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Foreword

On behalf of the Scientific and Organising Committees, | have the honour and the pleasure to
present the work and results of the 6" International Symposium on the Mediterranean Pig held in
Messina — Capo d’Orlando in 2007.

The Symposium is returned in Italy after the third edition held in Benevento in 1995. As location,
the Sicily was chosen, in particularly the area where the local breed “Nero Siciliano” is reared and
processed in typical products. This area was a suitable location to represent the pig production in
South Europe and the large participation of people at the Symposium underlined the rightness of this
choice. Moreover, the symposium was characterized by a participation of delegates from Portugal,
Spain, France, Italy, Slovenia and Croatia, showing an increasing common interest on the themes
treated at the Symposium.

Following the “red line” that has connected all previous Symposia, the major arguments treated
were the improvement and the management of the genetic resources, the sanitary approaches in the
outdoor systems, the feeding and the rearing techniques, the quality of meat and meat products, the
traceability for typical products and their socio-economical dynamics

The symposium gave also high concern to the pig's local breeds and to their meat products,
highlighting the importance to preserve the biodiversity as well as the typicality of some unique pork
products. The monitoring of pig parasitic diseases has been examined as well as the non
conventional rearing systems used for typical pig breeds and their effects on the pork quality. It has
been underlined also the importance of the products traceability and the need to better understand
the purchasing dynamics of typical pork products.

In order to present as soon as possible the results of work done at the 6" International
Symposium on the Mediterranean Pig, the Scientific Committee has decided to publish on line the
proceedings to reach the widest audience possible. Due to the participation of a large scientific
community, the volume includes 79 papers with a total of 448 pages. Even if this choice has led to a
heavy effort, we are convinced that there is a need to provide timely and updated information on
Mediterranean pig production that, while referring to an age-old tradition, must respond quickly to the
challenges of the future.

About the future of Mediterranean pig production, | am optimistic because the renewed interest of
farmers, retailers, consumers and policymakers on the sustainable development can not exclude the
heritage represented by this production. | am optimistic also on the future of the Symposium. The
University of Cordoba (Spain) has already offered to organise the forthcoming edition, and positive
signals on the organisation of the future Symposia arrive from the Mediterranean Countries that have
joined the European Community recently.

To conclude, | should like to underline the considerable amount of joint work carried out by the

Organizing and the Scientific Committees that has made possible the realization of the 6" Symposium
on the Mediterranean Pig. Thank of all of you.

Vincenzo Russo

Proceedings of 6th International Symposium on the Mediterranean Pig 8
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ANALYSES OF THE EUROPEAN PIG DIVERSITY USING GENETIC MARKERS

L. Ollivier
Former Affiliation: INRA/SGQA

78350 Jouy-en-Josas France

SUMMARY - An evaluation of the European pig diversity has been carried on by several countries
with the support of the European Union over the period 1994-2000. This article presents an overview
of the results of this investigation, focussing on two genetic marking techniques, namely
microsatellites (MS) and Arbitrary Amplification of Fragment Length Polymorphism (AFLP). Nearly
200 loci were characterised on about 50 individuals from each of 59 to 71 breeds according to the
marker considered. Sixteen local breeds belonging to four countries of the Mediterranean zone
(Spain, France, ltaly and Portugal) were involved in this research. The analysis of diversity based on
genetic distances led to similar conclusion for the two markers (MS and AFLP), in spite of a
markedly lower total diversity of AFLP compared to MS. The analysis of the MS loci showed that the
allelic diversity pattern among breeds was quasi-independent from the diversity pattern based on
allele frequencies. Genetic distances showed no particular clustering of local with international
breeds, confirming the genetic uniqueness of the European local breeds compared to mainstream
international breeds. The taxonomy of the local breeds studied revealed a cluster of the Spanish
breeds of the Iberian type, in contrast with a wider dispersal of the breeds from other countries.
Phylogeny often disagreed with documented breeds’ history, showing the complex
migration/admixture patterns which underlie the breeds’ relationships. More generally, this work has
been a source of methodological developments on various concepts related to genetic diversity
evaluation. The database and the DNA depository created should also provide support for further
innovative research in the field of domestic animal diversity management.

Key Words: Pig breeds, genetic marker, diversity, allelic richness

INTRODUCTION

The current state of the pig genetic resources in Europe is characterised by the existence of
many local breeds, mostly rare, and a few intensively selected breeds of international status (e. g.
Large White, Landrace, Piétrain, etc...). Such a situation makes it of particular interest to assess the
level of genetic diversity that is present in Europe, in order to preserve genetic variation for traits likely
to be the targets of current or future selection programmes. With this aim in mind, collaborative
projects were launched with the support of the European Commission (EC) in the early 90s. A large
set of European pig breeds was sampled and genetic markers used to assess diversity. The purpose
of this paper is (i) to outline the history and scope of the various projects, (ii) to review the results
obtained in the partitioning of diversity within and among the breeds sampled, (iii) to discuss the
relationships among breeds evidenced, and (iv) the relevance of molecular variation for quantitative
trait diversity, given the emphasis in this investigation on the exploitation of DNA marker information.
Finally, lessons and opportunities offered will be briefly discussed.

EUROPEAN PROJECTS

Research on genetic polymorphisms in farm animals has a long history. For many years, it
has been limited to blood groups, later followed by starch gel electrophoresis of proteins, so-called
biochemical polymorphisms. A review of the pig genetic polymorphisms in the early 80s can be found
in Ollivier and Sellier (1983). In the early 90s, DNA sequence variation started being intensively
investigated and detailed porcine genetic maps were established, mainly including microsatellites but
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also allowing accurate mapping of several blood group and biochemical polymorphisms (Ollivier et al.,
2001a).

The use of genetic markers for comparing breeds of pigs started in the late 60s (Major, 1968;
Dinklage and Gruhn, 1969). It is also worth recalling the extensive literature devoted to comparing
domestic breeds to wild pigs from various continents, with a view to tracing the possible origin of our
present breeds. The shift of emphasis towards genetic diversity could only come with the
development of efficient molecular genetic tools. A major contribution to the making of genetic maps
was made through the Pig Gene Mapping Project (PiGMaP) supported by the EC over the period
1991-1996 (Archibald et al., 1995). In the second phase of this project, a pilot study on genetic
diversity was undertaken along the recommendations made by a working group convened by FAO
(Barker et al., 1993). The results obtained in this study, covering 18 microsatellite markers, were
published by Laval et al. (2000).

Based on the experience gained in PiGMaP, a new project was launched by the EC in 1998,
entitled Characterisation of genetic variation in the European pig to facilitate the maintenance and
exploitation of biodiversity (in brief PigBioDiv). The main objective of PigBioDiv was to evaluate
genetic diversity considering both commercial populations and local breeds, by providing the
reference data necessary to estimate within-breed as well as between-breed genetic variability. This
was achieved by sampling 50 individuals from each of 59 different breeds and lines and determining
diversity at DNA level. The emphasis was on standard DNA marker technologies, such as simple
sequence repeat (so-called microsatellites) and arbitrary amplification of fragment length
polymorphism (AFLP), and on the use of high throughput genotyping devices (for details of the project
see Ollivier et al., 2003, Groenen et al., 2003 and Plastow et al., 2003). The essential results can be
found in SanCristobal et al. (2006) for microsatellites, Foulley et al. (2006) for AFLP, and Ollivier et al.
(2005) for an overall analysis of genetic diversity, cumulating microsatellite (PiGMaP and PigBioDiv
breeds) and AFLP (only PigBioDiv breeds) information. Some supplementary information can be
obtained on the publicly available website:
http://www.projects.roslin.ac.uk/pigbiodiv/publications.html.

Table 1. European projects on pig biodiversity

Project Year Number of Number  Genetic markers References
(contract no) countries of breeds (number of loci)
PiGMaP 1994-1996 6 11 Microsatellites (18) Laval et al., 2000
(BIO2-CT94-
3044)
RESGEN 1996-1998 6 19 Blood groups (13) Ollivier et al., 2001a
(RESGEN- Biochemical
CT95-012) polymorphisms (11)

Microsatellites (18)
PigBioDiv1 1998-2000 15 59 Microsatellites (50), Ollivier et al., 2005
(BIO4-CT98- AFLP (148) SanCristobal et al,
0188) 2006

Foulley et al., 2006

PigBioDiv2 2003-2006 China 45 Microsatellites, -
(QLK5-CT- SNP, nuclear and
2002-01059) mitochondrial

genes

Pig genetic diversity evaluation was also included among the tasks of another EC-funded
project entitlied European gene banking project for pig genetic resources, in the framework of the EC
regulation 1467-94 on genetic resources (RESGEN), over 1996-1998 (Ollivier et al., 2001b). This
RESGEN project made use of some microsatellite results obtained in PiGMaP and PigBioDiv. More
recently, a new EC pig biodiversity project was prepared shortly after the completion of PigBioDiv,
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including Chinese partners, with the intention of having the European experience extended to China.
An overview of the main features of those European projects is presented in Table 1, which clearly
shows an increasing coverage over time of both the resources and the genome of the species.

GENETIC AND ALLELIC DIVERSITY

In the analysis of diversity, a total of 70 breeds was available by combining the PiGMaP and
PigBioDiv data (see Table 1). Excluding a sample of Wild Pig in PiGMaP and a sample of the Chinese
breed Meishan in PigBioDiv, a subset of 68 European domestic breeds was finally analysed for both
within-breed and between-breed diversity. These breeds belonged to three categories, namely local
breeds, national varieties of international breeds and commercial lines from private breeding
companies. Four countries of the Mediterranean zone participated by providing samples from 16 local
breeds, listed in Table 2.

Table 2. Local breeds of the Mediterranean zone sampled in the European projects PiGMaP and

PigBioDiv
Country Breed name (PiGMaP breeds in bold) Breed code Sample size
Spain Negro Canario ESNC 18
‘ Negro Iberico ESNI 48
‘ Manchado de Jabugo ESMJ 36
‘ Retinto ESRE 68
France Basque FRBA 46
) Bayeux' FRBY 50
‘ Créole (Guadeloupe) FRCR 44
‘ Gascon FRGA 56
‘ Limousin FRLI 56
‘ Normand FRNO 52
Italy Calabrese ITCA 19
‘ Cinta Senese ITCS 30
‘ Casertana ITCT 28
‘ Mora Romagnola® ITMR 12
“ Nera Siciliana ITNS 50
Portugal Bisaro PTBI 60

1Sample not considered in the PigBioDiv scientific papers
“Sample not individually typed

Genetic diversity within breed

The within-breed diversity has been analysed for AFLP and microsatellites. The average
expected heterozygosity for each category of breed showed a similar tendency for both markers, namely
lower within-breed diversity in local breeds and commercial lines as compared to international breeds.
This observation appears to be in keeping with what is known of the average effective size of the breeds
and lines of each category, though rather large variations appeared between populations of the same
category. Care should therefore be taken when comparing individual breeds heterozygosities, given their
rather large standard error of estimation. It should also be noted that heterozygosities expected under
Hardy-Weinberg equilibrium were being considered, though this assumption could only be statistically
tested for microsatellites. There it was rejected (at P<0.051) for 15 breeds, which mostly showed a deficit
of heterozygotes. Breed expected heterozygosities were converted into breed contributions to within-

|
' Not 0.01 given in SanCristobal et al. (2006)
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breed diversity allowing a within-breed diversity breakdown over the three categories of breeds defined
above (see CWs in Fig. 1). Contributions to within-breed diversity must add up to zero over breeds,
and thus necessarily include some negative values, since the extinction of a highly homozygous
breed raises the average heterozygosity of the remaining breeds.

601
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H Int

B Com

20-

10+

0

-10-

CB(MS) CB(AFLP) CW (MS) CW (AFLP)

Figure 1 - Contribution (%) of each category of breed (Loc: local breed; Int: international breed; Com:
commercial line) to between-breed diversity (CB), based on the Weitzman diversity function
applied to Reynolds (Reynolds et al., 1983) genetic distances, and within-breed diversity
(CW), based on expected heterozygosity.

MS: microsatellites on 68 European domestic breeds
AFLP: Amplified Fragment Length Polymorphism on 58 European domestic breeds
Adapted from Ollivier et al. (2005)

Genetic diversity between breeds

When analysing between-breed diversity, individual breed contributions to diversity may be
derived from any set of distances. In a context of species conservation, Weitzman (1992, 1993)
showed how to derive a diversity function V from a set of genetic distances in order to evaluate the
relative loss of diversity resulting from the extinction of any given species. This loss is taken to
represent its contribution to genetic diversity. Weitzman also showed that the algorithm leading to V
generates a rooted tree which may be interpreted as a taxonomic tree, whose branch lengths
measure the diversity lost when the corresponding species goes extinct (see next section on
taxonomy). The approach has been extended to the situation of livestock breeds diversity by Thaon
d’Arnoldi et al. (1998), and a software has been developed in the framework of PigBioDiv for
implementing the calculations, down to the drawing of the taxonomic tree (Derban et al., 2002, 2005).

This method has already been used in most farm animal species and shown to be helpful for
setting conservation priorities among endangered breeds (see review in Ollivier and Foulley, 2008).
Between-breed diversity was partitioned in that way among the 70 breeds of PigBioDiv and a
breakdown among the three categories could thus be achieved and compared to the corresponding
breakdown for within-breed diversity. As shown in Fig. 1, the breed categories ranked in a reverse
order for between- compared to within-breed diversity, with higher differences between categories for
the former. About half of the between-breed diversity could be assigned to the local breeds. Similar
examples showing large contributions of “native” breeds have been reported in cattle and sheep
(Tapio et al., 2006). As explained above, some within-breed contributions may be negative. In
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contrast, the diversity function of Weitzman is a monotonously increasing function of the number of
breeds and cannot yield negative contributions.

Comparisons between markers

Microsatellites (MS) and AFLP are both numerous and dispersed over the pig genome,
making them both suitable for biodiversity analyses. Overall genetic diversity in AFLP was
considerably below MS: 0.12 vs 0.56 and 0.11 vs 0.23 respectively for expected heterozygosity and
Wright fixation index Fst (Foulley et al., 2006). In spite of these differences in total diversity, the
individual breed contributions to both diversities (within and between) were positively correlated
between the two markers, which is confirmed by the similarity between the MS and AFLP graphs of
Fig.1. The correlations (r=0.5), however, were moderate and somewhat lower than would be expected
if the two markers’ evolutions had been governed mainly by genetic drift. This suggests that the two
markers may carry different diversity information (Foulley et al., 2006). An illustration is provided by
the ltalian breeds of PigBioDiv, which show that the international breeds (DU LR and LW) contribute
much more to AFLP than to microsatellite diversity, whereas the inverse appears for the local breeds
(CA CS and CT).

30

25 +—

20

o MS
m AFLP

CB (%)
&
|

10 4

CA CSs CT NS DU LR LW
Breed

Figure 2. Relative contributions to between-breed diversity (CB defined as in Fig. 1) of 7 Italian
breeds, expressed in % of the sum of their contributions to the European between-breed
diversity.

Breed codes:

- CA, CS, CT, NS: see Table 2

- DU :Duroc ; LR: Landrace ; LW : Large White
MS: microsatellites

AFLP: Amplified Fragment Length Polymorphism

Allelic diversity

The number of alleles per locus, termed allelic richness, is a diversity measure of great
interest in conservation genetics. While heterozygosity is related to the immediate response to
selection, the long-term response is affected by the number of alleles (see the review of Barker,
2001). Marker allelic richness is also a useful criterion, as shown by the effectiveness of marker-
assisted maximisation of the number of marker alleles conserved for retaining the maximum number
of neutral and non-neutral alleles (Bataillon et al., 1996).

The number of alleles observed in a breed sample depends on sample size (N). Fair
comparisons between breeds then require equal sample sizes, or some way of correcting the number
observed for sample size. Techniques used in ecology to study species diversity allow making fair
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comparisons, e. g. by applying the “rarefaction” method. The idea of rarefaction is to estimate allelic
richness by the number of alleles expected in a sample of specified size, g, which is the smallest N of
all breeds examined at a given locus (El Mousadik and Petit, 1996). Another possibility is to use an
“extrapolation” method, proposed by Foulley and Ollivier (2006), who compared it to rarefaction on the
PigBioDiv breeds.

The concept of allelic richness leads to the slightly different concept of allelic diversity, which
refers to the existence of alleles specific to some breeds, since a high number of different alleles in a
breed does not automatically guarantee their originality. The alleles present in one breed and absent
in all others are called “private” alleles. Equivalently to the above definition of breed contribution to
genetic diversity, the number of private alleles in a breed is a measure of its contribution to allelic
diversity. This number has also to be corrected for sample size. This can be done either through
rarefaction or extrapolation. An example is given in Fig. 3 which shows that the number corrected may
considerably deviate from the observed number in either direction. Fig. 3 also shows that the Sicilian
pig (NS) which harbours the largest number of private alleles is not among the highest contributing
breeds to microsatellite diversity in Fig. 2. This example illustrates the need to distinguish allelic
diversity, where allele uniqueness is at stake, from the classical genetic diversity concept, based on
allele frequency. The quasi-independence found between the two types of diversity over the
PigBioDiv breeds may apply to other species as well, as suggested by Foulley and Ollivier (2006).

o OBSERVED
m CORRECTED BY RAREFACTION

NB OF PRIVATE ALLELES
w

CA CS CT NS DU LR Lw
BREED

Figure 3 — Number of private alleles in 7 ltalian breeds (breed codes given in Fig. 2): number of
alleles “private” relative to the 7 breeds considered, totalled over 50 microsatellite loci.

TAXONOMY AND BREED CLUSTERING

In the previous section, it has been shown how genetic distances were used in PigBioDiv to
analyse genetic diversity. Another classical use of genetic distances is the drawing of trees often
termed phylogenetic trees. The term implicitly refers to evolution theory where diversity arises from
speciation, i. e. the division of one ancestor species into two different species. Quite apart from the
possible phylogenetic ambiguity of molecular data (as discussed for instance by Smouse, 1998), such
a pattern of evolution can hardly applies to farm animal breeds, except in particular short-term
situations when one breed (or line) happens to be subdivided into two new ones. Domestic breeds’
evolution cannot in general be viewed as the result of a tree-like branching process. The trees drawn
must be considered as telling the evolutionary story that best fits the diversity observed but not
necessarily as telling the “true” story (Weitzman, 1992). Quite complex migration-admixture patterns
usually prevail and the tree drawn is best viewed as a classification tool, showing a taxonomy rather
than a phylogeny. The trees drawn from the PigBioDiv microsatellite and AFLP data showed a typical
clustering of the commercial lines around their respective international breed of reference, but no
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clustering of local breeds with international breeds (SanCristobal et al., 2006; Foulley et al., 2006), in
agreement with the local breeds’ “uniqueness” shown in Fig. 1.

The taxonomy of the 30 local breeds investigated in the European projects is given in Fig. 4.
This is the rooted tree generated by applying the Weitzman diversity function to the subset of these
30 breeds (see previous section). The longest branch is that of the French Basque, the breed
contributing most to European between-breed diversity. The graph also shows the non-additivity of
individual breed contributions, since the joint contribution of GBGO and GBBK for example,
represented by the abscissa of their node (about 0.3), is much less than the sum of their individual
branch lengths.

Fig. 4 shows no marked geographical clustering of the British, French, German and ltalian
breeds, in contrast with the Iberian cluster evidenced, which could have been expected from the
common origin of the Retinto (RE) and Negro Iberico (NI) breeds. These in fact may be seen as two
strains of the Iberian breed. To be noted, however, is the distinctive position of the other two Spanish
breeds, the Manchado de Jabugo (MJ) known to be somewhat apart from the Iberian group (Martinez
et al., 2000), and the Negro Canario (NC) for which there is evidence of some African connection
(Juan-Vicente Delgado, personal communication).
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Fig. 4. Weitzman tree of the 30 local breeds of PiGMaP and PigBioDiv, based on Reynolds (Reynolds
et al., 1983) distances for microsatellites.

The breeds from Spain (ES), France (FR), Italy (IT) and Portugal (PT) are coded as shown in
Table 2.

The other breeds are from:

-Czech Republic: CZPR, Presticke

-Germany: DEAS Angler Sattelschwein, DEBB Bunte Bentheimer, DEMA: Mangalica, DESH,
Schwabisch-Hallisches Schwein,

- Denmark: DKSO, Sortbroget,

- Poland: PLPU Pulawska,

- Sweden: SELS Linderodssvin,

- United Kingdom: GBBK, Berkshire, GBBL, British Lop, GBBS, British Saddleback, GBGO,

- Gloucester Old Spots, GBLB, Large Black, GBMW, Middle White, GBTA, Tamworth.
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Particularly surprising is the close genetic vicinity of breeds originating from two islands as
distant as Guadeloupe (FRCR) and Sicily (ITNS). It is also of interest to compare the microsatellite-
based clustering of Fig. 4 with the history of the world pig breeds as reported in the popular handbook
of Porter (1993). In several cases the documented history of “old” breeds is not supported by the
clustering observed. The Créole pig (FRCR) for instance is quite far away from the Large Black
(GBLB) reported as being among its main founding breeds. Similarly, the Polish Pulawska (PLPU)
reportedly originating from a cross with Berkshire (GBBK) is quite distant from this breed. No trace
appears to remain of the reported proximity of the Neapolitan pig, presently represented by the Italian
Casertana (ITCT) breed, to several English breeds. This probably reflects the continuously blurred
phylogeny of pig breeds as a consequence of complex migration-admixture patterns varying both in
time and space.

MOLECULAR AND QUANTITATIVE TRAIT DIVERSITY

Breed diversity is probably the most useful information which can be drawn from a set of
genetic distances in a context of conservation. This leaves open the question of the relevance of
neutral marker diversity (anonymous) with regard to quantitative trait diversity (functional). One
should, however, avoid concluding on the neutrality of the diversity measured from the supposed
intrinsic neutrality of the markers used. We know that neutral genes can be affected by selection
applied to neighbouring genes, a phenomenon known as gene hitchhiking (Maynard Smith and Haig,
1974). Selection acts on the whole genome and diversity is generated under the dynamics of multi-
locus systems. This situation is in fact exploited, in reverse, in marker-assisted selection procedures
using markers close to QTL (quantitative trait loci). Quite extensive QTL maps are now available for
most farm animals including the pig. Due to their adequate coverage of the pig genome, most of the
50 microsatellites used in PigBioDiv have indeed been shown to be linked to a large number of
quantitative traits (Ollivier and Foulley, 2008, from http://www.animalgenome.org/QTLdb). One would
then expect to find some correlation between marker and quantitative trait diversity, particularly for
those markers closely linked to QTL.

The testing of marker neutrality, however, is a challenging task. This is a field of evolutionary
biology which has been extensively investigated for many years, and particularly with the recent
advent of genome scans of DNA polymorphisms to elucidate the genetic basis of adaptive divergence
in natural populations (reviewed, among others, by Storz, 2005). Similarly, the adaptation of domestic
breeds to local conditions or to specific production objectives is expected to generate increased
between-breed diversity and/or decreased within-breed diversity at those loci underlying the traits
under selection and at nearby neutral marker loci.

Differentiation between populations as measured by Fst is the basis of the test of selective
neutrality proposed by Lewontin and Krakauer (LK) in 1973. The basic argument behind the LK test is
that, under the null hypothesis of neutrality, differentiation at all loci should be the same. The
observed variance of Fsr across marker loci can thus be tested against its expected value under the
assumption of neutrality. Several improvements of the LK test have been proposed (reviewed by
Ollivier and Foulley, 2008), essentially for taking into account the pattern of relationship among
populations. Robertson’s (1975) prediction that any “structured” relationship will tend to increase the
variance of Fsr has indeed been confirmed in PigBioDiv. For both microsatellites and AFLP a lesser
departure from neutrality was observed by removing half of the breeds in order to approximate a star-
like pattern of phylogeny (Foulley et al., 2006). Nevertheless, after correction for this effect, the LK
test showed highly significant departures from neutrality for both markers, particularly large for AFLP.

The neutrality tests based on relative levels of diversity within populations exploit the
reduction of variability around a selected locus due to hitchhiking, a phenomenon called “selective
sweep”. Schldtterer et al. (1997) proposed a test based on the variance of repeat number at
microsatellite loci. This test, however, may be sensitive to the demography-mutation model assumed.
A more robust test can be performed by comparing groups of populations. The test statistic is the log
of the ratio of variance in repeat number in two groups (Schlbtterer, 2002). An application of this test
to the PigBioDiv data showed the existence of "outlier" loci with contrasting allele size distributions
between groups of breeds, indicative of selective sweeps (Ollivier and Foulley, 2008).
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LESSONS AND OPPORTUNITIES OFFERED

PigBioDiv was one of the “demonstration projects” introduced in the life science and
technologies programmes of EC as a “mechanism aimed at fostering the adoption of research results
in real life practice” (Le Dour et al., 2000). PigBioDiv’s objective was indeed to demonstrate the
applicability of molecular biology tools for evaluating pig genetic diversity. Use was made of two
standard marker technologies, and a wide spectrum of pig populations was examined. The activities
pursued have been successful in making advances in the basic experimental design, operational
modalities and analytical procedures for the broad-scale evaluation of animal genetic resources. The
project has also demonstrated how effectively commercial and public sector entities and research
staff can work together. Useful guidelines for future biodiversity projects were thus provided. Some
prospects opened by further exploitation of the results will now be briefly discussed.

Methodology

This work has been a source of methodological developments on various classical concepts
related to genetic diversity evaluation, such as Wright’s fixation indices, genetic distances, and the
Weitzman approach to diversity. In particular, the difficulties of analysis of recessive marker data such
as AFLP have been thoroughly investigated. For that type of markers, Foulley et al. (2006) could
recommend the moment-based approach of Hill and Weir (2004) instead of currently used
procedures, in order to avoid potentially considerable biases in allele frequency and genetic diversity
estimates. Further methodological developments can be foreseen for marker-based assignment and
kinship estimation. Measuring genetic diversity in farm animals, however, still remains a challenge.
Some insight into the multiple facets of this endeavour is given in the review of Ollivier and Foulley
(2008).

Microsatellite technology
Individual genotyping

The advantages of microsatellites for evaluating diversity have now been known for a long
time. Their abundance, wide dispersion over the genome, and highly automated characterisation
make them a marker of choice. Difficulties, however, have been recognised in harmonising results
from different laboratories, which requires standardisation of allele size. A coding system has been
established in PigBioDiv, based on the mean and range of allele size compared to four control
samples used in PiGMaP (Ollivier, 2002).

DNA pool genotyping

Microsatellite genotyping on DNA pools, known to be a cost-effective means to estimate allele
frequencies, was also investigated in PigBioDiv. The need to select markers adapted to this technique
(Groenen et al., 2003) and other technical difficulties restricted the typing to 20 out of the 50 markers
used in individual typing. The technique is known to produce fluorescence peaks which are clearly
artefacts, as confirmed in this study by the large excess of peaks compared to the number of alleles
identified on the same breeds. Consequently, as shown in Table 3, expected heterozygosities were
considerably larger and Reynolds distances lower, and both less variable, when based on peak
frequencies observed on DNA pools compared to allele frequencies in individual samples from the
same 22 breeds. The correlations in Table 3 also show that peak frequencies cannot provide accurate
prediction of the standard diversity parameters. A statistical procedure to estimate allele frequencies
(see for instance Skalski et al., 2006) is therefore needed in order to best exploit the information given
by DNA pools.

A pig diversity database

The Roslin Institute was chosen as the ultimate data repository site in PigBioDiv. A database
was mounted on the Roslin webserver and the data collected during the project were made available
to the participants at http://www.databases.roslin.ac.uk/pigdbase/. Later on, a publicly available
website was created at http://www.projects.roslin.ac.uk/pigbiodiv/publications.html, mentioned
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previously, for a wider dissemination of the PigBioDiv results, offering innovative opportunities to the
pig industry (Roslin Institute, 2005).

