.9%) yields than pigs slaughtered at 122 kg BW. However, loin yield was not 

affected by SW.  
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Table 3. Effect of castration of gilts and slaughter weight on carcass quality and primal 

cut yield 

 CAS  SW, kg  s.e.m.a 

(n=5) 
Significance 

 IF CF  106 122  CAS SW 
Carcass weight (kg) 83.2 87.1  78.5 91.8  1.45 † *** 
Carcass yield (%) 76.6 76.4  75.2 77.8  0.20 ns *** 
Fat thickness (mm)          

Backfat 18.9 22.0  17.6 23.3  0.40 *** *** 
m. gluteus medius 17.2 20.7  16.8 21.1  0.51 *** *** 

m. semimembranosus pH          
2 h 6.05 6.06  6.21 5.90  0.027 ns *** 
24 h 5.93 5.92  5.99 5.86  0.023 ns ** 

Ham weight (kg)          
2 hb 25.0 26.1  23.8 27.3  0.42 † *** 
24 hc 24.7 25.8  23.5 27.1  0.42 † *** 
Trimmedd 21.9 22.9  20.8 24.0  0.37 ns *** 

Ham yield (%)          
2 hb 30.2 30.0  30.4 29.8  0.10 ns ** 
24 hc 29.8 29.7  30.0 29.6  0.09 ns * 
Trimmedd 26.5 26.3  26.5 26.3  0.09 ns * 

Shoulder weight (kg)          
2 hb 14.5 14.9  13.7 15.7  0.25 ns *** 
24 hc 14.4 14.7  13.5 15.6  0.25 ns *** 
Trimmedd 12.7 12.9  11.9 13.7  0.10 ns *** 

Shoulder yield (%)          
2 hb 17.5 17.2  17.5 17.2  0.08 ** * 
24 hc 17.3 17.0  17.3 17.0  0.08 ** ** 
Trimmedd 15.3 14.8  15.2 14.9  0.07 *** * 

Shrink loss (%)          
Ham 1.08 1.10  1.33 0.85  0.043 ns *** 
Shoulder 1.19 1.20  1.42 0.97  0.052 ns *** 

Loin weight (kg)e 5.8 5.8  5.4 6.2  0.100 ns *** 
Loin yield (%) 7.0 6.7  6.8 6.9  0.075 * ns 
Primal cut yield (%)          

2 he 47.7 47.2  47.9 47.0  0.17 ns ** 
24 hf 47.2 46.7  47.2 46.6  0.17 ns ** 
Trimmedg 48.8 47.8  48.5 47.9  0.16 ** * 

CAS = castration; SW = slaughter weight; IF = intact gilt; CF = castrated gilt. a Five pens of 10 pigs each per 
treatment. b Fresh untrimmed weight. c Chilled weight after being suspended in the air for 24 h at 4ºC. d Trimmed 
weight (measured after chilling for 24 h). e Determined in fresh hams and shoulders. f Determined in chilled hams 
and shoulders after being suspended in the air for 24 h at 4ºC. g Determined in hams, shoulders and loins.  ns, non 
significant; † P<0.10; * P<0.05; ** P<0.01; *** P<0.001. The interaction CAS x SW was not significant 
(P>0.10). 

 

4.3. Meat traits, fatty acid profile of backfat and sensorial evaluation of fresh meat 

In general, castration of gilts did not influence any of the meat quality traits 

studied (Table 4). The only difference observed was for FA profile of BF; CF had 

higher concentration of palmitic (C16:0; 23.5 vs. 22.2%; P<0.01) and stearic (C18:0; 



 
 

Chapter 2: Experiment 1 

 

 
124 

12.4 vs. 11.4%; P<0.01) and lower of C18:2 (10.9 vs. 12.1%; P<0.001) acid than IF. No 

differences were observed for oleic acid (C18:1) content.  

Meat redness (a*) increased (P<0.001) and lightness (L*) and hue angle (Hº) 

values decreased (P<0.05) as SW increased from 106 to 122 kg BW. Meat from heavier 

pigs had more IMF (2.5 vs. 2.0%; P<0.01) and less moisture (73.6 vs. 74.4%; P<0.05) 

content than meat from lighter pigs. Thawing loss of the LT decreased (P<0.05) at a rate 

of 0.81 percentage units and cooking loss tended (P<0.10) to decrease at a rate of 0.75 

percentage units for every 10-kg increase in SW from 106 to 122 kg BW. However, SW 

did not affect drip loss percentage or shear force values. The FA profile of BF was little 

influenced by SW; the only difference observed was for C18:2 concentration that was 

higher in pigs slaughtered at 106 kg BW than in pigs slaughtered at 122 kg BW (12.0 

vs. 11.0%; P<0.01). 

Sensorial panel evaluation did not detect any difference in fresh meat quality 

among treatments (Table 5). The effects of trained panellist and session were not 

significant (data not shown). 
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Table 4. Effect of castration of gilts and slaughter weight on m. longissimus dorsi traits 

and on fatty acid profile of backfat 

  CAS  SW, kg s.e.m.a 

(n=5) 
Significance 

  IF CF  106 122 CAS SW 
Meat colour 
  Lightness (L*) 47.6 48.5  49.2 46.9 0.60 ns * 
  Redness (a*) 4.4 4.3  3.6 5.1 0.17 ns *** 
  Yellowness (b*) 10.7 10.7  10.7 10.7 0.21 ns ns 
  Chroma (c*) 11.6 11.7  11.4 11.9 0.23 ns ns 
  Hue angle (Hº) 67.9 68.6  71.8 64.7 1.12 ns *** 
Chemical composition (%) 

Intramuscular fat 2.2 2.3  2.0 2.5 0.09 ns ** 
CP 23.7 23.9  23.6 23.9 0.17 ns ns 
Moisture 74.1 73.8  74.4 73.6 0.15 ns * 

Water holding capacity (%) 
  Thawing loss 12.1 12.2  12.8 11.5 0.39 ns * 
  Drip loss 1.0 0.9  0.9 1.0 0.11 ns ns 
  Cooking loss 26.1 25.0  26.2 25.0 0.45 ns † 
Meat shear force (N) 67.0 65.6  66.1 66.4 2.19 ns ns 
Fatty acid profile of backfat (%) 
  C16:0 22.2 23.5  22.7 23.0 0.24 ** ns 
  C18:0 11.4 12.4  11.8 12.0 0.24 ** ns 
  C18:1 47.1 46.5  46.5 47.1 0.35 ns ns 
  C18:2 12.1 10.9  12.0 11.0 0.18 *** ** 

CAS = castration; SW = slaughter weight; IF = intact gilt; CF = castrated gilt. a Five pens per treatment and 
measurements conducted in five or two pigs of each pen for carcass and fat traits, respectively. ns, non significant; † 
P<0.10; * P<0.05; ** P<0.01; *** P<0.001. The interaction CAS x SW was not significant (P>0.10). 

 

Table 5. Effect of castration of gilts and slaughter weight on sensorial attributes of fresh 
meat 

  
CAS SW, kg  

s.e.m.a 

(n=2) 
Significance 

  IF CF 106 122   CAS SW 
Intensity of odour 5.67 5.79  5.90 5.60  0.39 ns ns 
Toughness 4.49 4.88  5.42 4.09  0.43 ns ns 
Juiciness 4.43 4.66  4.75 4.42  0.13 ns ns 
Intensity of flavour 4.89 5.09  5.20 4.84  0.30 ns ns 
Overall acceptability 4.63 4.80  5.24 4.25  0.42 ns ns 
CAS = castration; SW = slaughter weight; IF = intact gilt; CF = castrated gilt.a The experimental unit was the chop 
obtained from one pig randomly selected from two pens per each treatment. ns, non significant. The interaction CAS 
x SW was not significant (P>0.10). 

 

4.4. Proportion of suitable carcasses for the dry cured industry 

No differences in the percentage of carcasses that fulfil the quality criteria 

requested by the dry cured industry for ham weight were observed between IF and CF 

(Table 6). However, the proportion of carcasses that fulfil the criteria of a minimal 
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amount of BF depth above 20 mm (72.4 vs. 50.5%; P<0.001), of fat at GM above 18 

mm (78.2 vs. 41.8%; P<0.001) and of C18:2 content of BF below 12.0% (85 vs. 50%; 

P<0.05) was higher for CF than for IF.  

The percentage of carcasses that fulfil the quality criteria requested by the dry 

cured industry for a minimum weight of the hams was 100% for pigs slaughtered at 122 

kg BW but only 94.3% for pigs slaughtered at 106 kg BW. For a minimal amount of BF 

depth and fat at GM, the proportion that fulfil the requirement was higher for pigs 

slaughtered at 122 kg BW than for pigs slaughtered at 106 kg BW (83.1 vs. 39.3% for 

BF and 76.4 vs. 42.7% for GM; P<0.001). No differences for the percentage of 

carcasses that fulfil the quality criteria for C18:2 concentration in BF were observed 

between SW (60.0 and 75.0% for pigs slaughtered at 106 and 122 kg BW, respectively). 

Table 6. Effect of castration of gilts and slaughter weight on percentage of carcasses 
(%) that fulfil the requirements for high quality dry cured hamsa 

CAS SW, kg 
s.e.m.a

(n=5) 
Significance 

IF CF 106 122  CAS SW 
Fresh ham weight ≥ 9.5 kg 97.8 96.6 94.3 100.0 0.074 ns * 
Backfat ≥ 20 mmb 50.5 72.4 39.3 83.1 0.19 *** *** 
m. gluteus ≥ 18 mmc 41.8 78.2 42.7 76.4 0.19 *** *** 
C18:2 of backfat ≤ 12.0% 50.0 85.0 60.0 75.0 0.20 * ns 

CAS = castration; SW = slaughter weight; IF = intact gilt; CF = castrated gilt.a Five pens per 
treatment of 10 or two pigs each for carcass traits and C18:2 content of backfat, respectively. b 
Backfat depth between the third and fourth last ribs on the middle of the carcass (skin included). c 
Fat thickness over the m. gluetus at the thinnest point. ns, non significant; * P<0.05; *** P<0.001. 
The interaction CAS x SW was not significant (P>0.10). 
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5. Discussion 

 

5.1. Performance traits 

From 96 to 117 days (last 21 days of the trial), the ADG of the pigs was lower 

than expected, and below that observed from 84 to 96 days on trial (763 g vs. 971 g as 

an average). This period of fattening coincided with extreme ambient temperatures that 

occasionally reached 35ºC inside the building. Because of that, ADFI of pigs was 

reduced and consequently, ADG was penalized.  

For the entire experimental period, CF had higher ADFI and ADG but worse FCR 

than IF, results that agree with data of Peinado et al. (2008) in crossbred of (Pietrain × 

Large White) * (Landrace × Large White). The poorer FCR observed for CF than for IF 

was consistent with their fatter carcasses. Castration of gilts did not affect growth 

performance at 54 days on trial (46 days after surgical castration). The authors have not 

found any report studying the effects of female castration on growth performance of 

conventional pigs immediately after surgery. In Iberian pigs, Serrano et al. (2009b) 

observed that castration of gilts decreased ADG and tended to impair feed efficiency for 

the first 30 days after surgery. Differences in the characteristics of the breeds used 

(selected breeds vs. non-selected native breeds) together with the time elapsed from 

surgery to growth performance control (46 vs. 30 days) might explain the discrepancies 

observed between experiments. 

In the current study, ADFI increased by 163 g and FCR was impaired by 225 g 

per each 10-kg increase in SW from 106 to 122 kg BW, values that are consistent with 

data reported by other authors. For example, Serrano et al. (2008) observed that ADFI 

increased by 164 g and FCR was impaired by 182 g per each 10-kg increase in BW in 



 
 

Chapter 2: Experiment 1 

 

 
128 

Iberian x Duroc pigs from 145 to 156 kg BW. Also, Cisneros et al. (1996) reported in 

Duroc pigs that ADFI increased 100 g per each 10-kg increase in BW from 100 to 160 

kg BW. Latorre et al. (2008) observed that ADG decreased and FCR increased with 

increases in SW from 120 to 140 kg of BW. Consequently, feed cost will be higher 

when pigs are slaughtered at a heavier SW. 

 

5.2. Carcass traits 

No data is available on the effect of castration of gilts on carcass traits of pigs 

slaughtered at 106 kg BW. Peinado et al. (2008) compared castrated heavy pigs 

exclusively (114 and 122 kg of slaughter weight), whereas in this research CF and IF 

destined to fresh consumption (106 kg of slaughter weight) are compared with CF and 

IF destined to further dry-curing processes (122 kg of slaughter weight). Castration did 

not affect carcass yield of gilts, in agreement with data of Peinado et al. (2008) in 

crosses of Landrace × Large White with Pietrain sires slaughtered at heavy weights. 

Also, CF had more carcass fat depth than IF in accordance with data of Serrano et al. 

(2009a). A moderate increase in carcass fat thickness facilitates the drying of the primal 

cuts during the curing process, improving the quality of the end products (Guerrero et 

al., 1996). 

Castration of gilts did not affect SM muscle pH at 2 or 24 h post mortem, which 

agrees with data of Cisneros et al. (1996) and Terlouw et al. (2009) in Duroc pigs. 

Shrink loss was not affected by castration, even though BF was thicker in CF than in IF. 

Similar data have been reported by Latorre et al. (2004). Shoulder and trimmed primal 

cut yields were higher in IF than in CF, consistent with data of Serrano et al. (2008; 

2009a) who observed higher shoulder yield in IF from Iberian x Duroc pigs. López-Bote 
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et al. (2000) indicated that castration causes changes in the physiology and nutrient 

metabolism in pigs, which in turn might modify the proportion of primal cuts of the 

carcasses.  

Carcass yield increased 1.6 percentage units per each 10-kg increase in BW from 

106 to 122 kg BW, a value that is within the range previously reported for Duroc 

(Cisneros et al., 1996; Virgili et al., 2003) and Pietrain x Large White (Latorre et al., 

2004) crossbred pigs. Gu et al. (1992) indicated that the allometric coefficient of the 

carcass is greater than one and therefore, carcass yield is expected to increase with BW, 

consistent with the results of the current experiment. An increase in SW from 106 to 

122 kg BW increased carcass fat which agrees with data of Cisneros et al. (1996), Ellis 

et al. (1996) and Latorre et al. (2004). Trimmed ham yield decreased 0.10 percentage 

units per each 10-kg increase in SW. In this respect Cisneros et al. (1996) reported a 

decrease in ham yield of 0.2 percentage units per each 10-kg increase in SW in 

Hampshire x (Yorkshire x Duroc) pigs from 100 to 160 kg BW. 

 

5.3. Meat traits, fatty acid profile of backfat and sensorial evaluation of fresh meat 

Colour, tenderness and IMF content are valuable characteristics that influence 

consumer choice for dry cured products. No data is available on the effect of castration 

of gilts on meat traits of pigs slaughtered at 106 kg BW. In general, castration of gilts 

did not affect meat colour or tenderness of the loin at any age in agreement with data of 

Peinado et al. (2008) in heavy weight gilts. Also, IMF content was similar for IF and 

CF, results that agree with data of Serrano et al. (2008) in Iberian x Duroc pigs. In fact, 

Sather et al. (1991) suggested that content of the LT appears to be more affected by the 

genetics of the pigs than by gender, in agreement with the results of the current trial. 
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The lipid content of the LT was 2.2 and 2.3% for IF and CF, respectively. Several 

authors (DeVol et al., 1988; Fortin et al., 2005; Rincker et al., 2008) reported that a 

threshold level of marbling of around 2.0 to 2.5% ensures a satisfactory eating 

experience of pork meat. Therefore, both IF and CF have sufficient IMF to ensure 

adequate quality of the carcasses. Water holding capacity was similar for IF and CF 

confirming data of Peinado et al. (2008) in Pietrain × Large White sires mated to 

Landrace × Large White dams. Drip loss varied from 0.2 to 2.7% below the range of 5.3 

to 6.9% reported by Bee et al. (2006). The difference in value observed between these 

experiments with respect to drip loss might be related to the methodology used for 

estimation; frozen samples of LT after thawing in the current research and fresh meat in 

the experiment of Bee et al. (2006).  

In the present experiment, C18:2 content of all fat samples was low and below 

15%, maximum level admitted by Italian high quality dry cured products, but it was 

higher in fat from IF that in fat from CF (12.1 vs. 10.9 %; P<0.001). An increase in 

C18:2 content reduces the consistency of BF impairing water migration. Consequently, 

a high proportion of C18:2 will reduce the rate of moisture loss during the curing 

process jeopardizing the quality of the final product (Ruiz-Carrascal et al., 2000; 

Gandemer, 2002). Also, an increase in C18:2 content increases the rate of fat oxidation 

which might affect the aroma and flavour and the general quality of the end products 

(Wood et al., 2003, 2008). Therefore, carcasses from CF were better adapted to the 

production of dry cured products than carcasses from IF. 

In the current experiment, meat redness (a*) increased and meat lightness (L*) 

and hue angle (Hº) decreased as SW increased from 106 to 122 kg BW in accordance 

with most studies that report that meat becomes darker (Ellis et al., 1996) and redder 
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(Latorre et al., 2004; Corino et al., 2009) and had more myoglobin content (García-

Macías et al., 1996) as pig ages. Meat from pigs slaughtered at heavier weights had 

more IMF and less moisture content than meat from pigs slaughtered at lighter weights 

in accordance with data of Candek-Potokar et al. (1998b), Weatherup et al. (1998), and 

Corino et al., (2009). A minimal amount of fat is desirable to maintain the quality of 

meat products and in fact, an increase in the IMF content tends to improve the sensory 

properties of pork meat. For example, meat flavour is improved when the lipid content 

of the meat increases because fat oxidation is a precursor of satisfactory aroma 

compounds (Gandemer, 2002). Therefore, increasing SW from 106 to 122 kg BW might 

contribute to improve the quality of dry cured products. Thawing and cooking loss 

decreased with increases in SW but Warner-Bratzler force was not affected. Most 

published research conducted with pigs slaughtered within commercial ranges of SW 

(100 to 125 kg BW) has not found any effect of age on meat tenderness (Ellis et al., 

1996; Weatherup et al., 1998). Pigs slaughtered at 122 kg BW had less C18:2 content in 

BF than pigs slaughtered at 106 kg BW. The higher C18:2 content of the BF of lighter 

pigs found in the current research agrees with data of Serrano et al. (2009b) who 

reported a negative correlation between BF thickness and the unsaturation of BF. In this 

respect, Corino et al. (2008) have shown that the proportion of C18:2 in BF was lower 

in pigs slaughtered at 160 kg BW than in pigs slaughtered at 110 kg BW. 

