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ABSTRACT 
 
This study compared the meat quality of Sicilian and Landrace pigs breeds and supported 
these results with biochemical and histological measurements on the samples collected 
from the m. Longissimus Dorsi, at the level of the 8th thoracic vertebra, before electrical 
stimulation. Twenty clinically healthy swine, 10 male (5 for each pig breed) and 10 female 
(5 for each pig breed), were slaughtered at 1 year of age at a body mass of 135±10 kg and 
150±10 respectively for Sicilian and Landrace pigs. Particularly on the muscle considered 
the morphometric characteristics of FG (fast glycolytic), FOG (fast oxidative glycolytic) and 
SO (slow oxidative) fibre types and their percentage were determined. Measurements 
related to myofibrillar fragmentation, sarcomere length and connective tissue properties 
gave convincing support. Sicilian pig produced more tender meat than Landrace, mainly 
due to favourable calpain-to-calpastatin ratios.  
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1. INTRODUCTION 
 
Most recently, autochthonous breeds have been recognized as important elements to 
regional agro-biodiversity and, more specifically, in their relevance to agro-ecosystems 
that encompass the cultural heritage of a given region (JOVANOVI et al. 2011). It is 
relevant the role that local breeds could play to the regional development of the countries, 
including social, environmental and economic sustainability issues in a globalized market 
(BELIBASAKI et al. 2012). Furthermore, there has been an increasing interests in local 
breed because of the high quality perceived by consumers of meat and meat products 
from indigenous breed (STANIŠIĆ et al., 2015).  
Other researchers investigated the characteristics, in term of meet quality, of local pigs 
breed by comparing to purebred lines and their crossbreed (DEBRECÉNI et al., 2016, 
STANIŠIĆ et al., 2015; POTO et al., 2007; MORCUENDE et al., 2007) and no relevant 
literature was found about Sicilian pig breed. This last pig breed is also called Nebrodi or 
Madonie black swine. The interest in indigenous pig breeds is related to meat products. 
Particularly among them, the Sicilian pig is widely appreciated for the high quality of its 
niche products linked to the local gastronomic traditions (VELOTTO et al., 2007). 
Precocious and long-lived breed it is characterized by a peculiar fertility and a great 
number of weaned piglets. This breed is also resistant to diseases and to the inclemency of 
the weather, being able to appreciate poor food as well. Italian Landrace has become 
dominant as an improved breed in Italy. They are long pigs with pink skin, white hair and 
ears that droop over their eyes. The original stock was brought to Italy from Scandinavian 
sources, but selection has been toward meat characteristics. Landrace pigs are a common 
second breed in crossbreeding programs in modern production, because of their good 
meat structure and maternal abilities (VELOTTO et al., 2014). They are very efficient at 
converting food to meat, and produce little excess fat. Landraces are known for their rapid 
growth when young, typically reaching a heavier weight at weaning than other breeds, 
which is another factor in their lasting popularity in factory farms. Physical and chemical 
changes occur during storage of meat after slaughtering that affect the meat quality. In 
particular, tenderness and the mechanism of meat tenderization represent one the most 
debated subject among the scientific community. 
Several researchers investigated the mechanism of meat tenderization and factors 
responsible for the initiation and course of this process (KOOHMARAIE, 1996; ROWE et 
al., 2004; LI et al., 2012). CHRIKI et al. (2012) showed that increased meat tenderness is 
related lower insoluble collagen and total collagen content, lower cross-sectional area of 
fibres, and an overall fibre type composition displaying more oxidative fibres than 
glycolytic fibres. MOHRHAUSER et al. (2014) showed that the decrease in m-calpain in the 
delay-chilled bovine carcasses could explain the improvements of the myofibrillar 
fragmentation index postmortem. The myofibrillar fragment length (MFL) could 
represents an indicator of meat tenderness depended on specific proteolytic enzyme 
activity, such as m-calpain. The activity of μ- and m-calpain is synergistic: μ-calpain 
contributes to early post-mortem proteolysis, while m-calpain is partially activated and 
contributes to tenderization during prolonged ageing (VARRICCHIO et al., 2013). 
In this study variation in meat tenderness between Landrace and Sicilian pig breeds were 
investigated. Particularly, supportive histological and biochemical evidence was provided 
to explain the variation in these quality characteristics. The aim of this work was to 
compare the Landrace breed with Sicilian pig. The study focused attention on size and 
distribution of fibre types of Longissimus Dorsi (LD), one of the most studied muscles. 
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2. MATERIAL AND METHODS  
 