Table 3. Comparison of expected heterozygosity and Reynolds (Reynolds et al., 1983) genetic
distances obtained from individual (I) and pooled (P) DNA samples, typed for 20
microsatellites on 22 breeds (adapted from the PigBioDiv final report: Ollivier, 2002).

Parameter Expected heterozygosity Reynolds distances
Mean | 0.55 0.24

P 0.72 0.09
Standard deviation | 0.05 0.08

P 0.02 0.04
Range | 0.46-0.66 0.06-0.45

P 0.68-0.77 0.03-0.24
Correlation I-P 0.88 0.87

A DNA bank

During PigBioDiv, DNA has been collected over a set of 59 populations of pigs, originating
from 13 European countries and including one Chinese breed. Part of this DNA has been stored in a
duplicated DNA bank, at Roslin (UK) and Toulouse (France) in view of further research. The
corresponding genotypes for 50 microsatellite and 148 AFLP loci are stored in the database
previously described. Rules of access to this DNA have been defined in an agreement signed by the
PigBioDiv parties, and put under the guidance of a specific committee (ConservPig Management
Group) representing the interest of all parties @ This DNA depository, together with the database
including the corresponding sample information, should provide support for further innovative
research in the field of domestic animal diversity management.

@ The committee is presently chaired by Dr Lawrence Alderson (http://www.lawrencealderson.com),
former Chairman of Rare Breeds Survival Trust

ACKNOWLEDGEMENTS

The author wishes to thank Roberta Davoli (Reggio Emilia), Juan-Vicente Delgado (Cordoba),
Gustavo Gandini (Milan), and Jean-Louis Foulley (Jouy-en-Josas) for their help in the preparation of
this article. Particular thanks should also go to Alan Archibald, Chris Haley and Andy Law (Roslin) for
their care of the “pigbiodiv’ database. The research was supported by the EU contracts BIO2-CT94-
3044, RESGEN-CT95-012, and BIO4-CT98-0188 which are gratefully acknowledged.

REFERENCES

Archibald A. L., Haley C. S., Brown J. et al. (1995). The PiGMaP consortium linkage map of the pig
(Sus scrofa). Mammalian Genome, 6: 157-175.

Barker, J.S.F. (2001). Conservation and management of genetic diversity: a domestic animal
perspective. Can. J. For. Res., 31: 588-595.

Barker, J.S.F., Hill, W.G., Bradley, D., Nei, M., Fries, R. and Wayne, R.K. (1993). An integrated
global programme to establish the genetic relationships among the breeds of each domestic
animal species. FAO report, Rome. Reprinted as: FAO (1998). Secondary Guidelines for

Proceedings of 6th International Symposium on the Mediterranean Pig 19



Development of National Farm Animal Genetic Resources Management Plans. Measurement of
Domestic Animal Diversity (MoDAD): Original Working Group Report. FAO, Rome.

Bataillon, T.M., David, J.L. and Schoen, D.J. (1996). Neutral genetic markers and conservation
genetics: simulated germplasm collections. Genetics, 144: 409-417.

Derban, S., Foulley, J.-L. and Ollivier, L. (2002, 2005) WEITZPRO: a software for analysing genetic
diversity. INRA,Paris. (http://www-sgqa.jouy.inra.fr/rubrique.php3?id _rubriqgue=5)

Dinklage, H. and Gruhn, R. (1969). Blutgruppen-and Serumproteinpolymorphisms bei verchiedenen in
Deutschland vorhandenen Schweinerassen. Z. Tierziicht. Ziichtbiol., 86: 136-146.

El Mousadik, A. and Petit, R.J. (1996) High level of genetic differentiation for allelic richness among
populations of the argan tree (Argania spinosa L. Skeels) endemic to Morocco. Theor. Appl.
Genet., 92: 832-836.

Foulley, J.-L., and Ollivier, L. (2006). Estimating allelic richness and its diversity. Livest. Sci., 101:
150- 158.

Foulley, J.-L., van Schriek, M.G.M., Alderson, L., et al. (2006). Genetic diversity analysis using lowly
polymorphic dominant markers: the example of AFLP in pigs. J. Hered., 97: 244-252.

Groenen, M.A.M., Joesten, R., Boscher, M.-Y., Amigues, Y., Rattink, A., Harlizius, B., van den Poel,
J.J., and Crooijmans R. (2003). The use of microsatellites genotyping for population studies in the
pig with individual and pooled samples. Arch. Zootec., 52: 145-155.

Hill, W.G. and Weir, B.S. (2004). Moment estimation of population diversity and genetic distance from
data on recessive markers. Mol. Ecol., 13: 895-908.

Laval, G., lannuccelli, N., Legault, C., Milan, D., Groenen, M.A.M., Giuffra, E., Andersson, L.,
Niessen, P.-H., Jorgensen, C.-B., Geldermann, H., Foulley, J.-L., Chevalet C. and Ollivier L.
(2000). Genetic diversity of eleven European pig breeds. Genet. Sel. Evol., 32: 187-203.

Le Dour, O., Nordstedt I. and Aguilar, A. (eds) (2000). Examples of demonstration projects in the life
sciences programmes. Volume 3. European Commission, Luxembourg.

Lewontin, R.C. and Krakauer, J. (1973). Distribution of gene frequency as a test of the theory of the
selective neutrality of polymorphisms. Genetics, 74: 175-195.

Major, F. (1968). Untersuchungen (ber die verwandtschaftlichen Beziehungen zwischen
verschiedenen europdischen Landrassepopulationen mit Hilfe von Blutgruppenfaktoren. PhD
thesis, University of Gottingen, Géttingen.

Martinez, A. M., Delgado, J. V., Rodero, A. and Vega-Pla, J. L. (2000). Genetic structure of the
Iberian pig breed using microsatellites. Anim. Genet., 31: 295-301.

Maynard Smith, J., and Haig, J. (1974). The hitch-hiking effect of a favourable gene. Genet. Res. 23:
23-35.

Ollivier, L. (co-ordinator) (2002). BIO4-CT98-0188. Characterisation of genetic variation in the
European pig to facilitate the maintenance and exploitation of biodiversity. Report prepared for the
European Commission, Brussels.

Ollivier, L., and Foulley, J.-L. (2005). Aggregate diversity: new approach combining within- and
between-breed diversity. Livest. Product. Sci., 95: 247-254.

Ollivier, L., Amigues, Y., and Boscher, M.-Y. (2003). An EC-funded project on characterisation of
genetic variation in the European pig. Objectives, organisation, breed sampling, DNA preparation
and circulation. Arch. Zootec., 52: 137-144.

Proceedings of 6th International Symposium on the Mediterranean Pig 20



Ollivier, L. and Foulley, J.-L. (2008). Managing genetic diversity, fitness and adaptation of farm animal
genetic resources. In Adaptation and Fitness in Animal Populations, Evolutionary and Breeding
Perspectives on Genetic Resource Management, van der Werf, J. H. J., Frankham, R., Graser H.
-U. and Gondro C. (eds). Springer, Berlin (in press).

Ollivier, L. and Sellier, P. (1983). Pig genetics: a review. Ann. Génét. Sél. Anim., 14: 481-544.

Ollivier, L., Alderson, L., Gandini, G.C., et al. (2005). An assessment of the European pig diversity
using molecular markers: partitioning of diversity among breeds. Conserv. Genet., 6: 729-741.

Ollivier, L., Caritez J.-C., Foulley, J.-L., et al. (2001a). Evaluation of genetic diversity from
immunological, biochemical and DNA polymorphisms. In Pig Genetic Resources in Europe,
Ollivier, L., Labroue, F., Glodek, P., Gandini, G. and Delgado, J.V., (eds). Wageningen Pers,
Wageningen, pp. 87-97.

Ollivier, L., Labroue, F., Glodek, P., Gandini, G. and Delgado, J.V. (eds) (2001b). Pig Genetic
Resources in Europe. Wageningen Pers, Wageningen.

Plastow, G., Siggens, K., Bagga, M., Brugmanns, B., Heuven, H., and Peleman, J. (2003). Utilization
of AFLP for genetic distance analysis in pigs. Arch. Zootec., 52: 157-164.

Porter, V. (1993). A Handbook to the Breeds of the World. Helm Information Ltd, The Banks,
Mountfield, Near Robertsbridge, UK.

Reynolds, J., Weir, B.S. and Cockerham, C.C. (1983). Estimation of the coancestry coefficient: basis
for a short-term genetic distance. Genetics, 105: 767-779.

Robertson, A. (1975) Gene frequency distributions as a test of selective neutrality. Genetics, 81: 775-
785.

Roslin Institute (2005). A pig diversity database. In 700 Technology Offers stemming from
Biotechnology RTD results, Ingemansson, K.T. and Knezevic, N. (eds). European Commission,
Luxembourg, pp. 72-74.

SanCristobal, M., Chevalet, C., Haley, C.S., et al. (2006). Genetic diversity within and between
European pig breeds using microsatellite markers. Anim. Genet., 37: 189-198.

Schlotterer, C. (2002). A microsatellite-based multilocus screen for the identification of local selective
sweeps. Genetics, 160: 753-763.

Schlétterer, C., Vogl, C. and Tautz, D. (1997). Polymorphism and locus-specific effects on
polymorphism at micosatelite loci in natural Drosophila melanogaster populations. Genetics, 146:
309-320.

Skalski, G.T., Couch, C.R., Garher, A.F., Weir, B.S. and Sullivan, C.V. (2006). Evaluation of DNA
pooling for the estimation of microsatellite allele frequencies: a case study using striped bass
(Morone saxatilis). Genetics, 173: 863-875.

Smouse, P.E. (1998). To tree or not to tree. Mol. Ecol., 7: 399-412.

Storz, J.F., 2005. Using genome scans of DNA polymorphism to infer adaptive population divergence.
Mol. Ecol., 14: 671-688.

Tapio, I., Varv, S., Bennewitz, J., Maleviute, J., Fimland E., Grislis, Z., Meuwissen, T.H.E., Miceikine,
., Olsaker, I., Viinalas, H., Vilkki, J. and Kantanen, J. (2006). Prioritization for conservation of
northern European cattle breeds based on analysis of microsatellite. Conserv. Biol., 20: 1768-
1779.

Thaon d’Arnoldi, C., Foulley, J.-L. and Ollivier, L. (1998). An overview of the Weitzman approach to
diversity. Genet. Sel. Evol., 30: 149-161.

Proceedings of 6th International Symposium on the Mediterranean Pig 21



Weitzman, M.L. (1992). On diversity. Quart. J. Econ., 107: 363-405.

Weitzman, M.L. (1993). What to preserve ? An application of diversity theory to crane conservation.
Quarter. J. Econ., 108: 157-183.

Proceedings of 6th International Symposium on the Mediterranean Pig 22



HETEROSIS FOR LITTER SIZE OF IBERIAN SOWS IS LIMITED TO SECOND
AND LATER PARITIES

A. Fernandez, J. Rodriganez, C. Rodriguez and L. Silié

Departamento de Mejora Genética Animal, INIA, 28040 Madrid, Spain

SUMMARY - A datafile of 2,768 litter size records, from the 16 possible crosses among 193 sires and
817 dams of four strains of Iberian pigs, was analyzed in order to estimate heterosis effects and
genetic parameters for prolificacy. A multitrait animal model was used to analyze as two different traits
the number of piglets born alive in the first parity (NBA1) and in the second and later parities (NBA2+).
Heritability estimates for NBA1 and NBA2+ were 0.16 + 0.04 and 0.07 £ 0.02, respectively. Genetic
correlation between both traits was estimated to be 0.74 + 0.13. Moreover, heterosis effects on NBA1
and NBA2+ were estimated to be 0.10 £ 0.15 and 0.65 + 0.10 piglets per litter, respectively. The
different heritability and heterosis values and their moderate genetic correlation indicate that NBA1
and NBA2+ traits should be partially controlled, in Iberian pigs, by different genes.
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INTRODUCTION

Litter size is an important component of sow efficiency, and is therefore one of the traits included
in the objective of many selection programmes of pig dam lines. Over the last two decades, selection
for litter size has been successful to obtain moderate genetic changes for prolificacy despite of its low
heritability (Petit ef al., 1988; Estany and Sorensen, 1995; Noguera et al., 2002). Repeated records of
litter size are available from each sow over different parities, and repeatability animal models are
commonly used for its genetic evaluation. This model assumes that the litters farrowed in different
parities are under the same genetic control, which implies complete genetic correlations between
parities. Evidence of different additive genetic basis for litter size across the reproductive lifespan of
the sow for different pig breeds has been reported (Irgang et al., 1994; Roehe and Kennedy, 1995;
Noguera et al., 2002), specially at first and later parities (Serenius et al., 2003).

The knowledge of genetic parameters is the basis for successful selection and genetic
improvement. In crossbreeding schemes, the expression of non-additive genes is even more
important. Litter size is an important reproductive trait as it makes a major contribution to fitness.
Generally, traits closely related to fithess show low heritability values because of the corrosive effects
of directional natural selection on the additive genetic variance. So, major changes in litter size are
mainly expected to come from the non-additive components of genetic variance. Heterosis and breed
effects together are the primary genetic components of efficiency in pig crossbreeding systems.
Heterosis effects are commonly explained by the presence of positive dominant genetic components.
As previous works suggests litter size is partially controlled in Iberian pigs by different genes in the
first and the successive parities (Fernandez et al, 2008). Consequently, dominant components may
also be different in sows and gilts.

Data from diallel cross designs, recorded on the N? possible crosses among N parental lines, allow
to identify additive and non additive variance components of quantitative traits. The objective of this
study was to investigate the genetic basis of litter size in Iberian pigs over the successive parities
from data from a complete diallelic cross among four strains of Iberian pigs (Fernandez et al., 2002).
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MATERIAL AND METHODS

Datafile consisted on 2,768 litter size records from the 16 possible crosses among 193 sires and
817 dams of four ancient strains of Iberian pigs: a) Ervideira; b) Campanario; c) Caldeira and d)
Puebla. The black hairless pigs of strains Campanario and Puebla proceed from Extremadura
(Spain), and Ervideira and Caldeira are red strains from Alemtejo (Portugal).The size and structure of
data and pedigree, and the mean and standard deviation of the analysed traits (NBA1: number of
piglets born alive in the first parity, and NBA2+: number of piglets born alive in second and later
parities), are presented in Table 1.

Table 1. Size and structure of data and pedigree, and main statistics of the analysed traits

Animals in pedigree 972
Sows with records 817
Litters 2768

In first parity 811

In second and later parities 1957
Season (S) 2
Crosses (TC) 16
NBA1, number born alive in first parity 6.20 (2.06)
NBA2+, number born alive in second and later parities 7.64 (2.27)

The number of sires and dams of each of the four strains, and the structure of the diallel
crossbreeding scheme for the two parity classes considered is presented in Table 2.

Table 2. Number of litter size records for the two parity classes (first parity/later parities) and number
of sires and dams of each strain used in a diallel crossbreeding scheme.

Dam lines (No. of dams)

Sire lines a b c d Total
(No. of sires) (200) (183) (213) (221) (817)
a (56) 115/291 25/55 22/60 52/96 214/502
b (39) 23/43 80/271 33/86 28/51 164/451
c (50) 23/45 54/90 137/291 25/57 239/483
d (48) 39/76 24/42 21/45 110/358 194/521
Total (193) 200/455 183/458 213/482 215/562 811/1957

Litter records at the first and latter parities were treated as different traits. A bivariate analysis was
performed using the VCE-5 software (Kovac and Groeneveld, 2003) to estimate (co)variance
components, genetic correlation between traits, heterosis and breeding values of the sows. The
model can be written in a general matrix form as follows:

s ol v ow o2
= + + +
Y, 0 X, B, 0Z,]u, oW, |p, €,

where the column vectors y; and y, represent the number of piglets born alive at first and latter
parities of each sow (NBA1 and NBA2+); B, and B, are vectors of systematic effects on both traits,
including the heterosis (2 levels: purebred and crosses) and season effects (2 levels), and the parity
number (5 levels: 2 to 5 and = 6) for NBA2+; u, and u, are vectors of additive genetic effects for each
trait, p, is the vector of permanent environmental effects for each sow with records in the second and
latter parities; and e, and e, are vectors of random residuals. The incidence matrices X;, Z;, and Wi

associate elements of B;, u;, and p; with the records in y; (i = 1, 2). The expectation of y; is X; B; and
the variance-covariance structure of random effects of this bivariate animal model is as follows:
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where A is the numerator relationship matrix; qui, Gzpi, and czei are variances of direct additive
genetic, permanent environmental, and residual effects for trait i, respectively; oy, are the genetic
covariances between both traits, and o, their residual covariance.

RESULTS AND DISCUSSION

Phenotypic means and standard deviation for NBA1 and NBA2+ for each of the purebred and
crosses of the complete diallelic scheme are shown in Table 3. As expected, the number of piglets
born alive in the first parity, 6.20 (SD: 2.06), is lower than in second and successive parities, 7.64
(SD: 2.27). Previous works show that the number of piglets born alive in Iberian pigs increased up to
the fourth- fifth parity, and then slowly decreased (Pérez-Enciso and Gianola (1992); Rodriguez et al.,
1994; Fernandez et al., 2008).

Table 3. Phenotypic means for the number of pigs born alive at first (NBA1) and second and latter
parities (NBA2+) of the complete diallelic cross (SD between brackets).

Trait Dam lines
Sire lines (a) (b) (c) (d)
NBA1
(a) 5.11 (2.41) 5.19 (1.77) 6.65 (2.04) 6.20 (1.91)
(b) 5.23 (2.11) 5.87 (1.96) 6.66 (1.59) 5.97 (1.21)
(c) 5.71 (2.23) 5.52 (1.74) 6.35 (2.06) 6.08 (2.07)
(d) 5.51 (2.44) 5.77 (1.99) 6.39 (2.05) 5.97 (1.79)
NBA2+
(a) 7.00 (2.63) 7.65 (2.31) 7.70 (1.96) 7.64 (1.97)
(b) 7.41(2.79) 6.92 (2.12) 7.58 (1.98) 7.74 (2.08)
(c) 8.10 (2.04) 7.66 (2.02) 6.96 (2.13) 6.88 (2.21)
(d) 7.22 (2.74) 7.48 (1.97) 7.76 (1.84) 6.75 (2.20)

The different strains show important differences in litter size at first (NBA1) and second and latter
parities (NBA2+) not only between the purebreds but also between crosses according to its line
composition. Results from crossbred litters for NBA1 are in general slightly greater than those of
purebred litters, being not significant the correspondent heterosis value (0.10 + 0.15). On the contrary,
the heterosis effect on NBA2+ is significantly different from zero, with an estimated value of 0.65
0.10 piglets per litter (P<0.001). As is shown in Table 3, litter size in second and latter parities is
always lower in purebred than in crossbred litters, with only one negligible exception (cxc > cxd).
Heterosis for litter size in Iberian sows is then limited to second and later parities.

For NBA1, the means (and standard errors) of additive (auz) and residual (aez) variances were 0.69
(0.09) and 3.54 (0.09), respectively, being the heritability value h*> = 0.16 (0.04). The corresponding
values of variance components for NBA2+ were ¢,° = 0.36 (0.04) and o,° = 4.11 (0.05), being the
permanent environmental variance a,,z = 0.45 (0.05). The estimated values for NBA2+ of heritability,
h? = 0.07 (0.02), and permanent environmental coefficient, p> = 0.09 (0.02), correspond to a value of
repeatability, = 0.16. Homogeneous heritabilities and high values of genetic correlation (> 0.80,
value considered as rule of thumb) would be expected if most of the genes affecting NBA at different
parities were the same. Nevertheless, their different heritability values, as well as the estimated value
of genetic correlation equal to 0.74 (0.13), confirm that NBA1 and NBA2+ traits are partially controlled
by different genes. The genetic singularity of the litter size of primiparous sows has been evidenced
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previously not only in Iberian pigs (Fernandez et al., 2008) but in other pig breeds (Hanenberg et al.,
2001; Serenius et al., 2003).

Based on the results of this one and previous studies (Fernandez et al., 2008), multiple-trait
models should be recommended to estimate breeding values for litter size in Iberian pigs when first
and later parity records are involved. A model for litter size treating NBA records at the first parity as
one trait, and records at the later parities as one second trait could be more advisable than the
repeatability model. Moreover, the heterosis for NBA2+ should be considered as a systematic effect in
the model if litter data were available both from crosses within and between Iberian pig strains.

REFERENCES

Estany, J., Sorensen, D. (1995). Estimation of genetic parameters for litter size in Danish Landrace
and Yorkshire pigs. Anim. Sci. 60: 315-324.

Fernandez, A., Rodriguez, M.C., Rodrigafiez, J., Silid, L., Toro M.A. (2002). Use of Bayesian analysis
of growth functions to estimate crossbreeding parameters in Iberian pigs. Livest. Prod. Sci. 73:
213-223.

Fernandez, A., Rodrigafiez, J., Zuzuarregi, J., Rodriguez, M.C., Sili6, L. (2008). Genetic parameters
for litter size and weight at different parities in Iberian pigs. Span. J. Agric. Res. 6: 98-106.

Hanenberg, E.H.E.A.T., Knol, E.F., Merks, JW.M. (2001). Estimates of genetic parameters for
reproduction traits at different parities in Dutch Landrace pigs. Livest. Prod. Sci. 69: 179-186.

Kovac, M., Groeneveld, E. (2003). VCE-5 users’ guide and reference manual Version 5.1. University
of Ljubljana, Federal Agricultural Research Centre, Germany.

Noguera, J.L., Varona, L., Babot, D., Estany, J. (2002). Multivariate analysis of litter size for multiple
parities with production traits in pigs: Il. Response to selection for litter size and correlated
response to production traits. J. Anim. Sci. 80 : 2548-2555.

Pérez-Enciso, M., Gianola, D. (1992). Estimates of genetic parameters for litter size in six strains of
Iberian pigs. Livest. Prod. Sci. 32 : 283-293.

Petit, G., Runavot, J.P., Gruand, J., Legault, C. (1988). Evaluation en race pure et en croisement de
la lignée hyperprolifique Large White dans un réseau d’élevages de multiplication et de
production. Journées Recherche Porcine 20: 309-314.

Rodriguez, C., Rodrigafiez, J., Silid, L. (1994). Genetic analysis of maternal ability in Iberian pigs. J.
Anim. Breed. Genet. 111: 220-227.

Serenius, T., Sevon-Aimonen, M.L., Mantysaari, E.A. (2003). Effect of service sire and validity of
repeatability model in litter size and farrowing interval of Finnish Landrace and Large White
populations. Livest. Prod. Sci. 81: 213-222.

Proceedings of 6th International Symposium on the Mediterranean Pig 26



GENETIC TRENDS FOR GROWTH OF YOUNG PIGS IN TWO BREEDING
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SUMMARY - The genetic changes due to selection for growth performance during the postweaning
period were evaluate in two breeding nuclei (BN) of Iberian pigs. The data files consisted of weight
records between the 50 and 100 days of age from 1,325 and 3,859 pigs of BN1 and BNZ2,
respectively. The statistical model assumed as different traits (weight at 90 days, Wgyq) and daily
growth rate (DG) the two parameters that describe the linear growth function (a = intercept, b =
slope), and the analysis was carried out in a Bayesian framework via Gibbs sampling. The means of
the posterior distributions of heritabilities, common litter environmental coefficients and genetic
correlation in BN1 were 0.341 (h?,), 0.394 (h%,), 0.345 gcza), 0.432 gc%) and 0.772 (rg). The respective
values in BN2 were: 0.249 (h%,), 0.433 (h%,), 0.172 (c%,), 0.143 (c%,) and 0.761 (rs). Positive genetic
progress for growth was evidenced in both breeding nuclei, being the posterior mean of annual
genetic trends for Wyoq: 0.62 kg (BN1) and 0.18 kg (BN2), and for DG: 7.2 x107 kg/day (BN1) and
4.8x10° kg/day (BN2). The probabilities of these increments being greater than zero were 1.00 (BN1)
and 0.99 (BN2) for W90d, and 0.99 (BN1) and 0.96 (BN2) for DG.

Key words: Iberian pigs, postweaning growth, Bayesian analysis.

INTRODUCTION

The methods to evaluate the genetic value of the breeding animals allow not only to select the
best candidates for reproduction, but also to estimate the genetic changes achieved in a selected
livestock population. In this sense, Bayesian techniques allow to analyze growth data taking into
account the unequal information recorded from each animal, its relatives and the individuals whose
data are located in the same systematic effects. Pig growth performances can be modelled using
production functions, described by a reduced number of parameters that, in some cases, can be
considered as underlying biological variables related to breeding goals.

A Bayesian procedure implemented by Varona et al. (1997, 1998) that allows a joint analysis of
parameters of a linear production function, (co)variance components, systematic effects and breeding
values was used to evaluate the genetic changes due to selection for growth during the postweaning
period in two breeding nuclei of Iberian pigs belonging to the Spanish Association of Iberian pig
Breeders (AECERIBER).

MATERIAL AND METHODS

Data available for the analysis for each of the two breeding nuclei (BN1 and BN2) of Iberian pigs
are presented in Table 1. The data consisted of 2,643 (BN1) and 7,718 (BN2) weight records between
50 and 100 days of age, collected between 1999 and 2006, from 1,325 and 3,859 pigs for BN1 and
BN2, respectively. As a general rule, each animal is weighted twice: the first one after weaning, at an
age of about 60 days, and the second one at about 90 days.
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Table 1. Size and structure of data and pedigree for each breeding nuclei and main statistics of the
analysed traits

Breeding Nucleus 1 Breeding Nucleus 2
Animals in genealogy 1363 4094
Testing batches 14 22
Litters 275 640
Animals with growth records 1325 3859
Growth records 2643 7718
Weight at 90 days (W90d), kg (sd) 24.72 (5.78) 28.57 (4.64)
Daily gain (DG), kg/day (sd) 0.30 (0.11) 0.39 (0.15)

The Bayesian procedure described by Varona et al. (1997) to analyze performance data using
production functions has been applied to these data. In the postweaning period analyzed, the
assumed model of growth was a linear function with parameters a (intercept) and b (slope), that
correspond to the weight at 90™ day (Wgoq) and the rate of daily growth (DG), respectively. The K"
weight of the j”7 animal recorded on day xj (animal age minus 90 days) is considered as a sample
from the normal distribution:

2 2
Ykl a;, by, ot~ N (a; + by Xy, or)
where of is the variance of performances given the production function parameters.

The analysis of the growth function parameters requires another kind of variables related to
genetic and environmental relationships between the production functions of different animals. These
sources of variation were represented in the present analysis by the following bivariate animal model

o=XB+Zu+Z,c+e

where @ = matrix of values of intercept and slope (a and b) of order N x 2; B = [£., Bol, U = [Ua, Up], €
=[ca, Cpy] and e = [e, , e,] are matrices of systematic, additive genetic, common litter environmental
and residual effects for both parameters; and X, Z; and Z, are known incidence matrices. The
systematic effects considered in B were the sex and testing batches. The marginal posterior
distribution of each parameters of interest, including the genetic progress scores, was determined
using a Gibbs sampling algorithm. Details about all these distributions can be found in Varona et al.
(1997) and Fernandez et al. (2002). The convergence was assessed by the double-chain method
(Garcia Cortés et al., 1998). The length of the Gibbs sampling was 550,000 discarding the first 50,000
(warm-up) and saving one sample from each 50 iterations.

Due to the lack of genealogical connections between both breeding nuclei, all the analysis were
done independently. Two scores of genetic progress based on the average of the breeding values of
the animals born in each testing batch were calculated: a) the total genetic trend, estimated as the
difference between the average breeding values of the animals tested in the last and first batch, and
b) the annual genetic trend, estimated rescaling the regression coefficients of the average breeding
values on the temporal unit.

RESULTS AND DISCUSSION

The Bayesian procedure provides estimates for growth function parameters of each animal that
take into account their own performances and the information from relatives and other unrelated
animals sharing the same systematic effects (Varona et al., 1997). Moreover, this approach provides
an estimation of the variance of performances given the production function parameters (azt), that
includes errors in measure or physiological variations of the animals along the fattening period. The
main statistics of o% and the variance ratios for the intercept (Wgo4) and slope (DG) of the growth
linear functions of the young pigs are summarized in Table 2.