Previous data by Peinado et al. (2008) have shown that castration of gilts 

improves meat traits, but no data are available on the effects of castration on sensorial 

quality of the meat. In the present experiment, no differences in fresh meat quality 

between IF and CF were detected by the panel. This observation was consistent with the 

similar chemical composition of the LT from gilts of both groups. However, the low 
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number of panellists and of samples analysed were small, making necessary to take 

these data cautiously. In barrows, for example, Banón et al. (2003) observed that 

castration of males increased IMF content as well as the sensorial quality of dry cured 

ham. Slaughter weight did not influence the sensory quality of fresh meat although 

heavier pigs had more IMF than lighter pigs, data that agree with results of Fjelkner-

Modig (1981). In contrast, Leach et al. (1996) observed a linear increase of the 

resistance of meat to cutting with age. In this respect, Correa et al. (2006) indicated that 

insoluble collagen content of pig meat increased with increases in SW. Also, Corino et 

al. (2009) reported that consumers were able of detecting differences in colour of meat 

from pigs slaughtered at 120 or 160 kg BW. Probably, differences in final BW of the 

pigs among trials might explain at least in part, the discrepancies observed. 

 

5.4. Proportion of suitable carcasses for the dry cured industry 

Castration of gilts increased the proportion of carcasses that met industry 

requirements for a minimal amount of BF from 50.5 to 72.4% and of GM fat from 41.8 

to 78.2%. Similarly, Peinado et al. (2008) reported that the percentage of carcasses with 

a GM fat depth equal or greater than 20 mm was 77% for CF but only 36.6% for IF. 

Therefore, castration of gilts will benefit the drying and ripening processes as well as 

the aroma and flavour of final dry cured products (Ruiz-Carrascal et al., 2000). Also, an 

increase in SW from 106 to 122 kg BW increased the proportion of carcasses that 

fulfilled the requirements for a minimal amount of BF from 39.3 to 83.1% and of GM 

fat from 42.7 to 76.4%. Latorre et al. (2008) have reported that an increase in SW to 

130 kg BW increased carcass weight as well as fat thickness of the carcass and of the 

ham to levels above those required by the dry cured industry. Therefore, an increase in 
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SW of IF might be a good strategy to increase the percentage of suitable carcasses for 

the dry cured industry. 

Castration of gilts and an increase in SW above 106 kg BW will increase the value 

of primal cuts of carcasses destined to the dry cured industry. Although these results 

favour castration of gilts to improve quality of primal cuts intended for the dry cured 

industry, the European Union legislation on animal welfare does not allow surgical 

castration of gilts (Gispert et al., 2010). But the results of present experiment might be 

applicable for other methods of castration of gilts, such as immunocastration.  
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6. Conclusions 

Castrated gilts had poorer feed conversion but better growth rate, more carcass fat 

and less proportion of C18:2 in backfat than gilts. Consequently, a higher proportion of 

carcasses from castrated gilts met the requested minimal criteria for producing high 

quality dry cured hams as compared to gilts. An increase in slaughter weight from 106 

to 122 kg BW, also improved primal cuts fat content and meat quality but impaired feed 

conversion ratio. When all these traits are considered, castration of gilts and increasing 

the BW at slaughter might be sound management practices for the production of primal 

cuts destined to the dry cured industry. In contrast, intact gilts slaughtered at lower BW 

(106 kg BW) might be a better alternative when the carcasses are destined to the fresh 

meat industry. 
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1. Introduction 

Spain is the primary producer of dry-cured hams and shoulders in the world with a 

total production of 251,345 t in 2005 (Resano et al., 2006). Fat content, fatty acid 

profile of the fat, and size and pH of the primal cuts affect water migration, and 

consequently the rate and extension of the ripening process and the acceptability of the 

cured products (Ruiz-Carrascal et al., 2000; Bañón et al., 2003a). The dry-cured 

industry requires primal cuts within a narrow range of weight and subcutaneous fat 

contents and with a high level of intramuscular fat to improve uniformity and quality of 

the end products. 

An increase in slaughter weight (SW) from current 100 to 120 kg BW or more has 

been recommended to fulfill the requirements of the dry-cured industry (Latorre et al., 

2004). However, an increase in BW requires greater age at slaughter, and the castration 

of males to avoid boar taint is needed. In addition, intact females (IF) slaughtered at 

heavy weights might reduce feed intake and growth in the last period of fattening 

because of oestrous. Therefore, IF require longer fattening period than castrated males 

(CM) when slaughtered at 120 kg BW or more. Also, carcasses are fatter for CM than 

for IF and consequently water losses of primal cuts during ripening are lower for CM 

(Gou et al., 1995). Castration of females reduces the negative effect of oestrous on 

growth (Zeng et al., 2002) and increases fatness of primal cuts improving the quality of 

dry-cured products. However, the use of castrated females (CF) is not a common 

practice because of animal welfare concerns, the risk of surgery infection, and the 

increase in cost. To our knowledge, the influence of gilt castration on performance and 

carcass quality of modern strains of white pigs remains unstudied. The aim of this 

research was to investigate the effect of castration of gilts on growth performance, 
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carcass traits, and meat quality of pigs destined to the dry-cured industry when 

slaughtered at two different ages. 

 

2. Material and methods 

 

2.1. Animal welfare 

All the experimental procedures used in this study were approved by the Ethics 

Committee of the University of Madrid and were in compliance with the Spanish 

guidelines for the care and use of animals in research (Boletín Oficial del Estado, 2005). 

 

2.2. Husbandry and growth performance 

Crossbred CM (n=80), IF (n=80), and CF (n=80) of 100 ± 3 d of age (60.5 ± 2.3 

kg BW) were used. All pigs were the progeny of Pietrain * Large White sires (Gene+, 

Erin, France) and Landrace * Large White dams (Copese, Segovia, Spain). Males were 

castrated at 5 ± 3 d of age and females were ovariectomized at 60 ± 3 d of age. Upon 

arrival to the experimental farm, pigs were randomly allotted to 24 groups of similar 

initial weight within gender and SW. There were six treatments arranged factorially 

with three genders (CF, IF, and CM) and two SW (114 and 122 kg BW). Each of the six 

combinations of treatments was replicated four times and the experimental unit was a 

pen with 10 pigs.  

Pigs were housed in flat-deck pens (3.25 m x 2.47 m) in an environment 

controlled barn and had free access to pelleted barley-wheat-soybean meal diets and 

water throughout the trial. Diets were formulated to meet or exceed the requirements of 

pigs for each age (National Research Council, 1998). The composition, and the 
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estimated (Fundación Española para el Desarrollo de la Nutrición Animal, 2003) or 

determined nutrient value of the diets (AOAC International, 2000) are shown in Table 

1.  

Table 1. Composition and nutrient content of the experimental diets (%, as-fed basis) 
 

Item 60 to 85 kg BW 85 kg BW to slaughter 
Ingredient 

Barley 43.34 77.24 
Wheat 32.79  9.02 
Soybean meal, 46 % CP 17.07  9.77 
Yellow grease  2.92  1.28 
Beet molasses  2.00  0.97 
L-lysine, 50%  0.23  0.17 
DL-methionine, 99 %  0.03 - 
L-threonine, 25% 
%  0.02 

- 

Sodium chloride  0.30  0.63 
Dicalcium phosphate   1.00  0.62 
Vitamin & mineral premix1  0.30  0.30 

 
Analyzed composition 

CP (N x 6.25) 16.51 13.54 
Crude fibre  5.35   7.72 
Ether extract  5.47   6.83 

 
Calculated nutrient composition 

NE (kcal•kg-1)            2,350           2,415 
Total lysine 0.85 0.67 
Calcium 0.83 0.63 
Total phosphorus 0.56 0.51 
Linoleic acid 1.04 1.16 

1Provided the following (per kilogram of complete diet): 6,000 IU retinyl acetate; 1,200 IU cholecalciferol; 11 IU 
all-rac--tocopheryl acetate; 0.5 mg menadione (menadione sodium bisulphite complex); 0.2 mg thiamin 
(thiamine mononitrate); 2.5 mg riboflavin; 0.2 mg pyridoxine (pyridoxine HCl); 15 g cyanocobalamin; 8 mg D-
pantothenic acid (DL-calcium pantothenate); 15 mg niacin; 350 mg choline; 16 mg Cu (copper sulfate); 75 mg Fe 
(ferrous sulfate); 40 mg Mn (manganese oxide); 110 mg Zn (zinc oxide); 0.1 mg Co (cobalt sulfate); 0.3 mg Se 
(sodium selenite); 0.8 mg I (calcium iodate). 

 

Live weight per pig and feed consumption per pen were recorded at 0, 31, 73, and 

87 d of trial and these data were used to calculate ADG, ADFI, and G:F per replicate. 

Once the preplanned SW treatment average was achieved, all the pigs belonging to each 

SW group (114 or 122 kg) were slaughtered the same day. 
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2.3. Handling, slaughtering, and carcass traits 

At preplanned SW (average of 114 kg BW and 173 d of age or 122 kg BW and 

187 d of age, according to experimental treatment) pigs were individually weighed and 

transported 85 km to a commercial slaughter plant (Alfrese, S.A., Segovia, Spain) 

where they were resting for 12-h with full access to water but not to feed. Then, pigs 

were electrically stunned (225 to 380 V/0.5 amps for 5 to 6 s), exsanguinated, scalded, 

skinned, eviscerated according to standard commercial procedures, and split down the 

center of the vertebral column. Hot carcass weights were recorded and used to calculate 

dressing percentage. Then carcasses were blast chilled at 2ºC (1 m•s-1) for 2 h. At 45 

min postmortem, carcass length from the posterior edge of the symphysis pubis to the 

anterior edge of the first rib, ham length from the anterior edge of the symphysis pubis 

to the hock joint, ham circumference at its widest side, fat thickness over the thinnest 

point at gluteus medius muscle (GM), and backfat depth (BF) between the 3rd and 4th 

last ribs on the midline of the carcass (skin included) were measured on the left side of 

each carcass using a flexible ruler with a precision of 0.5 mm. At 45 min and 24 h 

postmortem, pH of the left ham was measured in the semimembranosus muscle using a 

Crison 507 portable pH meter equipped with a glass electrode (model no. 52-00, Crison 

Instruments, S.A., Barcelona, Spain). 

Carcasses were fabricated according to the simplified EC-reference method 

(Branscheid et al., 1990) and the weight of hams, shoulders, and loins was measured at 

2 h postmortem. Hams and shoulders were then suspended in the air for 24 h at 4ºC. 

Five carcasses from each replicate were chosen at random before the arrival of the pigs 

at the slaughter plant and a section of 300 ± 15 g LM was excised at the level of the last 

rib from the left side of the carcass, weighed, vacuum packaged, and frozen at –20ºC 
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during 50 d for subsequent analyses. In addition, subcutaneous fat samples, comprising 

all fat layers, were obtained at 10 cm from the coccyx from these carcasses, and used to 

determine the fatty acid (FA) profile and by using a gas chromatograph (Perkin Elmer 

Autosyst-XL, Boston, USA) equipped with a flame ionization detector. The 

methodology used for the FA profile determination has been described in depth by the 

Boletín Oficial del Estado (2004). 

At 24 h postmortem hams and shoulders were weighed again. The difference 

between weights measured at 2 and 24 h postmortem was divided by the 2 h weight to 

estimate cold shrinkage. At 48 h postmortem, hams and shoulders were trimmed of 

external fat and weighed to calculate trimmed ham and shoulder yields. 

 

2.4. Meat quality traits 

To measure meat quality traits, LM samples were obtained from five carcasses of 

each replicate, thawed in vacuum package bags for 24 h at 4ºC, removed from packages, 

blotted dry, and weighed. Thawing losses were calculated by dividing the difference in 

weight between the fresh and thawed samples by the initial fresh weight. Additionally, 

objective measures of pork color were determined on thawed chops, after a 20 min 

“bloom” period. Samples were analyzed with a calibrated CM 2002 colorimeter 

(Minolta Camera, Osaka, Japan) using illuminant D65, 10º Standard Observer, and 

Commission International de l’Eclairage (1976) color scale. The colorimeter was 

previously calibrated with a pure white color according to manufacturer 

recommendations, and the average of three random readings was used to measure 

lightness (L*), redness (a*), and yellowness (b*). Additionally, the chroma [c* = (a*2 + 

b*2)1/2] values were also calculated. Myoglobin content was measured in two minced 
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slices of meat from each chop with a Beckman DU®-640 spectrophotometer (Beckman 

Instrument, Fullerton, USA) by the method of Hornsey (1956) as modified by Boccard 

et al. (1981). Briefly, a 5 g sample of minced LM was placed into an extraction vessel 

with 20 mL acetone and 1 mL water, and stirred for 30 s with a glass rod. Afterwards, 

0.5 mL of 12 M HCl was added, and the suspension was kept in a sealed vessel 

overnight in the dark. The sample was then filtered, and absorbance of the filtrate was 

measured at 510 nm. Each slice was evaluated two times and averaged. The 

concentration of myoglobin (mg•g-1 fresh muscle weight) was obtained by multiplying 

the absorbance reading by the factor 8.816 obtained by calibration (Boccard et al., 

1981).  

The muscular fat (MF), CP, and moisture content of the loins were determined by 

using a near infrared transmittance meat analyzer (Infratec® 1265, Tecator, Höganäs, 

Sweden). The samples were not trimmed free of intermuscular fat and connective tissue. 

Therefore the measurement of MF included both the intermuscular and the 

intramuscular. The monochromator contained a 50 W tungsten lamp and a diffraction 

grating which created monochromatic light. The measured spectra were separated in the 

range from 800 to 1,100 nm. The chops were minced and distributed in the cup ring 

equipped with a plastic bottom plate with 100-mm diameter and 15-mm deep. 

Drip loss was determined using 15-mm thick LM slices from each thawed chop. 

After weighing, the slices were placed over a metallic net in a hermetic plastic cage at 

4ºC during 24 h without application of any external force. Afterwards, samples were 

reweighed, and the difference between the weights of the slice before and after 

conservation in the cooler was divided by the initial weight to determine drip loss. 

Cooking loss was determined by the method described by Honikel (1998). Briefly, a 
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LM slice was taken from each chop, weighed (80 ± 5 g), placed in a plastic bag, and 

cooked to an internal temperature of 70ºC in a 75ºC water bath (Precisterm, J.P. Selecta 

S.A., Barcelona, Spain). Internal temperature was monitored during cooking with a 

handheld temperature probe (Hanna Instruments, Woonsocket, RI 02895, USA). 

Cooked samples were allowed to cool at 15ºC for 30 min, blotted dry, and weighed. The 

difference between pre- and post-cooking weights was divided by the pre-cooked 

weight to calculate cooking loss percentage. Samples were then cut parallel to the long 

axis of the muscle fibers into rectangular cross-section slices, 10-mm x 10-mm and 30 

mm length (Guerrero et al., 1999). Slices (8/chop) were sheared perpendicular to the 

fiber orientation, with a V-shaped blade of Warner-Bratzler shear force device attached 

to a texture meter (TA-XT2; Stable Micro Systems, Surrey, UK) equipped with a 5-kg 

load cell and a crosshead speed of 6 mm•s-1. 

 

2.5. Statistical analyses 

Data were analyzed as a completely randomized design with treatments arranged 

factorially, using the GLM procedure of SAS (1990). The model included sex, SW, and 

their interaction as main effects. The experimental unit for growth performance and 

carcass data was a pen with ten pigs, whereas for pork quality measures and FA profile 

the experimental unit was formed by the average of five chops or five fat samples 

obtained from five different pigs sampled at random within each pen. Initial weight of 

pigs was used as covariate for growth performance data analysis. Means were computed 

and separated by a t-test. Alpha < 0.05 was classified as a significant difference and 

alpha from 0.05 to 0.10 was classified as a tendency. No gender x SW interactions were 
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detected for any growth, carcass or meat trait measured and therefore, only main effects 

are reported. 

 

3. Results 

 

3.1. Growth performance 

Castrated females and CM had similar ADFI, ADG, and G:F ratio throughout the 

experiment (Table 2). From the beginning of the trial to 73 days (60 to 114 kg BW) CF 

and CM grew faster and ate more feed than IF (P < 0.05) but no significant differences 

among genders were found for G:F ratio. From 73 to 87 days of trial (114 to 122 kg 

BW), after half of the pigs had been slaughtered, no differences were found between 

castrates, either males or females, and IF for any trait.  
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Table 2. The effect of gender, castration, and slaughter weight on growth performance of pigs 

 Gender and castration1  Slaughter weight, kg 
Item IF CF CM SEM P <  114 122 SEM P <
Initial weight, kg   60.9    59.4    61.2 0.809 0.26  60.1   60.9 0.660   0.38 
Final weight, kg 114.5b  119.5a  120.5a 1.102 0.01    114.3  122.0 0.900 0.001 
From 60 to 85 kg (0-31 days)      
N 8 8 8    12 12   
   ADG, g•d-1 719b  803a 832a  18.991 0.001    799   771  15.506   0.22 
   ADFI, kg•d-1    2.039b     2.314a    2.361a 0.041 0.001       2.249      2.227 0.033   0.65 
   G:F   0.352    0.347   0.352 0.006 0.86       0.355      0.345 0.005   0.19 
From 85 to 114 kg (31-73 days)      
N 8 8 8    12 12   
   ADG, g•d-1 648a 697ab 714b  19.735 0.07   690  682  16.113   0.72 
   ADFI, kg•d-1   2.277b   2.590a   2.582a 0.037 0.001      2.482      2.484 0.031   0.97 
   G:F 0.284 0.269 0.276 0.007 0.37      0.278      0.274 0.006   0.62 
From 114 to 122 kg (73-87 days)      
N 4 4 4    - 12   
   ADG, g•d-1 634 684 607  32.318 0.31  -  642  18.659 - 
   ADFI, kg•d-1   2.369   2.583   2.440 0.055 0.08  -      2.464 0.031 - 
   G:F   0.268   0.264   0.249 0.010 0.36  -      0.260 0.005 - 
From 60 kg to slaughter (114 or 122 kg BW)      
N 8 8 8    12 12   
   ADG, g•d-1 675b 739a 746a  12.929 0.01  737  703  10.556   0.03 
   ADFI, kg•d-1    2.188b    2.482a    2.485a 0.033 0.001    2.382      2.387 0.027   0.89 
   G:F   0.309   0.298   0.300 0.005 0.36    0.309      0.294 0.004   0.02 

a,b,c Means without a common superscript letter within a row differ (P < 0.05). 1 IF = intact females; CF = castrated females; CM = castrated males. 
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When calculated across the entire duration of the experimental period, CF and CM 

ate more feed (2.484 vs. 2.188 kg•d-1; P < 0.05) and grew faster (743 vs. 675 g•d-1; P < 

0.05) than IF, but no differences were found for G:F (P > 0.05). On the other hand, pigs 

slaughtered at 122 kg BW grew slower (703 vs. 737g•d-1; P < 0.05) and had decreased 

G:F ratio (0.294 vs. 0.309; P < 0.05) than pigs slaughtered at 114 kg BW. 