2.1. Slaughter and sampling procedures 
 
Muscle samples were collected from pigs of the pure autochthonous breed “Sicilian black 
swine” and the breed “Italian Landrace” slaughtered in an abattoir. Animals were reared 
in an extensive system and raised using the most traditional farming methods, the diet of 
swine shifted gradually from woodland forage and scraps to corn. Twenty clinically 
healthy swine (10 male and 10 female: 5 male and 5 female Landrace; 5 male and 5 female 
Sicilian pig) from farms located in south and north Italy, were slaughtered at 1 year of age 
at a body mass of 135±10 kg and 150±10 respectively for Sicilian and Landrace pigs. 
Carcasses were electrically stimulated for 60 s after exsanguinations (400 V peak, 5ms 
pulses at 15 pulses/s) and entered the cold rooms 45 min after killing. Animals handling 
followed the recommendations of the European Community (Reg. CE 1/2005; directives 
74/577/EEC; Law 439 2 August 1978) concerning animal care. Samples for muscle fibre 
typing were collected from the m. Longissimus Dorsi (LD), at the level of the 8th thoracic 
vertebra, before electrical stimulation. Samples were collected for measurements of 
sarcomere length, muscle fibre type, collagen properties, and proteolytic enzyme activities. 
Sarcomere length was performed on fresh samples (2, 9 and 16 days post mortem). 
Samples for the remaining tests were vacuum packaged and frozen in liquid nitrogen  
(-196°C) and stored at -80°C. 
For each of the following methods the tests were performed in triplicate. 
 
2.2. Muscle biochemistry 
 
Samples collected for enzyme studies (24 h post mortem) were frozen in liquid nitrogen 
and preserved at -80oC. Calpastatin in combination with m-calpain and m-calpain was 
extracted from 5 g of the LD frozen samples as described by DRANSFIELD (1996) and 
separated by means of the two-step gradient ion-exchange chromatography method 
according to GEESINK and KOOHMARAIE (1999). Calpain assays were determined by 
using azocasein as substrate according to DRANSFIELD (1996). Data were expressed as 
units/g of muscle. Frozen samples of the LD were analysed for collagen content and 
solubility according to the method described by BERGMAN and LOXLEY (1963), HILL 
(1966) and WEBER (1973). 
 
2.3. Histological measurements 
 
Samples for sarcomere lengths of fresh LD samples (24 h post mortem), were prepared 
according to the method of HEGARTY and NAUDÈ (1970) by using distilled water 
instead of Ringer – Locke solution (DREYER et al., 1979). Myofibrils were extracted 
according to CULLER et al. (1978) as modified by HEINZE and BRUGGEMANN (1994). 
The sections were stained histochemically for myosin ATPase (myosin ATPase reveals 
muscular contraction) and succinic dehydrogenase (SDH reveals metabolism) 
simultaneously on the same myofibres (SOLOMON and DUNN 1988; VELOTTO et al., 
2010).  
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2.4. Statistical analyses 
 
The data were subjected to analysis of variance (Gen Stat - RVSN International, Hemel 
Hempstead, UK; PAYNE et al., 2007). Treatment means were separated using Fisher’s 
protected t-test least significant difference at the 5% level of significance. 
3. RESULTS AND DISCUSSION 
 
Variation in MFL in the two pigs showed that Sicilian pig exhibited lower MFL compared 
to Landrace pig (Table 1). 
 
 
Table 1. Breed comparison for histological measurements. 
 