The estimated values of heritability (h?), both for Wgoq and DG, were not significantly different
between the two nuclei. Anyway, point estimates of h? and genetic correlations (r,) were in the range
of variation of the values obtained in related strains of Iberian pigs using this Bayesian procedure
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(Rodriganez et al., 1999; Fernandez et al., 2002). However, the estimated values of the common litter
environmental coefficients (c?) of the two traits were significantly different from zero according to the
values of 95% highest posterior density intervals (95HPD), and were quite high. These results proves
the convenience of include these effects in the analysis model for growth traits, even more when
recordings are taken at early age (Garcia Casco and Béjar, 1993).

Table 2. Means, posterior standard deviation (PSD) and 95% highest posterior density intervals
(95HPD) of heritabilities (h2), common litter environmental coefficients (cz), and genetic (r,),
common environmental (r;) and phenotypic (r,) correlations between a (intercept = weight at
90 days; Wgyq) and b (slope = rate of daily growth; DG) and variance component (azt) due to

model fitting
Breeding Nucleus 1 Breeding Nucleus 2
Mean PSD 95%HPD Mean PSD 95%HPD
h weoo) 0.341 0.092 0.168 / 0.503 0.249 0.061 0.135/0.370
hz(DG) 0.394 0.098 0.223/0.576 0.433 0.082 0.258 / 0.581
CZ(WQOd) 0.345 0.039 0.269/0.420 0.172 0.018 0.136/0.207
cZ(DG) 0.432 0.061 0.307 / 0.547 0.143 0.030 0.086 / 0.204
ry 0.772 0.133 0.495/0.965 0.761 0.083 0.612/0.924
re 0.219 0.071 0.007 /0.355 0.066 0.053 -0.004 /0.169
I 0.579 0.043 0.493/0.660 0.742 0.022 0.698/0.786
o 1.026 0.008 0.855/1.183 2.548 0.009 2.366/2.733

The use of Gibbs sampling also permits drawing of the marginal distribution of functions of
estimated parameters, like the annual or total genetics trends, expressing its uncertainty (Blasco,
2001). Both nuclei shown significantly positive genetic progress for growth along the analysed periods
(from autumn 1999 to autumn 2006 in BN1 and from autumn 2000 to autumn 2006 in BN2) as is
shown in Fig 1. Thus, the total genetic trends for Wyoy were 3.72 kg (S.D. 1.22) with values of
95%HPD interval (1.253 / 5.935) for BN1, and 1.28 kg (S.D. 0.51), with values of 95%HPD interval
(0.349 / 2.328) for BN2. The probabilities of these increments being greater than zero were 1.00 for
BN1 and 0.99 for BN2. The corresponding values for DG were 0.045 kg/day (S.D. 0.018) with values
of 95%HPD interval (0.104 / 0.479) for BN1 and 0.022 kg/day (S.D. 0.014) with values of 95%HPD
interval (0.000 / 0.048) for BN2, being 1.00 and 0.96 the respective probabilities of these increments
being greater than zero.

The posterior mean and SD of the annual genetic trends for Wgoy were 0.62 kg (S.D 0.20) and
0.18 kg (SD 0.08) for BN1 and BN2, being the respective values of the 95%HPD intervals equal to
0.207 / 0.959 and 0.022 / 0.349. The annual genetic trends for DG were 7.2x10° kg/day (S.D. 2.9 x
10 BN1) and 4.8x10 kg/day (S.D. 2.9x10™: BN2), and only the bounds of the 95%HPD of BN2
include the zero value: 0.000 / 10.2x10°, being the same interval for BN1: 2.0x10° / 13.4x10°,
However, the probabilities of these increments being greater than zero were 0.99 for BN1 and 0.96
for BN2.

An additional advantage of this method is that allows to estimated individual breeding values for
90 days weight as well as for average daily gain for animals having only one record. These animals
must be excluded when analyzed through conventional methods.
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Fig. 1. Genetic trends for weight at 90 days in the two breeding nuclei.
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GENETIC CHARACTERISATION OF CELTIC-IBERIAN PIG BREEDS USING
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SUMMARY - A genetic analysis of two Celtic-Iberian pig strains (Bisara and Asturcelta) using a set of
9 microsatellites (IGF1, S0005, S0090, S0155, S0218, S0225, SW240, SW632 and SW951) was
carried out. Samples from Iberian (Alentejano and Iberian) and cosmopolitan pigs were used as
reference. Between-breeds genetic kinship distance (Dk) varied from 0.357 (Alentejano-Iberian), to
0.480 (Bisara-lberian). The Cosmoplitan pig has low Dk values with both Asturcelta and Bisara
breeds (0.384 and 0.380, respectively) that have, in turn, a Dk value of 0.411. A neighbour-joining
tree constructed on the between-individuals Dk distance matrix allowed identify 4 major clusters: i)
Alentejano-lberian; ii) Cosmopolitan; iii) Bisara; and iv) Asturcelta. The Celtic-Iberian individuals
diverged from the Iberian samples at nuclear loci and were genetically closer to cosmopolitan pig.
Within Celtic-lberian strains genetic structure could result from population bottlenecks and
reproductive isolation. This information may contribute to support conservation strategies for the
Celtic-Iberian pig strains.

Keywords: Celtic-Iberian pig, microsatellites, phylogeny, kinship distance

INTRODUCTION

Native pig strains from the Iberian Peninsula have been classically divided in two different groups:
‘Celtic’ and ‘Iberian’ (Aparicio, 1944; Santos Silva et al., 2007). The major morphological differences
existing between ‘Celtic’ and ‘Iberian’ (distributed mainly in the Southern Iberian Peninsula) pig strains
have led to different genetic origins being hypothesized for each group: the Celtic pigs of the Iberian
Peninsula would have a common origin with Northern-Central European pig breeds, whilst the Iberian
pig breeds are assumed to be the pre-extant pigs in Iberia. Most Celtic-Iberian pig breeds are now
extinct and the remaining Celtic-lberian pig populations are extremely endangered. Nonetheless,
some conservation efforts have arisen to preserve this genetic resource. In Portugal, a recovery
programme has been initiated for the Bisara breed, which is mainly located in the Tras-Os-Montes
area. In Spain, a recovery program has recently been initiated for the Asturian Celtic pig (Gochu
Asturcelta). The aim of this communication is carrying out a preliminary analysis of two Celtic-lberian
pig strains (Bisara and Asturcelta) using microsatellites including also in the analyses samples
belonging to Iberian pig strains (Alentejano and Iberian) and cosmopolitan European pigs as
reference populations.

MATERIAL AND METHODS

Blood samples were obtained from 94 unrelated pigs belonging to 2 Celtic-lberian (Gochu
Asturcelta, As, 39; Bisara breed, Bi, 24), 2 Iberian (Alentejano ,Al, 13; Iberian, Ib, 8) and 3
cosmopolitan European pig breeds (Hampshire, Ha, 4; Landrace, La, 3; and Large White, LW, 3)
breeds. Total DNA was isolated from blood samples following standard procedures (Sambrook et al.
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1989). Individuals were genotyped with a set of 9 microsatellites (IGF1, S0005, S0090, S0155,
S0218, S0225, SW240, SW632 and SW951) in an automatic sequencer ABI 310 (Applied
Biosystems). Microsatellite information was analysed using the program MolKin 2.0 (Gutiérrez et al.
2005). Observed (Ho) and expected heterozygosity (He), raw (k) and rarefacted (k,; Hurlbert 1971)
average number of alleles per locus and molecular coancestry (f) (Caballero and Toro, 2002) were
computed at the within-strain level to characterize genetic diversity in the analysed data set. The
between-individual kinship distance matrix (D, Caballero and Toro, 2002) was also computed with the
program MolKin and further used to construct a neighbour-joining tree using the program MEGA 3.1
(Kumar et al. 2004) or a bi-dimensional scaling plot using the statistical package SAS/SAT™ (1999).
The kinship distance between two individuals j and j is calculated as D, = [(s; + $;)/2] — f;, where s; is
the molecular coancestry of an individual i with itself or self-coancestry (which is related to the
coefficient of inbreeding of an individual i, F; by the formula F; = 2s; — 1) and f;, the molecular
coancestry between two individuals i and j. Between strains D, was obtained simply averaging the
between pairs of individuals distances.

RESULTS AND DISCUSSION

Parameters characterizing the genetic diversity in the available microsatellite data set at strain
level and for the whole data set are given in Table 1. The highest expected heterozygosities (roughly
0.6) is found for the Cosmopolitan strain whilst the lowest was found for the Alentejano individuals.
This trend is also observed for the within-population f; which characterised the level of genetic identity
of the individuals belonging to each breed. The average number of alleles per locus (k) is highly
affected by sample size, and after rarefaction the Asturcelta breed showed a low value (2.8) for this
parameter thus characterising the low number of reproductive individuals available at the beginning of
the recovery program of the breed.

Table 1. Observed (Ho) and expected (He) heterozygosyty, molecular coancestry (f;) and raw (k) and
rarefacted to eight copies (kg) average number of alleles per locus for each strain analysed
and for the whole data set.

Breed/strain Ho He f; k ks
Alentejano 0.410 0414 0575 3.0 23
Asturcelta 0.535 0.538 0.509 41 2.8
Bisara 0473 0579 0475 43 31
Cosmopolitan pig 0.511 0599 0.466 44 3.4
Iberian 0.470 0.557 0.510 4.3 3.3
TOTAL 0.893 0626 0.382 7.2 34

Between-strains Dy varied from 0.357, for the pair Alentejano-lberian, to 0.480, for the pair Bisara-
Iberian. The Cosmoplitan pig has low Dy values with both Asturcelta and Bisara breeds (0.384 and
0.380, respectively) that have, in turn, a D, value of 0.411. This overall situation is illustrated in Figure
1, which shows a bi-diemsional scaling plot constructed on the between strains D, distance matrix.
Dimension 1 on the X-axis differentiates the Iberian pig strains from the Celtic and Cosmopolitan pig
strains whilst Dimension 2 on the Y-axis allows distinguishing between the Celtic-iberian pig strains
with the Cosmopolitan pig located in an intermediate position.

This scenario was confirmed constructing a neighbour-joining tree on the between-individuals Dy
distance matrix using the program MEGA 3.1 (Kumar et al. 2004). Four major clusters can be
observed in Figure 2 including, respectively, the Alentejano and Iberian individuals, which clustered
together and separated from the rest, the Cosmopolitan, the Bisara and the Asturcelta individuals.
Three Celtic pig individuals clustered with the Iberian pig individuals. Two Asturcelta individuals
clustered with the Cosmopolitan and the Bisara individuals and one Asturcelta individual clustered
with the Bisara population.
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The Celtic-lberian strain samples had significant genetic divergence at nuclear loci with respect to
the Iberian, samples, thus standing out as particular populations within the Iberian Peninsula.
Moreover, Celtic-Iberian pigs are genetically closer to cosmopolitan (Northern-Central European) pigs
than to the native Iberian strain. In any case, there is high genetic structure between the Celtic-lberian
strains probably due to the strong population bottleneck suffered during the second half of the 20"
century and their reproductive isolation. Kinship distance is appropriate for analyzing populations of
expected similar genetic origin and major reproductive isolation, as it does not exclusively reflect the
recent genetic history of the taxa (Alvarez et al. 2005). In fact, Dy is closely related to Nei’s minimum
distance, though corrected for genetic similarity (f;) of the taxa before separation (Alvarez et al. 2005),
thus allowing a good clustering of the strains analyzed here.
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Fig. 1. Bi-dimesional scaling plot constructed on the between-strains Dk distance matrix. The
Asturcelta, Bisara, Iberian and Alentejano breeds are represented, respectively, by a green
square, an open green square, a red circle, and an open red circle, whilst the Cosmopolitan
pig strain is represented by a blue square.

The information obtained in the present analysis may contribute to support conservation
strategies for the Celtic pig strains native to the Iberian Peninsula. Celtic-Iberian pigs have restricted
gene flow with other pig populations, probably because of different genetic origins and reproductive
separation, and currently represent significant ecological and reproductive adaptive variation with
respect the other Iberian strain of pigs or cosmopolitan pigs. Major efforts in the recovery of the
breeds and the productive characterization of Celtic-lberian pigs can be recommended.
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Figure 2. Neighbour-joining tree constructed on the between-individuals Dk distance matrix. The
Asturcelta, Bisara, Iberian and Alentejano individuals are represented, respectively, by green

squares, open green squares, red circles, and open red circles, whilst the Cosmopolitan
individuals are in blue squares.
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SUMMARY - Cinta Senese is an autochthonous pig breed native of Tuscany. During last century the
breed suffered a narrow bottleneck; in 1986 a census registered eighty-one sows and only three
boars. The aim of the present paper was to assess the genetic contribution of the founders in order to
conserve the genetic variability of the breed. Data analysis has been carried out with a set of Fortran
packages. The genetic variability of the breed was estimated by pedigree information and by
probabilities of gene origin. The percentage of known ancestors, the average generation interval, the
average inbreeding coefficient, the number of founders and their marginal contribution were
calculated. From the genetic point of view Cinta Senese breed can be considered as a small
population. The results obtained showed how it is indispensable to continue the monitoring action of
the breed. In order to control inbreeding some strategies could be suggested: choice of breeding
animals “within family”, use of planned mating strategies and counterbalance of founders’
representation.

Key words: Cinta Senese pig, probability of gene origin, inbreeding, genetic diversity

INTRODUCTION

Maintaining genetic diversity is one of the main targets in the management of a population at risk
and the rate of inbreeding is usually used to assess the loss of genetic variability. Nevertheless
computation of individual and average inbreeding are strongly affected by the quality of genealogical
information; incomplete pedigrees or introduction of new animals lead to underestimate the rate of
inbreeding. In recent years some studies suggested other tools to evaluate genetic diversity.

Lacy (1989, 1995) introduced two new parameters: the “effective number of founders” and the
“founder genome equivalents”. The former measures the overall founder representation in a managed
population regarding the loss of genetic variability due to unbalanced founder contributions whereas
the latter represents the number of founders necessary to produce the same genetic diversity of the
population under study if founders were equally represented. Previous approaches ignore potential
bottlenecks in the pedigree, thus Boichard et al. (1997) proposed another parameter: the “effective
number of ancestors” to account for bottlenecks in the population which are the major cause of gene
loss in managed populations.

Cinta Senese is one of the most important Italian autochthonous pig breeds and, as other local
breeds, suffered a bottleneck during the last century passing from 160,000 heads in 1950s (Raimondi,
1955) to 81 sows and 3 boars in 1986 (Gandini et al., 2001). In 1996, a genetic management program
started and a reduction of the inbreeding level of the animals (from 0.21 in 1995 to 0.15 in 2003) was
obtained (Franci et al., 2004). During the 1990s the population size increased reaching in 2006 the
number of 1487 sows and 252 boars spread over 156 herds (Nardi, 2007). The national herd-book
started in 1997 on the basis of recordings going back to the 1970s and Tuscany Region promoted a
five year research program on the breed.

The aim of this work was to analyze the genetic variability of Cinta Senese pig breed to assess if
it’s still indispensable to continue working on inbreeding control and if it's possible to set up a plan of
genetic improvement.
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MATERIAL AND METHODS

We analyzed pedigree information registered in Cinta Senese herd book (source A.N.A.S.). A total
of 13724 animals were registered (4807 males and 8917 females), spread out in 311 herds, mainly
located in the province of Siena that is the most important with 37% of herds and 42% of animals.
Pedigree completeness level was estimated by computing: number of full traced generations (g),
where ancestors with unknown parents were considered as founders (generation 0); maximum
number of generations traced; number of equivalent generations (g.), that is the rate of known
ancestors that reflects the completeness of the pedigree (MacCluer et al., 1983) for each parental
generation.

Furthermore the following parameters were also analyzed: individual and average inbreeding
coefficient (F); average relatedness coefficient (AR) of each individual (AR can be interpreted as the
representation of the animal in the whole pedigree regardless of the knowledge of its own pedigree);
total number of founders (f); effective number of founders (fe), defined as the number of equally
contributing founders that could be expected to produce the same genetic diversity as that which
exists in the population under study (James, 1972; Lacy, 1989); effective number of ancestors (fa);
effective population size (Ne) defined as reported by Wright (1931); generation lengths computed for
the 4 pathways (father-son, father-daughter, mother-son and mother-daughter). Parameters have
been computed using the program Endog v 4.0 (Gutierrez and Goyache, 2005).

RESULTS AND DISCUSSION

Figure 1 shows the distribution of records, grouped in four-year periods (due to the scarcity of
registrations years from 1972 to 1995 were represented all together). Only 6.5% of the individuals
were registered before 1995, while most animals were registered from 2000, pointing out the
population increment after the institution of the national herd book and the set aside of public funds to
compensate the reduced profit to breeders. The last period includes only registrations up to May 2007
so the number of records appears lower.
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Figure 1. Herd book registrations from 1972 up to 2007.

Cinta Senese herd book is quite depth as confirmed by the rate of known ancestors per parental
generation. The pedigree knowledge was higher than 90% for the first four generations of ancestors
but it falls to 80% in the next parental generation and to 30% in the 8" generation (figure 2).

Average values of inbreeding (F) and relatedness (AR) are reported in table 1. The average
inbreeding of whole population is 14,21%. This value is still too high indicating the importance of
reducing the inbreeding coefficient through the exchange of breeding animals and avoiding mating
between too much related animals. The mean average relatedness (AR) is strongly below the double
of the inbreeding coefficient (F), indicating the lack of an adequate swap of breeding animals and the
wide use of within-herd mating.
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Figure 3 shows the trend of inbreeding computed by the year of birth of individual. Due to scarcity
of data, average inbreeding is equal to zero for the first ten years; starting from the middle ’80, with
more genealogical data, inbreeding increases quickly and reaches a maximum peak in 1993 (0.23).
After the institution of public incentive, the number of animals and of herds grew up fast and the
average inbreeding coefficient kept to blow down.
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Figure 2. Rate of known ancestors.

Table 1. Inbreeding (F) and Average relatedness (AR) coefficients.

Number of animals 13724
Mean Inbreeding (F) 14.21%
Mean Average Relatedness (AR) 21.27%
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Figure 3. Inbreeding trend.

Table 2 reports the average generation intervals for the four pathways parent-offspring. The
average generation length is 2.44 years; no significant differences were found between the four
pathways. This result is comparable to previous studies performed on Cinta Senese pig breed (Baldi,
2004).

Table 2. Generation interval.

Pathway N Interval STDEV  MSE
Father-Son 541 24942 1.4259 0.0613
Father-Daughter 2290 2.4423 1.2156 0.0523
Mother-Son 542 25643 1.4758 0.0635
Mother-Daughter 2289 2.4038 1.3580 0.0584
Average 5662 2.4434 1.3218 0.0176
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Table 3 presents the effective population size estimated using two regression coefficients. The first
one is the coefficient of the individual inbreeding over the maximum number of fully traced
generations; while the second one is the regression coefficient of the individual inbreeding over the
equivalent complete generations.

Table 3. Effective population size (N.).

AF N.
Mean Complete Generations 3.99 3.46 14.43
Mean Equivalent Generations 6.87 1.32 37.99

Figure 4 reports the trend of effective population size (Ne) estimated on the basis of family size
variance. Computation of Ne based on the family size variance requires the knowledge of the average
generation interval (2.44) that was rounded off to 2. Effective population size began to grow up with
the demographic expansion of the breed, beginning from the end of the '90.

250

200 /

150

Ne /
100

50
4} fm

\o} o S " el vel A\ (-3 ~ el nel 4 (o) “% el
N A o\ ) N & el e ] O ] ] o £ (N
S B B I PP D DS S
4 1) 4 Nl Nl Nl N D' ) ] ) %) () Ny O
S S T FF PP P PSS

Figure 4. Trend of effective population size computed on family size variance.

Table 4 presents the total number of founders (f), the effective number of founders (fe) and the
comparison between average inbreeding (computed) and the expected inbreeding produced by an
unbalanced contribution of founders. At the beginning the Cinta Senese herd book was open, so the
total number of founders is high; all animals with the right morphological characteristics were
admitted, also those with unknown parents, so a lot of animals entered as founders but probably they
were individuals with at least an unknown parents. At present the Cinta Senese herd book is closed,
only animals with known parents already registered could be admitted.

Table 4. Effective population size (f).

Size of Population 13724
Total number of founders (f) 115
Actual Base Population (one unknown parent = half founder) 100.0
Effective Population Size of Founders (f.) 10.99
Expected Inbreeding by unbalancing of founders contribution 4.55%.
Computed Mean Inbreeding 14.21%

Effective number of founders (f.) is considerably lower (10.99) as a consequence of the scarce
number of animals surviving in the 80 and of an unbalanced use of breeding animals. Only
unbalanced contribution of founders produced 4.55% of inbreeding.

The effective number of ancestors (f;) was computed using as reference population animals with
both parents known (table 5). Total number of ancestors is 84, while the effective number of
ancestors is quite similar to the effective number of founders, effects of past bottlenecks can’'t be
evidenced because they occurred before the herd book reopening. Only four ancestors are necessary
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to explain more than 50 per cent of the genetic diversity of present population, as confirmation of the
reduced number of animal from which the breed had been developed.

Both effective number of founders and effective number of ancestors are remarkably lower than

values found in commercial pig populations (Baumung et al., 2002; Maignel et al., 2001), but are
similar to some local French pig breeds (Maignel et al., 2001).

Table 5. Effective number of ancestors (f,).

Number of animals in the Reference Population 13609
Number of Ancestors contributing to the Reference Population 84
Effective Number of Ancestors for the Reference Population (f,) 10

N° of ancestors explaining 50% 4
CONCLUSIONS

The quality of pedigree information of Cinta Senese pig breed is quite high, considering the recent
demographic history of the breed and the difficulty to obtain reliable paternities in an outdoor
management system. Although the remarkably increase of the number of breeding animals, results
show that inbreeding and average relatedness coefficient are still too high, so it is fundamental to
carry on actions to control these genetic parameters. A high rate of inbreeding negatively influences
reproductive traits and its effects are manifest in Cinta Senese breed (Crovetti et al., 2005). The
unbalanced contribution of founders appears clearly, so the maintenance of the genetic diversity of
the breed is important to re-balance founders representation. Some strategies for genetic
management could be suggested:

- the control of the inbreeding coefficient is fundamental to plan mating, choosing breeding animals
with a relationship coefficient below the population average;

- the counterbalance of founders representation is desirable to identify descendants of less
represented founders and to use them with higher intensity on population. Both objectives can be
reached with a careful genetic management of the breed even if the lack of the artificial insemination
makes these actions more difficult. Exchange of breeding animals would be supported by public and
private breeders associations;

- to guarantee the maintenance of genetic diversity for the next generation a selection within family,
and not among families, should be performed, choosing the best animal within each family and not
absolute best animals. By this way every family will be represented in the next generation avoiding
the risk that future breeding animals will be too much related. Selection criteria are only those
reported on Cinta Senese herd book, and consist in respect of morphological standards, any other
selection criterion (i.e. performance traits) is still to avoid with regard to inbreeding and relationship
coefficients.
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STUDY OF GENES RELATED TO MEAT QUALITY
IN CINTA SENESE PIG BREED
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SUMMARY - Cinta Senese is an autochthonous Tuscan pig breed, accounting for about 3,000
individuals characterized by good meat and fat quality. Several genes affect directly or are associated
with meat quality traits and the causative mutations were identified in commercial pig breeds. This
study investigated allele frequencies at some of these loci in Cinta Senese breed. DNA samples were
analyzed by PCR-RFLPs at the following loci: ryanodine receptor 1 (RYR1) influencing mainly pH1
and responsible for the PSE defect in meat; calpastatin (CAST) affecting meat tenderness; protein
kinase, AMP-activated, gamma 3 non-catalytic subunit (PRKAG3 or Rendement Napole locus)
influencing muscle glycogen content, pHu and responsible for the defect known as acid meat; heart
fatty acid-binding protein (H-FABP) related to intramuscular fat content and melanocortin 4 receptor
(MC4R) associated with backfat thickness. The results for the RYR1 locus showed that the favourable
allele (1843C) is almost fixed (0.98). All Cinta Senese animals were homozygous for the R200 allele
of the PRKAG3 gene confirming the absence of the acid meat defect in the breed. Considering the
low frequency of the 1843T allele for the RYR1 locus it will be feasible the eradication of the defective
allele.

Key words: Cinta Senese, meat quality, PCR-RFLP, DNA markers.

INTRODUCTION

Cinta Senese is an autochthonous Tuscan pig breed, accounting for about 3000 individuals. The
breed is characterized by high ability to live outdoor on chestnut and oak woods, low growth
performances, good meat and fat quality and its commercial value is strongly linked to high quality
seasoned products. Studies on commercial pig breeds identified mutations that affect directly or that
are associated with meat quality traits. The aim of this project was to assess allele frequencies at
these loci: RYR1, PRKAG3, MC4R, H-FABP and CAST. A mutation (C->T) at Ryanodine receptor 1
locus (RYR1, Fujii et al., 1991) influencing mainly pH1 and it causes PSE syndrome (pale, soft and
exudative meat), one of the major quality defect associated with abnormal post-mortem muscle
acidification. PSE meat is characterised by a high acidification rate within the first hour after slaughter.
PRKAGS3 locus (protein kinase, AMP-activated, gamma 3 non-catalytic subunit, Meadus et al., 2002),
known also as RN locus, is associated with another meat defect called “acid meat”. A mutation (G>A)
at codon 200 causes an excess of glycogen in muscle, that produces a prolonged and extreme drop
of final pH. Both mutations produce a defective meat unsuitable for ham production. Calpastatin gene
(CAST, Ernst et al., 1998) is associated with post mortem meat pH values as well; several studies
correlate some specific aplotypes at this locus with PSE phenotype. Cast gene is also involved in
meat tenderness. A mutation (G>C) at MC4R (melanocortin-4-receptor, Kim et al., 2000) locus is
associated with backfat thickness; although in swine genetic selection for lean meat is required, in
Cinta Senese fat cuts are also economically important. Finally H-FABP locus (Hearth fatty acid
binding protein, Pang et al., 2006) seems to be correlated with intramuscular fat content; previous
studies at this locus performed on other pig breeds, show that some aplotypes could influence the
IMF.

MATERIAL AND METHODS

DNA was extracted from hair roots and freeze-dried meat of Cinta Senese pigs, admitted to the
herd book. All mutation points were identified with a PCR/RFLP analysis at the loci reported in Table
1. Sample represented from 1.3 to 6.6% of the whole population. At RYR1, PRKAG3 and MC4R loci
were investigated the causative mutations, whereas at H-FABP and CAST loci only two of the three
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known polymorphisms were genotyped. Table 2 shows primer sequences and restriction enzymes
used for the analysis and the number of individuals genotyped at each locus.

Table 1. Investigated loci, animals employed and annealing conditions

Locus N. animals  Annealing temp.
RYR1 181 57°C
PRKAG3 129 57°C
MC4R 177 56°C
H-FABP 41 56°C
CAST 32 59°C

Table 2. Primer sequences, enzymes used in alleles determination at the investigated loci and
number of individuals genotyped.