 

3.2. Carcass traits 

Carcasses from CF and CM were heavier (94.4 vs. 91.6 kg; P < 0.05) and fatter 

(24.5 vs. 21.6 cm for BF, and 21.4 vs. 17.7 cm for GM fat, respectively; P < 0.05) than 

carcasses from IF. Loin yield was greater for IF than for CF and CM (7.2 vs. 6.9 %; P < 

0.01) but no differences among genders were found for weight or yield of hams or 

shoulders. Carcass yield, carcass length, and length and circumference of the ham were 

similar for IF, CF, and CM. Also, no differences among genders were found for pH45, 

pH24, or shrink loss of primal cuts (Table 3). On the other hand, an increase in SW 

from 114 to 122 kg increased carcass weight (P < 0.001), GM fat (P < 0.05), and carcass 

length (P < 0.001), and tended to improve carcass yield (P < 0.10). However, percentage 

of primal cuts in the carcass and BF thickness were not affected by SW (Table 3). There 

was a tendency of a greater pH45 in pigs slaughtered at 122 kg BW (P = 0.08). In 

addition, cold shrinkage of hams and shoulders was greater for 114 kg BW pigs than for 

122 kg BW pigs (P < 0.001). 
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Table 3. The effect of gender, castration, and slaughter weight on carcass traits of pigs 

 Gender and castration1 Slaughter weight, kg BW
Item IF CF CM SEM P < 114 122 SEM P < 

N 8 8 8   12 12   
Carcass weight, kg 91.6b 94.0a 94.9a 0.89 0.04 90.2 96.8 0.73 0.001 
Carcass yield, % 79.1 79.7 79.2 0.25 0.21 79.1 79.6 0.20 0.06 
Backfat, mm 21.6b 24.6a 24.4a 0.66 0.01 23.0 24.0 0.54 0.20 
Gluteus medius fat, mm 17.7b 21.8a 21.0a 0.63 0.001 19.3 21.1 0.51 0.02 
Weight, kg          

Loin   6.6   6.5   6.5 0.09 0.87   6.4   6.7 0.07 0.001 
Ham 24.4 25.1 24.7 0.30 0.29 23.9 25.5 0.25 0.001 
Shoulder 13.9 14.2 14.3 0.19 0.45 13.6 14.7 0.16 0.001 
Primal cuts (loin +ham + shoulder) 44.6 45.5 45.2 0.61 0.58 43.6 46.7 0.50 0.001 

Yield, %           
Loin    7.2a   6.9b   6.9b 0.07 0.01   7.1   7.0 0.06 0.62 
Ham 26.6 26.5 26.2 0.14 0.21 26.6 26.3 0.12 0.13 
Shoulder 15.2 15.1 15.1 0.16 0.80 15.0 15.3 0.13 0.17 
Primal cuts (loin + ham + shoulder) 49.0 48.4 48.3 0.29 0.20 48.6 48.6 0.24 0.97 

Carcass length, cm 85.6 85.4 85.3 0.39 0.84 83.2 87.6 0.32 0.001 
Ham length, cm 34.1 34.3 34.5 0.18 0.38 34.3 34.3 0.15 0.83 
Ham circumference, cm 74.5b 75.7ab 76.9a 0.44 0.10 75.2 75.5 0.36 0.63 
Semimembranosus pH          

45 min   5.91   5.87   5.92 0.038 0.57   5.86   5.94 0.031 0.08 
24 h   6.07   6.08   6.09 0.040 0.94   6.11   6.05 0.033 0.25 

Shrink loss, %          
Ham   1.12   1.12   1.06 0.025 0.14   1.21   0.99 0.020 0.001 
Shoulder   1.07   1.03   0.98 0.041 0.39    1.20   0.85 0.034 0.001 

a,b,c Within a row, means without a common superscript letter differ (P < 0.05). 1 IF = intact females; CF = castrated females; CM = castrated males. 
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3.4. Meat quality traits 

Muscular fat content was greater for CF and CM than for IF (4.6 vs. 3.9%; P < 

0.05). Also, meat from IF tended to have a greater moisture content than meat from CF 

(74.7 vs. 74.2%; P < 0.10) having meat from CM with an intermediate value (Table 4). 

Slaughter weight did not influence chemical composition of the meat. In general, sex 

did not affect colour or myoglobin content of the meat; the only differences observed 

were for yellowness (b*) that was greater for CF than for CM (P < 0.05) and for 

lightness (L) that tended to be greater for CF than for CM (P = 0.08). Also, b* values 

were greater for the heavier pigs (9.8 vs. 9.4; P < 0.05). Sex did not influence shear 

force or water holding capacity of the loin, but an increase in SW increased shear force 

(5.25 vs. 5.69 kg; P < 0.01) and tended to reduce drip loss (1.93 vs. 1.02 %; P = 0.06). 

In general, the FA profile of subcutaneous fat was not modified by gender or by SW. 

The only difference observed was for linoleic acid content which was greater for IF than 

for CF and CM (14.0 vs. 13.3 %; P < 0.01). 
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Table 4. The effect of gender, castration, and slaughter weight on meat quality traits of the loin and the fatty acid (FA) profile of 
subcutaneous fat of pigs 

 
 
Item 

Gender and castration1  Slaughter weight, kg BW 

IF CF CM SEM P  <  114 122 SEM P  < 
N 8 8 8  12 12
Chemical composition, %           

Moisture 74.7b 74.2a 74.4ab 0.15 0.06  74.5 74.4 0.12 0.92 
Fat2   3.9b   4.6a   4.6a 0.20 0.05    4.3   4.4 0.16 0.68 
Protein 21.4 21.2 21.0 0.11 0.11  21.2 21.2 0.09 0.35 

Color parameters           
Lightness (L*) 47.9ab 48.0a 46.3b 0.55 0.08  47.9 46.8 0.44 0.11 
Redness (a*)   5.0   5.2   5.5 0.18 0.25    5.2   5.2 0.15 0.83 
Yellowness (b*)   9.6ab   9.9a   9.3b 0.17 0.05    9.8   9.4 0.14 0.05 
Chroma (c*)3 10.9 11.2 10.9 0.18 0.30  11.1 10.8 0.15 0.14 

Myoglobin, mg•g-1   0.58   0.65   0.63 0.053 0.63    0.63   0.61 0.04 0.76 
Shear force, kg4   5.55   5.60   5.27 0.140 0.23    5.25   5.69 0.11 0.01 
Water holding capacity, %           

Thawing loss 10.2 10.3   9.1 0.48 0.19  10.1   9.7 0.40 0.44 
Drip loss   1.07   1.10   1.15 0.073 0.71    1.93   1.02 0.06 0.06 
Cooking loss 19.5 18.9 19.0 0.83 0.89   18.9 19.3 0.67 0.68 

FA profile of fat, %           
Palmitic acid (C 16:0) 23.0 23.2 23.0 0.10 0.42  23.0 23.1 0.09 0.29 
Estearic acid (C 18:0) 11.9 11.8 12.1 0.14 0.32  12.0 11.9 0.11 0.49 
Oleic acid (C 18:1) 44.5 44.2 44.3 0.27 0.75  44.3 44.3 0.22 0.99 
Linoleic acid (C 18:2) 14.0b 13.4a 13.3a 0.15 0.01   13.7 13.4 0.12 0.11 

a,b,c Within a row, means without a common superscript letter differ (P < 0.05). 1 IF = intact females; CF = castrated females; CM = castrated males. 2 Includes 
intermuscular and intramuscular fat of the loin. 3 Chroma: a greater c* value indicates more vividness or intensity of the color and was calculated as c* = (a*2 + 
b*2)1/2. 4 Obtained by using rectangular cross-section samples, 10-mm x 10 –mm and 30-mm along the fiber axis using a WB shear blade with an angular 
triangular slot cutting edge.  
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4. Discussion 

 

4.1. Growth performance 

The differences in productive performance between CM and IF are well known 

(Augspurger et al., 2002; Latorre et al., 2004) but no data was found comparing CF 

with IF and CM. Our data indicate that growth performance is similar for CM and CF, 

and that both ate more feed, grew faster, but had the same G:F as IF. Production of 

heavy pigs is mostly based on rearing CM and IF in the same farm and often all the pigs 

are slaughtered the same day. In consequence, uniformity of carcasses and primal cuts is 

low. Our data indicate that management of pigs, logistics at slaughter and carcass 

uniformity improve when both males and females are castrated. Furthermore, CF grew 

faster than IF and consequently, the length of the fattening period and the cost of 

production are reduced when females are castrated. The lower ADG of IF with respect 

to CF might be due, at least in part, to differences in estrous behaviour between both 

them (Zeng et al., 2002). In the present trial, BF and GM fat of females increased with 

castration which agrees with Bañón et al. (2003a) comparing IF and CM. However, no 

differences between CF and IF were observed for G:F ratio. To our knowledge no data 

have been published comparing productive performance of IF and CF. 

Pigs slaughtered at 122 kg BW had lower ADG and poorer G:F than pigs 

slaughtered at 114 kg BW, which agrees with Cisneros et al. (1996) and might be 

explained by differences by the onset of sexual maturity of the heavy pigs and in fat 

deposition of the genetic lines used. Therefore, feed cost will be greater when pigs are 

slaughtered at a heavier SW. However, pigs slaughtered at 122 kg BW had fatter 

carcasses than pigs slaughtered at 114 kg BW which might be beneficial for pigs 
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destined to the dry-cured industry because curing for optimal quality requires a relative 

high amount of fat (Guerrero et al., 1996). 

 

4.2. Carcass traits 

All carcass traits studied were similar for CF and for CM. Carcasses were heavier 

for CF than for IF and therefore, meat output and efficiency of the processing plant 

increases when gilts are castrated. To our knowledge no published work comparing 

carcass traits between IF and CF is available. Castration of females did not affect 

carcass yield although CF had 0.6 percentage units more dressing than IF. Carcasses 

from CF and CM had more BF and GM fat than carcasses from IF. Our results 

comparing carcass traits of CM and IF agree with Nold et al. (1997) and with Candek-

Potokar et al. (2002). Castration of females increases BF and GM fat which facilitates 

the drying and ripening process of the meat (Candek-Potokar et al., 2002) improving the 

aroma and flavour of dry cured-products (Ruiz-Carrascal et al., 2000; Bañon et al., 

2003b). Carcass and ham lengths were not affected by sex which agrees with Cisneros 

et al. (1996). However, Leach et al. (1996) and Latorre et al. (2003a) found that 

carcasses of IF were longer than carcasses of CM. In the present experiment the heavier 

SW of CF and CM with respect to IF might have compensated for the effect of sex on 

carcass and ham length. In addition, ham circumference was greater for CM than for IF 

with CF showing an intermediate value. No data is available on measurements of 

carcasses and hams of CF. Loin yield of IF was greater than loin yield of CF and CM 

but primal cut yield was not affected by sex. Unruh et al. (1996) and Lebret et al. (2001) 

found that at similar SW, IF have greater proportion of lean cuts than CM, but no data is 

available for CF.  
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An increase in SW increased carcass yield which agrees with Virgili et al. (2003) 

and Latorre et al. (2004). Pigs slaughtered at 122 kg BW had greater GM fat than pigs 

slaughtered at 114 kg BW. Therefore, the quality of dry cured products is expected to 

improve with increases in SW. The pH45 and pH24 were not affected by SW, which 

agrees with Latorre et al. (2003a). However Cisneros et al. (1996) and Beattie et al. 

(1999) found that pH decreased with increases in SW. The reason for the discrepancy is 

not known but might be due to differences in the final weight of the pigs used. Virgili et 

al. (2003) observed that during chilling, postmortem metabolism was more rapid and 

pH decline was greater in carcasses from heavier pigs than in carcasses from lighter 

pigs. In the current experiment the difference in SW between the heavier and the lighter 

groups of pigs was of only eight kg and therefore, no great differences in pH between 

both groups were expected. In addition, pH24 was greater than pH45 in accordance with 

Serrano et al. (2007) working with IB x Duroc pigs. Feed deprivation before slaughter 

might reduce glycogen content of the muscle at slaughter, increasing the ultimate pH 

because of the recovery of energy reserves from fat depots produce the synthesis of 

acetone and ammonia. The cold shrinkage of hams and shoulders decreased with SW as 

found by Candek-Potokar et al. (2002). These results agree with our data on pH45 

showing that the cold shrinkage is lower in samples with greater pH. The SW did not 

affect the percentage of lean cuts, which agrees with Albar et al. (1990) but not with 

Latorre et al. (2003a). Virgili et al. (2003) suggested that primal cut proportion 

decreases with increasing BW because growth rate of primal cuts is lower with age than 

growth rate of the whole body. In addition, the small differences in SW between the two 

experimental groups might have precluded the detection of any difference. 
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4.3. Meat quality traits 

The lack of uniformity in meat quality traits of primal cuts produced under the 

same conditions is one of the main problems in the dry-cured product industry. The 

amount of subcutaneous and muscular fat and its consistency affect the water migration 

and the rate of moisture loss during the ripening, as well as many quality traits of the 

final product (Ruiz-Carrascal et al., 2000; Gandemer, 2002). Furthermore, pH, water 

holding capacity, and colour of the raw meat affect texture and colour of the cured 

product (Guerrero et al., 1999, Tabilo et al., 1999). Therefore, the conditions of the 

ripening should be adapted to the characteristics of the raw material to improve the 

uniformity of sensory quality of the dry-cured products. No differences in MF content 

were found between CF and CM but MF was greater for castrated females and males 

than for IF. Our data agree with Unruh et al. (1996), Nold et al. (1999), and Latorre et 

al. (2003b) comparing CM and IF but no data is available for CF. A high amount of 

intramuscular fat is desirable to improve the sensory properties of pork meat (Nold et 

al., 1997, Gandemer, 2002). Therefore, castration of females might contribute to 

improve the quality of dry-cured products (Serrano et al., 2007). In the current trial, the 

MF content in LM ranged from 3.9 to 4.6 %, values that are greater than those reported 

for intramuscular fat (1.0 to 4.1 %) by Nold et al. (1999) or Beattie et al. (1999). In our 

experiment the chop samples were not trimmed free of intermuscular fat and connective 

tissue before analyses because both types of fat are important for quality of dry-cured 

products (Timón et al., 2001). Therefore, greater levels of MF should be expected in our 

experiment. Meat from CF tended to be lighter and was more yellow than meat from 

CM, with meat from IF in an intermediate position. Nold et al. (1999) and Lindahl et al. 

(2001) reported that muscles from IF were darker than muscles from CM but no data on 
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meat colour is available for CF. Tenderness of the loin was not affected by sex, which 

disagrees with Candek-Potokar et al. (2002), who observed that hams from IF had 

firmer texture than hams for CM. Also, no differences among sexes were detected in the 

present trial for thawing, dripping, or cooking losses, confirming previous data 

(Cisneros et al., 1996). The drip loss varied from 1.07 to 1.93 %, values that are lower 

than those (5.25 to 6.89 %) found by Bee et al. (2006). The reason for this discrepancy 

is explained, at least in part, because in the current trial we used frozen samples after 

thawing whereas Bee et al. (2006) used fresh meat samples.  

The weight at slaughter did not affect chemical composition of the loin, 

myoglobin content, L, a* or c* value or, water-holding capacity of the meat which 

might be due to the small difference in SW of our two experimental groups (114 vs. 122 

kg BW). However, shear force of loins was lower for pigs slaughtered at 114 kg than for 

pigs slaughtered at 122 kg BW, in agreement with Leach et al. (1996).  

The linoleic acid content of subcutaneous fat was similar for CF and CM and 

lower for CF and CM than for IF, which might be explained because total fat content is 

lower in CF and CM than in IF and consequently, the linoleic acid content increased 

when calculated as a percentage. Warnants et al. (1999) and Högberg et al. (2001) 

observed that fat from IF was more unsaturated than fat from CM but no data is 

available for CF. An increase in the linoleic acid content reduces consistency of 

subcutaneous fat and increases fat oxidation rate (Bonneau, 1998; Wood et al., 2003) 

which might affect the colour, aroma, and flavour of end products negatively. 

Therefore, castration of females might improve the quality of primal cuts destined to the 

dry-curing industry. 
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5. Conclusions 

Growth performance and fat content of primal cuts were greater for castrates than 

for intact females but no differences were found between castrated males and castrated 

females. Therefore, when both genders are slaughtered at the same age, castration of 

females increased the uniformity of carcasses and primal cuts of pigs. In addition, an 

increase in slaughter weight from current 114 to 122 kg BW, increases fat content of 

carcasses and therefore, improves quality of primal cuts destined to the dry-cured 

industry. 
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1. Introduction 

Traditionally, pig production in Spain has been based on crosses of Landrace x 

Large White dams with lean sire lines, such as Pietrain slaughtered at approximately 

100 kg body weight (BW). A high proportion of hams and shoulders of these pigs (0.27 

million t in 2007) are destined to the dry cured industry (Confecarne, 2008). Four 

characteristics required for carcasses destined to the dry cured industry that command a 

premium price are 1) fresh hams weight over 9.5 kg (DOCE, 1999), 2) backfat (BF) 

depth above 29 mm, 3) m. gluteus medius (GM) fat depth above 20 mm and 4) linoleic 

acid (C18:2) content of BF below 15%. Carcasses that do not meet these criteria are 

heavily penalized, with a consequent reduction of the benefits of the producer. The use 

of adequate genotype crosses such as Duroc and the increase in slaughter weight (SW) 

from current 110 kg to 120 kg BW or more are useful practices to meet these quality 

criteria (Latorre, Lázaro, Gracia, Nieto, & Mateos, 2003). However, an increase in SW 

impairs feed efficiency (FCR) especially in castrated males (CM). Consequently, the 

more convenient SW, in pigs destined to the production of dry-cured primal cuts, is a 

compromise between growth performance parameters and carcass and meat quality 

traits. 