Myofibrillar fragment length (µm) Sicilian pig Landrace 
2 days of aging 33.9A 41.4B 
9 days of aging 28.1A 34.4B 

16 days of aging 28.1A 28.3A 
2 vs. 16 days 10.8A 13.2B 

Sarcomere length (µm)    1.57A    1.92B 
 
Different letters in the row indicate significant level of p<0.001 
 
 
Particularly at 16 days post mortem, the differences among breeds were not significant, 
whereas the changes in MFL between 2 and 9 days post mortem were higher for Landrace 
samples indicating a higher degree of fragmentation over the length of aging. Landrace 
had longer sarcomere lengths than Sicilian pig (p<0.001). The fibre type composition was 
delineated histochemically in pig muscle samples, identifying three fibre types: FG, with 
high myosin ATPase activity and low oxidative activity; FOG, with moderate myosin 
ATPase activity and intermediate oxidative activity; and SO, with low myosin ATPase and 
high oxidative activity. The differences between Landrace and Sicilian pigs for the LD 
muscle, with regard to fibre area were 18% for FG, 18% for FOG and 22% for SO. Sicilian 
pig had the smallest fibre area for all fibre types and differed significantly from Landrace 
(Table 2). 
Regarding the histological features of muscle LD, it is confirmed that is a light muscle due 
to the higher percentage of FG both in Landrace than Sicilian pigs (Figs. 1 and 2).  
The proteolytic enzyme activity was analysed at two days post-mortem and gave the 
following results: landrace had higher calpastatin activity and calpastatin: m-calpain ratio 
and lower m-calpain activity than Sicilian pig (p<0.001; Table 3), Sicilian pig had a non-
significantly higher m-calpain than Landrace pig. 
About collagen content were found some differences among breeds, particularly Sicilian 
pig had less total collagen and soluble collagen (p<0.001) than Landrace. 
Most of the tenderness-related results in this study clearly distinguish Sicilian pig from 
Landrace breed. It is important to know the physical and chemical changes that occur 
during storage of meat after slaughtering to develop a classification system for both the 
tenderness of the meat rather than optimize the same tenderness process. The importance 
of μ-calpain for tenderization process was reported by numerous authors 
(KOOHMARAIE, 1996; ROWE et al. 2004; LI et al. 2012). The mechanism of meat 
tenderization is complicated. Numerous investigations are being conducted which are 
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aimed at explaining the mechanism of meat tenderization and factors responsible for the 
initiation and course of this process. The activity of μ- and m-calpain is synergistic: μ-
calpain contributes to early post-mortem proteolysis, while m-calpain is partially activated 
and contributes to tenderization during prolonged ageing (VARRICCHIO et al. 2013). In 
this study, favourable lower calpastatin (inhibitor) and higher calpain activities 
characterized the Sicilian pig, the lower activity of m-calpain in Sicilian pig revealed a 
probably activation of this enzyme in prolonged ageing. Variation in MFL among breeds, 
especially at 2 days post mortem, corresponded with the variation in proteolytic enzyme 
activity showing less fragmentation for Landrace pig in early post mortem compared with 
the Sicilian one. The relatively higher rate of fragmentation (measured as differences 
between 2 and 16 days MFL) for Landrace pig breed with prolonged aging suggested 
delayed aging for the tougher breeds.  
 
 
Table 2. Mean value and coefficient of variation (cv,%) of morphometric characteristics of fibre types in the 
considered muscles. 
 

 Fibre Types 
 Sicilian pig 

Muscle* FGa FOGa SOa 
 mean v.c.,% mean v.c.,% mean v.c.,% 
 Area/µm2 

LDb 5400A 36 3803.80A 37 6058.42A 36 
 Percentage (%) 

LDb 45 35 20 
 Landrace 

Muscle* FGa FOGa SOa 
 mean v.c.,% mean v.c.,% mean v.c.,% 
 Area/µm2 

LDb 6600B 44 4649.09B 45 7404.73B 44 
 Percentage (%) 

LDb 48 35 17 
 
aSO: red; FOG: intermediate; FG: white. bLD = m. Longissimus Dorsi. Different letters in the column indicate 
significant level of p<0.001 (A vs. B) 
 

 
 

Figure 1. Longissimus Dorsi muscle Sicilian Pig. FOG = fast oxidative glycolytic, FG = fast glycolytic, SO = 
slow oxidative. 
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Figure 2. Longissimus Dorsi muscle. Landrace. 
 