Locus Primer forward (5’-3’) Primer reverse (5’-3’) Enzyme n.
H-FABP ATTGCTTCGGTGTGTTTGAG TCAGGAATGGGAGTTATTGG Haelll 60

Mspl 41
CAST GCGTGCTCATAAAGAAAAAGC TGCAGATACACCAGTAACAG Hinfl 38

Rsal 32
MC4R TACCCTGACCATCTTGATTG ATAGCAACAGATGATCTCTTTG Taql 229
PRKAG3 AAATGTGCAGACAAGGATCTCG ACGAAGCTCTGCTTCTTGC BsBl 129

RYR1 GTGCTGGATGTCTGTTTCCCT CTGGTGACATAGTTGTGAGTTTG Hhal 181

RESULTS AND DISCUSSION

Table 3 shows the number of genotyped animals at each locus and the frequencies of detected
allele. The investigated polymorphisms presented similar frequencies (0.15 and 0.85 for alleles D or d
and 0.93 and 0.07 for alleles A or a, respectively) at H-FABP locus. Concerning the CAST locus A
and F alleles were both detected with 0.03 frequency. Whereas the MC4R locus showed intermediate
frequencies for the two alleles (0.48 and 0.52 for allele 7 and 2, respectively). All Cinta Senese
individuals were homozygous for the rn" allele at the PRKAG3 gene (figure1) confirming the absence
of the acid meat defect for this breed.

The results at RYR1 locus (figure 2) show that the positive allele (7843C) is almost fixed (0.98).
The tested animals were in H.W. equilibrium at all the examined loci, except for the first polymorphic
site at the H-FABP locus that showed an excess of heterozygosity. Allele frequencies at RYR1 locus
in Cinta Senese breed were similar to those reported for Duroc, Large White and Landrace pig breeds
raised in Italy (Russo et al, 1996) and the allele for halothane sensitivity seems almost totally
eliminated in the breed. Similar results were found at PRKAG3 locus where the rn” allele was fixed as
reported for Large White pigs (Miller et al., 2000). Cinta Senese presented similar frequencies for the
two alleles at MC4R polymorphism as stated for Lithuanian White pigs (Jokubka et al., 2006) whereas
other authors (Stachowiak et al., 2005) found substantial differences in allelic frequencies between
Polish Large White and Landrace that may underlie intrabreed variability in production traits probably
absent in Cinta Senese. The two investigated polymorphism at H-FABP gene presented allelic
frequencies similar to those found for Large White and Landrace pigs (Gerbens et al., 1997) with a
prevalence of the A (Mspl) and D (Haelll) alleles whereas various Chinese breeds were found
homozygous at these alleles (Pang et al., 2006). Only the Duroc breed differs substantially at these
loci (Gerbens et al., 1997; Pang et al., 2006) showing intermediate frequencies. Observing the whole
results at the studied polymorphisms Cinta Senese seems to be quite similar to Large White breed
even if some differences emerged which could be ascribed to the different selection pressure applied
in the two breeds.

Proceedings of 6th International Symposium on the Mediterranean Pig 42



Table 3. Genotypes and allele frequencies observed at the investigated loci

Locus Genotypes Allele frequencies
H-FABP (Haelll) DD Dd dd D d
2 14 44 0.15 0.85
H-FABP (Mspl) AA Aa aa A a
37 2 2 0.93 0.07
CAST (Hinfl) AA AB BB A B
0 2 36 0.03 0.97
CAST (Rsal) EE EF FF E F
30 2 0 0.97 0.03
MC4R (Taql) 11 12 22 1 2
35 99 43 0.48 0.52
PRKAG3 (BsrBl) RN RN RN m* m*m" RN m*
0 0 129 0.00 1.00
RYR1 (Hhal) 1843C 1843C 1843C 1843T 1843T 1843T 1843C 1843T
180 7 0 0.98 0.02

Figure 1. PCR-RFLP at PRKAG3 locus. Lanes 1, 2, 3, 4 and 5: Cinta Senese (rm’rn*); Lane 6 (RN
RN’) and lanes 7 and 8 (rn * RN"): Hampshire.
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Figure 2. PCR-RFLP at RYR1 locus. Lanes 1, 2, 3, 4, 6 and 7: Cinta Senese (1843C 18843C); Lane
5: Cinta Senese (1843C 1843T); Lane 8: Pietrain (1843C 1843T).

CONCLUSIONS

Considering the low frequency of the negative allele at RYR1 locus in Cinta Senese, it seems
feasible to eradicate it with any effect on the inbreeding level of the breed. This study confirms the
absence of the RN allele in the whole breed. Further studies to confirm the obtained results in a
larger sample and eventually to plan studies on associations between these DNA markers and meat
quality traits in Cinta Senese breed would be desirable.
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SUMMARY - The use of molecular markers in functional genes as tool to characterize the genetic
diversity in livestock populations can provide new opportunities for the identification of putative alleles
of economic value. The aim of this study was to investigate of the genetic diversity among eleven pig
breeds by typing SNPs in 23 coding genes in five ltalian native pig breeds (Calabrese, Casertana,
Cinta Senese, Mora Romagnola and Nero Siciliano) and six cosmopolitan breeds (ltalian Large
White, Italian Landrace, ltalian Duroc, Belgian Landrace, Hampshire and Piétrain). A sample of
Meishan breed was also included. Allele frequencies, heterozygosity, Fst, Fis, Fit, and Reynolds
genetic distances were calculated and Neighbor-Joining tree with bootstrap resampling was drawn.
The results obtained for SNPs were compared with those previously produced in PigBioDiv project
that analysed DNA samples of some of the breeds of the present study were analysed with
microsatellites markers.

Key words: Italian pig breeds, SNP, microsatellite, genetic diversity.

INTRODUCTION

To genetically characterise local breeds molecular markers are an indispensable tool to
understand population genetic structure and to trace the presence and the spread of economically
important alleles. Till now European local pig breeds have been analysed within the EC funded
project PigBioDiv where many pig breeds reared in several European countries, including ltaly, were
typed with microsatellites (SanCristobal et al., 2006a) and AFLPs (SanCristobal et al., 2006b). Until
now only few researches have been carried out with the aim to analyse the genetic variability using
SNPs of genes coding for proteins with known functions. As the Italian pig breeds concerns our
research group, we analyzed the genetic relationships among cosmopolitan pig breeds reared in Italy
using RFLPs detected by Southern analysis (Davoli et al., 1996) and SNPs (Russo et al., 2004a).
Today in ltaly only six local breeds are still present: Casertana, Calabrese, Cinta Senese, Mora
Romagnola, Nero Siciliano and Sarda. Additional local ancient pig breeds disappeared some decades
ago because they were replaced by selected and more productive ones. In Italy ANAS (National
Association of Pig Breeders) is in charge to keep the data recording of pigs of these endangered
breeds in the Pig Breeding Registry with the purpose of breed preservation and to apply a
management scheme to reduce inbreeding. The protection and valorisation of the endangered lItalian
local breeds consider their rusticity and hardiness and the high quality of fresh meat and seasoned
products, particularly appreciated by the consumers. With the present work we investigated the
genetic variability in eleven pig breeds reared in ltaly by typing 23 SNPs in coding genes. Moreover, a
first comparison of SNPs data with the results of the PigBioDiv project was performed.

MATERIAL AND METHODS

Pigs belonging to cosmopolitan and local breeds reared in Italy were sampled for the present
research. Furthermore, some samples of the Chinese Meishan breed were included as outgroup for
some genetic analyses. The sampled pigs were chosen trying to exclude full sibs and half sibs. DNA
samples were extracted from blood. Some of the samples used for this research were already used in
the PigBioDiv project where a panel of 50 microsatellites was analysed (SanCristobal et al., 2006a). A
detailed list of the utilised samples is reported in Table 1.

Proceedings of 6th International Symposium on the Mediterranean Pig 46



Table 1. Minimum and maximum number of animals typed for each breed.

Breed Range of tested animals per locus
Italian Large White  ITLW 23-73
Italian Landrace ITLR 17-57
Italian Duroc ITDU 22-61
Belgian Landrace BL 19-33
Piétrain Pl 20-50
Hampshire HA 20-29
Cinta Senese ITCS 10-15
Casertana ITCT 14-28
Calabrese ITCA 8-16
Nero Siciliano ITNS 20-31
Mora Romagnola ITMR 11-18
Meishan MS 5-14

For this research we analysed SNPs detected within 23 loci coding for functional proteins and
mapping on 12 different pig chromosomes. The names, symbols and cytogenetic location of all loci
and the references describing the chosen SNPs are reported in Table 2.

Table 2. List of the utilised loci.

Symbol Name of the gene References Chromosomal
location on pig
karyotype
ESR1 Estrogen receptor 1 Short et al. (1997) 1p25-p24
MC4R Melanocortin 4 receptor Kim K.S. et al. 1922-g27
(2000a,b)
CTSF Cathepsin F Russo et al. (2004b) 2p
LDHA Lactate dehydrogenase Fontanesi et al. (2003) 2p17-p14
HUMMLC2B Myosin regulatory light chain 2 Davoli et al. (2003b) 3p16-p17
CA3 Carbonic anhydrase Davoli et al. (2006) 4911-q14
DECR1 2,4-dienoyl CoA reductase 1, Davoli et al. (2002) 4915-916
mitochondrial
ATP1A2 Na+, K(+)-ATPase subunit alpha 2 Blazkova et al. (2000) 4921-923
RYR1 Ryanodine receptor 1 Fuji et al. (1991), 6912
Russo et al. (1993)
FABP3 Heart fatty acid-binding protein Gerbens et al. (1997) 6922-926/931-qgter
PKM2 Pyruvate kinase, muscle Fontanesi et al. (2003) 7912-923
Sarcolipin Fontanesi et al. (2001) 9p24-p21
SLN
GAA Glucosidase, alpha; acid Fontanesi et al. (2003) 12p13-p11
FASN Fatty acid synthase Munoz et al. (2003) 12p15
MYH4 Myosin, heavy polypeptide 4, Davoli et al. (2003b) 12911-q15
skeletal muscle
ADIPOQ Adiponectin Dai et al. (2006), 13936-941
Dall'Olio et al. (2006)
CSTB Cystatin B Russo et al. (2002) 13946-q49
CTSB Cathepsin B Russo et al. (2002) 14915-q16
MYPN Myopalladin Davoli et al. (2003a) 14925-q29
PRKAB1 Protein kinase, AMP-activated, Fontanesi et al. (2003) 14922-924
beta 1 non-catalytic subunit
PRKAG3 AMP-activated protein kinase Milan et al. (2000), 15912
(1199V) gamma subunit Fontanesi et al. (2003)
Titin Davoli et al. (2003a) 15923-926
TTN
PGAM2 Phosphoglycerate mutase 2 Fontanesi et al. (2003) 18913-g21
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For each breed, allele frequency, observed and expected heterozygosity (Ho, He), F statistics (Fis,
Fst, Fit), were calculated with Genetix 4.05 (Belkhir et al. 2002), Arlequin 3.11 (Excoffier et al., 2005),
and a specific program used to correct He for unequal sample size. Hardy-Weinberg equilibrium was
tested for each locus and for each breed using Genepop 3.4 (Raymond & Rousset, 1995). A graphical
representation of marker estimated similarity was produced using the method indicated by Eding et al.
(2002). Reynolds genetic distances (D; Reynolds et al., 1983)) were calculated with a program written
to correct for unequal sample size. The genetic distances were used to perform Neighbor-Joining
clustering with 1,000 bootstrap resamplings with Phylip 3.65 (Felsenstein, 1989). The regression of
He vs. distance of population to origin for SNPs (present work) and microsatellites typed in the
PigBioDiv project was fitted using the R software (http://cran.r-project.org/).

RESULTS AND DISCUSSION

Allele frequencies in the analysed breeds were calculated using a minimum sample of 17 pigs for
the cosmopolitan breeds (ITLW, ITLR, ITDU, BL, Pl, HA) and of at least 8 pigs for the Italian
endangered breeds taking into account their very low numeric consistency (Table 1). The utilised
samples were genotyped for a different number of loci,however each animal was analysed for a
minimum of 8 SNPs. The Hardy-Weinberg equilibrium was tested and significant differences for
P<0.05 (Table 3) were found for 15 out of 276 test performed. On the whole since the number of
significant differences from equilibrium detected was limited (5.4%), all the obtained data were
maintained for the subsequent analyses. The observed and expected heterozygosity were calculated
for each breed both for SNPs and microsatellites (Table 4).

Table 3. Hardy-Weinberg equilibrium calculated for each breed within locus. Only the results
significant for P<0.05 were reported. The P values <0.01 are underlined.

Locus Breed P
LDHA MS 0.038
CA3 Pl <0.001
ATP1A2 ITCA 0.023
RYR1 HA 0.004
FABP3 ITNS 0.020
PKM2 ITNS 0.012
PKM2 ITMR 0.030
FASN ITCA 0.002
FASN ITMR 0.015
CTSB Pl 0.050
CTSB HA 0.022
CTSB ITCA 0.036
PRKAG3 BL 0.037
PRKAG3 ITCA 0.011
TTN ITCA 0.046

Table 4. Observed (Ho) and expected (He) heterozygosity calculated for SNPs and microsatellites in

each breed.
SNPs Microsatellites
Breed
Ho He Ho He

ITLW 035 0.34 0.61 0.61
ITLR 031 0.32 0.62 0.62
ITDU 0.27 0.30 0.54 055
BL 0.31 0.33 - -
Pl 0.31 0.33 - -
HA 0.28 0.30 - -
ITCS 025 0.27 048 047
ITCT 032 0.33 0.54 0.59
ITCA 028 0.29 0.51 0.47
ITNS 029 0.29 0.64 0.67
ITMR 0.20 0.19 - -
MS 0.14 0.14 0.58  0.59
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SNPs average He ranged from 0.14 in MS to 0.34 in ITLW. For microsatellites values of He of
0.47 or higher were found: these values are expected because microsatellites presented several
alleles in comparison with SNPs that are usually biallelic. It is noteworthy to observe the
heterozigosity of the ITNS local breed that is notable for SNPs and very high for microsatellites. A
possible origin of this high variability could be dueto the introduction of some Italian and English
breeds during the 18" Century to be crossed to Sicilian pig populations in order to improve the
productive traits of the pigs reared in Sicily (Chiofalo and Liotta, 2003). The F-statistics and their P-
values were calculated for all loci genotyped with SNPs (Table 5).

Table 5. F-statistics among breeds over 23 loci.

Locus Fis Significance Fst Significance Fit Significance
level level level
ESR -0.192 NS 0.489 i 0.391 i
MC4R -0.008 NS 0.297 i 0.292 i
CTSF -0.051 NS 0.137 i 0.093 NS
LDHA 0.045 NS 0.028 * 0.072 NS
HUMMLC2B -0.048 NS 0.299 o 0.266 o
CA3 0.217 o 0.210 b 0.382 i
DECR1 -0.050 NS 0.087 b 0.042 NS
ATP1A2 0.038 NS 0.192 i 0.223 i
RYR1 0.341 * 0.802 i 0.870 f
FABP3 0.074 NS 0.316 i 0.366 i
PKM?2 -0.005 NS 0.061 i 0.056 NS
SLN 0.112 NS 0.078 i 0.181 **
GAA -0.051 NS 0.211 o 0.171 i
FASN -0.065 NS 0.153 e 0.098 NS
MYH4 0.001 NS 0.088 o 0.089 NS
ADIPOQ 0.195 NS 0.043 * 0.229 *
CSTB 0.250 e 0.139 i 0.354 i
CTSB 0.137 ** 0.155 o 0.271 i
MYPN 0.030 NS 0.260 i 0.282 i
PRKAB1 -0.016 NS 0.414 i 0.405 i
PRKAG3 0.120 * 0.116 e 0.223 o
TTN 0.050 NS 0.201 o 0.241 o
PGAM?2 -0.019 NS 0.460 el 0.450 f

* = P<0.05; ** = P<0.01; *** = P<0.001; NS = not significant.

Table 5 shows that the differences among populations (Fst) are significantly different from zero
for all loci whereas those within each population (Fis) are significantly different from zero only for
CA3, CSTB, CTSB, PRKAG3 and RYR1. Fst statistic showed very high scores with an average
over all loci of 0.24. In particular eight loci exceed the value of 0.25 and among them five exceed
0.30, supporting a high level of genetic differentiation among breeds for the considered loci. These
data are in agreement with those obtained in the PigBioDiv project using microsatellites where the
average value of Fst was 0.21.

Figure 1 shows a graphical representation of the average homozygosity within breed on the
diagonal: the lowest levels are indicated by white and yellow squares while the highest levels are
represented by red squares. From the figure, it is clearly visible that MS and ITMR are the most
inbred breeds. Furthermore, the average similarities between pairs of breeds drawn with the same
scale of colours were represented above and below the diagonal. The most similar breeds in this
comparison were ITCS and HA while MS compared to ITBL, ITCA and ITLW were the most
different ones.
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Figure 1. Colour representation of the average similarity matrix (row and columns ordered with a
hierarchical clustering).

The calculated Reynolds genetic distances showed, as expected, the extreme genetic
difference between the Chinese breed Meishan and the European ones (Figure 2). Among the
latter Mora Romagnola is the most diverse and this may probably partially be due to the high level
of homozygosity (Table 2 and Figure 1) as consequence of a severe bottleneck that occurred
recently in this breed (Zambonelli and Bigi, 2006). The highest values of the bootstrap were
obtained for the branches of the dendrogram including ITLW and ITNS (73%), HA and ITCS
(63%), Pl and BL (62%).

Figure 2. Neighbor-Joining tree based on Figure 3. Regression of expected
heterozygosity vs.

modified D. Numbers indicate the distance to founder population calculated
occurrence of bootstrap for microsatellites (upper line) and SNPs
resamplings >60%. (lower line).
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A preliminary SNP and microsatellite based regression of He vs. distance of each population to
the origin was obtained (Figure 3). This analysis indicates that the founder He is 0.38 for SNPs
and 0.77 for microsatellites; both intercept values are highly significant: the latter is of the same
order as for the whole PigBioDiv population set including all European breed analysed. From
Figure 3 it is possible to observe that the ranks of breeds among the two datasets seem stable,
except for ITNS, showing the highest heterozygosity with microsatellites, but medium with SNPs.
The concordance of the trend obtained with the two types of markers and with the graph obtained
with the whole PigBioDiv dataset could indicate that, in agreement with the hypothesis reported by
SanCristobal et al. (2006a), genetic drift was the main evolutionary force that differentiates
European pig breeds.

CONCLUSIONS

This work describes the first results of genetic characterization of native Italian pig breeds using
23 SNPs. The obtained data indicate that the pig breeds reared in Italy show a good level of
genetic differentiation. Furthermore, the comparison of the parameters of genetic variability
calculated with SNPs and those produced within the PigBioDiv project using microsatellites
showed concordance of results. It is relevant to note the variation of Fst across loci and the quite
high values for this parameter indicating that there are important differences among breeds that
should be further investigated to validate them and to check if this evidence might be due to a
certain level of signature of selection for some breeds and some loci considered in this research.
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SUMMARY - In this study we analysed two coat colour affecting genes, KIT and melanocortin 1
receptor (MC1R), with the aim to i) characterize the Nero Siciliano (Sicilian Black) pig breed at these
two loci, ii) identify mutations associated with the presence of white coat colour patterns in some
animals of this breed and iii) identify DNA markers useful for breed traceability of meat obtained from
Nero Siciliano pigs. Two samples were considered in this study: 104 pigs collected from 13 different
farms, without recorded information on coat colour; ii) 60 pigs sampled from 2 farms with recorded
coat colour data. Four alleles (E??, E”, E? and e) have been identified at the MC1R locus, thus
markers at this gene cannot be used for Nero Siciliano product traceability. All analysed animals did
not carry the exon/intron 17 splice site mutation of the KIT gene. Thus, the meat of Nero Siciliano pigs
could be distinguished from meat of white pigs that have this mutation. As only 4 out of 12 pigs with
white patches were the only carriers of the I allele at the KIT locus, white coat colour portions in this
breed may be also determined by other mutation(s) of the KIT gene or influenced by different genes.

Key words: MC1R gene, KIT gene, Nero Siciliano pig breed, molecular breed traceability

INTRODUCTION

Nero Siciliano (Sicilian Black) is an autochthonous pig breed reared in the internal areas of Sicily
island (ltaly) mainly in the Nebrodi mountains. Its breed heardbook was establish in 2001 and, at
present, the animals of this breed are reared in more than 100 farms that account, on the whole,
about 700 gilts (ANAS, 2008). The animals are usually completely black with a dorsal stripe but a few
present white portions mainly in the face or in the fore legs.

Due to the recent increase of the market for local and typical products, the Nero Siciliano breed
has been rediscovered by farmers who have established a consortium with the aim to protect, valorise
and characterise the products obtained from this pig breed. As the meat obtained from these pigs is
sold at a higher price than that of commercial pigs, a request to label the fresh Nero Siciliano meat
with the Protected Denomination of Origin (PDO) was issued in 2005 (D’Alessandro et. al. 2007). The
higher price of its meat products needs to establish traceability and authentication systems that may
guarantee the pig farmers, the production chain as well the consumers from faked products. Recently,
to verify the information reported on the product labels, DNA systems based on the analysis of
mutations in genes affecting breed specific phenotypic traits, like for example, the coat colour (Maudet
and Taberlet, 2002; Russo and Fontanesi, 2004; Russo et al., 2007), have been applied.

In pigs, two main loci (Extension and Dominant White) have been shown to affect coat colour in
several breeds. The Extension (E) locus codes for the melanocyte stimulating hormone receptor
(MSHR) or melanocortin 1 receptor (MC1R) that is expressed in melanocytes (Robbins et al., 1993).
MC1R is a member of the superfamily of G-protein-coupled receptors consisting of seven
transmembrane domains whose action on eumelanin synthesis is mediated, upon binding of the «-
MSH and ACTH peptides, through the activation of adenylyl cyclase to elevate cAMP levels in
melanocytes, that in turn affect tyrosynase activity (Mountjoy et al., 1992). Classical genetic studies
have indicated that dominant alleles at the Extension locus are associated with black coat colour
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while recessive alleles at this locus produce red/yellow coat colours (Searle, 1968). Several mutations
of the MC1R gene have been described in mouse (Robbins et al., 1993), human (Valverde et al.,
1995) and in different farm mammals, like cattle (Klungland et al., 1995), sheep (Vage et al., 1999),
horse (Marklund et al., 1996) and rabbit (Fontanesi et al., 2006). Some of them cause a constitutive
activation of the MC1R protein dependent signaling pathway inducing eumelanin synthesis (black
coat colour) while others cause a loss of function of the coded protein and induce phaeomelanin
production (red/yellow coat colour). In pigs several alleles at the Extension/MC1R locus have been
identified and characterized at the molecular level (Kijas et al., 1998; 2001): alleles MC1R*1 and
MC1R*5 for the wild type colour (allele E); alleles MC1R*2, MC1R*7, and MC1R*3 for the dominant
black (alleles E°” and E”?); allele MC1R*6 for red or white with black spots (allele £°); and allele
MC1R*4 for the recessive red (allele e) (reviewed in Andersson 2003).

The Dominant White locus codes for the KIT gene for which several mutations have been
identified. The Dominant White alleles (/) are caused by the presence of copy number variation
(duplication of the whole gene) and a splice site mutation (G>A) in intron 17 in one copy of the
duplicated gene that eliminates a splicing site (Marklund et al., 1998; Pielberg et al., 2002). In some
alleles (I2 and I3), more than two copies of the KIT gene (carrying or not carrying the splice site
mutation) are present. Other alleles have been identified at this locus: /° that is caused by a
duplication of the KIT gene without presence of the splice site mutation and the I?° that should cause
the Belted phenotype but for which the causative mutation has not been identified yet (Giuffra et al.,
1999).

The aim of this study was to investigate the MC71R and KIT loci in Nero Siciliano pigs in order to
evaluate if DNA markers at these two coat colour affecting genes can be used for breed traceability
and authentication of meat products obtained from this breed.

MATERIAL AND METHODS

DNA was isolated from blood samples collected from 104 pigs from 13 different farms (Russo et.
al 2004), without recorded information on coat colour, and from 60 pigs sampled from 2 farms, with
recorded coat colour.

The intronless porcine MC1R gene was analysed amplifying three PCR fragments containing the
polymorphic sites that make it possible to distinguish the E*, E?', E??, E” and e alleles (Kijas et al.,
1998, 2001; Russo et al., 2004b). Analysis of the first PCR fragment can distinguish the E” allele
(determined by a 2 bp insertion that causes a frame shift at codon 23) from the other alleles (Kijas et
al., 2001). The amplified products of this portion of the gene were revealed by capillary
electrophoresis on an ABI3100 Avant (Applied Biosystems) sequencer. PCR-RFLP analyses were
carried out using the other two amplified fragments of 196 and 154 bp, respectively (Russo et al.,
2004b). The 196 bp fragments were digested with BspHI that elucidates the mutation at codon 124
and the 154 bp fragments were digested with Mvnl and Hhal that detect the two mutations at codon
243 (Kijas et al., 1998; Russo et al., 2004b). The obtained fragments were resolved by means of
polyacrylamide gel electrophoresis and visualized with ethidium bromide.

For the KIT gene, two PCR products were amplified and analysed according to Marklund et al.
(1998) and Giuffra et al. (2002), respectively: 1) a 175 bp region containing the splice site mutation
that was digested with Nlalll; 2) a 152 bp product spanning the 3’-5’ breakpoint as a diagnostic test for
the KIT duplication region. As the duplication test rely on the presence or absence of the targeted
PCR region it is possible that failure of the PCR might erroneously attribute a genotype to the
analysed animals. In order to avoid this problem, we designed a duplex PCR protocol to amplify in the
same tube a fragment of the single copy gene ESR (as an internal PCR control) and the 152 bp kit
duplication test. PCR products and digested fragments of the KIT gene were analysed as described
above.

RESULTS AND DISCUSSION

Figure 1 reports the four assays designed to analyse the porcine MC1R gene. The combination of
these four assays made it possible to assign the genotypes at this locus. Considering the two groups
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of analysed pigs, four alleles (E”', E®?, E” and e) have been identified at the MC1R locus. In the first
group of pigs (104 animals without recorded coat colour information) the frequency of the MC1R
alleles was the following: 0.187, 0.673, 0.106 and 0.034 for alleles E°', E%, Eg and e, respectively.
Six different genotypes were observed among which the most frequent was E°%/EP? (0.38). In the
second group (with recorded coat colour information) alleles EP"and e were not observed, maybe due
to the sampling that was conducted in a smaller number of farms. Allele frequencies of this second
group were 0.784 and 0.216 for alleles E” and E, respectively. Combining the two groups, allele
frequencies were 0.119, 0.713, 0.146 and 0.021 for alleles E”" E™ E” and e, respectively. These
data indicated that the MC71R gene is not useful for breed traceability of Nero Siciliano products
because this breed is not fixed or almost fixed for any alleles making it impossible to distinguish, or at
least exclude, based only on MC1R polymorphisms, other breeds that carry the same alleles (Table
1).

A € PCRRFLP (Mvnl)
MVIII
e R - 154 bp
109 bp
| -
A Al 45 bp
tt
168bp 170 bp
B PCR-RFLP (BspHI) D PCR-RFLP (Hhal)
MVIII
MVIII

dd <+— 196 bp

SN,

-

Figure 1. The four assays designed to analyse the porcine MC1R gene. A: capillary sequencer
analysis of the 2 bp insertion. B, C and D. PCR-RFLP tests. The fragment of 42 bp resulted from the
digestion with BspHI of the 196 bp product is not shown in the gel (subset B).

Figure 2 shows the two assays designed to investigate the KIT gene. All analysed animals were
negative for the intron 17 splice site mutation of the KIT gene. That means all animals carried G
instead of A at this polymorphic site (Marklund et al., 1998). Thus, the meat of Nero Siciliano pigs can
be distinguished from meat of white pigs that are positive for this polymorphic site (Table 1).

Proceedings of 6th International Symposium on the Mediterranean Pig 56



A B

PCR-RFLP (NVlalll) Duplication test

MVIII
MVIIT

152 bp
(KIT)
120 bp
(ESR)

Figure 2. A) PCR-RFLP analysis at the KIT locus to analyse the splice site mutation. B) Duplication
test for the KIT gene.