Intact females (IF) slaughtered at heavy BW show a reduction in feed intake and 

growth performance during the last part of the fattening period because of oestrous 

(Zeng, Turkstra, Tsigos, Meloen, Liu, Chen, Schaaper, Oonk, Guo, & van de Wiel, 

2002). In this respect, Peinado, Medel, Fuentetaja, & Mateos (2008) observed that 

castrated females (CF) from crossbreds resulting from Landrace x Large White dams 

mated to Pietrain x Large White sires had higher average daily gain (ADG) and carcass 

fat content and were more uniform that IF when slaughtered at 118 kg BW. In fact, 
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castration of females is a common practice in the production of Iberian pigs in which 

animals are slaughtered at 145 kg BW or more (Serrano, Valencia, Fuentetaja, Lázaro, 

& Mateos, 2009b). Therefore, CF might be a good alternative to IF for the production of 

heavy pigs destined to the dry-cured industry. The aim of this research was to 

investigate the effects of gender and castration of gilts on performance, carcass traits 

and meat quality of crossbreds of Landrace x Large White dams with Duroc sires 

slaughtered at 119.2 or 131.6 kg BW. 

 

2. Material and methods 

 

2.1. Husbandry and diets 

All the experimental procedures used were approved by the Animal Ethics 

Committee of Universidad Politécnica de Madrid and were in compliance with the 

Spanish guidelines for the care and use of animals in research (Boletín Oficial del 

Estado, 2005).  

The influence of gender and castration of females (coded IF, CF and CM) on 

performance and carcass and meat quality of pigs slaughtered at either 119.2 or 131.6 

kg BW were studied in two separate experiments (Exp). All pigs (n = 126 in Exp 1 and 

n = 168 in Exp 2) were the progeny of Landrace * Large White dams (Copese S.A., 

Segovia, Spain) and Duroc sires (Stamboek, Majadahonda, Madrid, Spain). Pigs 

weighed 28.4 ± 0.9 (60 ± 1.2 d of age) and 28.1 ± 1.5 kg BW (60 ± 2.0 d of age) in Exp 

1 and 2, respectively. The experiments were conducted at two different natural-

environments finishing barns in which all pigs received the same feeding program and 

were under similar husbandry conditions. Pigs were allotted to flat-deck pens (14 
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pigs/pen) on the basis of initial BW (same mean BW per pen). The dimensions of the 

pens were 3.8 x 3.7 m in Exp 1 and 3.8 x 4.0 m in Exp 2. Three (Exp 1) or four (Exp 2) 

pens were assigned to each treatment. 

The males used in these experiments were castrated at 5 ± 2 d of age and half of 

the females were ovariectomized at 70 d of age (37.2 and 38.3 kg BW, after 12 or 13 d 

on trial in Exp 1 and 2, respectively). The methodology used to castrate the females has 

been described in detail by Serrano, Valencia, Fuentetaja, Lázaro, & Mateos (2008a). 

Briefly, gilts were immobilized, analgesized and anesthetized and the ovaries were 

removed through a dorsolateral incision made at the left site flank by an experienced 

veterinarian.  

The diets were formulated to meet or exceed pig requirements at these ages 

according to Fundación Española Desarrollo Nutrición Animal (2006) and were offered 

for ad libitum consumption as 4 mm pellets. The ingredient composition and the 

calculated (Fundación Española Desarrollo Nutrición Animal, 2003) and determined 

(Association of Official Analytical Chemists International, 2000) nutrient value of the 

diets are shown in Table 1.  
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Table 1. Ingredient composition and nutritive value of the diets (%, as-fed basis unless 
otherwise indicated) 

Item 28-60 kg 60-90 kg >90 kg 
Ingredient    

Barley 38.69 36.06 47.88 
Wheat 35.00 37.39 26.82 
Field peas - 14.15 14.49 
Soybean meal (47% CP) 18.60  3.61  2.81 
Yellow grease  1.60  1.93  2.03 
Beet molasses  3.00  4.51  3.91 
L-lysine (50%)  0.35  0.16  0.09 
DL-methionine (99%)  0.04 - - 
L-threonine   0.07  0.04  0.01 
Sodium chloride  0.40  0.32  0.30 
Dicalcium phosphate   0.70  0.66  0.64 
Calcium carbonate  1.26  0.98  0.85 
Vitamin and mineral premixa  0.29  0.19  0.17 

 
Calculated analysis 

Net energy (MJ/kg)       9.64       9.64      9.85 
Total lysine  0.98  0.66  0.62 
Calcium  0.75  0.61  0.55 
Total phosphorus  0.51  0.46  0.42 

 
Determined analysis 

Crude protein 17.50 15.59 13.50  
Crude fibre  4.79  4.67  4.72 
Total ash  4.63  4.93  4.42 
Ether extract  5.01  5.50  6.03 
Linoleic acid  0.94  0.97  1.03 

a Supplied per kg of diet: vitamin A (trans-retinyl acetate): 7,000 I.U.; vitamin D3 (cholecalciferol): 1,600 
I.U.; vitamin E (all-rac-tocopherol-acetate): 20 I.U.; vitamin K3 (bisulphate menadione complex): 1.0 mg; 
thiamin (thiamine-mononitrate): 0.7 mg; riboflavin: 3.0 mg; pantothenic acid (D-Ca pantothenate): 9 mg; 
vitamin B3 (niacin): 15 mg; choline (choline chloride): 100 mg; pyridoxine (pyridoxine HCl): 1 mg; vitamin 
B12 (cobalamin): 0.016 mg; Cu (CuSO4·5H2O): 16.5 mg; Fe (FeSO4·7H2O): 75 mg; Mn (MnO2): 40 mg; Zn 
(ZnO): 110 mg; Co (CoSO4): 0.1 mg; Se (Na2SeO3): 0.3 mg; I (Ca(IO3)2): 0.8 mg; ethoxiquin: 125 mg. b n 
= 2. 

 

2.2. Growth performance 

Individual BW and feed consumption per pen were recorded at the beginning and 

at 42, 91 and 131 d on trial in Exp 1 and at 42, 90, 130, and 144 d in Exp 2. The ADG, 

average daily feed intake (ADFI) and FCR were calculated per pen from these data. 

Pigs that died during the experiment were weighed and the data were used in the 

calculations of FCR. When the preplanned BW (average of 119.2 kg BW and 191 d of 

age in Exp 1 and 131.6 kg BW and 204 d of age in Exp 2) was achieved, pigs were 
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slaughtered. Therefore, all the pigs within each experiment were slaughtered the same 

day.  

 

2.3. Carcass traits 

The day before slaughter, pigs were fasted for 14 h, individually weighed and 

transported 45 km to the slaughterhouse (Justino Gutiérrez, S.L., Valladolid, Spain) 

where they were allowed a 12 h rest period with full access to water but not to feed. 

Eight pigs from each pen were randomly chosen to evaluate carcass traits. Pigs were 

electrically stunned (225 to 380 V, 0.5 A, 5 to 6 s), exanguinated, scalded, skinned and 

eviscerated according to standard commercial procedures. Carcasses were split down 

the center of the vertebral column and weighed, and the hot carcass yield was 

calculated. The head was then removed at the atlanto-occipital junction and the 

carcasses were blast chilled at 2ºC (1 m/s) for 2 h. At 45 min postmortem, BF depth 

between the third and fourth last ribs on the middle of the carcass (skin included) and fat 

thickness over the GM at the thinnest point were measured in the left side of each 

carcass using a flexible ruler with a precision of 0.5 mm. Carcasses that had a BF of 29 

mm or more received a score of 100 and carcasses below this value received a score of 

0. Similarly, carcasses that had a GM fat depth of 20 mm or more received a score of 

100 and those below this value received a score of 0. At 45 min postmortem, an incision 

was made into the m. semimembranosus (SM) of each left ham and the initial pH 

(pH45; 45 min from slaughter) was measured using a Crison pH meter (Crison 507, 

Crison Instruments S.A., Barcelona, Spain) equipped with a glass electrode (model no. 

52-11, Crison Instruments S.A., Barcelona, Spain).  
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Carcasses were jointed to yield hams, shoulders and loins according to the 

simplified EC-reference method (Branscheid, Dobrowolski, & Sack, 1990) and the 

weight of hams and shoulders was measured at 2 h postmortem (fresh untrimmed 

weight). Carcasses with a fresh ham weight above 9.5 kg received a score of 100 

whereas carcasses with hams below this weight received a score of 0.  

Hams, shoulders and loins were suspended in the air and chilled for 24 h at 4ºC. 

At 24 h postmortem, untrimmed hams and shoulders (chilled weight) and trimmed loins 

were weighed again and the ultimate pH (pH24) of the SM was measured. The 

difference between weights of hams and shoulders measured at 2 and 24 h postmortem 

was divided by the weight obtained at 2 h to estimate shrink loss. At 48 h postmortem, 

hams and shoulders were trimmed of external fat as described by Serrano et al. (2009b) 

and weighed again, and the trimmed ham and shoulder yields were calculated.  

 

2.4. Meat traits and fatty acid profile of backfat 

After collection of the carcass data, a sample (300 ± 25 g) of m. longissimus dorsi 

(LM) was excised at the level of the last rib from the left side of five carcasses chosen at 

random from each replicate. Meat samples were weighed, vacuum packaged and frozen 

at –20ºC during 50 d for subsequent analyses. The day before the analysis, the LM 

samples were thawed in vacuum package bags for 24 h at 4ºC, removed from packages, 

blotted dry and weighed. Thawing loss was calculated by dividing the difference in 

weight between the fresh and thawed samples by the initial fresh weight. Additionally, 

objective measures of pork colour were determined on all thawed chops after a 20 min 

bloom period (CM 2002 Minolta chromameter, Minolta Camera, Osaka, Japan) as 

described by Serrano, Valencia, Fuentetaja, Lázaro, & Mateos (2009a). The average of 
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three random readings per sample was used to measure the lightness (L*) and the two 

colour coordinates (redness, a*; yellowness, b*). Additionally, the chroma (c*) as c*= 

(a*2 + b*2)1/2 and the hue angle (Hº) as Hº= arctan (b*/a*) were calculated as 

estimators of colour intensity (Wyszcecki & Stiles, 1982).  

The intramuscular fat (IMF), crude protein (CP) and moisture content of the LM 

samples were determined with a Near Infrared Transmittance meat analyzer (Infratec® 

1265, Tecator, Höganäs, Sweden) as described by Latorre, Lázaro, Valencia, Medel, & 

Mateos (2004). Drip loss was determined using 15-mm thick LM slices excised from 

each thawed chop. The slices were weighed and placed on a metallic net in a hermetic 

plastic cage at 4ºC during 24 h without application of any external force. Afterwards, 

samples were weighed again and the difference between the weights of the slice before 

and after conservation in the cooler was divided by the initial weight to determine drip 

loss. Cooking loss and Warner-Bratzler shear force were determined as described by 

Honikel (1998) and Peinado et al. (2008), respectively. 

Fat samples, including the skin and the lean, were obtained at 10 cm from the 

coccyx from the same five carcasses used to study meat traits. The samples were 

packaged vacuum in individual plastic bags and frozen at –20ºC during 50 d until 

subsequent analyses. The fatty acid (FA) profile of the samples was determined as 

described by Peinado et al. (2008). Briefly, FA were extracted with diethyl ether from a 

200 mg sample and analysed by chromatography (Autosystem XL, Perkin Elmer, 

Boston, MA, USA). Carcasses with BF containing less than 15% C18:2 received a score 

of 100 and those with more than 15% C18:2 received a score of 0. 
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2.5. Statistical analyses  

Data were analysed as a completely randomized design with gender and castration 

of females as main effects using the Proc Mixed procedure of Statistical Analysis 

Systems Institute (1990). The experimental unit was the pen for all traits and the 

number of pigs per pen was 14 for growth performance, 8 for carcass quality and 5 for 

meat quality and FA profile of BF. Initial BW of pigs was used as covariate for growth 

performance parameters. Data in tables are presented as least squares means for growth 

performance parameters and as means for all other traits. Means were computed and 

separated by a t-test. An α value of < 0.05 was considered as a significant difference and 

α values between 0.05 and 0.10 were considered as a tendency. 

 

3. Results 

 

3.1. Growth performance 

Mortality was considered normal (2.38 and 4.02% for Exp 1 and 2, respectively) 

for pigs fed diets without growth promoters and was not related to treatment (data not 

shown).  

Exp 1: For the entire study period, gender and castration of females did not affect 

ADG or ADFI but IF had better FCR ratio than CF and CM (2.61 vs. 2.75 and 2.79 g/g; 

P<0.01; Table 2). Also from 59.9 to 90.2 kg BW and from 90.2 to 119.2 kg BW, FCR 

tended to be higher for CF and CM than for IF (P<0.10).  
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Table 2. The effect of gender and castration of females (G-C) on average daily gain 
(ADG), average daily feed intake (ADFI) and feed efficiency (FCR) of pigs slaughtered 

at 119.2 kg (Experiment 1) 

Item 
G-Ca 

SEMb Significancec 
IF CF CM 

From 28.4 to 59.9 kg BW (0 to 42 d on trial) 
  ADG (g) 745 730 770 32.3       NS 
  ADFI (kg)     1.49     1.38     1.57   0.0647       NS 
  FCR     2.00     1.89     2.04   0.0425       NS 
From 59.9 to 90.2 kg BW (42 to 91 d on trial) 
  ADG (g) 635 591 629 39.1       NS 
  ADFI (kg)     1.82     1.83     1.82   0.0717       NS 
  FCR     2.86     3.10     2.89   0.0922       † 
From 90.2 to 119.2 kg BW (91 to 131 d on trial) 
  ADG (g) 788 712 681 62.4       NS 
  ADFI (kg)     2.33     2.37     2.43   0.1790       NS 
  FCR     2.97     3.34     3.58   0.1180       † 
From 28.4 to 119.2 kg BW (0 to 131 d on trial) 
  ADG (g) 717 673 690 18.1       NS 
  ADFI (kg)     1.87     1.85     1.92   0.0583       NS 
  FCR     2.61b     2.75a     2.79a   0.0228       ** 

a-b Mean values within a row with different superscripts differ. a IF: intact female; CF: castrated female at 12 days 
of the beginning of the trial; CM: castrated male. b SEM: standard error of the mean (three pens of 14 pigs each 
per treatment). c † p < 0.10; ** p < 0.01; NS, not significant.  

 

Exp 2: For the entire study period, IF tended to have better FCR ratio than CF and 

CM respectively (2.62 vs. 2.75 and 2.75 g/g; P<0.10; Table 3). Also from 28.5 to 59.9 

kg BW, CF tended to eat more feed and to have worse FCR than IF and CM (P<0.10).  
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Table 3. The effect of gender and castration of females (G-C) on average daily gain 
(ADG), average daily feed intake (ADFI) and feed efficiency (FCR) of pigs slaughtered 

at 131.6 kg (Experiment 2) 

Item 
G-Ca 

SEMb Significancec 
IF CF CM 

From 28.5 to 59.9 kg BW (0 to 42 d on trial) 
  ADG (g) 747 753 743 17.3       NS 
  ADFI (kg)   1.43   1.52   1.44  0.0422       † 
  FCR   1.91   2.03   1.94  0.0359       † 
From 59.9 to 90.9 kg BW (42 to 90 d on trial) 
  ADG (g) 620 683 658 32.7       NS 
  ADFI (kg)   1.76   1.94   1.89  0.0919       NS 
  FCR   2.83   2.85   2.87  0.0791       NS 
From 90.9 to 119.2 kg BW (90 to 130 d on trial) 
  ADG (g) 716 717 691 62.8       NS 
  ADFI (kg)   2.13   2.31   2.26  0.1410       NS 
  FCR   2.97   3.22   3.27  0.2140       NS 
From 119.2 to 131.6 kg BW (130 to 144 d on trial) 
  ADG (g) 864 872 842 43.5       NS 
  ADFI (kg)   2.64   2.83   2.75  0.0799       NS 
  FCR   3.07   3.26   3.28  0.1420       NS 
From 28.5 to 131.6 kg BW (0 to 144 d on trial) 
  ADG (g) 707 731 710 19.3       NS 
  ADFI (kg)   1.85   2.01   1.95  0.0651       NS 
  FCR   2.62   2.75   2.75  0.0433       † 
a IF: intact female; CF: castrated female at 12 days of the beginning of the trial; CM: castrated male. b SEM: 
standard error of the mean (four pens of 14 pigs each per treatment). c † p < 0.10; NS, not significant.  

 

3.2. Carcass traits 

Exp 1: Carcass weight and carcass yield were not affected by gender or castration 

of females (Table 4). Castrated females tended to have higher BF than IF and CM (27.7, 

24.1 and 25.6 mm, respectively; P<0.10) but no differences among treatments were 

observed for GM fat. Gender and castration of females did not affect pH, shrink loss of 

hams and shoulders or loin and trimmed primal cut yield. In addition, gender and 

castration of females did not affect trimmed ham weight or ham yield but CF had lower 

trimmed shoulder yield than CM with values for IF being intermediate (15.5, 15.9 and 

16.1%, respectively; P<0.05).  



 
 

Chapter 4: Experiment 3 

 

 
183 

 

Table 4. Effect of gender and castration (G-C) on carcass quality and primal cut yield 
of pigs slaughtered at 119.2 kg (Experiment 1) 

Item 
G-Ca  

SEMb Significancec 

IF CF CM  
Slaughter weight (kg) 121.5 115.3 119.1    2.25       NS 
Carcass weight (kg) 95.2 90.1 92.1    0.68       NS 
Carcass yield (%) 78.3 78.0 77.3    0.56       NS 
Fat thickness (mm)       
  Backfat 24.1 27.7 25.6    0.95       † 
  m. gluteus 17.8 18.4 18.8    0.97       NS 
m. semimembranosus pH 
  45 min 5.77 5.77 5.90    0.080       NS 
  24 h 5.70 5.70 5.60    0.125       NS 
Ham weight (kg)       
  2 hd 29.5 27.8 28.4    0.44       NS 
  24 he 29.4 27.6 28.3    0.51       NS 
  Trimmedf 25.9 24.5 24.9    0.42       NS 
Ham yield (%)       
  2 hd 31.2 31.3 30.5    0.20       † 
  24 he 31.0 31.0 30.5    0.20       NS 
  Trimmedf 27.5 27.6 27.1    0.23       NS 
Shoulder weight (kg)       
  2 hd 17.1 16.0 16.7    0.21       NS 
  24 he 17.0 15.8 16.5    0.24       NS 
  Trimmedf 15.0 13.8 14.8    0.29       NS 
Shoulder yield (%)       
  2 hd 18.1 17.9 18.4    0.15       † 
  24 he 18.0ab 17.8b 18.2a    0.11       * 
  Trimmedf 15.9ab 15.5b 16.1a    0.11       * 
Shrink loss (%)       
  Ham 0.76 0.83 0.80    0.062       NS 
  Shoulder 0.84 0.87 0.80    0.072       NS 
Loin weight (kg)f 6.9 6.4 6.4    0.17       NS 
Loin yield (%)f 7.3 7.1 6.9    0.11       NS 
Primal cut yield (%)       
  2 hg 49.3 49.2 48.9    0.28       NS 
  24 hg 49.0 48.8 48.7    0.32       NS 
  Trimmedh 50.7 50.2 50.1    0.41       NS 
a-b Mean values within a row with different superscripts differ. a IF: intact female; CF: castrated female; CM: 
castrated male. b SEM: standard error of the mean (three pens of 8 pigs each per treatment). c † p < 0.10; * p < 
0.05; NS, not significant. d Fresh untrimmed weight. e Chilled weight after suspended in the air for 24 h at 4ºC. f 

Trimmed (measured after chilling at 24 h postmortem). g Determined exclusively in hams and shoulders fresh 
or chilled at 2 and 24 h postmortem, respectively. h Determined in hams, shoulders and loins. 