 
Table 3. Breed comparison for biochemical characteristics of m. Longissimus Dorsi. 
 

 Sicilian Landrace 
Proteolytic enzyme activity  
Calpastatin a   4.3B   5.3A 
m-calpain b   1.2A   0.9A 
m-calpain b   0.8A   0.9A 
Calpastatin: m-calpain ratio     4.11B     5.02A 
Calpastatin: m-calpain ratio     5.49B     6.72A 
Calpastatin: total calpain ratio     2.08B     2.29A 
Connective tissue properties 
Total collagen (mg/g)     3.55B     4.34A 
Soluble collagen (%) 18.8B 22.9A 

 
aCalpastatin activity: one unit of calpastatin is defined as the amount that inhibited one unit of m-calpain 
activity. 
bOne unit of calpain activity is defined as an increase in absorbance at 366 nm of 1.0 absorbance unit per 
gram of muscle per hour at 25°C. Different letters in the row indicate significant level of p<0.001. 
 
 
The activity of m-calpain was highly correlated with that of calpastatin and MFL and this 
finding supports the hypothesis that m-calpain initiates the breakdown of myofibril 
proteins. The negative correlation between m-calpain and MFL indicated that fewer 
proteolysis occurred in muscle when myofibril particles are large, and therefore, MFL as a 
determinable indicator of meat tenderness depended on activities of m-calpain. The same 
conclusion was found by MOHRHAUSER et al. (2014) according to which in their study on 
bovine the decrease in μ-calpain activity in the delay chilled carcasses could explain the 
improvements in myofibrillar fragmentation index postmortem. Several studies have 
demonstrated that muscle fibre type composition contributes to the variation in meat 
quality (VELOTTO et al. 2014). However, according to Table 2, the fibre characteristics of 
Sicilian pig and Landrace presented some differences as confirmed by their tenderness 
measurements supported by proteolytic enzyme activities that showed differences in 
favour of Sicilian pig. With the histochemical staining procedure used in this study three 
muscle fiber types (SO, FOG, and FG) can be differentiated. The ratio of slow-twitch 
oxidative (type I) and fast-twitch glycolytic (type II) muscle fibers also evidently influence 
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meat tenderness. The ratio varies among individual animals of the same breed, breeds, 
and crosses. CHRIKI et al. (2012) in their results showed that increased meat tenderness is 
related lower insoluble collagen and total collagen content, lower cross-sectional area of 
fibres, and an overall fibre type composition displaying more oxidative fibres than 
glycolytic fibres. It is possible to identify light and dark muscles in the pig. Particularly our 
study shows that LD muscle had a high percentage of FG fibre types in both species. 
Muscles harboring a higher percentage of type IIB fibers tend to result in a generally 
poorer meat quality than muscles harboring a higher percentage of type I fibers (CHOI et 
al. 2013). But it is possible to notice the presence of more developed SO fibres in LD in both 
breeds. Landrace sarcomere lengths were significantly shorter (p<0.05) than that of Sicilian 
pig. Tenderness is also positively related to the sarcomere length. Within sarcomeres, the 
contractile filaments actin and myosin act together in the cross-bridge cycle, determining 
the state of contraction post mortem. In this study sarcomere length could have 
contributed to the slightly tougher meat of the Landrace together with other factors 
discussed previously. Sicilian pig had significantly less soluble collagen than Landrace 
(p<0.05). According to WOJTYSIAK (2013) the decrease in soluble collagen content during 
growth of pigs are important factors influencing shear force value, and thus raw meat 
tenderness. Therefore, other factors also accounted for the variation in tenderness. 
Variation in colour and water-binding characteristics can be related to variation in the 
glycolysis rate and muscle temperature decline.  
In conclusion, the parameters analysed provided the best explanation for variation in meat 
tenderness and particularly it seems that the Sicilian pig has a slight disposition in terms 
of tenderness when compared with Landrace. Meat quality is the result of a multi-factor 
process which begins from the moment of slaughter and to a large extent depends on the 
breed and species of the animal from which the meat comes.  
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