Of the first group of pigs, only 5 were positive at the duplication test of the KIT gene. In the
second group of pigs, in which coat colour was recorded, only 4 out of 12 pigs with white patches
resulted positive at the duplication test. Animals positive at the duplication test carried the P allele.
Considering that all animals that were positive at the duplication test might be heterozygous for this
allele (due to the low frequency), combining the two groups of pigs the frequency of the I allele in the
Nero Siciliano population was 0.027. Due to its low frequency, it could be possible to eliminate this
allele from the breed if this could be useful to improve the exclusion probability of the KIT mutations in
an authentication test for Nero Siciliano meat.

Summing the results of the two investigated loci (MC1R and KIT) and comparing the results
obtained for the Nero Siciliano breed with the data reported in the literature (Marklund et al., 1998;
Giuffra et al., 1999; Giuffra et al., 2002) and from our unpublished results for other breeds (Table 1) it
is possible to evaluate that the use of the KIT locus could be useful, even if in not all cases, to exclude
the fact that meat of white animals are labelled as obtained from Nero Siciliano pigs.

Table 1. Comparison between Nero Siciliano alleles and those of other breeds for the MC1R and KIT
loci. Asterisk indicates that the labelled allele is at low frequency.

Breeds MC1R alleles KIT
Splice site mutation  Duplication Alleles

Large White E° AIG* +/-* I' P E P
Landrace E° AIG* +[-* I' PP P
Pietrain E° G -+ i P
Duroc e G - i
Wild boar = G - i
Meishan E” G - i
Hampshire EP? G - i
Nero Siciliano E”? E”' EF e* G -/+* i P*
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CONCLUSIONS

The presence of more alleles at the MC1R gene in the Nero Siciliano breed makes this locus not
useful for breed traceability of its meat products. Thus, the meat of Nero Siciliano pigs can be
distinguished from meat of white pigs that are positive for this polymorphic site. In the group with
recorded coat colour, as only 4 out of 12 pigs with white patches were the only carriers of the I allele
at the KIT locus, white coat colour portions in this breed might be also determined by other
mutation(s) of the KIT gene or affected by different genes.
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SUMMARY - The living organisms are furnished of systems that allow to modify their behaviour in
relation to the variations of cosmic, physical, chemical, biochemical factors, in relation to the
‘bioterritory’ (agri-ecosystem) in which they are inserted; some of these factors are the rotation and
revolution movement of the Planet Earth. One of the more studied biological rhythms is the ‘circadian’
one, regulated by daily light/dark hours ratio and able to influence the daily biochemical, physiological
and behavioural activities of both animals and plants. Up today, for the most of animal species, little
knowledge about molecular bases of circadian rhythm exists. Micronuclei Test (MN) was employed to
notice the possible incidence of the photoperiod on the genome stability. The technique employed
was that of Matassino et al. (1994), opportunely modified on lymphocytes of peripheral venous blood.
Research was carried out on 37 males and 33 females of ‘Casertana’ AAGT. In the limits of the
observation field, in function of the photoperiod, the binucleated cells percentage with 1 and 2 MNss: (i)
does not change in relation to the age, in both sexes whereas is significantly variable(P < 0.031), for
the males, only for binucleated cells with 2 MNs; (ii) evidences that the best fit function is that of IV
order (P<0.0001 in the female and P<0.05 in the male, for the binucleated cells with 1 MN; P<0.01 in
the female and 20 % significance in the male, for the binucleated cells with 2 MNs) with the maximum
values in correspondence of the two equinoxes (spring and autumn) and minimum values in
coincidence with the two solstices (winter and summer); and (iii) is significantly variable in the sexes
for the binucleated cells with 1 MN (male/female ratio=11) whereas it is nearly unchanged in the cells
with 2 MNs (male/female ratio =1.4).

Key words: photoperiod, micronucleus, pig, ‘Casertana .

INTRODUCTION

Genome instability, both natural (aging) and induced by physical, chemical and/or environmental
agents may cause chromosomal structural aberrations with a consequent loss of some genome
portions. A part of these aberrations give rise to chromosomal fragments lacking of kinetochores or
centromeres, called ‘acentric fragments’ (AF). When the cell divides, some of these fragments are
excluded from the nucleus of the daughter cells producing small nuclei inside the cytoplasm, called
‘micronuclei’ (MN). Depending on the origin of such fragments, both or one of the daughter cells will
suffer a genetic loss. The determination of the MNs frequency constitutes a valid, simple and fast test,
to reveal a DNA damage caused by physical and/or chemical and/or environmental agents. In
comparison to the other tests commonly employed to estimate the genome stability [SCE test (Sister
Chromatid Exchange) and Comet test], the MNs test is a simple technique and furnishes information
about previous DNA damage too.

The photoperiod is a biologically important physical factor influencing, among the other things,
the biological activity of a cell.

In  Drosophila Melanogaster, the most investigated organism in relation to the photoperiod,
several polypeptide/s coding DNA segments ('genes') involved in the circadian rhythms have been
identified, amongst them timeless (tim) whose allele ‘/s-tim’, is responsible for synthesis of the two
protein isoforms, L-TIM and S-TIM, arising from alternative splicing (Rothenfluh A. et al., 2000; Hardin
P.E., 2005). Physical and/or chemical and/or environmental agents may induce genome instability in
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such DNA segment, so that they can favour mutations, rearrangements, deletions with consequent
effects on the expression regulation of the above segment.

The term ‘chronogenetics‘ was introduced by Gedda and Brenci (Gedda L. et al., 1973) to
point out the ‘original hereditary time’ being hereditarily transmitted and subjected to the genetic
variability; therefore, it is a primitively ‘biological’ or ‘endogenous’' time, as effect of the ‘life’
phenomenon. Therefore, ‘chronogenetics’, involving endogenous temporal greatness, have to be
distinguished by ‘chronobiology’ which, instead, involving relationships between ‘physical’ and
‘biological’ time, is expressed as ‘reactive time’.

The importance of ‘chronogenetics’ is linked to temporal (both qualitative and quantitative)
behaviour of each polypeptide/s coding DNA segment. Therefore, such a segment possesses a fourth
dimension that characterizes the duration of its information; consequently, also the temporal variability
has to be taken into account in the variability of formal genetics.

The external rhythmic fluctuations are epiphenomena that the DNA segment ‘receives’,
‘transmits’ and ‘consumes’. Therefore, the ‘exogenous’ time is a rhythmic time of solicitation of vital
phenomena sustained by a ‘primitively biological time'. This solicitation concerns only the functional
mechanisms of genome. The ‘astral’ time would activate an ‘operative’ DNA segment ; this latter
would activate a polypeptide coding DNA segment and maintain it active up to the moment in which
the exogenous stimulation returns below the operative threshold of the ‘regulative’ DNA segment.

An ante litteram demonstration of ‘chonogenetics’, identifiable with 'florae clock’ was given by
Linneo C. in 1735, before the discovery of Mendel’s laws (1865).

In conclusion, the ‘biological individuality’ may not identify itself only with the ‘quality’
and ‘quantity’ of the information of a polypeptide or non polypeptide coding DNA segment, but it must
take into account its ‘temporality’, which is function of the so-called DNA segment ‘stability’ defined as
‘ergon’. According to Gedda and Brenci (1973), the main factors of stability should be identified with:
(i) ‘synonymy’ or ‘molecular stability; (ii) ‘redundance’ or ‘stability due to repetitive information’; and (iii)
‘repair or ‘stability due to DNA repair'.

DNA segment must be studied and known in its informative effects concerning different
moments, strongly connected to each other, hence at level of quality, stability (‘ergon’) and duration
(‘chronon’).

Fundamentally, the ‘ergon-chronon’ relationship represents an irreplaceable system for the
function of any biological entity inserted in a given microenvironment; this ‘external
microenvironment, in addition to the ‘inner’ one, would influence the ‘temporal dimension’ of the
‘physiology’ and ‘function’ of DNA segment, such as the output speed of information. Similarly to
phylogenesis of inherited characters, there is a ‘chronon’ phylogenesis .

The aforesaid two variables (‘ergon’ and ‘chronon’) are interdependent in the sense that to a
given stability of a DNA segment in a given microenvironment corresponds a ‘hope of life ‘of the
information (‘chronon’). This complex biological phenomenon stresses the importance of the
epigenetics, hence of the ‘epigenome’.

During the evolution, the various DNA segments have incorporated the time (or they may
incorporate a chronon), so that at both individual and population level repetitive demonstrations
temporally closed, defined ‘family isochronism’ by Bettini (1977), occur within a ‘family’ (ethnic group
sharing a given kinship degree); therefore, the ‘hereditary responsible unit’ has in itself a ‘temporal
measure of information® in terms of both its ‘activity’ and its ‘extinction’ (Matassino et al., 2006;
Matassino et al., 2007).

Chronogenetics is expressed at different levels of biotic system organization: submolecular,
molecular, cellular, tissue, organic, organism, biocenotic and ecosystem levels.

The ‘rhythm’ or better the ‘biorhytm’ is detectable in ‘biochemical’, ‘enzymatic’ ,
‘physiological’, ‘electrochemical’, ‘behavioural‘(emotionalism, ecc.), ‘intellectual’ processes of any
living being. The biorythm is a ‘biological oscillator’ and it may be defined as a periodic variation of a

Proceedings of 6th International Symposium on the Mediterranean Pig 61



given event. The rhythms may be divided into: (i) autonomous rhythms, if they act as physical
oscillators independently on the presence/absence of external strengths, that is independently on the
‘periodism of field’; (ii) rhythms of spontaneous activity, if the synchronization, the external
(environmental) or inner (hormone) factor varying in accordance with a periodic course, requires the
intervention of ‘biological clocks’; and (iii) rhythms triggered by physical oscillators or rhythms as
answer to environmental cycles, if they behave as physical oscillators synchronized to periodic field
variables. Taxonomically, biorythm is classified into: (i) ultradian (t < 20 hours); (ii) circadian (20
hours< t < 28 hours); (iii) dian (23.8 hours< t<24.2 hours); (iv) infradian (t >28 hours); (v) seven days
period (t= 7+ 3 d); (vi) fourteen days period (t= 14 £+ 3 d); (vii) twenty days period (t= 21 + 3 d); (viii)
thirty days period (t= 30 + 5 d); and (ix) circannual (t= 1 year £ 2 months).

The rythmics of the biological phenomena is influenced by factors both inner ‘(endogenous
periodicity) and external ‘(synchronizer); therefore, the rhythmic variations are regulated and
coordinated by ‘biological clocks’ (hormonal release, sleep-control, ecc.), but, contemporarily they are
influenced by epigenetic factors. In other words, the inner biological clock is able to foresee the
regular changes of the course of the external synchronizers. Any biorythm is conditioned in its course
by a ‘primary’ synchronizer. Any living being is characterized by particular structures that allow to
perceive the variation of a ‘primary synchronizer’ and to reconcile its ‘biorythm’ with that of the
microenvironment in which it lives. The elimination or deep reduction of the effect of an ‘external
synchronizer’ causes a deep variation of biorythms of the organism or population to reach a biorythm
to ‘raced free’. The most evident and investigated biological rhythm is the circadian one (Matassino,
1988).

With the exception of the Archea, most of Eubacteria, amongst which Escherichia Coli, and
some low Eukaryotes such as Saccaromyces cerevisiae, all the organisms show circadian rhythms. In
the Eukaryotes, environmental regulation mechanisms are important in modulating the expression of
polypetide/s coding DNA segments. Bernabucci et al. (2006) evidence that the exposure to different
photoperiods may modify expression of DNA segment coding for ‘leptin’ (hormone expressed in
adipose and muscle tissue, placenta and mammary gland of various animal species playing a critical
role in the regulation of body weight, hematopoiesis, angiogenesis and immune as well as anti-
inflammatory answer) and its receptors. Particularly, exposing animals to a ‘long day ‘(18/6 light/dark
hours) determined a significant increase of transcriptional activity of leptin and its receptors DNA
segments, in comparison with ‘neutral day‘ (12/12 light /dark hours), while the exposure to a ‘short
day’ (6/18 light /dark hours) caused a decrease of this activity in comparison to the ‘neutral’ condition
(Bernabucci et al., 2006).

Within farm species, it seems that the periodic course of some physical-biological and
biopoietic characteristics are in relation to photoperiod.

Research carried out on Gentile di Puglia sheep, showed that the photoperiod is able to
influence the value of some ematochemical parameters during the year, as well as the activity of
some enzymes (Matassino et al., 1975; Rubino et al., 1975; Matassino et al., 1982). Indeed in sheep,
the ‘circannual’ course of mean value for total proteins, albumins, [I-globulins, serum iron and
emocrome was a function of the physical oscillator ‘photoperiod’; such course tended to extend to any
‘physiological’ status (pregnancy under induced oestrus, pregnancy under physiological oestrus and
‘not pregnancy‘), suggesting that photoperiod, as cosmic factor, is so determinant to erase the effect
of ‘physiological’ status. In analogous way, concerning the activity of some enzymes, research
evidenced that photoperiod may influence their activity, particularly: (i) protein metabolism and
elimination of aminic nitrogen [glutamic oxalacetic transaminase (GOT), glutamic pyruvic
transaminase (GPT)]; (ii) production of energetic substrates (creatine- phosphochinase, CPK); (iii)
catabolism of many phosphorous compounds (alkaline phosphatase , ALP); and (iv) glycolysis [lactic
deidrogenase (LDH) and its isoenzymes (LDH1,LDH2,LDH3,LDH4,LDH5). Also concerning enzymatic
activity, the physiological state of the ewe seems to have no significant influence on the circannual
course of enzymes and isoenzymes investigated. The rhythmic course has put in evidence that the
subjects having higher activity of a given enzyme, tend to have a significant higher significantly for all
the other enzymes investigated; this assumes notable importance in terms of ‘constructivism ability’
of the ‘single’ (Matassino et al., 1975;Rubino et al., 1975; Matassino et al., 1982).

It has been shown that in cows, under latitude of the Italian peninsula, on hundreds of
thousands of lactations, the mean daily milk yield production at population level and under
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‘demographic homeostasis’ condition, tends to vary throughout year reaching the maximum value at
‘end of winter-beginning of spring’ and the minimum value at ‘end of summer-beginning of autumn’
according to a harmonic function. Therefore, it has been hypothesized how such ‘biopoiesis’ would
behave according to a ‘biological oscillator’ triggered by a ‘physical oscillator’ (the ‘photoperiod’)
(Bettini et al., 1969; Matassino et al., 1975; Matassino et al., 1982) with an anticipation of three
months of the solstices and the equinoxes.

If in literature many studies exist about DNA segments involved in the regulation of circadian
cycle, little research exists about the possible relationship between photoperiod and genome stability
despite the undisputed existence of genome -environment interaction. A biological entity is endowed
with an adaptative dynamics that allows her to answer to the various environmental challenges that
induce this entity to develop its ‘ability to the constructivism’ (fitness) (Matassino et al ., 1989;
Matassino et al., 1992). To improve this ‘constructivism ability’ each complex system is characterized
by ‘self-organization’ or ‘self-assembly’, that is a dowry (or prerogative) of a biological system to
locally develop structures orderly ‘from chaotic situations ‘(Matassino et al., 2007). Klir (1991) defined
a ‘self-organizing’ system as: ‘A system tending to improve dinamically its own capabilities through a
better organization of its elements to achieve the goal’. In the living system ‘self-organization’ confers
a further dimension which match the overall complexity with the aim to improve ‘constructivism
capability (fitness)’. In our paper the possible relationship between photoperiod and genome
stability was investigated through the employment of Micronuclei test. Particularly the possible effect
of the photoperiod on genome stability was tested on pig subjects belonging to ‘Casertana’ Ancient
Autochthonous Genetic Type (TGAA).

MATERIAL AND METHODS

Micronuclei test was carried out on peripheral blood of 70 (37 entire males and 33 females)
‘Casertana’ AAGT pigs, reared at the experimental Farm of the ConSDABI-NFP.I-FAQ in Circello (BN
- ltaly). The technique used was suggested by Matassino et al. (1994) for the bovine lymphocytes,
appropriately modified (Matassino et al., 2006).

The cell cultures were prepared using 8 ml of RPMI 1640 (Gibco), lymphocyte ring separated
from 8 ml of whole blood, 15% of inactivated Foetal Bovine Serum (FBS), 10 ml/ml of L-glutammine
and 10 ml/ml of Pokeweed. After growing for 44 hours, cytochalasin-B was added to a 6 g/ml final
concentration (Scarfi et al., 1993). After 72 hours of growth in thermostat, the cellular suspension
was treated with buffer to lyse eritrocytes. After washing in RPMI 1640 (Gibco) enriched with 2% FBS,
the cellular suspension was submitted to hypotonic treatment for 15 minutes. The binucleated cells
with and without MN were observed under fluorescence microscope Leica with 20x and 100x
enlargement. In this paper binucleated cells with 1 MN and 2 MNs were taken into account; the age
and photoperiod were considered as fixed factors for mathematical-statistical elaboration; all the
percentage values less than 30% and higher 70% were transformed into arcsen.

RESULTS AND DISCUSSION

Within the limits of the observation field: (i) the percentage of binucleated cells with 1 MN
ranged from a minimum of 1.01% to a maximum of 2.17% for the females and from a minimum of
11.72% to a maximum of 18.44% for the males; male/female ratio is, on average, equal to 11
throughout the year; monthly this male superiority ranges from a maximum value of 17.4 in July to a
minimum value of around 8, in September; and (ii) the percentage of binucleated cells with 2 MNs
resulted to vary from a minimum of 0.21% to a maximum of 2.50%, for females, and from a minimum
of 0.24% to a maximum of 4.98% for males; male/female ratio is, on average, equal to 1.4 throughout
the year.

The photoperiod is significant in female (P<0.010) and poorly significant in male (P<0.09). In
relation to the photoperiod, for both sexes, the binucleated cells percentage with 1 MN varied
according to a IV order function with 2 minimum values in June and December (summer and winter
solstices) and 2 maximum values in correspondence of March and October (equinoxes nearly to
spring and autumn equinoxes) (Fig. 1). The function, is significant in females (P< 0.0001) as well as
in males (P<0.05). The relation between photoperiod and spontaneous MNs percentage might be
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explained on the basis of what reported by Niekamp et al. (2006) in a study about the influence of
photoperiod on the immune state of pregnant sows and their offspring (from 7 to 21 days of age);
these Authors showed that lymphocyte percentage tends to decrease reaching the minimum value at
16 hours of light. Therefore, the minimum value of lymphocyte percentage with MNs detected in this
paper in correspondence of summer solstice might be compatible with decrease of lymphocyte
percentage occurred in the same period.

In relation to the photoperiod, the percentage of binucleated cells with 2 MNs tends to vary
according to a model (fig. 2) not different from that showed for the binucleated cells percentage with 2
MNs. The function results highly significant (P< 0.01) for the female and significant at 20% for the
male. Nawdays, from literature no study exists about the effect of photoperiod on genome stability
estimated with MN test.

CONCLUSIONS

The photoperiod might be a significant physical factor influencing the course of genome
stability estimated with MicronucleusTest in both males and females of Casertana AAGT pig. The
reaction to endogenous factors, such as age, is variable in function of the sex: the female shows a
higher genome stability, statistically significant in comparison with male; this behaviour could be the
result of the greater ‘ability to constructivism’ (fitness) of female to reproduce; this superiority is
probably due to a higher effectiveness of the complex ‘self-organization’ of female cell. Furthermore,
these studies should be regarded the comparison among autochthonous genetic types and
cosmopolite breeds, for a better knowledge of the level of ‘ability to constructivism’ (fitness) of an
ethnic group. The fitness of a genetic type should be a parameter to take into account, useful, for
genetic improvement programmes.
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Fig. 1. Course of the percentage of binucleate cells with 1 in operation MN of the photoperiod
(month). | compare male/female
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Fig. 2. Course of the percentage of cells binucleate with 2 in operation MNs of the photoperiod
(month). | compare male/female
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SUMMARY - CRC (Calcium Release Channel) or RYR1 (Ryanodine Receptor 1) locus is
characterised by two allele forms: N (dominant or C allele) and n [recessive mutated allele, also known
as ‘halothane sensitivity’ allele (Hal") or T allele]. In pig, Hal" presence in homozygous condition is
responsible for PSS (Porcine Stress Syndrome), which, among the other things, causes PSE (Pale
Soft Exudative) myopathy. PSE meat is not suitable both for fresh consumption and transformation. In
order to individuate the possible presence of mutated allele and its incidence in some ancient
autochthonous genetic types (AAGTS), a genetic screening was performed on a total sample of 327
pigs belonging to Casertana (CT), Calabrese (CA) and Nero Siciliano (NS) AAGTs. The results of
typification evidenced a higher incidence of mutated allele in CA (22%) in comparison with NS (8,7%)
and its absence in CT AAGT.

Key words: point mutation, exudative myopathy, ancient autochthonous genetic type, PCR-RFLP.

INTRODUCTION

Any productive chain based on utilization of farm animal has its bases on the relationship between
‘biology’ and ‘technological poiesis’. Similarly to other poietic processes (galactopoiesis, oopoiesis,
etc.), myopoiesis, is a complex phenotypic manifestation influenced by interaction among genetic and
environmental factors (epigenetic factors) (Matassino et al., 2005). Meat production aptitude may be
estimated on the basis of molecular parameters both at individual and product level through the
integration among the several branches of ‘omic’ science [structural genomics and functional
genomics (trascriptomics, proteomics, lipidomics, glycomics, flavouromics, metabolomics)]. CRC or
RYR1 is a ‘candidate’ DNA segment encoding protein (gene) of high interest for influencing some
qualitative characteristics of pork. This DNA segment is recognized as one of the major factor
responsible for the ‘meat quantity-meat quality’ genetic antagonism (Sellier and Monin, 1994).

Up today 31 point mutations have been identified in human RYR1 DNA segment, mapped on
chromosome 19, responsible for malignant hyperthermia (MH); 24 out of 31 mutations (77,42%) have
been detected in regions including 37% of polypeptide/s coding region of RYR1 DNA segment (Galli
et al., 2006). In pig, CRC or RYR1 DNA segment maps on the short arm of chromosome 6 and has
two allele forms: N (dominant or C allele) and n [recessive allele, also known as ‘halothane sensitivity’
allele (Hal") or T allele]. The presence of two allele forms is due to a point mutation [C (citosine) —>T
(tymine) substitution] at position 1843 in the 134 bp exon, responsible for Cys (cysteine) —> Arg
(arginine) substitution at position 615 in calcium release channel protein (Fujii et al., 1991; Brenig e
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Brem, 1992); in the muscle fiber this substitution induces anomalies in the calcium flow regulation at
sarcoplasmic reticulum level (ionic calcium deregulation), which in pig species is manifested as PSS
(Porcine Stress Syndrome) or pig malignant hyperthermia. Meat of PSS animals displays PSE
myopathy, which, altering some meat characteristics (pH, water holding capacity, texture of muscle
tissue, colour, etc.), makes meat not acceptable both for fresh consumption and transformation.

PSE anomaly starts suddenly after slaughter in association with a rapid muscle pH decline caused
by accelerated glycogenolysis. Muscle pH, normally close to neutral value in live animal, may
decrease to values less than 5.8 + 5:7 depending on the muscle, causing both muscle protein
denaturation  with subsequent decrease of water holding capacity and microbic proliferation
responsible for putrefactive and degradation processes limiting meat preservability.

As known, the identification of this point mutation has allowed the setting up of a ‘genetic
prophylaxis’ test employed for the first time by Russo et al. (1993). This test is irreplaceable for the
following reasons: (i) it allows to identify the mutated allele presence in ‘heterozygous carrier’ Nn or
CT), which, silmilarly to homozigous subject (NN or CC), is not reactive to phenotypic halothane test
due to recessive nature of mutation; and (ii) incomplete penetrance of CRC or RYR DNA segment:
some subjects (10% incidence), altough bearer of mutated allele in homozigous condition (nn o TT),
don’t express the proneness to PSS syndrome, so that they escape to halothane test (Ollivier et al.,
1975; Webb et al.,, 1987; Otsu et al., 1992). Up today, the genetic test is routinarly employed in
cosmopolite genetic types; AGTs/AAGTs are under characterization. The present paper, in the
context of a broad plan of productive aptitude valorisation of AGTs/AAGTs for obtaining ‘labeled
typified local product (LTLP)’, is aimed to individuate both the possible presence of mutated allele
and its incidence in some ancient autochthonous genetic types.

MATERIAL AND METHODS

Genetic screening was carried out on: 120 CT, 104 CA e 103 NS reared at Experimental Farm of
ConSDABI, ARSSA, as well as at 14 farms distributed in Sicilian geographical area of Monti Nebrodi
(Communes of Alcaralifusi, Brolo, Caronia, Longi, Mirto, Sanfratello and Tortrici). Genotype
determination was performed by PCR-RFLP (Polymerase Chain Reaction — Restriction Fragment
Lenght Polymorphism) test (Russo et al., 1993) from genome DNA extracted from blood or hair.
Restriction analysis was carried out using Cfol and Aspl enzymes and visualizing restriction pattern
obtained on 3% agarose gel (NuSieve 3:1) by multipurpose gel and blot imager Typhoon 9210.

RESULTS AND DISCUSSION

Results of typification, valid within the limits of the observation field, evidenced as follows: (i)
allele frequency (Fig. 1): (a) n (or T) allele results absent in Casertana AAGT while its frequency is
0.09 in Nero Siciliano AAGT and 0.22 in Calabrese AAGT; (b) N (or C) allele results to be present
with a frequency equal to 1, 0.91 and 0.78 in CT, NS and CA, respectively; (ii) genotype (Fig. 2): (a)
all 120 subjects tested of Casertana AAGT belong to NN (or CC) genotype; 85 out of 103 (82.52%)
subjects of Nero Siciliano belong to NN (or CC) genotype; 58 out of 104 (55.77%) subjects of
Calabrese, result to be genotypically NN (or CC) ; (b) Nn (or CT) genotype results to be equal to
17.48% (18subjects) in Nero Siciliano AAGT and to 44.23% (46 subjects) in Calabrese AAGT; (c) no
nn (or TT) genotypes result to be present in the three AAGTs examined; and (iii) the two AAGTs CA
and NS diverge significantly (P<0.071) from Hardy Weinberg equilibrium due to an excess of
homozygotes.

The aforesaid results confirm those of two previous research (Matassino et al., 2000 and 2007a)
obtained on a smaller sample (28 and 110 subjects of CT, respectively; 33 NS in Matassino et al.,
2000). Extending the size of the tested subjects, with particular reference to Calabrese AAGT, an
increase of heterozygote subjects percentage (‘healthy carrier’) was observed.
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Fig. 2. Percentage frequency of genotypes in the three AAGTs examined.

The presence of mutated allele in some AAGTs might be explained by some attempts to cross
them with cosmopolite genetic types , such as Pietrain for Nero Siciliano (Russo et al. 2004) .

For Nero Siciliano AAGT, mutated allele carriers tend to be concentrated in the same farms,
suggesting an unconscious attempt of farmer to favour heterozygous genotype due to its better
productive performances especially in terms of leaness. Indeed, Webb and Jordan (1978), Santoro
et al. (1982), Tor et al. (2001) evidenced that heterozygous (Nn o CT) and recessive homozygous
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(nn o TT) provide a higher percentage of lean cuts and ham when compared with dominant
homozygous (NN or CC) subjects ; the better quantitative performances linked to the presence of
mutated allele would be also supported by a higher incidence of n allele in Pietrain pig (Webb et al.,
1982; Russo et al., 1996), a breed characterised by more developed muscle (Zhang et al., 1992). n
allele doesn’t influence only meat quality, but it would affect also other economical traits, such as
some reproductive performances; indeed, some researchs, although contrasting, show a trend of Nn
sow to farrow medially heavier and larger litter per single delivery when compared with NN and nn
sow; this higher reproductive efficiency (heterotic effect?) of heterozygote would be result higher than
that observed comparing between them the two homozygous genotypes (nn vs NN) (Webb et al.
1982; Stadler, 1995; Stadler et al. 1997; Cechova et al., 2007). The peculiar behaviour of
heterozygote solidifies also for the number of DNA segments having a different expression level;
indeed, from a research of Russo et al. (2006) emerged that in Pietrain pig the number of
differentially expressed DNA segments is equal to 766 in Nn genotype carriers and only 288 in NN
subjects. This different behaviour of Nn genotype, in comparison with NN, could be explained by the
possible ‘master’ role of n allele able to activate, according to ‘tumble’ mechanism, other DNA
segments influencing several phenotypic manifestations (Matassino et al., 2007a).