 

Exp 2: Carcass weight and carcass yield were not affected by gender or castration 

of females (Table 5). Castrated females and CM had higher BF (34.4 and 31.1 vs. 26.3 

mm; P<0.05) and GM fat (22.2 and 19.8 vs. 17.9 mm; P<0.01) than IF. The pH of SM 

at 24 h postmortem was higher for CM than for CF with that of IF being intermediate 
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(P<0.05). Gender and castration of females did not affect shrink loss or the proportion 

of hams and primal cuts. However, CF had lower trimmed shoulder yield than IF and 

CM (15.0 vs. 15.5 and 15.9%; P<0.01).  

Table 5. Effect of gender and castration (G-C) on carcass quality and primal cut yield 
of pigs slaughtered at 131.6 kg (Experiment 2) 

Item 
G-Ca  

SEMb Significancec 

IF CF CM  
Slaughter weight (kg) 128.7 133.0 131.3    2.91       NS 
Carcass weight (kg) 101.6 104.7 102.6    0.76       NS 
Carcass yield (%)  78.9  78.7  78.1    0.30       NS 
Fat thickness (mm)       
  Backfat 26.3b 34.4a 31.1a    1.47       * 
  m. gluteus 17.9c 22.2a 19.8b    0.51       ** 
m. semimembranosus pH 
  45 min 6.05 5.98 6.03    0.055       NS 
  24 h 5.93ab 5.80b 5.95a    0.044       * 
Ham weight (kg)       
  2 hd 31.2 32.1 31.3    0.26       NS 
  24 he 31.0 31.6 31.2    0.25       NS 
  Trimmedf 27.7 28.1 27.5    0.26       NS 
Ham yield (%)       
  2 hd 30.8 30.7 30.6    0.23       NS 
  24 he 30.5 30.4 30.3    0.26       NS 
  Trimmedf 27.3 26.9 26.8    0.27       NS 
Shoulder weight (kg)       
  2 hd 18.1b 18.1b 18.8a    0.21       * 
  24 he 17.9b 17.9b 18.5a    0.18       * 
  Trimmedf 15.7b 15.7b 16.3a    0.17       * 
Shoulder yield (%)       
  2 hd 17.8b 17.3b 18.3a    0.18       ** 
  24 he 17.6ab 17.1b 18.0a    0.18       * 
  Trimmedf 15.5a 15.0b 15.9a    0.15       ** 
Shrink loss (%)       
  Ham 0.70 0.99 0.76    0.125       NS 
  Shoulder 0.96 0.93 0.88    0.161       NS 
Loin weight (kg)f 7.4 7.4 7.1    0.15       NS 
Loin yield (%)f 7.2 7.1 7.0    0.12       NS 
Primal cut yield (%)       
  2 hg 48.6 48.0 48.9    0.34       NS 
  24 hg 48.1 47.5 48.3    0.38       NS 
  Trimmedh 50.0 49.0 49.7    0.41       NS 
a-b Mean values within a row with different superscripts differ. a IF: intact female; CF: castrated female; 
CM: castrated male. b SEM: standard error of the mean (four pens of 8 pigs each per treatment). c * p < 
0.05; ** p < 0.01; NS, not significant. d Fresh untrimmed weight. e Chilled weight after suspended in the air 
for 24 h at 4ºC. f Trimmed (measured after chilling at 24 h postmortem). g Determined exclusively in hams 
and shoulders fresh or chilled at 2 and 24 h postmortem, respectively. h Determined in hams, shoulders and 
loins. 
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3.3. Meat traits and fatty acid profile of backfat 

Gender and castration of females had no effects on meat traits in any of the two 

experiments (Tables 6 and 7, respectively). Castrated females slaughtered at 131.6 kg 

BW had higher proportion of palmitic acid (C16:0; P<0.05) and lower of C18:2 

(P<0.05) than IF and CM. Similar effects were observed in pigs slaughtered at 119.2 kg 

BW although in this case the differences were not significant. 

Table 6. Effect of gender and castration (G-C) on longissimus dorsi (LM) quality and 
on fatty acid profile of backfat of pigs slaughtered at 119.2 kg (Experiment 1) 

Item 
G-Ca  

SEMb Significancec 

IF CF CM  
LM colour       
  Lightness (L*) 46.1 47.5 46.6   0.83       NS 
  Redness (a*)  3.8  3.3  3.6   0.19       NS 
  Yellowness (b*)  9.6  9.6  9.0   0.33       NS 
  Chroma (c*) 10.4 10.2  9.9   0.35       NS 
  Hue angle (Hº)  1.2  1.2  1.2   0.01       NS 
LM chemical composition (%) 
  Intramuscular fat  2.0  2.4  2.2   0.15       NS 
  Protein 22.9 23.1 22.7   0.10       NS 
  Moisture 74.8 74.4 74.8   0.18       NS 
LM water holding capacity (%) 
  Thawing loss  7.9  7.7  6.8   0.76       NS 
  Drip loss  2.3  2.0  2.1   0.08       † 
  Cooking loss 24.2 22.8 24.1   0.60       † 
LM shear force (kg)  5.6  5.8  5.6   0.22       NS 
Fatty acid of backfat (%) 
  C16:0 21.7 22.2 22.4   0.34       NS 
  C18:0 11.3 12.4 12.0   0.33       NS 
  C18:1 45.0 45.4 44.1   0.58       NS 
  C18:2 14.8 13.2 14.4   0.60       NS 

a IF: intact female; CF: castrated female; CM: castrated male. b SEM: standard error of the mean (three 
pens and measurements conducted in five pigs of each pen per treatment). c † p < 0.10; NS, not 
significant. 
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Table 7. Effect of gender and castration (G-C) on longissimus dorsi (LM) quality and 
on fatty acid profile of backfat of pigs slaughtered at 131.6 kg (Experiment 2) 

Item 
G-Ca  

SEMb Significancec 

IF CF CM  
LM colour       
  Lightness (L*) 49.3 49.8 48.9   1.02       NS 
  Redness (a*)  4.2  4.0  4.1   0.24       NS 
  Yellowness (b*) 11.0 10.4 10.5   0.38       NS 
  Chroma (c*) 11.8 11.2 11.3   0.36       NS 
  Hue angle (Hº)  1.2  1.2  1.2   0.02       NS 
LM chemical composition (%) 
  Intramuscular fat  2.1  2.4  2.3   0.09       NS 
  Protein 23.3 23.1 23.0   0.10       NS 
  Moisture 74.6 74.7 74.6   0.17       NS 
LM water holding capacity (%) 
  Thawing loss 10.1  8.4  8.3   0.52       † 
  Drip loss  1.4  1.4  1.2   0.15       NS 
  Cooking loss 23.2 23.6 22.3   1.19       NS 
LM shear force (kg)  5.4  5.0  4.8   0.31       NS 
Fatty acid of backfat (%) 
  C16:0 21.9b 23.1a 22.4ab   0.31       * 
  C18:0 12.1 12.4 12.5   0.32       NS 
  C18:1 45.1 45.2 44.5   0.35       NS 
  C18:2 14.1a 12.5b 13.8a   0.47       * 
a-b Mean values within a row with different superscripts differ. a IF: intact female; CF: castrated 
female; CM: castrated male. b SEM: standard error of the mean (four pens and measurements 
conducted in five pigs of each pen per treatment). c † p < 0.10; * p < 0.05; NS, not significant. 

 

3.4. Proportion of suitable carcasses  

Exp 1: The average percentage of carcasses that fulfil the quality criterias 

requested by the dry-cured industry was 100 for fresh ham weight, 30.2 for BF, 47.6 for 

GM fat and 72.2% for C18:2 proportion in BF. However, no differences were observed 

among genders for any of these criteria (Table 8).  

Exp 2: All fresh hams weighed more than 9.5 kg and thus, all of them received a 

score of 100. The proportion of carcasses that fulfil the criteria of a minimal amount of 

BF depth above 29 mm and fat at GM above 20 mm was higher for CF and CM than for 

IF (82.1 and 71.4 vs. 28.6 for BF and 78.6 and 60.7 vs. 35.7 mm for GM; P<0.01; Table 

8). All the carcasses from CF had a C18:2 content below 15%. However, the percentage 

of carcasses that satisfied this criteria in IF and CM was 87.5 in both cases. 
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Table 8. Effect of gender and castration (G-C) on percentage of carcasses (%) that fulfil 
carcass fat content and linoleic acid proportion in backfat scores for high quality dry-

cured hamsa 

Criteria 
 G-Cb  

SEMc 
 

Significanced 
 IF CF CM   

Experiment 1. Pigs slaughtered at 119.2 kg BW 
Fat thickness (mm)         
  Backfat ≥ 29 mm  14.3   47.6 28.6    0.90  NS 
  m. gluteus ≥ 20 mm  47.6   47.6 47.6  12.58  NS 
C18:2 ≤ 15%  66.7 100.0 50.0  19.24  NS 
Experiment 2. Pigs slaughtered at 131.6 kg BW 
Fat thickness (mm)         
  Backfat ≥ 29 mm  28.6b   82.1a 71.4a    8.14  ** 
  m. gluteus ≥ 20 mm  35.7b   78.6a 60.7a    8.12  ** 
C18:2 ≤ 15%  87.5b 100.0a 87.5b  11.80  ** 
a-b Mean values within a row with different superscripts differ. a All fresh ham weights were higher than 9.5 kg. 
b IF: intact female; CF: castrated female; CM: castrated male. c SEM: standard error of the mean (three 
(experiment 1) and four (experiment 2) pens of 8 or 5 pigs each per treatment for fat thickness and C18:2, 
respectively). d ** p < 0.01; NS, not significant.  

 

4. Discussion 

 

4.1. Growth performance 

The ADG and the FCR of the pigs from 42 to 90 d on trial were poorer than 

expected. In fact, the ADG was higher from 0 to 42 d than from 42 to 90 d in both trials. 

This period (42 to 90 d on trial) coincided with a time of extreme ambient temperature 

that occasionally reached 35ºC inside the buildings. Because of that, ADFI of pigs was 

reduced and consequently, ADG and FCR were penalized.  

For the entire study period, CF and CM performed similarly but IF had better 

FCR ratio than CF and CM in both trials. These results agree with data of Peinado et al. 

(2008) in crossbred pigs [(Pietrain × Large White) × (Landrace × Large White)] and 

Serrano et al. (2008a) in Iberian × Duroc crossbreds. The poorer feed efficiency 

observed for CF and CM than for IF is consistent with the fatter carcasses of castrated 

pigs. 
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Castration of females did not affect growth performance 42 days after surgery in 

any of the two experiments, except for FCR ratio in Exp 2 that tended to be worse for 

CF than for IF. Serrano et al. (2009b) also observed that castration of Iberian females 

tended to impair feed efficiency during the first 30 days after surgery. However, in 

contrast with the results of the current experiment, these authors reported that ADG was 

reduced in CF. Differences in the characteristics of the breeds used (selected breeds vs. 

non selected native breeds) together with the time considered after surgery (42 vs. 30 

days) might explain the discrepancies observed between experiments. 

 

4.2. Carcass traits 

Neither gender nor castration of females affected carcass yield, in agreement with 

data of Peinado et al. (2008) comparing IF, CF and CM in crosses of Landrace x Large 

White dams mated to Pietrain x Large White sires. Castrated females and CM had 

higher fat content in the carcass than IF in accordance with most published reports 

(Candek-Potokar, Monin, & Zlender, 2002; Serrano et al., 2009a). An increase in 

carcass fat facilitates the curing process of primal cuts (Guerrero, Gou, Alonso, & 

Arnau, 1996), improving the quality score of carcasses destined to the production of 

cured primal cuts. In Exp 1, gender and castration of females did not affect SM muscle 

pH at 45 min or 24 h postmortem, which agrees with data of Cisneros, Ellis, McKeith, 

McCaw, & Fernando (1996) and Terlouw, Berne, & Astruc (2009) with Duroc pigs. 

However, in Exp 2 in which pigs were slaughtered at heavier weights, pH at 24 h post 

mortem was higher for CM than for CF in accordance with Serrano et al. (2008a) in 

Iberian x Duroc pigs slaughtered at 145 kg BW. 
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Gender and castration of females did not affect shrink loss, even though BF was 

thicker in CF and CM than in IF. These data are consistent with results of Latorre et al. 

(2004) in Duroc x (Landrace x Large White) pigs and Serrano, Valencia, Nieto, Lázaro, 

& Mateos (2008b) in Iberian x Duroc pigs. Trimmed primal cut yield was not affected 

by gender or castration of females confirming the results of Peinado et al. (2008). 

However, CF had lower trimmed shoulder yield than IF and CM, an observation that is 

consistent with data of Serrano et al. (2008a; 2009 a, b) who observed that IF had higher 

shoulder yield than CF in Iberian x Duroc pigs. López-Bote, Fructuoso, & Mateos 

(2000) indicated that castration causes changes in the physiology and metabolism of 

nutrients in pigs, which in turn might modify the proportion of primal cuts of the 

carcasses.  

 

4.3. Meat traits and fatty acid profile of backfat 

Colour is a valuable characteristic that influence consumer choice for dry-cured 

products. In general, gender and castration of females did not affect meat colour, in 

agreement with previous reports by Unruh et al. (1996), Latorre, Ripoll, García-

Belenguer, & Ariño, (2009) and Terlouw et al. (2009) comparing IF and CM. Water 

holding capacity was similar for all treatments confirming data from Maiorano, Cavone, 

Paolone, Pilla, Gambacorta, & Manchisi (2007) and Latorre et al. (2009). Drip loss 

varied from 1.2 to 2.3%, values that are below the 5.3 to 6.9% found by Bee, Biolley, 

Guex, Herzog, Lonergan, & Huff-Lonergan (2006). In the current research, drip loss 

were estimated in frozen samples of LM after thawing whereas Bee et al. (2006) used 

fresh meat which might explain the differences observed.  
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Tenderness of the loin was not affected by gender and castration of females in 

agreement with Peinado et al. (2008). This observation, together with the similar 

amount of IMF content found for all treatments, agrees with data of DeVol, McKeith, 

Bechtel, Novakofski, Shanks, & Carr (1988) and Fortin, Robertson, & Tong (2005) who 

have reported that only a minimal threshold level of marbling is required to ensure a 

satisfactory eating experience. Also, Rincker, Killefer, Ellis, Brewer, & McKeith (2008) 

indicated that a content of 2% lipid is sufficient to ensure a good texture of the meat. 

The consistency of BF and IMF affects water migration. The C18:2 content of BF was 

lower in CF than in IF and CM. An increase in C18:2 content reduces the consistency of 

BF and impairs water migration and thus, affects the rate of moisture loss during the 

curing process (Ruiz-Carrascal, Ventanas, Cava, Andrés, & García, 2000; Gandemer, 

2002). Also, an increase in unsaturation of the fat increases fat oxidation rate which 

might jeopardize the aroma, flavour and general quality of the end products (Wood et 

al., 2003). Therefore, castration of females, especially when they are slaughtered at 

heavy weights, might help to improve the quality of cured products.  

 

4.4. Proportion of suitable carcasses  

In general, castration of females increased the proportion of carcasses that 

fulfilled the requirements for a minimal amount of BF and GM fat and a maximal 

amount of C18:2, especially when pigs were slaughtered at 131.6 kg BW. In agreement 

with the results of the current research, Peinado et al. (2008) reported that the 

percentage of carcasses with a GM fat depth equal or greater than 20 mm was 77% for 

CF but only 36.6% for IF. Therefore, castration of heavy weight females increases BF 

and GM fat and decreases the C18:2 content of BF, which in turn will improve the 
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drying and ripening process of the meat and the aroma and flavour of dry-cured 

products (Ruiz-Carrascal et al., 2000; Candek-Potokar et al., 2002). Consequently, 

castration of females will increase the quality of primal cuts of carcasses destined to the 

dry-cured industry. 

 

5. Conclusions 

Intact females have similar daily gains but better feed to gain ratio than CF and 

CM. Growth performance traits were similar for CF and CM. Castrated females have 

more fat content and lower C18:2 proportion in BF than IF. Consequently, the use of CF 

instead of IF is recommended for the production of heavy pigs destined to the dry-cured 

industry. 
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1. General discussion 

In general, no interactions between gender and slaughter weight (SW) were 

detected for the parameters studied. Therefore, the effect of gender and SW will be 

discussed separately. 

 

1.1. Influence of female castration and gender on growth performance, carcass and 

meat quality traits, and fatty acid profile of the subcutaneous fat of heavy white pigs 

 

1.1.1. Growth performance 

Castration results in changes in the lipid metabolism and relative tissue growth 

(Trefan et al., 2013). The differences in performance between castrated males (CM) and 

intact females (IF) are well known by the industry (Augspurger et al., 2002; Oliver et 

al., 2003; Latorre et al., 2003a,b, 2004, 2009). However, the information available 

comparing productive traits between CM, IF, and castrated females (CF) of heavy white 

pigs is scarce. In the current research, the ADG and ADFI of the pigs were lower than 

values reported by other authors for heavy white pigs. These differences could be 

explained because the current research was conducted mostly in summer time.  

The data reported herein show that castrated females had higher ADG and ADFI 

(Figure 17 and 18) but poorer F:G ratio than IF, even when the pigs were slaughtered at 

106 kg BW. The lower ADG and ADFI of the IF was expected and might have resulted 

at least in part because of the estrous behaviour (Zeng et al., 2002). Amaral Filha et al. 

(2009) reported that the first estrous for gilts is around at 160 d of age. At maturity, IF 

increase activity with more aggressions, mounting behaviour, and skin lesions. In the 

current research, CF showed higher ADG and ADFI than IF when they were 

slaughtered between 146 and 204 d of age (106 and 132 kg BW at slaughter).  
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Figure 17. Effect of surgical castration of the females on ADG during the entire 
experimental period. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 

 
Figure 18. Effect of surgical castration of the females on ADFI during the entire 

experimental period. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean.  
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In general, CF showed poorer F:G ratio than IF (Figure 19), which was consistent 

with the differences between genders observed for fat content of the carcasses. Also, 

these data agree with data of Bañón et al. (2003) comparing fat deposition between CM 

and intact males (IM), and of Augspurger et al. (2002), Oliver et al. (2003), and Latorre 

et al. (2003a,b, 2004, 2009) comparing CM and IF. The F:G values recorded in 

experiment 2 are higher than those reported by these authors for heavy white pigs. The 

differences are probably due to the lower ADG of the experimental pigs in the current 

research, and reflect the summer period in which our research was conducted. 

Figure 19. Effect of surgical castration of females on F:G during the entire 
experimental period. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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As expected, castration of the gilts reduced growth performance immediately after 

surgery, but no differences were detected at the end of fattening, indicating that the gilts 

recovered with time. The stressful conditions of surgical castration caused a reduction in 

feed intake and therefore less growth. In this respect, Fábrega et al. (2010) observed an 

increase in the concentration of acute phase proteins in the blood of male pigs 

immediately after castration. The compensatory growth of CF after surgical castration 

resulted in an improvement in F:G ratio for the entire fattening period, by modifying the 

relative protein and lipid deposition rates in the carcass (Heyer and Lebret, 2007). 

Importantly, age at castration might have an effect on lipid metabolism. Subcutaneous 

adipocytes develop early in fetal life but the number of adipocytes is not fixed at birth. 

In fact, adult adipose depots increase in size by mechanism which involve both 

hyperplasia and hypertrophy (Hausman et al., 1984). Surgical castration of females 

takes place at approximately 60 d of age (30 kg BW) to ensure a minimum size of the 

ovaries. Therefore, when CF are used for heavy pig production there are more than 100 

d of fattening period after castration. In this period, CF have a higher capacity for 

deposit fat due to the changes in hyperplasia and hypertrophy of adipocytes, which 

affect growth performance and carcass characteristics. 

Growth performance was similar for CM and CF, with IF showing lower ADG 

and ADFI, but better F:G ratio than CF and CM. Consequently, when they are 

slaughtered at the same age, CM and CF will reach higher BW than IF. These results 

confirm the initial hypothesis, and agree with data of Serrano et al. (2008) using Duroc 

× Iberian crossbreds and surgical castration of both males and females. Uniformity of 

carcass weight is an important challenge for the pig industry. The simultaneous 

production of IF and CM hinder this trait (Alfonso et al., 2010). The production of 

heavy pigs is mostly based on rearing CM and IF in the same farm, and the weight and 
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fat content of carcasses and primal cuts show very low uniformity if pigs are 

slaughtered at the same age. The data reported herein indicate that the uniformity in 

growth and carcass characteristics of a given batch of pigs is clearly improved when 

both males and females are castrated, and the castration of both facilitates management 

in farm and logistics of transport to slaughter house. Gender affects the hormonal status 

of the pig during the fattening period, including subcutaneous adipocytes development. 

Testosterone and estrogen are key hormones involved in fat deposition with testosterone 

tending to inhibit and estrogen tending to increase the size of the adipocytes. Therefore, 

gilts produce fatter carcasses than entire males, and the low testosterone levels of 

barrows affect carcass quality. It could be expected higher lipid deposition in CF than in 

CM when both are castrated at the same age. In our study, the lipid deposition could be 

similar between CM and IF during the first phase of fattening period, probably because 

males were castrated before 7 d of age. However, after 30 kg of BW, CM could have 

higher lipid deposition than IF because of higher ADFI and ADG. In this respect, 

castration of females at 30 kg BW resulted in similar rate of fat deposition than CM and 

therefore, growth performance will be similar than males castrated at birth. The data 

suggested that if the female castration could be made immediately after birth, CF could 

show different fat deposition pattern and growth performance than CM. In addition, 

differences in fat deposition and growth performance between CF and CM could be 

detected if pigs are slaughtered at heavier weights (>135 kg BW) because of the higher 

fat deposition potential expected for CF. 

Inmunocastration of males is now allowed in the EU-28, but not in females. The 

effect of inmunocastrion of females on growth performance has begun to be studied. In 

general, active immunization against GnRF is applied with a first vaccination taking 

place at 80 d of age and 45 kg BW, and with a second vaccination in the last phase of 



 
 

Chapter 5: General discussion and conclusions 

 

 
204 

the fattening period (125 d of age and 75 kg BW, approximately). Inmunocastraed 

males (INM) have a different growth performance pattern than CM and IF (Rikard-Bell 

et al., 2009; Fábrega et al., 2010; Morales et al., 2010, 2013). Daza et al. (2013) 

reported higher ADG and ADFI but similar F:G for inmunocastrated females (INF) than 

for IF. However, no data is available comparing surgical castration and 

inmunocastration of females in white pigs. Active immunization against GnRF at the 

same age (30 kg of BW) could result in similar growth performance and fat deposition 

between surgical and inmuno castrated females, allowing the pig industry to uniform the 

carcass traits in the production of heavy white pigs. 

Further research is needed to understand how fetal and maternal hormonal and 

metabolic profiles influence lipid deposition and growth performance. Also, more 

studies on the differences between sexes for carcass uniformity and growth performance 

of heavy pigs are needed. Semen sexing is also a technological challenge for increasing 

uniformity.  

Uniformity in BW inside of a box is important too, and coefficient of variation for 

growth performance in a box could be different depending of the genders of animals. 

For example, in the second trial of the present research, the coefficient of variation for 

final BW were 7, 8, and 10 % for CF, CM, and IF, respectively. IF showed higher 

variability for BW than CF. Studies on the impact of castration and gender on pig 

growth variability and the feasibility of establishing different management of pigs in 

farm depending on gender are warranted. 
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1.1.2. Carcass quality 

The authors have not found any data on carcass traits of surgical castrated white 

females slaughtered at heavy weights. Consequently, the discussion will be based on the 

comparison with other genders.  

No significant differences were detected among CF, IF, and CM for carcass yield 

in any of the three experiments (Figure 20). The values range from 76.4-79.7 %, in 

agreement with data of Latorre et al. (2008), who reported a range of values between 

77.9 and 78.9 % in Duroc X Landrace*Large White pigs slaughtered between 120 and 

140 kg BW. In the literature, data comparing carcass yield of IF and CM show 

discrepancies. Some authors report higher values for IF than for CM (Oliver et al., 

2003; Latorre et al., 2009). But others showed no differences (Nold et al., 1997; 

Candek-Potokar et al., 2002; Latorre et al., 2008; Gispert et al., 2010; Morales et al., 

2011; Font-i-Furnols et al., 2012), in agreement with the results reported herein but in 

contraposition to our initial hypothesis. These discrepancies could be explained by the 

final BW, the different genetic lines used, or even by the slaughterhouse used. On teh 

other hand, inmunocastration of females did not affect carcass yield (Daza et al., 2013), 

whereas reduced it in males (Gispert et al., 2010; Morales et al., 2011, 2013; Font-i-

Furnols et al., 2012). 
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Figure 20. Effect of surgical castration of females on carcass yield. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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In all the trials, significant differences between genders were detected for backfat 

(BF) thickness. In all cases, CF and CM showed similar BF values, which were higher 

than for IF (Figure 21). In general, values ranged 18-26 mm (except in experiment 3, 

where they were higher), that were in line with those reported by Latorre et al. (2008) in 

Duroc X Landrace*Large White pigs slaughtered between 120 and 140 kg BW (24.5-

29.2 cm).  

Figure 21. Effect of surgical castration of females on backfat. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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highest differences between the two sexes were found with Duroc x 

Landrace*LargeWhite pigs slaughtered at 132 kg BW. These results are consistent with 

previous data comparing CM and IF white pigs (Candek-Potokar et al., 2002; Latorre et 

al., 2008, 2009; Gispert et al., 2010; Lo Fiego et al., 2010; Morales et al., 2010, 2011, 

2013; Trefan et al., 2013). Also, Serrano et al. (2008) reported similar differences on 

BF among IF, CF and CM in Iberian pigs.  

Inmunocastration also increases BF thickness in both males (Gispert et al., 2010; 

Trefan et al., 2013) and females (Daza et al., 2013). However, compared with the use of 

inmunocastration, surgical castration increases BF uniformity when CM and CF are 

fattened together. On the other hand, the increase of uniformity when IF and INM are 

fattened together is not clear (Gispert et al., 2010; Morales et al., 2010, 2011, 2013; 

Trefan et al., 2013). The coefficient of variation for BF reported in the experiments of 

the current research varied from 19 to 25%, 17 to 21 %, and 18 to 28% for CF, CM, and 

IF, respectively. These data suggest that CM have lower individual variability for BF, 

but further research on this subject is needed.  

In general, CF showed higher BF thickness than CM, with differences that 

increased with SW, although differences were not significant. From early fetal life 

females have higher growth potential of adipose tissue than males (Hausman et al., 

1984). However, the differences are clearer after 60 kg BW and therefore, the 

differences between CF and CM could be more pronunced if pigs are slaughtered at 

heavier weights (above 135 kg BW). 

Backfat thickness is positively related with slaughter weight (Kyriazakis and 

Whittemore, 2006). Therefore, castration has a double effect on BF thickness: an 

increase in the rate of growth of adipose tissue, and an increase in BW at slaughter. A 

point that is worth to be into account is that despite of an increase of intramuscular and 
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subcutaneous fat in ham is desirable for dry-cured product industry, an increase in BF is 

not desirable for the production of heavy white pigs. Fat synthesis requires much more 

energy than the lean synthesis, which results in an impairment of the F:G ratio. 

However, in our experiments, a high positive relation between carcass BF and 

subcutaneous fat of the ham was detected, with a correlation coefficient that ranges 

from 0.58 to 0.86. In any case, it is desirable the use of genetic lines with low 

predisposition to deposit BF but with high predisposition to deposit intramuscular fat in 

the ham. 

Carcass length is highly correlated to SW, and castration could result in an 

increase of SW and carcass length at a same age. However, in disagreement with our 

initial hypothesis, no differences in carcass length were detected among CF, CM, and 

IF. The carcass length values were 85.6, 85.4, and 85.3 cm for IF, CF, and CM, 

respectively, which is consistent with results of Latorre et al. (2008), who reported 

values from 86.6 to 88.9 cm in Duroc X Landrace*Large White pigs slaughtered at 120 

to 140 kg BW. Also, Cisneros et al. (1996), Latorre et al. (2009), and Font-i-Furnols et 

al. (2012) reported similar results when comparing CM and IF. Castration affects the 

allometric growth of the tissues, with higher fat deposition (mostly, subcutaneous and 

intermuscular fat). The effect of castration of pigs on allometric growth of the different 

organs and tissues has not been studied in detail and there are discrepancies. Gispert et 

al. (2010) reported higher carcass length for CM and INM than for IF and IM, data that 

suggests a positive relation of SW with castration and carcass length. However, Correa 

et al. (2006) showed higher carcass length for IF than for CM, data that suggests a 

higher predisposition of intact pigs to develop higher bone and lean tissue than castrated 

pigs.  
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In white pigs slaughtered between 114 and 119 kg BW, Latorre et al. (2003b) 

reported yield values for ham, shoulder, loin, and all primal cuts of 26.4-26.7 %, 15.1-

15.3 %, 6.9-7.3 %, and 48.6-49.1 %, respectively, which is in agreement with data 

reported herein. In experiment 1, castration of females reduced the yield of hams, 

shoulders, and loins after trimming. In experiment 2, the yield of hams, shoulders, and 

loins was higher for IF than CF and CM, but the differences were only significant for 

the loins. In experiment 3, IF showed again higher yield of primal cuts than CF and CM, 

but differences observed were only significant for the shoulders. In general, these data 

indicate that CF and CM had similar yield of primal cuts and those are lower than for IF 

(Figure 22, 23, 24, and 25).  

The weight of hams, shoulders, and loins increased with SW but yield is reduced 

(Cisneros et al., 1996; Menaya et al., 1998). An increase in SW increases the fatness of 

the carcass, but fat deposition is less important in primal cuts than in other parts of the 

carcass. Consequently, the increase of weight in primal cuts is lower than in other parts 

of carcass when the SW is increased. Castration increases SW at a given age, and 

therefore CF and CM should have less primal cuts yield than IF. López-Bote et al. 

(2000) indicated that the castration causes changes in the physiology and nutrient 

metabolism in pigs, which might modify the proportion of primal cuts of the carcasses. 
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Figure 22. Effect of surgical castration of females on ham yield. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 

 

Figure 23. Effect of surgical castration of females on shoulder yield. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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Figure 24. Effect of surgical castration of females on loin yield. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 

 
Figure 25. Effect of surgical castration of females on primal cut yield. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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Latorre et al. (2008, 2009) and Morales et al. (2010, 2011, 2013) showed higher 

ham yield in IF than in CM. In contrast, no differences were detected by Gispert et al. 

(2010) and Font-i-Furnols et al. (2012). Also, Latorre et al. (2008) and Morales et al. 

(2010) reported higher shoulder yield in IF than in CM. In contrast, Latorre et al. (2008) 

and Gispert et al. (2010) did not found any difference. For loin yield, Latorre et al. 

(2008, 2009) and Morales et al. (2010, 2011, 2013) showed higher values in IF than in 

CM, whereas Gispert et al. (2010) reported opposite results.  

The decrease of primal cuts yield results in economical disadvantage of castration 

as a strategy for the production of heavy white pigs destined to dry-cured industry. 

However, this industry requires a minimum weight of fresh primal cuts regardless of the 

yield, in order to satisfy customer preferences about the weight of primal cuts after the 

curing process. The weight of primal cuts in gilts increases with castration. 

Consequently, castration will allow reaching a desirable weight in primal cuts of the 

carcasses of female pigs without the need of increasing SW. In the current research, CF 

had higher primal cut weights than IF, although the differences were not significant 

(Figure 26). Data confirm that the castration affects the lean content and the 

conformation of the carcasses. Intact pigs produce heavier and leaner primal cuts than 

castrated pigs as reported by Peloso et al. (2010), for hams from IF and CM when pigs 

were slaughtered between 130 and 160 kg BW. In this respect, since no pronounced 

differences in primal cut weights between CM and IF are expected, the impact of 

castration of females on the uniformity of primal cut weights might be reduced. Further 

research on the potential predisposition of intact females to have higher yield of primal 

cuts than castrates pigs is needed. 



 
 

Chapter 5: General discussion and conclusions 

 

 
214 

Figure 26. Effect of surgical castration of females on ham weight. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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between 114 and 119 kg BW (17.3-19.5 mm). In experiment 2, in which Pietrain*Large 

White X Landrace*Large White pigs were slaughtered at approximately 120 kg BW, fat 

thickness at GM were similar for CF and CM and higher than those showed by IF (21.8, 

21.0, 17.7 mm for CF, CM, and IF, respectively). However, in experiment 3, in which 

Duroc X Landrace*Large White pigs were slaughtered at approximately 120 kg BW, no 

differences between sexes were observed. In fact, the values in castrates were lower 

than in experiment 2 (18.4, 18.8, and 17.8 mm for CF, CM, and IF, respectively). These 

differences between experiments might be explained because Duroc crosses had almost 

more fat deposition than the other genetic types (Franci et al., 2001). In addition, fat 

thickness at GM was higher for CF than for CM and IF (22.2, 19.8, 17.9 mm for CF, 

CM, and IF, respectively) when pigs were slaughtered at 130 kg BW. 

Figure 27. Effect of surgical castration of females on fat thickness at Gluteus medius 
muscle. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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In summary, fat thickness at GM was similar between castrates and higher than 

for IF. These results indicate that the uniformity of fat content of fresh ham will increase 

if CF, rather than IF, and CM are fattened together. Castration results in higher 

deposition of fat in both the carcass and in the ham, and improves its overall flavor, 

texture, and juiciness, and reduced saltiness (Bañón et al., 2003). The results are 

consistent with our initial hypothesis as well as data of others authors comparing CM 

and IF (Candek-Potokar et al., 2002; Latorre et al., 2008, 2009; Peloso et al., 2010; 

Candek-Potokar and Skrlep, 2012; Gispert et al., 2010; Morales et al., 2013). Serrano et 

al. (2008, 2009a, b) reported also higher values for CF and CM than for IF in Iberian 

pigs. Inmunocastration increases the fatness of the ham in gilts (Daza et al., 2013), and 

males (Morales et al., 2010; Font-i-Furnols et al., 2012) to similar levels than IF.  

Soriano et al. (2005) reported that the percentage of hams with adequate weight 

and amount of subcutaneous fat to ensure the production of Serrano hams was higher in 

CM than in IF. The industry considered that for the production of a medium quality 

cured ham a minimum of 15 mm of fat thickness at GM in the fresh ham is required. 

For high quality cured hams, a minimum of 20 mm is needed. The fat thickness of GM 

obtained in this research for IF was still appropriate to produce medium quality dry-

cured products, but insufficient for high quality cured ham. The proportion of hams that 

fulfil the fat thickness requirements in the fresh ham, depends on genetics, final BW, 

nutrition, and castration. In this respect, CF of Pietrain*Large White X Landrace*Large 

White pigs slaughtered between 106 and 122 kg BW (experiment 1) had 78.2% of all 

fresh hams with a fat thickness at GM higher or equal to 18 mm, whereas this 

proportion was only 41.8% in IF. In experiment 3, CF and CM from Duroc X 

Landrace*Large White crossbreeds slaughtered at approximately 132 kg BW had a 
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similar percentage of fresh hams with fat thickness at GM over to 20 mm, that was 

higher than for IF (78.6, 60.7, and 35.7 % for CF, CM, and IF, respectively).  

The higher the percentage of hams with fat thickness at GM higher than 20 mm, 

the higher the percentage of carcasses with a high BF. Since, the economic value of lard 

is very low in the dry-cured industry, the most interesting strategy could be to get the 

highest percentage of hams with a high fat content, with less percentage of carcasses 

with a high BF. In the experiment 1, for getting 78.2 and 41.8 % of hams with fat 

thickness at GM ≥ 18 mm were necessary 72.4 and 50.5 % of carcasses with BF ≥ 20 

mm for CF and IF, respectively. In the experiment 3, for getting 78.6, 60.7, and 35.7 % 

of hams with fat thickness at GM ≥ 20 mm were necessary 82.1, 71.4, and 28.6 % of 

carcasses with BF ≥ 29 mm for CF, CM, and IF slaughtered at 132 kg BW, respectively. 