The superiority of some reproductive and productive performances of heterozygous individual
is not accompained by an improvement of meat quality traits,such as pH post mortem variation and
electrical conductivity (Sellier e Monin, 1994; Tor et al., 2001).

CONCLUSIONS

The genetic test is a tool useful for MAS (Molecular Assisted Selection) in order to evidence at
birth carriers of mutated allele both in heterozygous and in homozygous condition to eliminate them
both from reproductive circuit and from meat production circuit. The presence of subjects not carriers
of n allele (NN o CC) is a fundamental requisite for obtaining products candidate to quality label
[Protected Designation of Origin (PDO), Protected Geographical Indication (PGI) and traditional
speciality guaranteed (TSG)]. Testing assumes high relevance for small autochthonous populations
since that the presence of ‘healthy carriers’ would cause the rapid fixing of mutated; furthermore, the
distruction of PSE meat would behave negative consequences on enterprise economy .The diffusion
of mutated allele also in autochthonous genetic types indicates the need to broaden typification both
AGT/AAGT number and number of tested subjects within AGT/AAGT.

Research founded by: Mipaaf; PSL Fortore Tammaro Titerno — PSEA 2003 — 5G measure; Campania
Region; Province of Benevento (ltaly).
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PIG PARASITES: A SHORT ITALIAN HISTORY
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SUMMARY - More than one century (1898-2007) of literature was collected according to a specific
form. In this period 170 papers was produced. Even if the number of papers remain very low a trend
of growing interest was observed. Among the different parasites the interest was pointed mainly on
gastro intestinal ones (31%), followed by Ascaris suum (11%). The half of scientific production is
concerning epidemiological angle, the therapeutic approach to the parasitic diseases is also treated
(11%) and an interesting 14% has an educational approach consisting in reviews. The geographical
distribution only partially reflects the importance of regional pig industry; Lombardy (15%), Emilia-
Romagna (13%), Sicily (13%), Tuscany (10%) and Umbria (9%). Is surprising this gap of national
scientific production on pig parasite considering the big effort of innovation of swine breeding that
transformed in few years the ancient domestic mammal in a technological unit meat producing.

Key words: parasites, swine, history, meta-analysis.

INTRODUCTION

Italy, express today a natural vocation for pig breeding and swine products transformation. The
geographical position of this country it's perfectly settled in the centre of Mediterranean basin where
many countries express similar peculiarity. The first step to understand the relationship between pigs
and parasites is to look back to the historical literature on the topic.

The literature of nearly one century (1882-2007) was collected and organized according to a
specific form (Fig. 2). Each paper was read and assigned to different categories. The first paper that
correctly fit in our form (where all information were available) is that of Perroncito (1882) and the last
of Crotti et al. (2007). In this temporal space 170 papers were produced; with different concentration
by year (Fig. 1). For instance, two “black holes” (1%) with only one paper were found in the decades
1910-1919 and 1920-1929 in opposition to the “golden decennium” found in 80’s. Even if the number
of papers remains very low, a trend of growing interest was observed starting to 50’s following the
revolution of pig farm industry. The peak (1980 — 1989) coincides with the born of new molecolar
family of endectocides (macrocyclic lactones) that give an industrial booster to the research.

The geographical distribution, only partially reflecting the development of regional pig industry is:
Lombardy (15%), Emilia-Romagna (13%), Tuscany (10%), Umbria (9%), Sardinia and Apulia (7%).
The percentage (13%) of Sicily, where pig industry is not strategic it is wondering, but it is due to the
big scientific effort done on local pig breeds (Figs 3 and 4).

Some paper was realized without a strict regional definition and was grouped with different labels
(Italy, Northern lItaly, etc.). Another key of lecture of such a distribution should be linked to the
presence of a parasitological school in the involved area.
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2000-2007
1990-1999
1980-1989
1970-1979
1960-1969
1950-1959
1940-1949
1930-1939
1920-1929
1910-1919
1900-1909
1882-1899

1882 - 2007

21%

0% 5% 10% 15% 20%

25%

Figure 1. Scientific production by years organized by decades.

Title

Author

Year RO

Published on

Vol./Pag. (\Bﬂ“‘%J

Type of papers:

1) Clinical case O 2) Original research O

3) Review article o0 5) Research project O

Operating procedures: 1) Faecal exams O 2) Necropsy O 3) Serology O

4) Skin exams O 5) Biotechnology O 6) Hematology O
7) Parasite morphology 0O 8) Zootechnical parameters 0O 9) Others O

Research geographic area:

Alive O Dead O
Monothematic O Polithematic O
Topic
Pointed out parasite
Experimental data available? 9 no O

Field of study:

1) parasites morphology O

2) anatomy - pathology O

3) epidemiology O

4) zootechny / zooeconomy O

5) diagnostics O

6) teraphy O

7) parasites diseases O

8) immunology — immunopathogenesis 0O

Note:

Figure 2. Data collection form
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Lombardy 15%
EmiliaRomagna 13%
Sidly 13%
Tuscany 10%
Umbria 9%
Sardinia 7%
Apulia 7%
Piedmont 6%
Italy 5%
Northernltaly 5%
Latium 2%
Centre of Italy 2%
Campania 2%
Friuli VeneziaGiulia 1%
Veneto 1%
North - Southernltaly 1%
Marches 1%

N.d. 2%

Figure 3. Scientific production by geographical area

Figure 4. Scientific production in different Italian regions.
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In the figure 5 are resumed the parasites found in italian pigs in the considered period. 31 genera and
38 species belonging to protozoa (12), flatworms (6), roundworms (16), acantocephala (1) and
arthropods (3). The lecture key of the list should consider the long time investigated and the
development of the parasitological interest linked also to the modern pig breeding systems. Many
parasites are an heritage of the past, someone has changed his name and for this reason we have
considered right highlight the parasites who are still present in the modern pig breeding. For practical
purpose in the figure 6 are shown the different habitat of the above mentioned parasites. Despite all
that, the other parasites still remain in the wild boar that is spread all over in Italy.

Babesia perroncitoi
Babesia trautmanni
Balantidium coli
Cryptosporidium parvum
Eimeria debliecki
Eimeria polita
Eimeria scabra
Eimeria spinosa
Giardia sp.
Isospora suis
Toxoplasma gondii

Cisticercus cellulosae
Cisticercus tenuicollis
Dicrocoelium dendriticum
Echinococcus granulosus
Fasciola haepatica

Ascaris suum
Ascarops strongylina
Globocephalus molin
Hyostrongylus rubidus

Metastrongylus sp.
Oesophagostomum dentatum
Oesophagostomum lungicaudum
Physocephalus sexalatus
Simondsia paradoxa
Strongyloides ransomi
Strongylus paradoxus
Trichinella spiralis
Trichuris suis
Trichuris trichiura

PROTOZOA HELMINTHS ARTHROPODS
FLATWORMS ROUNDWORMS ACANTOCEPHALA
Amebe Brachylaemus suis Arduenna strongylina Macracanthorhyncus hirudinaceus

Eristalis tenax
Haematopinus suis
Sarcoptes scabiei

Fig. 5. List of the parasites found in Italian pigs in the considered period.

INTESTING

STOMACH

Figure 6. The habitat of the most important parasites in the modern pig breeding

The 62% of the papers (Fig. 7) has delt with more than one parasites while the remaining 38% is
referred to only one. This should be linked to the historical period that correspond to the born of
modern parasitology and to the morphological approach linked to the pathological description.
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E Monoparasites
i Poliparasites

Figure 6. The parasites treated in each paper.

The most considered parasites in our historical collection (Fig. 8) are gastro-intestinal ones
reflecting their real practical importance. In a “meat producing engine” the digestive apparatus
acquires an enormous weight related to their negative influence on the pig performances. In fact, to
the helminths (31%) we have added, the protozoa (15%) and Ascaris sum alone (11%) with liver
lesions (11%).

Gastro- intestinal helminths _ 31%

Intestinal protozoa _ 15%
Multiple parasites _ 15%
Liverlesons [ NRRIIIE 1>
Ascarissuum _ 1%
Ectoparasites _ 9%
Blood protozoa _ 6%

Respiratory strongiles F 2%

Figure 7. The most considered parasites in the examined collection.

The scientific origin of the papers is shown in the figure 9 where is possible to appreciate that the
majority (70%) is specific original papers. The 15% reflects the old approach of description of single
case (parasite) while the 14% are reviews with an educational purpose. Only one is the result of a
national research project .
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National

research
_ project Description of
Review 1% single case
14% ;
° 15%

Figure 8. Scientific origin of the papers.

The diagnostical approach to the swine parasitic disease (Fig. 10) privilege a multiple approach
(40%) followed by the necroscopical (29%) and coprological one (20%). Serological (7%) and
dermatological (4%) appear less treated in relation to their recent use in the laboratory practice.

Dermatological
4%
Serological
7%

Multiple
approach
40%

Fig. 9. The diagnostical approach to the swine parasitic diseases.
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The different topics in the approach to the swine parasitic diseases (Fig. 11) absolutely prefer the
epidemiological angle (64%). A scarce weight receive, for instance, zooecnomy (3%) that should
represent the pivot of a modern approach to animal disease.

Epidemiological

64%

Chemical therapeutic

Parasitic diseases

Immunology -Immunopathology

Diagnostical

Zooeconomy

Morphology

Pathological anatomy

0% 10% 20% 30% 40% 50% 60% 70%

Figure 10. The main topics in the swine parasitic diseases.

The observed gap in national scientific production on pig parasite is surprising if related to the big
effort to renew swine breeding that transformed in few years the ancient domestic mammal in a
technological unit meat producing. Parasitic diseases are unfortunately “snubbed” by the Italian pig
technicians indeed almost than one third (32%) of the scientific paper produced and collected was just
published in local forgotten congress proceedings very hard to find. The pig staff in recent years are
interested on therapy only, with lack of attention about hygienic prevention techniques. As
consequence, new trends that would come back us to wild and natural pig breeding techniques,
unfortunately will crash with a lot of parasites. The modern pig breeding system, has unintentionally
taken away spaces to free living stages of parasites. This new pig farm set up (“plain air”) will allow
parasites to high-handedly return and it will find us absolutely unprepared.
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ADAPTATION ABILITY OF NATURAL IMMUNE SYSTEM IN CINTA SENESE
SWINE AND COMMERCIAL HYBRID BREEDING PIGS TO OUTDOOR REARING

Battistacci L., Sensi M., Timi M., Marchi S., Moscati L.

Istituto Zooprofilattico Sperimentale Umbria e Marche, Via Salvemini 1, 06121 Perugia, Italy

SUMMARY-Some non-specific immunity parameters (serum bactericidial activity, serum lysozyme
and total haemolitic complement) were evaluated in different pig breeding systems to verify how these
could influence the non-specific immunity system. A suitable utilization of such parameters could be a
useful tool in the breeding herd management.

Key words: Cinta senese, Hybrid pigs, Outdoor, Natural immune system

INTRODUCTION

Evaluation of welfare in breeding animals is one of the main topic of both the European and
national legislation. Such regulations have the aim to assure acceptable welfare levels along all the
stages of the rearing cycle, to limit environmental stress overloading the body control and regulation
systems and reducing their efficiency (Broom, 1997). Welfare evaluation implies some behavioral or
rearing indicators (productive, physiological, pathological).

Whenever a stress status becomes chronic, all the non adaptive immune system is involved, thus
resulting in evident conditioned pathologies. This innate part of the immune system is easily
influenced from environmental stress. In our previous works we evaluated the main innate immune
parameters in traditional pig breeding. In this work we monitored the same parameters in an intensive
breeding herd on outdoor growing and finishing, and in an outdoor pig farm just to evaluate whether
and to what extent the breeding system may affect the non adaptive immune system.

MATERIAL AND METHODS
The study was conducted on three different breeding herds:

e Anoutdoor Cinta Senese farm. The herd, located on an hill area, had a population of twenty
productive sows. The breeding stocks was host in a nearly one hectare paddock with a
kennel. The sows were kept in separate indoor pens inside a hut with a large veranda. The
piglets, weaned at nearly thirty five days of age, were moved to a separate one acre paddock.
At twenty five — thirty kgs of weight they were moved into another paddock (prefattening) and
later on (roughly sixty kgs) in a wider paddock with a large portion of wood, where they
remained till the slaughter weight. Every department was working on “all in/all out” basis,
apart from the breeding stock.

e Traditional indoor pig farm with 200 on production sows. Pregnant sows were reared in small
group pens or in individual cages. The building was naturally ventilated without any heating
system. The farrowing houses had traditional raising farrowing pens with steel slatted floor.
Under the sow belly there was a large concrete stone; ventilation and heating were
electronically controlled. Weaner accommodation was made of a large roof covering a series
of kennels. These kennels made with polyurethan isolated panels (sandwich) were straw
bedded and had an external paddock. The finishing accommodation was made of a circular
building (roundhouse) internally split in different sectors with an external concrete slatted
paddock each.
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e Traditional intensive indoor pig farm. The herd was composed of hybrid commercial sows,
producing self replacement gilts. The farm was organized on a multi-sites basis (three sites
production: breeding herd, nursery and fattening unit). The fattening unit had rooms
dimensioned on the pig number receiving each week to adopt all in / all out policy, allowing
washing and disinfection procedures. Each pen had complete slatted floor and internal
temperature was properly maintained by a suitable heating system. A forced ventilation
system was installed.

Sampling. A total of ninety blood samples, thirty for each breeding were collected. Blood was
collected at slaughter using proper vacuum tubes and it was immediately sent (in a freezer +4° C) to
the laboratory, centrifuged at 2000 rpm for 15 min. Collected sera were distributed in several aliquots
and kept at - 80° C until tested.

Serum lysozyme, serum bactericidal activity, haemolytic complement activity were investigated.
Lysozyme is a strong antibacterial enzyme carrying out a synergic action with immunitary humoral
response and factors of the complement. Its determination leads to monitor the functionality of the
macrophages haematophage system and it is indicative of ongoing inflammation. Serum lysozyme
was measured by the lyso-plate assay (Osserman and Lawlor, 1966), carried out at 37° C for 18 h, in
a humidified incubator. The method was based on the lyses of Micrococcus lysodeikticus in 1%
agarose. The diameter of the lyses zones was determined using a measuring viewer and it was
compared with the lyses zones of a standard lysozyme preparation. Its concentration value was
expressed in ug/ml.

Serum bactericidial activity is a major parameter for evaluating the activity of the non-specific
immune system. The capacity of the serum to inhibit bacteria growth is assessed by the presence of
complement factors and moderate concentrations of natural antibodies directed towards more
diffused environmental bacterial agents, mainly enterobacteriacee. Serum bactericidal activity was
monitored according to a previous method validated for bovine (Amadori et al.,, 1997) Its
concentration is expressed in percentage.

The haemolytic complement assay provides indications on the defence mechanisms of the
animal that contemplate activation of the complement system. A test showing complement deficiency
is of great help assessing the risk of infection or the severity of ongoing pathologies. Haemolytic
complement assay (Barta V. et al., 1993) was carried out in microtitre plates; a volume of 25 pl of a
6% suspension of rabbit red blood cells was added to pig serum serially diluted in Veronal buffer. The
extent of haemolysis was estimated by measuring the optical density of the supernatant at 550 nm. Its
concentration is expressed as CH50.

RESULTS AND DISCUSSION

Serological test results are summarized in Table 1 and figures are expressed as the mean values
+SD established over 30 animals for each group investigated. Significant differences on serum
bactericidal activity and total serum lysozyme values between classic indoor versus outdoor pig farm
were recorded, while statistical differences between the two outdoor farms were not seen.

The parameter values obtained differ from previously reported data (Moscati et al, 2003) mainly
for serum bactericidal activity (> 40 %); This result could be due to a different environmental condition
in the farms. Serum bactericidal activity values recorded in both outdoor farms are lower then
traditional indoor farm (natural antibodies levels decreasing). At the same time total serum lysozyme
levels are increased although still within the normal range. This fact could be due mainly to a
granulocytic de-granulation rather then an increased activation of monocitary — macrophagic system.

CONCLUSIONS

The use of non-specific immune parameters could be useful to have information on the animal
capacity to adapt to the living environment. This capacity could be influenced also by the genetic
patrimony. Further investigation on the different environmental conditions might highlight which
breeds are more suitable for the different breeding typologies.
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Table 1. Non-specific immunity parameters comparison between the breeding herds monitored (Avgs

1+SD)
Reference | Intensive Commercial hybrid Cinta senese outdoor
values traditional rearing | outdoor rearing rearing

Serum Lysozyme >1-<3 148+01 A 282+06 B 258+02 B

pg/ml.

Haemolytic >80 83.9+1.83 90.7 £ 2.81 90.9+2.19

Complement

Activity

CH50/150 pl

Serum Bactericidal | >40 543+21A 31.2+1.21B 30.8+2.17B

%

A, B: P<0.05
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IDEAL APPROACH TO HEALTH MANAGEMENT IN AN OUTDOOR PIG
BREEDING FARM: A CASE STUDY ON THE UMBRIAN APPENNINE

M. Sensi, L. Moscati, S. Costarelli, C. Mariotti, R. Ciappelloni, L. Battistacci

Istituto Zooprofilattico Sperimentale del’Umbria e delle Marche, Via Salvemini, 1. 06126 Perugia
(Italy)

SUMMARY - Outdoor pig production have to respect all the health management principles as an
indoor farm. “One way” pig flow and “all in/all out” policy represent the mainpoints. A 32 production
sows outdoor farm, located on Umbrian Appenine, adopted the good production and health
management practices as already experienced in other countries (U.K and French Bretagne).
Productive performances obtained in the last years are highly competitive versus indoor pig farms
results. The health status of the breeding stock and the progeny is excellent. The fully respect of the
mainpoints of health management system in an indoor pig farm represents the key for the productive
success and product quality assurance.

Key words: outdoor, pig, health, performances

INTRODUCTION

Rational outdoor pig production represents an innovative and relatively unusual approach to pig
keeping within Italian animal breeding contest. It is a system where breeding sows are reared
extensively outdoor for whole their productive cycle. In its simplest version it was implemented along
the 20" century, where it took its origin from an idea of Richard Roadnight, an Oxfordshire
agriculture. At the beginning of '50ties years he had the intuition to get a more harvest from his
agrarian culture program.

Using “Roadnight system” (3) the sows were reared in large groups, in wide paddocks where they
farrowed twice a year and their progeny were weaned at 8 weeks of age. British Saddleback was the
main genetic breed used, due its evident roughness attitude and the backfat thickness make it
particularly resistant to external environmental conditions. Along the years such breeding system was
even more evolving and achieving always much more consents and today it represents a large
percentage of pig farms in many European countries.

Outdoor pig production could represent a suitable, valid and remunerative alternative to the
indoor production, in ltaly too (1). This system can offer some advantages like animal welfare
respect, lesser capital investment (especially in the starting phase), improvement of soil quality (due
to the natural fertilization), optimize the human labor and the equipments. It is included in a rotational
five years agriculture plan and it is able to produce a “continuous cash flow” , impossible to obtain with
the normal cultures only (3).

The market demand for always more leaner meat has brought to a gradual substitution of ancient
genetics with modern commercial hybrid Duroc derived populations. The Outdoor pig production
even if is able to offer natural living conditions has to respect all the fundamental principles where
health management and productive performance optimization are based.

They are:
1. Ideal herd census respect: breeding sows splitting in order their progressive parity (Table 1) to
the aim to assure maximum productive performances from the breeding stock and the herd

immune stability (4);

2. Body Condition Score utilization on the breeding sows to evaluate and assure their suitable
feeding along their physiological productive phases (3);
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3. “One Way” productive flow respect for having herd immune stability and to prevent
reinfections (2);

4. “Allin/ all out” policy adoption to decrease the potential pathogens levels.

Table 1. Ideal herd census (M. Sensi, 1993)

Max number parity/sow (%)

Prog.ve |2 3 4 5 6 7 8 9
parity

1 54,1 38,9 31,4 26,9 24,1 22,1 20,6 19,5
2 45,9 33,0 26,6 22,9 20,4 18,7 17,1 16,6
3 28,1 22,7 19,5 17,4 16,0 14,9 14,1
4 19,3 16,6 14,8 13,6 12,7 12,0
5 14,1 12,6 11,5 10,8 10,2
6 10,7 9,8 9,1 8,7
7 8,3 7,8 74
8 6,6 6,2
9 53

MATERIAL AND METHODS

On the Umbrian Appennine it exists an interesting example how the use and the rigorous respect
of the fundamental principles regulating health and productive management of pig breeding can result
in good productive performances quite competitive respect the best indoor reality.

This farm has 32 breeding productive genetically Duroc derived sows. Since the start Duroc boars
were bought from the market while all the females were on farm produced on outdoor basis to give
them much more roughness attitude. A part from the matings (using A.l), done indoor, all the other
productive phases are outdoor: farrowing, weaning, growing and finishing till 165 kg (roughly).

Figure 1. Farrowing kennel Figure 2. Weaners

Each phase, following the already well known multisites principles, are done in distinct electrically
fenced paddock, completely separated each other. The breeding herd is managed “in groups” to
assure a better planning and much more animal growth uniformity. Such organization allows
omogenous preghant sows groups sharing the same breeding conditions and reducing aggressive
phenomena for the competition. These system characteristics are quite interesting. The sows farrow
outdoor, without any assistance, in single straw bedded kennels, in presence of adverse climate
condition, too (snow).

The piglets are milked since four weeks of age and their weaning weight is nearly 10 kgs/piglet.
The sow are ad lib fed through a big hopper where the piglets can eat, too. They start to follow their
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mother since 7 — 10 days of age.Using this system the sows is in suitable body condition at the its
next heat, with the ideal backfat thickness.

At weaning all the weaners are tattooed, castrated, vaccinated and moved in a wide weaning
paddock.They are ad libitum fed with phase specific commercial feed. The weaning phase ends
when the weaners weight nearly 35 kgs. The next phase, “growing” is done in an other separate
paddock were the animals are reared till they weight roughly 100 kgs. All the growers can shelter in a
container (roundhouse) able to host 120 pigs. The feed hoppers are numerous to avoid competition
and the growers eat ad lib. The pigs are moved in the finishing facilities, in small groups, when they
are 100 kgs weighting. In the finishing stage, infact, it is extremely important to build a suitable
market carcass then these paddocks are quite wide to allow the grass growth, necessary for animal
pasture.

The farm has achieved contract of finishing with some neighbours that make their estates and
labour available. This allows “one way “ production flow and “all in/ all out “ policy adoption. The
finishing period can vary related to the final meat destination (fresh meat consumption or salami and
hams productions). It is important to highlight the presence of an on farm meat shop. The farm can
achieve a better income due to this system that offers to the customers the possibility to interact with
the farm staff and assure their faithfulness.

We recorded, in this work, the farm productive and reproductive performances obtained since
2000 till the end of 2005 (Table 2). A 2005 year economic balance was then produced making a
comparison with an indoor traditional pig farm, as reported in 2005 CRPA leaflet (Table 3).

RESULTS AND DISCUSSION

It is quite evident, from Table 2, how the breeding sows number is continuously increased along
the years. The individual sows performances are improved at the same time.

The outdoor pig production as the indoor one is obliged to adopt precise and correct managerial,

zootechnical and health strategies. Their perfect integration results in the productive performance
optimization from the economic point of view, too (Table 3).

Table 2. On farm productive performances

YEAR Breeding productive Piglet weaned Pigs sold
SOWS Sowl/year Sow/year
2000 11 20,6 18,4
2001 14 19,4 19,1
2002 18 20,9 20,5
2003 22 21,3 20,7
2004 25 21,2 21,0
2005 32 24,37 23,1

Table 3. Costs (€/kg l.w.) “Indoor” vs “Outdoor” (2005)

PARAMETER INDOOR OUTDOOR

“indoor” source CRPA 2005 (farm balance 2005)

Capo Kg % Capo Kg %
Feeding 126,40 0,79 56,8 142,90 0,90 79,10
Labour 33,93 0,21 15,1 23,84 0,15 13,20
Other costs 41,60 0,26 18,7 8,49 0,05 4,70
TOTAL explicit Costs 201,94 1,26 90,6 175,23 1,09 97
Interests and Allowances 21,09 0,13 9,4 8,12 0,05 3
TOTAL COSTS 223,02 1,39 100 183,35 1,131 100
COSTS €/kg 1,39 1,131
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CONCLUSIONS

During the last years public opinion showed an increased sensibility for what concerning animal
welfare and Health safety of their products especially meat. The breeder responsability for animals
(welfare), for Nature (territory respect) and Human Health (Food safety) is clearly emerging from the
actual European community legislation.

The animal welfare is always more achieving sense of importance. Pig production have to
measure itself with this new scenario, answering to the E.C. indications. For this reason, outdoor pig
production could represent an interesting economic investment, useful marginal areas recovery and
to supply the small farmers with an extra income.
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Nero Siciliano pig. A model for the study of unusual pathologies
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SUMMARY - Aim of the present paper is the evaluation of the diseases related to the farming
system (plein air and intensive) occasionally detected in Nero Siciliano pig, an autochthonous breed,
usually farmed in extensive conditions in regional forest areas. 20 subjects coming from an intensive
farm and 20 subjects coming from a plein air farm were examined at the slaughterhouse.
Histopathology was performed on all organs and tissues. In swines farmed intensively findings were
as follows: presence of hair-balls (8 trichobezoars and 2 trichophitobezoars) in ten animals; in 50%
of the pigs, the liver showed chronic eosinophylic interstitial hepatitis (milk spots); in two subjects
steatosis was found; features of vegetative endocarditis were seen in a single animal; the kidney in a
pig showed interstitial nephritis and only one animal had alveolar emphysema in the lung. In swines
farmed in plein air, one subject showed vegetative endocarditis, later related to Erysipelotrix
rusiopathie, while in fifteen pigs, melanosis at retro-pharyngeal lymph nodes was seen. Findings
here reported represent a further contribution to the knowledges of diseases occasionally occurred in
Nero Siciliano pig, and let the Authors consider such breed as experimental model for the study of
unusual pathologies as well as for the analogies of comparative pathology.

Key words: Nero Siciliano pig, phatologies, farming system, experimental model.

INTRODUCTION

The Nero Siciliano pig is an swine autochthonous breed living in extensive conditions in regional
forest areas, whose diseases are still to be elucidated in order to prevalence and incidence.
Recently, the plein air farming system is considered the best for growing, fattening, lower stress,
higher performances and better shelf-life of transformed food (Liotta et al., 2002; Chiofalo et al.,
2003). Aim of this study is to evaluate pathological outcomes related to the farming system.
Moreover, our findings provide a contribution to the knowledge of organ changes in pigs belonging to
such breed reared in an intensive system.

MATERIAL AND METHODS

Twenty subjects coming from an intensive farming system and 20 subjects from a plein air farm,
both located in the Nebrodi mountains, were examined at the slaughterhouse. All the animals were
post mortem examined. Histopathological evaluation were carried out in those organs
macroscopically involved. Tissue samples were fixed in 10% buffered formalin solution, paraffin
embedded, microtome sectioned at 5 ym and stained with Haematoxylin—Eosin (HE).

RESULTS

Intensive farming system:

The presence of hairballs (8 trichobezoars and 2 trichophitobezoars) was detected at stomach
opening in 10 pigs (Fig.1).
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Fig. 1. Hairballs found in the stomach.

The stomach and oesophagus mucosa showed slight hyperaemia, small erosive foci, flattening
of mucosal folds with small greyish nodules. The latter were histologically characterized by
lymphocytes infiltrate involving the mucosal glands.