Further research is necessary to determine the effect of castration on BF deposition 

when it is desired to achieve a high percentage of hams with fat thickness at GM major 

than 20 mm. 

In general, consumers prefer long narrow hams. Castration of males tended to 

increase perimeter of fresh ham respect to IF (experiment 2), with CF in an 

intermediate position. No differences were found between CF, CM, and IF for ham 

length (34.1, 34.3, and 34.5 cm of length, and 74.5, 75.5, and 76.9 cm of perimeter for 

IF, CF, and CM, respectively). These results are consistent with data of Latorre et al. 

(2008), although these authors reported higher values in Duroc X Landrace*Large 

White pigs slaughtered between 120 and 140 kg BW (36.7 - 38.7 and 75.7 – 79.9 cm for 

length and perimeter of ham, respectively). As perimeter and length of ham increase 

with SW, and castration increase SW at same age, higher values of ham perimeter and 

length could be expected for CF and CM than for IF. Further research on the effect of 

castration on lean conformation of ham is necessary.  
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The pH of the primal cuts affects water migration and consequently, the rate and 

extension of the ripening process and the acceptability of the cured products (Ruiz-

Carrascal et al., 2000; Bañón et al., 2003). Research data on the impact of sex on meat 

pH are not consistent and generally show a negligible effect (Latorre et al., 2008; 

Candek-Potokar and Skrlep, 2012), and no differences between CF and IF or CM are 

expected. In our trials no significant differences between CF, CM and IF were found for 

pH measured at muscle Semimembranosus (SM) at 45 min, 2 h and 24 h post mortem 

(Figure 28). However when Duroc X Landrace*Large White pigs slaughtered at 

approximately 132 kg BW were used (experiment 3), CM showed higher pH at 24 h 

post mortem than CF, with IF in an intermediate position. It is important to note that 

contrary to we expected in experiment 1, pH at 24 h was higher than pH at 45 min post 

mortem. This result could explained by a feed deprivation before slaughter, that might 

reduce glycogen content of the muscle at slaughter, increasing the ultimate pH because 

the recovery of energy reserves from fat depots produce the synthesis of acetone and 

ammonia. 

Values of our trials for ultimate pH (5.60 – 6.09) are higher than those reported by 

Latorre et al. (2003b) in white pigs slaughtered between 114 and 119 kg BW (5.53 - 

5.84), but in accordance with data of Lukić et al. (2010) for heavy white pig carcasses 

of 125 and 187 kg (5.42 - 6.36 measured in the loin). Respect to the effect of castration 

on pH of ham, it must be considered that castration increases thickness of subcutaneous 

fat of ham and therefore, the velocity in the decrease of temperature in meat of castrated 

pigs may be lower than in intact pigs. In this sense, castration could suppose major risk 

of a quick drop in pH with a high temperature in the meat.  
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Figure 28. Effect of surgical castration of females on ultimate pH of ham at 24 h 
postmortem. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 

 

The fat content of primal cuts reduce shrink losses, and therefore castration could 

reduce the shrink losses of hams and shoulders from pigs slaughtered at the same age 

and with similar size of primal cuts. However, in our trials no differences were found 

between CF, CM, and IF for shrink losses in hams and shoulders (Figure 29 and 30). 

Values of shrink losses of experiment 1 and 2 were higher than those reported by 

Latorre et al. (2004). These authors did not find different shrink loss between CM and 

IF. Virgili et al. (2013) did not find different refrigeration weight loss for hams from 

CM and INM. In general, shoulder shrink losses are higher than for hams, because of 

the differences of fat content and size between them. 
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Figure 29. Effect of surgical castration of females on shrink loss of ham. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 

 

Figure 30. Effect of surgical castration of females on shrink loss of shoulder. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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1.1.3. Meat quality 

There are different requirements of industry for the fresh ham destined to 

elaborate dry-cured ham. It is interesting to know how the castration of females destined 

to fulfil that requirements influence on meat quality of hams. However, analysis of 

quality meat traits of hams is difficult because the cost of sampling. In addition, 

nineteen muscles compose the ham and the interpretation of instrumental analysis is 

complex. In this work, instrumental quality traits of loins have been conducted for 

analyzing meat quality. Loin samples were taken in the slaughterhouse and were frozen 

until analysis. This must be considered when our data is compared with literature, since 

the most of data from others authors are based on fresh samples of loin. 

Our initial hypothesis for chemical composition of loin establishes that CF and 

CM have similar values of intramuscular fat (IMF) and moisture, and IF have lower 

IMF and higher moisture than castrated pigs. No differences between sexes were 

expected for crude protein of loin. However, with the results of our trials we refuse our 

initial hypothesis because no differences were found for IMF, and this could explain the 

absence of differences found for sensorial quality in experiment 1. In our trials, CF and 

CM had higher IMF in the loin than IF, but differences were not significant (Figure 31). 

Only in experiment 2, CF and CM showed significant differences respect to IF because 

samples of loin were not trimmed free of intermuscular fat before analyses. This explain 

because we obtained IMF ranges values greater than those reported by other authors in 

experiment 2. For example, Latorre et al. (2004) reported values between 2.5 and 2.8% 

in loin from Pietrain*Large White X Landrace*Large White pigs slaughtered between 

116 and 133 kg BW.  
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Figure 31. Effect of surgical castration of females on intramuscular fat of loin. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 

 

Castration of males increases IMF of meat respect IM (Trefan et al., 2013) and IF 

(Correa et al., 2006; Latorre et al., 2009; Coca et al., 2012; Maiorano et al., 2012), but 

no data about CF in white pigs is available. Inmunocastration of females increased IMF 

(Daza et al., 2013), and INM showed higher IMF than IF (Morales et al., 2011).  

The majority and the first type of fat deposited in the carcass are subcutaneous 

and intermuscular fat, with a high deposition rate from 112 d of age onwards. On the 

other hand, IMF increases significantly from 175 d of age. In our trials, pigs were 

slaughtered between 146-204 d of age and therefore, there were more time for the 

development of subcutaneous and intermuscular fat than for the development of IMF. 

With our data, we establish that the castration could suppose higher intermuscular fat 

deposition, but not higher intramuscular fat deposition. In the other hand, the influence 

of castration could be higher than the influence of age on the increase of IMF. 
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As no difference was found for IMF, difference between sexes was found neither 

for moisture nor for crude protein (CP) (Figures 32 and 33). The values for moisture 

and protein of our trials are in accordance with values reported by Lukić et al. (2010) 

for loins from carcasses of 125 and 187 kg of heavy white pigs (71.38 - 74.92 % and 

22.98 - 25.50 % for moisture and protein, respectively). 

 
Figure 32. Effect of surgical castration of females on moisture content of loin. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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Figure 33. Effect of surgical castration of females on protein content of loin. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 

 
Meat colour is mainly influenced by age at slaughter and pH. Our initial 

hypothesis establishes that no differences between CF, CM, and IF were expected 

because they were slaughtered at the same age and no differences for loin pH were also 

expected between sexes. In our trials, all pigs showed similar redness (a*) and 

myoglobin content (Figure 34), and these results are consistent with data of Latorre et 

al. (2009). Myoglobin values of 0.58, 0.65, and 0.63 mg/g for IF, CF, and CM are in 

accordance with values between 0.52 and 0.81 mg/g reported by Latorre et al. (2004). 

Similar values between INM, IF, and CM for redness of meat has been reported for 

other researchers too (Gispert et al., 2010; Trefan et al., 2013). 
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Figure 34. Effect of surgical castration of females on redness of loin. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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Figure 35. Effect of surgical castration of females on lightness of loin. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 

 
Figure 36. Effect of surgical castration of females on yellowness of loin. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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Castrates and IF had similar meat shear force in all trials (Figure 37). Values are 

in accordance with data reported by Lukić et al. (2010) for loins from carcasses of 125 

and 187 kg of heavy white pigs (4.79 – 7.36 kg). These results disagree with our initial 

hypothesis: we expected that CF and CM had similar shear force, but lower than IF 

because texture is closely related to fat content of meat (Rincker et al., 2008). However, 

it is consistent with the fact that there were no differences between sexes for IMF. This 

is consistent with data of DeVol et al. (1998) and Fortin et al. (2005): they reported that 

the level of IMF and tenderness of loin were not affected by gender. On the other hand, 

Latorre et al. (2009) found that loins from CM had less resistance to cutting than loins 

from IF slaughtered at the same age. 

Figure 37. Effect of surgical castration of females on shear force of loin. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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for thawing, cooking or drip losses. The hypothesis was confirmed: no significant 

differences between CF, CM, and IF were detected in our trials for these traits (Figures 

38, 39, and 40). Our values for drip loss and cooking loss are lower than those reported 

by Lukić et al. (2010) for loins from carcasses of 125 and 187 kg of heavy white pigs 

(2.40 - 14.49 % and 26.24 – 36.27 % for drip loss and cooking loss, respectively). The 

differences with data from others authors are explained by the use of frozen samples 

instead of fresh samples. In our trials, the previous thawing losses reduced the values for 

drip loss and cooking loss. These results are consistent with Candek-Potokar et al. 

(2002) that found similar WHC values between CM and IF for LT, BF and SM muscles. 

Drip loss of loins from CM, IM, IF, and INM had similar values (Trefan et al.; 2013), 

according with previous data (Cisneros et al., 1996; Maiorano et al., 2012).  

Figure 38. Effect of surgical castration of females on thawing loss of loin. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 

12.1 12.2

10.2 10.3

9.1

7.9
7.7

6.8

10.1

8.4 8.3

6,6

7,0

7,4

7,8

8,2

8,6

9,0

9,4

9,8

10,2

10,6

11,0

11,4

11,8

12,2

12,6

IF CF IF CF CM IF CF CM IF CF CM

Trial 1 Trial 2 Trial 3 (I) Trial 3 (II)

% 

SEM: 0.39 0.48 0.76 0.52

NS

NS

NS

†



 
 

Chapter 5: General discussion and conclusions 

 

 
229 

Figure 39. Effect of surgical castration of females on drip loss of loin. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 

 

Figure 40. Effect of surgical castration of females on cooking loss of loin. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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1.1.4. Fatty acid profile of subcutaneous fat 

Castration could increase de novo lipogenesis, and a higher endogenous fatty 

acids production, resulting in higher dilution of exogenous linoleic acid (C18:2). Our 

initial hypothesis established that CF and CM had similar and lower level of C18:2 in 

the subcutaneous fat than IF. As we expected, IF showed higher levels of C18:2 than 

both CF and CM (Figure 41). Values obtained are in accordance with data of Latorre et 

al. (2009): between 13.53% and 15.37 % for C18:2 in Duroc X Landrace*Large White 

pigs slaughtered at 130 - 134 kg of BW. Similar results were reported by Correa et al. 

(2008), Latorre et al. (2009), and Lo Fiego et al. (2010) comparing IF and CM white 

pigs. Inmunocastration of females reduced C18:2 too (Daza et al., 2013).  

Figure 41. Effect of surgical castration of females on C18:2 content of subcutaneous 
fat. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 
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Although mean values for C18:2 of subcutaneous fat of IF were 12.1-14.8%, the 

percentage of hams with levels of C18:2 higher than 12.0-15.0 % (maximum levels 

required for industries) was also higher than for CF. In experiment 1 with 

Pietrain*Large White X Landrace*Large White pigs slaughtered between 106 and 122 

kg BW, 85% of hams from CF were lower or equal to 12% of C18:2 in subcutaneous 

fat, while IF had only 50%. In experiment 3, with Duroc X Landrace*Large White pigs 

slaughtered at 132 kg BW, the 100% of hams from CF had ≤ 15% C18:2 in 

subcutaneous fat, and only 87.5% in IF and CM. Therefore, IF must be slaughtered at 

higher weights for get high proportion of hams with C18:2 ≤ 12-15%. 

On the other hand, the influence of castration of females on the content of 

palmitic acid (C16:0), stearic acid (C18:0), and oleic acid (C18:1) is less important 

(Figures 42, 43, and 44). Values of our trials are in accordance with data reported by 

Rossi and Corino (2002) with white pigs slaughtered at 160 kg BW: 18.77 - 21.44 %, 

11.01 - 14.75 %, and 39.17 - 45.38 % for C16:0, C18:0, and C18:1, respectively. In any 

case, these traits depend on fatty acid composition of the experimental diet too. Latorre 

et al. (2009) reported higher values of C16:0 and 18:0 for CM than for IF, but they 

found similar values for C18:1 when pigs were slaughtered at 130 kg of BW.  
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Figure 42. Effect of surgical castration of females on subcutaneous fat C16:0. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 

 

Figure 43. Effect of surgical castration of females on subcutaneous fat C18:0. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: 
P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean.  
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Figure 44. Effect of surgical castration of females on subcutaneous fat C18:1. 

 
IF: Intact females; CF: Castrated females; CM: Castrated males. NS: not significant; †: P<0.10; *: 
P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of the mean. 

 

1.1.5. Proportion of carcasses that fit the requirements of high-quality dry-cured hams 

The highest percentage of hams with a weight lower than 10.5 kg was found for 

IF (Figure 45), and this could suppose a high proportion of pieces in the curing process 

with a decrease in sensory quality. CF and CM had similar values and higher than IF for 

the percentage of hams with a weight between 10.5-13.5 kg, which produce cured hams 

with a final weight between 7.0-9.0 kg, and improve sensory traits and curing process. 

Unexpectedly, IF showed higher percentage of hams with a weight higher than 13.5 kg 

than CF and CM in the experiment 3 (II), when pigs were slaughtered at 132 kg BW. 

Fresh hams higher than 13.5 kg could suppose long curing periods and a final weight of 

cured ham that is not adequate for customers. 
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Figure 45. Effect of surgical castration of females on requirements for fresh ham weight 
for high-quality dry-cured hams in white pigs. 

 

In general, the percentage of hams with a GM fat thickness lower than 15 mm was 

higher for IF than for CF and CM (Figure 46). A low level for this trait could cause a 

high rate of curing process with a decrease in sensory quality. However, unexpected 

results were found in experiment 3 (I), since CF showed the highest proportion of hams 

with a GM fat thickness lower than 15 mm. Castration of females increases the 

percentage of hams with GM fat thickness between 15-30 mm (this range minimizes 

curing losses and improves sensory traits and is adequate for manufacturing slices of 

deboned dry-cured ham or cured ham with bone). However, it increases the percentage 

of hams with GM fat thickness higher than 30 mm too (this level could cause a long 

curing period and an excessive subcutaneous fat that must be eliminated with 

economical disadvantages). 
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Figure 46. Effect of surgical castration of females on requirements for GM fat thickness 
for high-quality dry-cured hams in white pigs. 

 

In all trials, there were not hams with a subcutaneous fat C18:2 content higher 

than 15% (Figure 47), that jeopardices the ripening of the meat and has negative 

connotations on sensory traits. Against expectations, CM had similar or higher 

percentage of hams with a subcutaneous fat C18:2 content higher than 15% than IF. In 

experiment 1, for obtain a 45% of hams from CF with a weight between 10.5-13.5 kg 

and with a fat thickness at GM between 15 and 30 mm, it was necessary to produce an 

11% of carcasses with BF higher than 30 mm (Figure 48). This level of BF could be 

excessive and must be eliminated with economical disadvantages. In general, CF and 

CM showed higher percentage of hams that fulfils requirements of industry for weight, 

fat thickness at GM and C18:2 content than IF, but it could suppose higher percentage 

of carcasses with excessive BF. IF showed lower uniformity for weight and fat 

thickness at GM of the ham, and this could be relational to lower uniformity in growth 

performance.   
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Figure 47. Effect of surgical castration of females on requirements in C18:2 content for 
subcutaneous fat for  high-quality dry-cured hams in white pigs. 

 

 
Figure 48. Effect of surgical castration of females on requirements in backfat for 

carcasses for high-quality dry-cured hams in white pigs. 
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1.2. Influence of slaughter weight on productivity and carcass and meat quality and 

fatty acid profile of subcutaneous fat of heavy white pigs 

 

1.2.1. Growth performance 

Our initial hypothesis establish that ADFI and F:G increase with SW, while 

ADG decrease with SW. In the current study (Figure 49), the results are inconsistent. 

ADG was similar for CF and IF slaughtered at 106 and 122 kg BW (experiment 1). 

Also, the increase of SW from 106 to 122 kg BW increased ADFI. However, in 

experiment 2, when the SW increased from 114 to 122 kg BW, ADG decreased in 

Pietrain*Large White X Landrace*Large White CF, CM, and IF, and ADFI was similar 

for pigs slaughtered at 114 and 122 kg BW (Figure 50). Thus, in both trials the increase 

of SW increased F:G ratio (Figure 51). The lower ADG and poorer F:G for heavier pigs 

agrees with Cisneros et al. (1996), and might be explained by the onset of sexual 

maturity of the heavier pigs and by the higher fat deposition. Consequently, feed cost 

will be higher when pigs are slaughtered at a heavier SW. 
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Figure 49. Effect of BW at slaughter on ADG. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 

 

Figure 50. Effect of BW at slaughter on ADFI. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 
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Figure 51. Effect of BW at slaughter on F:G. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 

 

In experiment 1, ADFI increased by 163 g/d and F:G was impaired by 225 g per 

each 10-kg increase in SW from 106 to 122 kg BW. These values are consistent with 

data reported by other authors. For example, Cisneros et al. (1996) reported in Duroc 

pigs that ADFI increased 100 g/d per each 10-kg increase in BW from 100 to 160 kg 

BW. Also, Serrano et al. (2008) observed that ADFI increased by 164 g/d and F:G was 

impaired by 182 g per each 10-kg increase in BW in Iberian x Duroc pigs from 145 to 

156 kg BW. In trial 2, ADG decrease 43 g/d and F:G increased 200 g per each 10-kg 

increase in SW from 114 to 122 kg BW. Latorre et al. (2008) observed that ADG was 

reduced by 55 g/d and F:G increased 195 g for every 10 kg of BW from 120 to 140 kg 

of BW.  
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1.2.2. Carcass quality 

Carcass yield increased with SW as we expected (Figure 52). In the first 

experiment, carcass yield increased 1.6 percentage units per each 10 kg increase in BW 

from 106 to 122 kg BW. In the second, a tendency was detected (79.1 and 79.6 % for 

114 and 122 kg BW, respectively). In the third experiment, carcass yield values were 

higher at 132 kg BW respect to 119 kg BW (77.9 and 78.6 for 119 and 132 kg BW, 

respectively). These results agree with others authors and could be explain because 

allometric coefficient of the carcass is higher than one (Gu et al., 1992; Cisneros et al., 

1996; Ellis and Bertol, 2001; Virgili et al., 2003; Latorre et al., 2004).  