In 50% of the examined pigs, the liver showed greyish foci, spread on the liver surface, with
irregular and not well demarcated margins indicative of chronic eosinophylic interstitial hepatitis (milk
spots); hepatic steatosis was observed in two subjects.

A valvular vegetative endocarditis was seen in the heart of one pig, whereas small sub-
endocardic haemorrhages were found in three subjects.

The kidney of one pig showed grey-whitish foci, with capsule thickened and adherent. At the cut
surface, the foci appeared as cortical striations, suggestive of interstitial nephritis. In a subject, a
single uniloculated congenital cyst was seen; finally, a hypoplasic kidney was observed in only one
pig. The lung of one animal showed alveolar emphysema.

Plein air farming system:

One subject had vegetative endocarditis, confirmed microbiologically as an Erisypelothrix
rhusiopathiae infection (Fig. 2).

Fig. 2. Heart: vegetative endocarditis.
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Fifteen pigs showed melanosis at different lymph nodes, mainly the retropharyngeal ones (Fig. 3).

Fig. 3. Retropharyngeal lymph node showing melanosis.

One of these pigs had also melanosis in the fat tissue of the back (Fig. 4).

Fig. 4. Fat tissue of the back with melanotic striations.

DISCUSSION

The reported results represent a further contribution to the knowledge of diseases of Nero
Siciliano pig among the few existing in literature. Moreover, the comparison of the findings observed
in two different farming system let the Authors to consider this breed as a model for the study of
unusual pathologies. It is interesting to underline the presence of gastric hairballs in 50% of the
examined pigs reared in intensive system. This is an unusual finding in swine (Cagienard, 1970;
Clague, 1970; Cooke, 1970; Phillips et al., 1998) and it has never been reported in pigs farmed using
extensive methods. As regards the pathogenesis of hair balls it is possible to make some hypothesis
(Johnson et al., 1978). The farming system, when not good for the needs of a certain breed, may
induce behavioural anomalies able to interfere with the animal health status. In fact, we observed the
habit in alive pigs farmed intensively to lick continuously each other, being this behaviour possibly
stress-related. In our opinion, according to the macroscopic features, the vegetative endocarditis
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observed in one intensively farmed pig could be also related to a chronic infections due to E.
rhusiopathie and the same resulted not strictly related to the farming conditions being observed in
one subject for each group. The features of lymphocytic gastritis could be related to Helicobacter
spp. infection more than to hairballs. Interstitial hepatitis could be due to ascarid worms and it does
not represent a new finding considering the diffusion and the frequency of such parasitic disease in
swine. Interstitial nephritis has been often related to leptospirosis. Renal cyst is commonly observed
in pig, whereas kidney congenital hypoplasia is an interesting finding because of its rarity in swine,
and never reported in Nero Siciliano pig to date. Finally, the finding of melanosis in 15 pigs (75%)
farmed in plein air could represent the effect of acorn ingestion during fattening (Lanteri et al., 2006a
and b; Lanteri et al., 2007), more than the hypothesis of tumour regression as already suggested by
other Authors (Oxenhandler et al., 1982).
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SUMMARY - In 2004 in Corsica, Trichinella britovi, a nematode responsible for Trichinellosis in
humans, was detected in slaughtered 10 pigs and 1 fox, whereas this Mediterranean island was
considered as free from Trichinella. As the extensive farming system of pigs in Corsica often leads to
contacts with wild animals, when studying Trichinella epidemiology we have to take into account the
possible inter-species transmission of parasites between domestic and wild animals. Based on the
mobilisation of local operators and especially hunters, the aim of the study was to analyse host
reservoirs and sentinel animals which are wild boar, Sus scrofa, and foxes, Vulpes vulpes. After one
hunting season, 670 samples of wild boars’ diaphragm have been collected but revealed no positive.
Another sampling season will be necessary to obtain an estimation of the prevalence. The final results
will be compared to those obtained by the study of fox samples, also under way and presented here.

Key words: Trichinellosis, wild boar, fox, epidemiological surveillance

INTRODUCTION

Trichinellosis is a parasitic zoonosis due to infestation with larvae of a nematode genus
Trichinella. This disease is acquired by ingestion of raw or inadequately cooked meat-products
containing encapsulated larvae. These larvae are released after gastric digestion and mature into
adult worms that penetrate the mucosa of the intestine (De Bruyne et al., 2006b). After fertilization,
the female sheds new larvae which disseminate throughout the host to find their definitive location,
the striated muscle where they encysted. This larval migration may result in severe lesions,
particularly when larvae migrate in the heart or in the brain (Dupouy-Camet, 2000).

The hosts implicated in the life cycle of Trichinella are carnivores and scavenger animals. The
domestic cycle can implicate breeding pigs and Human, and in some cases the dog which can be
contaminated especially when eating infested meat of swine. The sylvatic cycle implicates wild boars
(De Bruyne et al., 2006a), wild carnivorous (Blaga et al., 2007), as red foxes, and rodents. There is a
link between domestic and sylvatic cycles when eating contacts happen between wild and domestic
animals.

CORSICA AND TRICHINELLOSIS

Until 2004, the island of Corsica was considered as a ‘Trichinella-free’ area: no human or animal
infection had been reported. Until this year, some hunting surveys on wild boars showed an
increasing of the visible seropositivity but no parasite had been found in wildlife in general (Table 1).

In 2004 a swine outbreak is discovered in the official slaughterhouse of Bastelica (middle of the
Southern Corsica): 10 pigs coming from a farm of the valley of the Taravu (Fig. 1) are detected
positives with the standard method (artificial digestion); in each of these pigs larvae of Trichinella
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britovi are isolated, with a parasitic charge between 0.5 and 144 Ipg (larvae per gram) ((Vallée et al.,
2004)). An epidemiologic survey in domestic pigs from farms around the outbreak revealed no
additional positive samples. During the following hunting campaign wildlife samples were analysed
and remained negative excepted for one red fox, a female killed at 5km of the area of the positive pigs
farming. This fox was infested with Trichinella britovi (Tab. 1 and fig. 1), with a parasitic charge of 1

Ipg.

To explain the origin of the Corsican Trichinella emergence, two hypothesis were proposed: (i) the
introduction, many years ago, of a continental infested animal (a dog or a wild boar brought on the
island) which died on the area of feeding of the pigs, or (ii) the discovery of an enzootic infestation of
very low prevalence, not bringing it to light before. Considering this last hypothesis, fires of 2003,
which occurred at 7km from the outbreak, may have lead to exceptional movement of wild animals
and revealed the presence of the parasite. In this case it is more difficult to explain why larvae have
been detected in pigs and fox but not in wild boars.

Nevertheless, beyond this not elucidated question of the outbreak’s origin, 3 others questions are
still on: (i) what is the present status of the island? , (ii) have the parasite spread to others micro-
regions of Corsica? , (iii) what is the risk of Trichinellosis for the public health in Corsica?

PIG BREEDING AND WILDLIFE IN CORSICA

With an official swine population’s size of 26360 pigs (data from the 2001’s agricultural census
report), the pig breeding in Corsica is exclusively based on an extensive farming system: free ranging
pigs living in a forest and mountainous pastoral system. In this context of outdoor system and in
application of European Community rule 2075/2005 - article 2, each pig has to be officially
slaughtered with a systematic meat inspection (standard method). But because of a strong tradition of
on-farm slaughtering, and farms sometimes far from the slaughterhouses, the official slaughtering still
represents less than half of the total: in 2006-2007 for example 4576 pigs have been slaughtered in
one of the 4 slaughterhouses (veterinary inspection data), for an estimated number of pigs
slaughtered per year in Corsica of 12000. Geographically speaking, some micro-regions have still a
low proportion of pigs officially slaughtered, as the valley of the Taravu (area of the breakdown in
2004) or the region of ‘Deux Sorru’ (middle west). This situation leads to one conclusion in
particular: the sanitary surveillance via slaughterhouses gives only a partial picture of the reality.

About wildlife, Corsica is a region of important and traditional hunting of wild boars. This hunting is
not well structured: there is no hunting plan and many areas are still not organised in hunting society
or association. Furthermore poaching is per definition a non-official practice but well-known for being
still real in Corsica. Consequently to estimate accurately the population size of wild boars remains
difficult too. Official data from the departmental hunting federations report an average of 20000 wild
boars hunted each year. Locally the densities of wild boars can be high, especially because of the
crossing between domestic pigs and wild boars with creation of hybrid animals, more prolific. No
study reports exact data on vulpine population but densities of red foxes is known to be also high.
Several tales of breeders report furthermore predation on piglets.

These description of the wildlife and breeding context help to understand the important interactions
between free-ranging pigs and some wild animals, which can be potentially hosts for Trichinella as
foxes and wild boars. All the more so that, if game meat is eaten in familial and friendly circle wild
boar meat especially is also consumed in restaurant, with no sanitary inspection.

ECO-EPIDEMIOLOGICAL APPROACH: METHOD AND FIRST RESULTS

As seen above, the key points of the regional situation are: slaughterhouses and partial
representation of the sanitary situation, large interactions between pigs and wildlife, importance of the
hunting of wild boars and no sanitary inspection of game meat. All these particularities of the Corsican
context have led an approach to focus on the epidemiological study of wild reservoirs: (i) to detect the
infestation in wild boars in order to assess the risk for public health, (ii) to estimate the prevalence of
the infestation in red fox’s population as a sentinel of the parasite on the island.
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Sample sizes have classically been calculated in function of both attempt prevalence and
estimated population sizes. In order to detect the presence of Trichinella in the wild boars’ population
with a detection level of 0.1% with a confidence of 95%, an aim of 1 thousand samples per
department, so 2 thousands for the entire island, has been definite. For red foxes, with an attempt
prevalence of about 5% (Van der Giesven et al., 1998; Criado-Fornelio et al., 2000), 200 samples are
expected.

The disposal of samples’ collection is based on 4 stages: (i) mobilisation of voluntary hunters and
explanation to them concerning the sampling method (ii) transport of the samples until the
laboratories, (iil) analysis, (iv) data centralisation and restitution of the results. For wild boars, during
all the hunting season, from the 15" of August to the 15" of January, hunters have sampled the red
muscle part of the diaphragm. For red foxes, hunters and agreed trappers were told to send the entire
specimen to the laboratories. There the leg muscles were sampled.

The transport to one of the 2 Departmental Veterinary Laboratories (LVD) of the wild boars’
samples or foxes’ body was operated with the help of a net of intermediaries: Federal Hunting guards,
veterinarians, agents of the National Institute for the agricultural Research (INRA). At the LVD,
analyses were performed using artificial digestion method in pool on, respectively, 5 g per wild boar’s
sample or 20 g per fox’s sample. The protocol plan also to analyse all the samples by serology on
muscle fluid, to compare data from direct and indirect methods; this analyse will be performed at the
French Food Safety Agency in a second time. The fourth stage of the disposal is a data centralisation
by the coordinator at the INRA and a restitution of the results to the hunters, individually, each month,
and collectively at the end of the hunting season, in collaboration with the local institution for
veterinary inspection.

At the end of a first season of sampling (Table 2), 670 samples of wild boars have been collected;
all were negatives with the direct method. Considering the geographical repartition of the sampling
effort (fig. 2a), some areas appear not at all or not well represented. So a second season of sampling
was necessary to complete the sample size and cover the entire island, especially the region of the
outbreak. Only 32 red foxes were collected (Table 2 and fig 2b) and were negatives with the direct
method. Because of the great interest of the fox as sentinel, we have to try to overcome the real
difficulty to obtain samples (no tradition of hunting or official trapping) and conduct a second season
of sampling.

CONCLUSIONS

In a context where the low proportion of pigs sacrificed in an official slaughterhouse poses the
question of the sanitary image of the pig breeding in Corsica, investigation on the wild hosts is of a
great interest. But one of the local difficulties is to estimate more precisely the population sizes, which
is one of the aims of the research. In the same time, when studying the risk for human health, one of
the points to consider is the survival of the Corsican strain against freeze and traditional salting. This
is the objective of some works presently conducted in collaboration with the French Food Safety
Agency. Overall, in an aim of a construction of a real network of zoonosis’ surveillance in Corsica, this
organisation around Trichinellosis’ surveillance is a first step. But the main difficulty is to keep the
actors mobilised.
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Figure 1. Cartography of the cases of positives serology or peptic digestions in Corsica before the
present study, referring to the table 1.
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Figure 2. Geographic repartition of the samples collected during the hunting season 2006-2007 in
Corsica : (a) wild boars, (b) red foxes.

Table 1. Compilation of the existing data on Trichinellosis in the region of Corsica before the present

study.
Years Species Area Method Results
2000-2001 Wild boars  All Corsica serology 1+/ 110
2003-2004 Wild boars  North Corsica serology 8+/ 97
Breeding Valley of the pepsic
2004 pigs Taravu digestion 10+
Valley of the pepsic
2004 Red foxes  Taravu digestion 1+/ 14
pepsic
2004-2005 Wild boars  All Corsica digestion 0+/ 387

Table 2. Results of the surveillance of Trichinellosis in the populations of wild boars and red foxes of

Corsica during the hunting campaign 2006-2007, using the peptic digestion (for wild boars:
diaphragm muscle, 5g per sample, pool of 20 samples ; for foxes: leg muscle, 20g per
sample, pool of 5 samples). All the samples analysed during this first campaign are
negatives in direct research of larvae.

Red
Area Wild boars foxes
sampled analysed*

North

Corsica 392 391 22
South

Corsica 273 266 10
Total 665 657 32

* Some samples have not been analysed (not enough quantity of muscle)
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SUMMARY - The aim of the present study is to evaluate the presence and the management of
Isosporiasis by Isospora suis, in swine farms of Sardinia. Copromicroscopical investigations carried
out on 55 breedings (34 intensive, 21 extensive) have shown the presence of oocysts of /. suis in
3.6% of the farms. Isosporiasis affected almost exclusively suckling piglets from 5.9% of intensive
examinated breedings. The evaluation of the efficacy of the chemioprophylactic treatment with
Toltrazuril (20 mg/kg) made in a positive farm at 3th day of life of piglets show statistically significative
results (growth rates) compared with control farms.

Key words: /sospora suis; epidemiology; toltrazurile; Sardinia

INTRODUCTION

Among the parasitic noxae that can interfere negatively on the industrial pig farming, Isosporiasis
is frequent increasingly refereed. It is caused by Isospora suis, apicomplexan protozoa responsible of
diarrheal forms in piglets, that could be cause significant losses in the infected farms (Roepstorff et
al., 1998; Torres et al., 2004).

The infected piglets eliminated oocysts in the environment that sporulates rapidly, forming within
them two sporocysts each containing four sporozoites, that represent the exogenous phase of the
biological cycle of the parasite. The coccidiosis in piglets under sow is a disease reported in many
countries around the world (Meyer ef al., 1999; Cotrell, 1998; Chae et al., 1998; Sotiraki et al., 1998;
Larsen, 1996; Otten et al., 1996; Lindsay and Blagburn, 1994).

Recent surveys conducted in northern Europe, United States and Australia have shown that /.
suis is the most frequently parasite found in piglets between 7 to 14 days of age and that the
presence of infection is associated with diarrhea in more than 50% of infected animals (Driessen et
al., 1993; Meyer et al., 1999)

Currently against Isosporiasis is suggested and, and in many cases carried out a prophylactic
treatment with toltrazuril, triazinon derivative anticoccidial drug, which significantly reduces the
elimination of oocysts and and diarrhea symptoms in infected piglets (Gualdi et al., 2003; Busse,
2004).

In this paper were reported the results of an investigation to determine the presence of Isospora
infection in pig breedings of Sardinia and the results of two chemioprophylactic protocols applied in
intensive production pig farms.

MATERIAL AND METHODS

During 2005 and the first half of 2006 coprological investigations on samples from piglets
maximum of 1 month of life of 55 breedings (34 intensive and 21 free/wild) of Sardinia (pools of at
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least two groups of piglets per breeding) were conducted aimed to find oocysts of Isospora suis
through the Ridley methodology (Martineau et al., 1994).

The test of the performances of chemioprophylactic protocols was carried out at a pig intensive
breeding in south-central Sardinia (about 1,200 sows), in which had been previously detected the
presence of oocysts /. suis in piglets faeces. Since the day of birth 31 piglets litters reared in cages
with grilled have been monitored. For each of these litters at day 7, 21 and 28 after the birth, faecal
samples were collected and then put togheter to form a single pool for litter represented by no less
than four different faecal masses.

The coprological analysis aimed to find oocysts . suis were performed according to Ridley
methodology (Martineau et al., 1994). The sediment obtained using the described above method was
also used for the quantitative research of oocysts (opg) through McMaster slide.

Recovered oocysts, along with those obtained from coprocolture prepared in 2% potassium
dichromate were classified using the identifications keys reported by Pellerdy (1974), Boch and
Supperer (1980) and Euzeby (1987).

The piglets litters were random divided into three groups: group A, n ° 8 litters whose members
were treated at 3 days after birth with a oral dose of 20 mg/kg of toltrazuril suspension equal to 0.4 ml
suspension of 5% Baycox ® (Bayer); group B, n ° 8 litters, that, at 3rd, 4th and 5th day after birth,
were treated with a Sulfamethazine sodium and trimethoptrin solution respectively of 27 and 5 grams
in 100 ml of water for injections, at a dose of 2 ml per head. Group C, of n. 15 litters were used as
control. All of the subjects of the litters were weighed the day of birth (1st day) and then at day 7 and
28, for calculating their daily increase weight. From the day of birth in all the litters of the groups A and
B and in the first 8 litters of Group C was noted the consistency of the faeces (normal or diarrheal).

RESULTS AND DISCUSSION

Coprological investigations allowed to detect the presence of /. suis oocysts in 3.6% of the farms
controlled. Particulary, the parasitosis affected only piglets under sow in 5.9% of the monitored
breedings.

The effectiveness test of anthelmintic treatments showed a significantly lower level of the
elimination of oocysts at day 21 in subjects of the litters treated with toltrazuril (group A) than control
animals (group C) (Mann-Whitney test - P = 0.021). A significant reduction of infection prevalences
has been registered at day 21 in the Toltrazuril treated litters (group A), who were all negative to
parasites, and control (group C) (x2= 10.37; P = 0.001) and between toltrazuril treated litters and

those treated with sulfamethazine-trimethoptrin solution (group B) (XZZ 4.65; P =0.031).

The weight monitoring of each piglet has showed a significant increase in the analysis of variance
at day 28 (F = 3.883; P = 0.032). Weight increases showed significant changes at day 7 (F = 3.805; P
= 0.035), when the subjects treated with sulfamethazine-trimethoptrin recorded higher values. These
differences were bigger at day 28 (F = 5.871; P = 0.007), when increased weight significantly higher
values were found in subjects treated with toltrazuril compared with the animals of the other two
groups.

Diarrheal faeces throughout the period of observation were significantly lower in subjects of group
A (36 diarrheal stool samples in 28 days - average 4.5-monitoring samples/litter) than in group B (79
samples in 28 days average 9.9-monitoring samples/litter) and group C (85 samples diarrheal stools
in 28 days of monitoring - average 10.6 samples/litter).

The trend of the number of diarrheal stool samples showed a strong increase from 12 to 18 day,
when were noted an increase of these samples in Group C. A further increase in the emission of
these samples was observed in Group B from 22 day onwards.

The epidemiological investigation has detected Isosporiasis only in few intensive breedings
(5.9%). This data is significantly lower than what found in a survey previuosly done in Sardinia using
toltrazuril, where were found 85,2% positive farms. It seems that the routinely implementation of this
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treatment applied in almost all intensive farms in the territory may have resulted in a marked reduction
of Isosporiasis in the past years. The effectiveness test of the two chemioprophylactic protocols
allowed today to highlight the usefulness of a toltrazuril treatment against in under sow piglets in
intensive farms, as already reported previously in similar experiences (Rypula and Porowski, 2004;
Mavromatis et al. , 2004).

This investigation also revealed that the toltrazuril molecule administered at the third day of life of
piglets will be able to significantly reduce the number of infected subjects, with a significative
reduction of the number of oocysts eliminated and of the reduction of environmental contamination.
Needless for Isosporiasis control purposes was in this work the sulfamethazine-trimethoptrin protocol.
It is clear therefore that unfortunately coccidiosis by /. suis could play an important pathogen role in
intensive farms, if not monitored with usuful and effective prophylactic plans.
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SUMMARY - The aim of the present study is to evaluate the presence of Cystic Echinococcosis in
pigs and wild boars of Sardinia. The survey was carried out on pigs slaughtered in familiar butcheries
during the years 2005-2007, while data and hydatid material from wild boars were recovered from
shouted animals during the hunting campaign from 2004 to 2006. A total of 342 pigs and 461 wild
boars were observed and hydatid disease was revealed respectively in 11,1% and 3,7% of the
animals. Fertility was of 7,6% in pigs (68,4% of the positives animals harboured viable cysts). Thirty-
nine hydatids isolates from pigs (36) and wild boar (3), were then strain typed after DNA extraction
and sequencing of COl and ND partial genes. The common sheep strain was isolated in 37 pigs while
the G7 or pig strain was observed in two swine. The wild boar samples harbour all to the G1 strain.

Key words: Echinococcus granulosus, Sardinia, strain typing, G7, Pig, Wild boar

INTRODUCTION

Cystic Echinococcosis (CE) in pigs in Sardinia is a parasitic disease not easy indagabile for some
rearing problems and also for the consequences linked to other animal health problems of this
species, primarily the Swine Fever, widespread the territory despite many controls projects carried out
in the past, and since 2005 also by the spreading of some Trichinellosis cases.

The pig breeding in Sardinia presents a heterogeneous reality which recognizes a major
component based on intensive breeding, on a family breeding (usually few animals), and another kind
of breeding, based on illegal rearing of pigs free/wild in the fields.

Beside these realities Sardinia also has a large population of wild boar, which often live in
promiscuity with pigs "domestic", and whose consistency in some districts makes it difficult to manage
health aspect. In this context it seemed useful to report preliminary results (especially as regards the
wild boar) of an investigation to clarify some important epidemiological and biomolecular aspects of
CE in Sardinia, important zoonoses historically present in the island in order to contribute to define
better the role of these ungulates in the trasmission dynamics of the infection.

MATERIAL AND METHODS

Starting from March 2005 until January 2007, a total of 2,330 pigs from 15 intensive breedings
and 342 pigs from familiar butcheries were examined. Through the collaboration of field veterinaries
and hunters, we also collected data on 461 wild boar killed during hunting seasons held in several
municipalities of Sardinia between 2004 and 2007 (November-January period).

On every pig slaughtered found positive to CE infection, the number, location and type of hydatid
were evaluated according to the following classification: acephalocysts or fertile. Fertility was
assessed by microscopic observation of the germinal layer. The viability of protoscoleces was
determined by examination at 10X without staining, observing flame cells movements. From each
cyst, laminar layers and protoscoleces were removed and stored at -20°C. DNA was extracted from
39 samples of hydatid material obtained from pigs (36) and wild boar (3) using a commercial kit
(Roche DNA template extraction kit). The protocol established by Dinkel et al. (2004) was performed
on all DNA samples for a first screening of all isolates in order to discriminate the G1 strain of E.
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granulosus from the G5 and G6/7 strains with four different PCR reactions. Polymerase chain reaction
(PCR) was carried out for the amplification of target sequence of the mitochondrial 12S rRNA gene in
a 25ul volume containing 10 mM Tris—HCI (pH 8,3), 50 mM KCI, 2 mM MgCl,, 250uM of each dNTP,
2U of Taq polymerase (Roche) and 25 pmol of each primer (Dinkel et al., 2004). Amplification was
carried out for 40 cycles as follows: denaturation for 30 s at 94 °C, annealing for 1 min at 57 °C and
elongation for 40 s at 72 °C. After amplification, 10 pl of the amplification products were detected and
photographed on a 1.5% ethidium bromide stained agarose gel. Then sequencing reactions there
were undertaken on PCR products as described by Bowles and McManus (1993a; 1993b) for NADH
and COI mitochondrial genes. Genomic DNA was isolated as described previously and mitochondrial
DNA regions were amplified from 10-20ng of template by PCR. ND1 (~500bp) was amplified with
primers JB11 and JB12, while COI with primers JB3 and JB4.5 (Bowles and McManus, 1993a; 1993b;
Bowles et al. 1992). Polymerase chain reactions (25ul) were performed in 10mM Tris—HCI (pH8.4);
50mM KCI; 2mM MgCl,; 250uM of each dNTP; 25pmol of each primer and 2 U Taqg polymerase
(Roche) under the following cycling conditions: 94°C, 5min (initial denaturation), followed by 30 cycles
of 94°C, 30s (denaturation); 55°C, 30s (annealing); 72°C, 30s (extension), followed 72°C for 5min
(final extension). Thirty-five cycles of denaturation (94 C for 30s), annealing (55 C for 30s) and
extension (72°C for 30s) were carried out. For each set of PCR reactions, negative controls (no DNA)
were included. DNA from PCR products was purified with a commercial kit (MinElute™ PCR
Purification Kit, Qiagen S.A.). Sequencing was performed on the ABI Prism 310 (Applied Biosystems)
with the ABI Prism Big Dye Terminator Kit (Applied Biosystems) using the corresponding PCR
primers. Nucleotide sequence analysis was undertaken using the National Center for Biotechnology
Information BLAST programs and databases. Multiple sequence alignments were made with the
ClustalW method with Bioedit software and compared with GenBank sequences.

RESULTS AND DISCUSSION

No cases of CE were highlighted in pigs reared intensively. A prevalence of 11.1% (38) in pigs
home slaughtered was detected, in which was highlighted a fertility of 7.6% equal to 68.4% of positive
subjects (26). There was no significant difference between infection prevalences found in the liver and
lung (x2= 0,5; P= 0,478).

In pigs from familiar butcheries massive infection ( > 10 hydatids) was detected in two pigs with
cysts localized also in myocardial, spleen, and skeletal muscles. In boars instead was detected a
prevalence of 3.7% (17). Of the 39 DNA isolates subjected to sequencing, 36 pigs and 3 wild boars,
the 5.1% (2) belonged to G7 or Pig strain, while 94.9% (37) belonged to G1 or sheep strain (see table
2). All isolates from wild boars belonged to strain G1. The sequences obtained were registered in
NCBI network (Accession numbers: DQ023703; DQ062857; DQ062858).

The investigation has confirmed the CE problem of pigs and wild boar in Sardinia even if the
prevalence rates and the percentage of subjects with fertile cysts compared with the recent past,
show a clear reduction of the trend (Garippa, pers. comm.). However, according to the data obtained,
pigs could be a dangerous source of infection for the persistence of this zoonoses in the island.
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SUMMARY - In this paper, the results of parasitological surveys carried out on a total of 72 Sicilian
Black Pigs (SBPs) raised in two different breeding systems in Sicily are summarized. Parasitological
results and epidemiological data showed significant differences in parasite species richness and in
the frequencies of infestation between pigs bred in extensive and indoor-housing systems. The low
sanitary standards of extensive breeding systems are highlighted by the high frequencies of muscular
cysts of Sarcocystis spp. (85%) and by the dangerous presence of hydatidid cyst (49%) in the liver
and lungs of the sampled pigs. All the SBPs examined in our surveys were Trichinella-free. Review
results support the necessity of improving sanitary and hygienic levels of the Sicilian extensive
breeding systems in order to reach higher standards for animal health as well as for the quality of
products.

Key words: Sicilian Black Pig, parasites, epidemiology, breeding systems, Sicily.

INTRODUCTION

The Sicilian Black Pig (SBP) is a breed-population of 1384 heads raised mainly in the Nebrodi
Regional Park area (Liotta, 2006). However, the SBP production system is mainly based on extensive
systems; in the last 10 years efforts have been made to improve the production system by moving
traditional breeding systems to plein-air rearing with alimentary integration. Surveys on parasite
infestation can be used to assess the health status of an animal population and to make inferences on
the hygienic level of the farming system. Therefore, the aims of this review are to summarize our
survey results on parasites and parasitic diseases found in the SBP breed in two different breeding
systems in Sicily supporting the necessity of improving the sanitary and hygienic levels of the
breeding system in extensive conditions.