Figure 52. Effect of BW at slaughter on carcass yield. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 

 

Although backfat thickness is high correlated with SW (Kyriazakis and 

Whittemore, 2006), no differences were found when SW increased from 114 to 112 kg 

BW probably because 6 kg is not sufficient increase in the BW (experiment 2). 
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Obviously, the increase from 106 to 122 kg BW (experiment 1) supposed an increase in 

BF (from 17.6 to 23.3 mm). In experiment 3, pigs slaughtered at 119 and 132 kg BW 

presented 25.8 and 30.6 mm, respectively (Figure 53). The increase of SW could be an 

adequate strategy for increase ham fatness, but it is desirable do it with the lower 

possible increase of BF.  

Figure 53. Effect of BW at slaughter on backfat. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error of 
the mean. 

 

Carcass length is high correlated to SW, and an increase from 114 to 122 kg BW 
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BW). These results are higher than those reported by Cisneros et al. (1996) and Latorre 

et al. (2004, 2008) with increases of 1.1 – 2.4 cm for every 10 kg of extra BW. The 
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to 122 kg BW (Figures 54, 55, 56, and 57). However, in the second experiment, no 

differences were found between 114 and 122 kg BW. In the third experiment, the yield 

of hams, shoulders, loins and primal cuts was 27.4, 15.8, 7.1, and 50.3 % and 27.0, 15.5, 

7.1, and 49.6% in pigs slaughtered at 119 and 132 kg BW, respectvely. The proportion 

of hams, shoulders, and loins decreases with SW because growth rate of primal cuts is 

lower with age than growth rate of the whole body (Cisneros et al., 1996; Menaya et al., 

1998; Virgili et al., 2003). In trial 1, trimmed ham yield decreased 0.1 percentage units 

per each 10-kg increase in SW in Pietrain*Large White X Landrace*Large White pigs 

from 106 to 122 kg BW. Consistently, Cisneros et al. (1996) reported a decrease in ham 

yield of 0.2 percentage units per each 10-kg increase in SW in Hampshire x (Yorkshire 

x Duroc) pigs from 100 to 160 kg BW. 

Figure 54. Effect of BW at slaughter on ham yield. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 
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Figure 55. Effect of BW at slaughter on shoulder yield. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 

 
Figure 56. Effect of BW at slaughter on loin yield. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 
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Figure 57. Effect of BW at slaughter on primal cut yield. 

 
NS: non significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 

 

In our results, the values of fresh trimmed ham weight from pigs slaughtered 

between 106 and 132 kg BW ranged between 10.4-13.9 kg (Figure 58). Therefore, pigs 

slaughtered at 106 kg BW and 132 kg BW did not fulfilled the requirements of dry-

cured product industry of 10.5-13.5 kg of fresh ham to obtain 7.0 - 9.0 kg in the cured 

ham. The SW of 119 - 122 kg could increase the percentage of hams within the range of 

weight required by industry. 
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Figure 58. Effect of BW at slaughter on ham weight. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 

 

As we expected, fat thickness of the ham measured at GM increased with SW 
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18 mm when pigs were slaughtered at 106 kg BW. In experiment 3, the percentage of 

fresh hams with fat thickness at GM equal or higher than 20 mm was 47.6 % at 119 kg 

BW and 58.3 % at 132 kg BW. 

Figure 59. Effect of BW at slaughter on fat thickness at Gluteus medius muscle. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 
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122 kg BW. However, in experiment 3 values of 5.6 – 5.7 were detected for ultimate pH 

at 119 kg BW, while values of 5.8 – 5.95 were detected at 132 kg BW. The reason for 

this discrepancy is not known. We expected that post mortem metabolism is more rapid 

and pH decline is greater in carcasses from heavier pigs according with data of other 

authors (Cisneros et al., 1996; Beattie et al., 1999; Virgili et al., 2003). In experiment 1 

the difference in SW between the heavier and the lighter groups of pigs is high (16 kg), 

but in the experiment 2 the difference was only 8 kg. Therefore, no great differences 

between both groups of pigs were found in experiment 2. 

Figure 60. Effect of BW at slaughter on pH of ham. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 
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This reduction could have an important economic impact for the industry because 

suppose an increase of approximately 0.3 % of weight in primal cuts for every increase 

of 10 kg BW. In trial 2, no differences were found probably because the differences in 

SW were smaller and because pH at 45 min post mortem from heavier pigs was higher 

than those from lighter pigs. In trial 3, we observed values of 0.76 – 0.83 % and 0.80 – 

0.87% for shrink losses in hams and shoulders when pigs were slaughtered at 119 kg 

BW. However, at 132 kg BW we observed values of 0.70 – 0.99 % and 0.88 – 0.96% 

for hams and shoulders. Differences in pH between pigs slaughtered at 119 and 132 kg 

BW could explain these results. 

Figure 61. Effect of BW at slaughter on shrink loss of ham. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 

 

1.33

0.85

1.21

0.99

0.80
0.82

0,7

0,9

1,1

1,3

1,5

106 kg 122 kg 114 kg 122 kg 119 kg 132 kg

Trial 1 Trial 2 Trial 3 (I) Trial 3 (II)

% 

***

***

SEM: 0.043 0.020



 
 

Chapter 5: General discussion and conclusions 

 

 
249 

Figure 62. Effect of BW at slaughter on shrink loss of shoulder. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 
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Figure 63. Effect of BW at slaughter on intramuscular fat of loin. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 

 

Figure 64. Effect of BW at slaughter on moisture content of loin. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean.   
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Figure 65. Effect of BW at slaughter on protein content of loin. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 
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other muscle proteins. The denaturation of proteins reduces their solubility and 

causes their precipitation, which make them reflect rather than absorb light, resulting 

in lighter meat. However, in our trials a lower pH did not suppose higher lightness 

(Figure 67). No differences were found between 106 and 122 kg BW for yellowness 

of the meat, in accordance with data of Latorre et al. (2004) for 116, 124, and 133 kg 

of BW at slaughter (Figure 68). 

Figure 66. Effect of BW at slaughter on redness of loin. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 
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Figure 67. Effect of BW at slaughter on lightness of loin. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 

 

Figure 68. Effect of BW at slaughter on yelloness of loin. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 
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Shear force increased with SW when pigs were slaughtered from 114 to 122 kg 

BW, in agreement with Leach et al. (1996). But contrary to we expected, no differences 

were found between 106 and 122 kg BW (Figure 69). Other authors did not find any 

effect of age on meat tenderness (Ellis et al., 1996; Weatherup et al., 1998). 

Figure 69. Effect of BW at slaughter on shear force of loin. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 
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Figure 70. Effect of BW at slaughter on thawing loss of loin. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 

 

Figure 71. Effect of BW at slaughter on drip loss of loin. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean.   
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Figure 72. Effect of BW at slaughter on cooking loss of loin. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 
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(Latorre et al.; 2009). As we expected, the percentage of hams with C18:2 lower than 

12.0-15.0 % in the fat increased with SW. Therefore, our results established that the 

increase of SW over 115 kg BW is a recommended strategy for fulfil with the 

requirements of dry-cured industry respect to C18:2 level of fat from hams. Similar 

recommendations were established by Latorre et al. (2008). 

Figure 73. Effect of BW at slaughter on C18:2 content of subcutaneous fat. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 
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Figure 74. Effect of BW at slaughter on C16:0 content of subcutaneous fat. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 

 

Figure 75. Effect of BW at slaughter on C18:0 content of subcutaneous fat. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean.   
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Figure 76. Effect of BW at slaughter on C18:1 content of subcutaneous fat. 

 
NS: not significant; †: P<0.10; *: P<0.05; **: P<0.01; ***: P<0.001. SEM: standard error 
of the mean. 
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Figure 77. Effect of BW at slaughter on the requirements for fresh ham weight for high-

quality dry-cured hams in white pigs. 
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Figure 78. Effect of BW at slaughter on the requirements in GM fat thickness for high-
quality dry-cured hams in white pigs. 

 

 

Figure 79. Effect of BW at slaughter on the requirements in C18:2 content of 
subcutaneous fat for high-quality dry-cured hams in white pigs. 
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When the SW of the pigs was between 114-122 kg BW, the percentage of 

carcasses with BF higher than 30 mm was from 16 to 30% higher (Figure 80), which 

may result in economic losses. A SW of 132 kg BW might not be recommended 

because results in 61% of the carcasses having a BF over 30 mm whereas the proportion 

of hams with a fresh weight between 10.5-13.5 kg. is only 36%  

Figure 80. Effect of BW at slaughter on the requirements in backfat of carcasses for 
high-quality dry-cured hams in white pigs. 
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2. Conclusions 

The general conclusions of this PhD Dissertation are: 

 Respect to castration of females and gender:  

 When slaughtered at the same age, castrated females are less efficient, 

but have higher proportion of primal cuts that met the requirements on 

minimal amount of fat and fatty acid composition for producing high 

quality dry-cured products than entire females.  

 Growth performance, fatness, and fatty acid profile of hams are similar 

for castrated females and castrated males, but both of them are 

different than entire females.  

 The use of castrated females instead of entire females, when both 

males and females are fattening together and slaughtered at the same 

age, increases the uniformity of BW at slaughter and the length of 

fattening period.  

 Carcass and meat quality, and the proportion of primal cuts that fulfils 

the requirements for weight, fatness, and fatty acid composition of 

primal cuts fat are more uniform when castrated females are used 

instead of entire females.  

 Castration of the female facilities management of the pigs, logistics of 

transport from the farm to the slaughterhouse, and the processing of 

the carcasses. 

 Respect to slaughter weight:  

 An increase in slaughter weight over 115 kg improves the proportion 

of primal cuts that fulfil the requirements for quality of the dry-cured 

industry.  
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 The optimum slaughter weight is higher for entire females than for 

castrated females or castrated males.  

Therefore, for the production of heavy white pigs in EU, the use of entire females 

and castrated males slaughtered at the same age has several limitations. The castration 

of females might be a recommended practice to improve the profitability of the dry-

cured product industry in those countries in which this practice is (or will be) allowed. 

The data presented indicate the convenience of further research with immunocastrated 

females to take full advantage of this practice in EU, although differences between the 

age of inmunocastration and surgery castration must be taken into account. 
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El objetivo de esta Tesis Doctoral ha sido estudiar la influencia de la castración de la 

cerda blanca sobre la productividad y la calidad de la canal y la carne destinada a la 

industria de los productos curados. Se estudió el efecto de la castración de las hembras, 

junto con el efecto del incremento de peso al sacrificio de cerdos de diferentes cruces 

genéticos. Para ello, se llevaron a cabo tres experimentos. 

En el experimento 1 se utilizaron 200 cerdas de la genética Landrace * Large 

White x Pietrain * Large White con 50 ± 3 días de edad y 23,3 ± 1,47 kg PV para 

investigar el efecto de la castración (Hembras enteras, HE vs. Hembras castradas, HC) y 

el peso al sacrificio (106 vs. 122 kg PV) sobre la productividad y la calidad de la canal y 

de la carne. Hubo cuatro tratamientos ordenados factorialmente con 4 réplicas de 10 

cerdos por tratamiento. La mitad de las cerdas se castraron a los 58 días de edad (8 días 

después del comienzo del ensayo) con 29,8 ± 1,64 kg PV. La otra mitad se mantuvieron 

enteras. Se tomaron muestras del m. Longissimus thoracis a la altura de la última 

costilla y de la grasa subcutánea de la canal a la altura del m. Gluteus medius. Las HC 

tuvieron mayores ganancias de peso (P<0,05) y mayor espesor graso dorsal y a la altura 

del m. Gluteus medius (P<0,001) que las HE. Sin embargo, las HE tuvieron mayor 

rendimiento del lomo y de las piezas nobles (P<0,05) que las HC. La calidad de la carne 

fue similar para las HE y HC, pero la deposición de ácido linoleico en la grasa 

subcutánea fue superior en las HE (P<0,001). Como cabía esperar, las cerdas 

sacrificadas a 122 kg PV comieron más pienso y tuvieron peores índices de conversión 

que las sacrificadas a 106 kg PV (P<0,001). El incremento de peso al sacrificio de 106 a 

122 kg PV para pasar de animales de verdeo a animales charcuteros mejoró el 

rendimiento de la canal (P<0,001) y redujo el rendimiento en piezas nobles de la canal 

(P<0,05). El color de la carne de las cerdas sacrificadas a mayor peso vivo tuvo mayor 

tonalidad roja (a*; P<0,001), más grasa intramuscular (P<0,01) y menos perdidas de 
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agua por descongelación (P<0,05) y cocinado (P<0,10) que la carne de las cerdas 

sacrificadas a menor peso. Asimismo, las cerdas sacrificadas con 122 kg PV tuvieron un 

menor contenido en ácido linoleico de la grasa subcutánea (P<0,01) que las cerdas 

sacrificadas a 106 kg PV. La castración de las cerdas y el incremento de peso al 

sacrificio son estrategias de manejo que podrían ser utilizadas en conjunto para la 

producción de cerdo graso destinado a la industria de los productos curados, en la que se 

requiere un tono graso mínimo de las piezas nobles. Por el contrario, cuando las canales 

van destinadas a la producción de carne fresca o productos cocidos, la utilización de 

hembras enteras con un peso final de 106 kg PV es muy recomendable. 

En el experimento 2, se utilizaron 240 cerdos blancos procedentes del cruce de 

machos Pietrain*Large White con hembras Landrace*Large White y una edad 

aproximada de 100 d (60,5 ± 2,3 kg PV) para estudiar el efecto del sexo y el peso al 

sacrificio sobre la productividad y la calidad de la canal y de la carne. Se utilizaron 6 

tratamientos experimentales ordenados factorialmente con 3 sexos (HE vs. HC vs. 

Machos castrados, MC) y 2 pesos al sacrificio (114 vs. 122 kg PV). Cada tratamiento se 

replicó 4 veces y la unidad experimental estuvo formada por 10 cerdos alojados 

conjuntamente. Los MC y HC presentaron una productividad y calidad de la canal 

similares: comieron más pienso, crecieron más rápido, presentaron mayor espesor de la 

grasa subcutánea dorsal y a la altura del m. Gluteus medius y menor rendimiento del 

lomo que las HE (P<0,05). Además, las HC y los MC tuvieron más grasa intramuscular 

(P<0,05) y menor contenido en ácido linoleico en la grasa subcutánea (P<0,01) que las 

HE. Los animales sacrificados a 122 kg PV presentaron menores ganancias de peso 

(P<0,05), peor índice de conversión (P<0,05) y mayor espesor graso a la altura del m. 

Gluteus medius (P<0,05) que los animales sacrificados con 114 kg PV. Los resultados 

indican que la productividad y calidad de la canal y de la carne de las HC y de los MC 
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fueron similares cuando se sacrificaron a la misma edad, y que la utilización de HC 

mejoró la ganancia media diaria y el peso y el tono graso de las piezas nobles con 

respecto a la utilización de HE. Por tanto, la castración de las hembras podría ser una 

estrategia de manejo interesante cuando el objetivo es la producción de cerdos grasos 

destinados a la industria de los productos curados. 

En el experimento 3, se estudiaron los efectos de la castración de las cerdas y del 

sexo (HE vs. HC vs. MC) sobre la productividad y la calidad de la canal y de la carne de 

cerdos blancos procedentes del cruce de machos Duroc y hembras Landrace x Large 

White y sacrificados a 119,2 (experimento 1) o 131,6 (experimento 2) kg PV. Las HE 

tuvieron mejor índice de conversión y menor espesor de grasa subcutánea en la canal 

que las HC y los MC. El rendimiento de las paletas fue superior en MC que en HC, con 

las HE presentando valores intermedios. No se encontraron diferencias significativas 

entre tratamientos para el rendimiento del conjunto de piezas nobles y la calidad de la 

carne. El contenido en ácido linoleico de la grasa subcutánea fue inferior en HC que en 

HE o MC, y las diferencias fueron significativas cuando los animales se sacrificaron a 

131,6 kg PV. Los resultados obtenidos en relación con el contenido y perfil de ácidos 

grasos de la grasa de las piezas nobles permiten recomendar la utilización de hembras 

castradas en lugar de hembras enteras para la producción de cerdos destinados a la 

industria de productos curados. 

Las conclusiones generales de esta tesis doctoral se detallan a continuación: 

 Respecto a la castración de las hembras y el efecto del sexo:  

 Cuando son sacrificadas a la misma edad y en comparación con las 

hembras enteras, las hembras castradas son menos eficientes pero 

tienen mayor proporción de jamones que cumplen con los requisitos 
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mínimos de contenido graso y de perfil de ácidos grasos necesarios 

para elaborar productos curados de alta calidad.  

 La productividad en granja, la deposición de grasa y el perfil de ácidos 

grasos de los jamones son similares para las hembras castradas y los 

machos castrados, y resultan diferentes de los presentados por las 

hembras enteras. 

 El uso de hembras castradas en lugar de hembras enteras, cuando 

machos castrados y hembras son cebados conjuntamente y sacrificados 

a la misma edad, aumenta la uniformidad del peso vivo al sacrificio y 

de la duración del periodo de engorde.  

 La calidad de la canal y de la carne, y la proporción de jamones que 

cumplen con los requisitos de peso, tono graso y perfil de ácidos 

grasos son más uniformes cuando se utilizan hembras castradas en 

lugar de hembras enteras. 

 La castración de las hembras mejora el manejo de los animales, la 

logística de transporte de la granja a matadero, el procesado de las 

canales y la curación de las piezas nobles. 

 Respecto al efecto del peso al sacrificio:  

 Un incremento en el peso al sacrificio por encima de los 115 kg 

mejora la proporción de jamones que cumplen con los requisitos de 

calidad establecidos por la industria de los productos curados. 

 El peso óptimo de sacrificio es mayor en las hembras enteras que en 

las hembras castradas y los machos castrados. 
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Por tanto, para la producción de cerdo blanco graso en la UE, el uso de hembras 

enteras y machos castrados sacrificados a la misma edad presenta grandes limitaciones. 

La castración quirúrgica de las hembras podría ser una estrategia recomendable para 

mejorar la competitividad de la industria de los productos curados en aquellos países 

donde esté permitida. Los resultados demuestran el interés de realizar nuevos estudios 

sobre la inmunocastración de las hembras para conseguir mayores ventajas de esta 

práctica en la UE, aunque teniendo en cuenta las diferencias entre la edad a la que es 

aplicada la inmunocastración y la castración quirúrgica. 
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