MATERIAL AND METHODS

A total of 72 SBPs, 41 from free-ranging the extensive system and 31 from the indoor-housing
system aged between 1-3 years were randomly sampled and examined for a parasite presence after
slaughter. The digestive tract was isolated and inspected for parasites by the Total Worm Count
technique (Maff, 1986). Lungs, liver and spleen were isolated and checked for a parasite presence by
palpation and visual examination whereas portions of the heart and diaphragm were digested using a
peptic chloride solution and then observed under the microscope for the presence of protozoa cysts
(Jacobs, 1960). The parasites found were identified using usual taxonomic keys (Soulsby, 1986;
Anderson, 2000) and a descriptive statistic was calculated for each parasite species found (Margolis
et al., 1982). The difference in frequencies of parasitosis, according to the type of breeding system,
was analyzed using the chi-square test (Hawkins, 2005).

RESULTS

In table 1, parasitic species/diseases found and their epidemiological indices ranked by the
anatomical area and the type of breeding system are reported. Eleven parasitic species were
identified in all; parasitic fauna richness and the epidemiological indices were significantly higher in
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SBPs raised in the extensive system than in those from the indoor-housing system. Among the
helminths of the digestive tract a higher prevalence was recorded for Ascarops strongylina (76%),
Globocephalus urosubulatus (76%) and Oesophagostomum dentatum (90%) isolated from the
stomach, small and large intestines, respectively. Infestations sustained by Ascaris suum, G.
urosubulatus, Macracanthorhynchus hirudinaceus and Phisocephalus sexalatus were observed only
in the SBP bred in the extensive system. The infection by Trichuris suis was present only in the SBPs
sampled from the indoor-housing breeding. Metastrongylus elongatus and M. pudendotectus were the
species found in the lung area; nevertheless, the former species was absent in pigs from the indoor-
housing system. Liver cystic echinococcosis was observed in 49% of the SBPs from the extensive
system. A presence of muscular cysts of Sarcocystis spp. was recorded in 85.4% and in 13% of the
SBPs raised in extensive and indoor-housing systems, respectively.

DISCUSSION

All the parasitic diseases reported in this review are typical of swine. Some of these such as
infestation sustained by A. suum, A. strongylina, O. dentatum, M. hirudinaceus and Metastrongylus
spp. have important negative effects on animal health as well as on animal productions. Others such
as cystic echinoccocosis and sarcocystosis have also important Public Health relevancies. Moreover,
the sharp differences in the parasitic fauna richness and the frequencies of infestation found between
the two breeding systems analyzed highlight the sanitary weakness of the extensive rearing system.
These findings suggest that even if animal-friendly production systems like extensive or plein-air fit
the regulations well for animal welfare and organic production, it is necessary to improve the sanitary
and hygienic levels of these breeding systems to reach higher standards for animal health as well as
for the quality of products.
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Table 1. Comparison of parasitic species/diseases and epidemiological indices between SBPs raised
in the extensive and indoor-housing systems.

Extensive (n = 41) Indoor housing (n =

31)
Area Parasite species / Disease P (%) Im Am P(%) Im Am
stomach Ascarops strongylina 76* 45 34 32 20 06
_stomgch/small Phisocephalus sexalatus 5 2 0.02 - - -
intestine
small intestine Globocephalus urosubulatus 76 80.5 61 - - -
Macrgcanthorhynchus 32 5 06 ) ) )
hirudinaceus
Ascaris suum 46.3 5 23 - - -
large intestine Oesophagostomum 90* 1295 117 32 66 2
dentatum
Trichuris suis - - - 10 43 04
lungs Metastrongylus elongatus 484 224 9 - - -
Metastrongylus 292+ 25 8 64* 75 05
pudendotectus
liver / lungs / spleen Hydatidosis 49 - - - - -
heart / diaphragm Sarcocystis spp. 85.4* - - 13* - -

Table legend: P (%) = prevalence; Im = means intensity of parasites in infected animals; Am = means
intensity of parasites in sampled animals.
* frequencies analyzed by the chi-square test are significantly different (p < 0.01)
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SUMMARY - Study aim was to investigate the prevalence of ectoparasitoses in pigs slaughtered in
Sicily, by different diagnostic tools. Samples were collected from 500 pigs randomly chosen at the
time of slaughtering. The presence of specific serum antibodies against S. scabiei was detected in
326 (65.2%) pigs by the ELISA test. However, S. scabiei was found only in 11 samples (2%) and
Haematopinus suis in 55 (11%) by the ear scraping. Dermatitis Score evaluation produced a mean
value of 0.25.

Key words: Sarcoptes scabiei var. suis, Haematopinus suis, pig, ELISA, dermatitis score, diagnosis,
Sicily.

INTRODUCTION

Louse infestation by Haematopinus suis (Fig.1) and mange by Sarcoptes scabiei var. suis (Fig.2)
are the main ectoparasitic diseases of swine. H. suis infestation is cause of nuisance and skin lesions
due to the intense pruritus; S. scabiei var. suis infection is cause of chronic allergic dermatitis in both
breeding and fattening pigs. Both parasitoses are causes of important economic loss in pig industry. A
recent review on the current status of livestock ectoparasitoses in Europe reported that sarcoptic
mange is still common in pig breeding and fattening farms with prevalences ranging from 8.3% to
55.8% (Colebrook and Wall, 2004). In ltaly, sarcoptic mange was present from 5.7% to 62% of the
inspected pigs (Griglio et al., 1996; Martelli et al., 1998; Galuppi et al., 2006). On the other hand, few
are the reports on H. suis infestation in European pig industries. Damriyasa et al. (2004) in Germany,
reported the presence of H. suis in 68 (2.5%) of the 2754 examined sows. In Italy, the only data to our
knowledge are brought back from Poglayen et al. (2001) that reported a prevalence of 7% for H. suis
in the Sicilian Black Pigs bred in a free ranging style.

The aim of this paper was to run a descriptive study on the prevalence of the ectoparasites in pigs
slaughtered in Sicily by direct (i.e. ear scraping) and indirect (i.e. Dermatitis Score (DS) and ELISA)
diagnostic methods.

MATERIAL AND METHODS

The survey was performed on 500 light-weight pigs slaughtered in Sicily (266 in Messina, 126 in
Catania and 108 in Enna provinces). Pigs were chosen by a systematic way of sampling performed
from November 2006 to December 2007 in different slaughterhouses and in different days of the
week. From each carcass sampled one ear and external auditory canal were removed. The ears were
inspected for H. suis presence and then the skin inside of the ears was carefully scraped and checked
by microscope for mites presence after digestion in KOH 20% solution. Digested material was also
processed by flotation technique in solution of 1300 s.g. and observed at microscope for mites
identification. The presence of skin lesions (erythematous papular dermatitis) was evaluated in each
carcass sampled for DS in scale ranging from 0 to 3 according to the severity of the lesions as
reproduced in Fig.3. Blood was also collected at the time of slaughtering and the sera tested for the
presence of specific serum antibodies against S. scabiei var. suis (IgG) by ELISA test (Smets et al.,
1998). Results of the ELISA test were evaluated by Multiscan RC Labsystem photometer and
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expressed as Correct Optical Density (COD) using the formula proposed by Lowenstein et al., 2004.
COD = 0.4 will be considerated indicative of the presence of specific antibodies against S. scabiej var.
Suis .

Statistical analysis were performed by chi-square test for the differences in frequencies, Student’s
t test for the differences in data series, whereas, correlation between DS and COD values was
analyzed by Pearson correlation test.

RESULTS

In table 1 are summarized results of tests ranked by provinces of sampling. By the ear scraping
method H. suis was isolated in 55 ears (11%), S. scabiei was observed in 11 samples (2%) whereas
mites of Demodex sp. were present only in one sample. Mixed infections sustained by mites and
louses were never observed. The flotation technique showed the higher sensibility than digestion
procedure. By the ELISA test specific antibodies against S. scabiei were detected in 326 samples
(65.2%) with COD values equal or higher than 0.4. Erythematous papular dermatitis was observed in
few carcasses and the overall DS was 0.25. S. scabiei ear scraping positive samples showed
significant higher values of DS (p = 0.04) and of COD (p < 0.001). DS and COD values were not
correlated (r = 0.06).

DISCUSSION

Our results confirm that ectoparasites are still a health problem in pig industry. The ELISA test
results suggest a wide circulation of sarcoptic mange in pigs slaughtered in Sicily. However, it is
important to note that more than 60% of these pigs came from other European countries, so our
results reflect a problem not only restricted to the Italian pig industry. A sharp difference was observed
between the results of the ear scraping and the ELISA test. This difference could be due to treatments
before slaughtering that remove mites but leave an active residual immunity up to 6-12 months that is
still valuable by the serological tests. However DS values were significant higher in S. scabiei positive
samples, these were ever below scores indicatives of erythematous papular dermatitis. Moreover, in
our survey the DS values were unrelated to the COD values. Thus, DS seems to be a weak method
for sarcoptic mange diagnosis while ELISA should be preferred as screening test in epidemiological
surveys.
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Table 1. Number of samples and results of ear scraping, Average Dermatitis Scores (ADS) and
Correct Optical Density (COD) divided by province of sampling

ES ADS COD
Province N + S. scabiei  + H. Suis Samples + S. scabiei + H. suis Samoles + S. scabiei
(%) (%) P (+SD) (+ SD) P (£ SD)
Messina 266 4 (1.5) 29 (5.1) 0.2 0.6 (+0.3) 0.2 0.7 1.4 (£0.8)
Catania 126 4(3.2) 4(3.2) 0.2 0.4 (+0.3) 0.5 0.5 0.8 (+0.8)
Enna 108 3(2.8) 22 (20.4) 0.4 0.5(x0) 0.3 0.8 2(x0.8)
Total 500 11(2.2) 55 (11) 0.2 0.5*(% 0.2) 0.3*(0.3) 0.7 1.4%(+ 0.8)

* Mean value
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Figure. 2. Sarcoptes scabiei: ventral view.
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Figure. 3. Examples of Dermatitis Score. Modified from Genchi & Kramer (2000).
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EFFECTS OF FEEDING AND REARING SYSTEMS ON GROWTH, CARCASS
TRAITS AND MEAT QUALITY IN PIGS

Bénédicte Lebret

INRA, UMR 1079 SENAH (Livestock Production Systems, Animal and Human Nutrition),
35590 Saint-Gilles, France

SUMMARY - Animal growth performance and quality of pork depend on the interactive effects of
genotype, rearing conditions, pre-slaughter handling, and carcass and meat processing. This paper
focuses on the effects of feeding and rearing systems on growth performance, carcass composition,
and eating and technological qualities of pork. The feeding level and pattern (restriction /
realimentation) and the composition of the diet (protein level, protein to energy ratio, fatty acids
composition) can be used to manipulate growth rate and composition of weight gain at both carcass
and muscle levels, and thereby modify carcass and meat quality. The effects of indoor housing
conditions (floor type, space allowance, ambient temperature), alternative rearing with outdoor area,
or free-range (extensive) systems on animal performance, carcass and meat quality are presented,
with a special focus on the Mediterranean production systems, in which interactions between
genotype (local breeds) and extensive finishing conditions lead to high eating quality of pork and pork
products.

Key words : Pigs, Feeding, Rearing conditions, Performance, Meat Quality

INTRODUCTION

Growth performance of pigs, carcass composition and quality of pork and pork products depend
on multiple interactive effects of genotype (genetic background, presence of major genes hal and RN’
), rearing conditions (feeding level, housing and environmental conditions, production system), pre-
slaughter handling, and carcass and meat processing (reviews of Sellier, 1998; Monin, 2003;
Rosenvold and Andersen, 2003; Terlouw, 2005). This paper focuses on the influences of feeding and
rearing system on growth performance, carcass and muscle composition, and eating and
technological qualities of pork.

The effects of feeding level, composition (protein:energy ratio) and pattern (restriction-
realimentation) as tools to manipulate growth rate, composition of weight gain, intramuscular fat (IMF)
deposition which is often associated with improved meat sensory traits (DeVol et al., 1988; Fernandez
et al., 1999; Wood et al., 2004) and thereby improved pork quality, are described. Variations in
muscle lipid composition and nutritional value of meat through dietary supplementation (fatty acids,
antioxidants) are also presented.

Considering pig rearing systems, the specific effects of housing conditions (ambient temperature,
floor type, space allowance...), and outdoor and free range rearing systems on animal performance
and carcass and meat quality are described. Finally, a special focus is given on specific production
systems from the Mediterranean area, involving local breeds that are extensively pastured and
slaughtered at advanced age for the production of high-value dry-cured products.

Except for the last paragraph on traditional Mediterranean production systems, the results
presented in this paper concern “conventional” breed of pigs or crossbreeds, i.e. animals issued from
lines that have been genetically improved for growth rate and carcass leanness.

FEEDING

The feeding level (restriction), pattern (restriction-realimentation) and the protein:energy ratio of
the diet, together with the genetic growth potential of pigs, determine the growth rate and the
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composition of weight gain at both whole body and muscle levels. These factors are therefore used to
modify growth rate and/or carcass and muscle composition at slaughter.

Feed restriction

Restricted feeding (up to 35% compared to ad libitum feed intake) can be applied to reduce growth
rate and thereby increase age at slaughter at a given body weight (BW). A 25% restriction in feed
allowance during the growing-finishing period decreases growth rate by about 27% (Lebret et al.,
2001). Since body fat deposition rate highly increases with age, in contrast to protein deposition rate
which remains almost constant during the growing-finishing period (Reeds et al., 1993), feed
restriction affects more fat than lean tissue deposition when applied during the finishing period.
Therefore, restricted feeding leads to leaner carcasses compared with ad libitum feeding (Ellis et al.,
1996; Wood et al., 1996; Lebret et al., 2001). IMF deposition is also reduced by up to 25% in the m.
Longissimus of restricted compared with ad libitum fed pigs (Candek-Potokar et al., 1998; Lebret et
al., 2001). Consequently, eating quality can be adversely affected with lower tenderness and juiciness
(Ellis et al., 1996) even though some studies do not report any significant effect of feeding level on
loin sensory traits (Wood et al., 1996; Candek-Potokar et al., 1998). Muscle fibre type composition
and glycolytic potential as well as technological meat quality traits (pH1, pHu, drip loss, colour) remain
generally unaffected by feed restriction (Candek-Potokar et al., 1998, 1999; Lebret et al., 2001).

Compensatory growth response

Compensatory growth response is a physiological phenomenon of accelerated final growth rate

induced by a restricted food supply during the growing period, followed by ad libitum feeding
thereafter. The level of animal response to this feeding strategy depends on the onset, duration and
intensity of the feed restriction, and the onset and duration of realimentation (Campbell et al., 1983).
When restriction occurs during early growth (28-90 days), a full compensatory response can be
observed at slaughter at 140 d (Therkildsen et al., 2004). Besides, pigs exhibiting compensatory
growth might have increased muscle protein turn-over and improved meat tenderness, compared with
controls slaughtered at similar age and BW (Kristensen et al., 2004; Therkildsen et al., 2004).
At the whole body level, compensation in the rate - and often efficiency - of weight gain mainly results
from an increase in adipose tissue and internal organ growth, but not from a higher carcass lean
deposition, generally giving rise to similar carcass composition at slaughter in re-fed as in control pigs
(Bikker et al., 1996; Heyer and Lebret, 2007). In pigs, storage capacity for IMF (i.e. number of
adipocytes) increases with age, whereas IMF deposition increases with energy intake (Gondret and
Lebret, 2002). Therefore, we could hypothesize that increasing slaughter age and final energy intake
through a restriction — re-alimentation feeding strategy could enhance final muscle lipid accretion and
IMF content at slaughter. However, in a recent study, we could not demonstrate any positive effect of
refeeding from 70 up to 110 kg BW after restriction from 30 to 70 kg BW, on muscle lipid deposition
rate nor IMF content at final slaughter. Therefore, meat eating quality was not improved in
compensatory pigs compared with controls (Heyer and Lebret, 2007). It was concluded that elevated
IMF content and improved pork quality might be achieved by modifying the onset or duration of the
restriction and realimentation periods.

It is worthy noting that in the traditional Mediterranean production system, local pig breeds are
finished during autumn in forests of oaks or chestnuts. Due to their high consumption of acorns or
chestnuts, which are rich in starch, pigs exhibit a compensatory growth characterized by a very high
lipid accretion at both whole body and intramuscular levels (Lopez-Bote, 1998; Secondi et al., 2007).
In that case, the rearing conditions (advanced slaughter age, compensatory growth with acorns
feeding during finishing) allow pigs to express their high genetic potential for IMF deposition, with
subsequent positive consequences on the eating quality of pork and pork products.

Dietary protein level and protein:energy ratio

Diet composition, particularly the protein to energy ratio can be used to modify the composition of
growth and increase IMF deposition. Indeed, feeding pigs ad libitum with protein or lysine-deficient but
adequate energy diets during the growing or finishing phases has been shown to increase IMF
content and improve meat tenderness and juiciness. Growth rate is reduced as a consequence of
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limited protein or lysine intake. However, back fat thickness or percentage of dissectible fat is also
increased, even though the effect is much lower on carcass than muscle lipid deposition (Essén-
Gustavsson et al., 1994; Wood et al., 2004). For example, Castell et al. (1994) reported values of 15.3
versus 14.9 mm back fat thickness (P<0.10) and 3.4 versus 1.4 % IMF (P<0.001) for pigs fed ad
libitum a diet containing 13.3 or 17.6% crude protein, respectively.

By contrast, a progressive decrease in lysine to energy ratio combined with limited energy
allowance (80% of the ad libitum level) all over the growing-finishing phase leads to extended
growing-finishing period and older pigs at slaughter, in order to fulfil the requirements of the french
Label Rouge quality label (minimum 182 d at slaughter). This feeding strategy highly increases IMF
deposition but does not modify back fat thickness and carcass lean meat content, compared with
controls fed ad libitum (Fig. 1) (Lebret et al., 2001). On the contrary, a global feed restriction (75% of
ad libitum level) over the same period leads to similar overall growth rate, but leaner carcasses and
lower IMF content. Therefore, a progressive reduction in lysine:energy ratio together with limited
energy intake seems to be a more efficient strategy to modify rate and composition of growth at both
carcass and muscle levels for improved pork quality, rather than ad libitum distribution of a protein-
deficient diet or, worst, feed restriction alone. Unfortunately, despite its large influence on muscle
composition, we could not demonstrate any positive effect of our feeding strategy on pork eating
quality, suggesting that IMF would not markedly influence eating traits within the range of
concentrations observed in this study. Other muscle traits, such as myofiber type composition, as well
as technological meat quality are generally unaffected by the dietary protein or lysine:energy ratio
(Castell et al., 1994; Essén-Gustavsson et al., 1994; Lebret et al., 2001).

Age at slaughter, d LMC, % 25 IMF (LD), %
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Figure 1. Influence of feed restriction (R1) or progressive decrease in dietary lysine:energy ratio (R2)
compared to ad libitum feeding (AL) on age at slaughter, carcass lean meat content (LMC) and
intramuscular fat (IMF) level in the m. Longissiums of Duroc crossbreeds (***: P<0.001) (Modified
from Lebret et al., 2001)

Dietary fatty acids and antioxidants

Fatty acid composition of pork can be easily manipulated through the feeding regime, as a
consequence of the well known influence of the dietary fatty acids on fatty acid deposition in both
subcutaneous and intramuscular lipids in pigs (Mourot et al., 1991; Wood et al., 2003). There has
been an increased interest in recent years in manipulating lipid composition of pork to produce
healthier meat, i.e. with increased n-3 PUFA (polyunsaturated fatty acids) level and decreased n-6:n-3
PUFA ratio (Legrand and Mourot, 2002; Wood et al., 2003). Feeding sources rich in n-3 PUFA such
as rapeseed oil and especially crushed linseed lead to increased n-3 PUFA level in meat, particularly
for C18:3 and C20:5 (EPA), and C22:6 (DHA) to a lesser extent. The n-6:n-3 ratio is then reduced up
to the target level of 4, compared to 10 in controls (Wilfart et al., 2004). Even though these long chain
n-3 PUFA are heat-sensitive, these authors demonstrated that the n-3 PUFA level and the n-6:n-3
ratio were not modified in cooked meat (loin roast) compared with raw muscle.

Increasing the n-3 PUFA concentration in pork must be accompanied with increased antioxidant
concentration to prevent lipid oxidation and avoid unfavourable flavours in meat. Diet supplementation
with vitamin E has been shown to prevent PUFA oxidation (Monahan et al., 1990; Mourot et al., 1991)
and improve colour stability and water holding capacity during storage, through reduced cellular
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membrane damages (Monahan et al, 1992; Cheah et al, 1995). It is worthy noting that lipid
composition and antioxidant levels in adipose and muscular tissues of pigs can be highly modified
consequently to grazing during the rearing period (cf below).

REARING SYSTEM

Influences of pig rearing system on animal performance, carcass and meat traits result from the
interactive effects of (i) housing conditions : floor type, space allowance, ambient temperature,
outdoor access or free range rearing ... that influence physical activity and feed requirements, (ii)
feeding level and composition, and (iii) genotype, especially in specific production systems with local
pig breeds.

Indoor housing conditions: ambient temperature, floor type and space allowance

The ambient temperature influences the energy requirements and the growth performance of pigs,
the energy maintenance requirement increasing as temperature decreases. In pigs fed ad libitum to
compensate for their higher energy requirement, Lefaucheur et al. (1991) reported that rearing at a
low ambient temperature (12 vs 28°C) had no effect on carcass fat percentage, but strongly
influenced its distribution with increased external fat at the expense of internal adipose tissues. Pigs
raised at 12°C were also shorter and more ‘squat’, altogether indicating animal adaptation to the
environmental conditions. The low temperature influenced fatty acid composition through higher
monounsaturated and lower saturated and polyunsaturated FA proportions. Cold exposure enhanced
the glycolytic capacity of the Longissimus muscle and led to lower initial and ultimate post-mortem pH,
thus impairing technological meat quality, whereas IMF content was not affected (Lefaucheur et al.,
1991). By contrast, a smaller difference in ambient temperature (17°C vs 24°C) increased growth rate
due to higher voluntary feed intake, but did not affect backfat and muscle thickness, or technological
meat quality. Rearing at 17°C led to lighter and less homogeneous colour of dry-cured hams, but did
not affect texture or flavour (Lebret et al., 2002). On the opposite, warm exposure (31 vs 18.5°C)
reduced growth rate as a consequence of the reduced feed intake of pigs, and decreased the
monounsaturated FA level in back fat (Rinaldo and Le Dividich, 1991).

The floor type in pig buildings indeed modifies various other housing conditions, such as ambient
temperature, space allowance, and the level of physical activity for animals, that all affect growth
performance and carcass and meat traits. Compared to slatted floor (0.76 m?pig), pigs reared on
straw bedding (3.5 m?/pig) exhibited higher feed consumption, growth rate and carcass fatness
(Beattie et al., 2000; Gentry et al., 2002a), the higher voluntary feed intake being likely explained by
the lower ambient temperature and the easier access to the feeder provided in the “enriched” (straw-
bedding) system (Lebret et al., 2006a). The positive influence of enriched housing conditions on
increased investigative activity of pigs is now clearly established (Petersen et al., 1995; Beattie et al.,
2000) and may be interpreted as improved animal welfare. The possible effects of animal behavior
during the rearing period on their physiological responses to stress at transport and slaughter, and
consequently on pork quality, are of great interest (Terlouw, 2005). Several studies (Geverink et al.,
1999; de Jong et al., 2000; Klont et al., 2001) aimed to evaluate the effect of the enrichment of indoor
environment (extra space and straw versus conventional) on pig behavior and physiology during
preslaughter handling and subsequent meat quality. Although housing conditions have been shown to
affect animal activity during transport and salivary cortisol levels both at the home pen and during
transport, the differences were generally no longer significant at the end of the lairage period. This led
to only small (Klont et al., 2001) or non significant (Geverink et al., 1999) effects on biochemical or
technological meat quality traits.

Maw et al. (2001) assessed meat produced from different farms in Scotland, taken into account
the effects of genotype and husbandry conditions (floor type, space allowance, air quality...). They
demonstrated that bacon from pigs reared on straw bedding had higher greasiness and eating quality
(flavor) scores to that from pigs reared on slatted or concrete floor without bedding. A possible
explanation for the improved pork flavor could be a higher IMF content that would parallel the usually
higher carcass fatness of pigs reared on straw bedding (Beattie et al., 2000; Gentry et al., 2002a),
because of the positive genetic correlation between these two traits (Sellier, 1998).
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Alternative housing system with outdoor access

Alternative pig rearing system with indoor space and free outdoor access constitutes an interesting
intermediate situation between indoor-enriched and free range systems, as it positively influences the
perception of pork by the consumers (Rainelli, 2001; Dransfield et al., 2005) but with reduced
drawbacks on labour conditions for the producer and production (feeding) costs, compared with free-
range rearing. Moreover, it corresponds to regulations for improved quality pork, i.e. the ‘Scharrel’
pigs in the Netherlands and the Label Rouge Fermier in France, and to the European standards for
housing of organic pigs.

An experimental evaluation of two production systems for growing-finishing pigs (synthetic line x
(Large White x Landrace) crossbreeds, all free of the halothane-sensitive (n) and RN alleles) was
conducted to evaluate animal welfare and health, growth performance, carcass and meat quality, and
environmental impact (Lebret et al., 2004, 2006a). Sawdust-shave bedding (1.3 m?/pig) with free
access to a sheltered outdoor area on concrete floor (1.1 m?pig) (O) was compared with a
conventional system (totally slatted floor, 0.65 m?/pig, controlled ambient temperature at 22°C)
considered as control (C). Concerning animal behaviour, pigs reared in the O system spent less time
resting (58 versus 73%, P<0.001) and more time in investigative behaviour (30 versus 19%, P<0.001)
particularly towards the bedding, compared with the C pigs, in agreement with Lyons et al. (1995) and
Beattie et al. (2000). Sensitivity to respiratory tract pathologies as well as plasma haptoglobine level,
an indicator of the inflammatory response, were lower for the O than the C pigs. Altogether, this
suggests that the O system would improve animal welfare.

A comparison of air quality between the bedding (O system) and conventional rooms showed
similar levels of dusts and ammonia, but a high decrease in the level of offensive odours determined
by olfactometry in the indoor area of the O compared with the C system, that might lead to a better
acceptability of this production system by citizens (Lebret et al., 2004). Pigs reared in the O system
exhibited higher growth rate due to their higher feed intake, higher back fat depth and lower lean meat
content (Table 1). The O system did not influence the behavioural activities of pigs during lairage at
the slaughterhouse, or plasma ACTH, cortisol and creatine kinase immediately after slaughter. This
indicates that the rearing system (i.e., the prior experience of pigs) did not influence their behavioural
or physiological response to pre- and slaughtering procedures, and the pattern of muscle peri- and
post-mortem metabolism (Table 1) (Lebret et al, 2004, 2006a). However, in a more stressful
environment, the animal response to preslaughter handling could have differed according to their
rearing conditions (Terlouw, 2005).

In the Longissimus, ultimate pH was not affected, but the O pigs had higher drip loss and higher
IMF content. By contrast, a higher glycolytic potential and a lower ultimate pH were observed in the
Semimembranosus and Biceps femoris muscles of O compared with C pigs (Table 1). Therefore, the
influence of pig rearing system on muscle glycogen store or use and consequently ultimate pH is
muscle-dependent, the ham muscles being more affected than the loin, confirming the results of
Gentry et al. (2002a) and Bee et al. (2004). The higher glycogen level in the ham muscles of the O
pigs might have resulted from their higher spontaneous physical activity, which was shown to
enhance muscle oxidative capacity and thereby spare intramuscular glycogen (Petersen et al., 1998).

Concerning eating quality, the O system increased meat juiciness (average score of 3.7 versus
3.4, for O and C meat, respectively, P<0.05), which may have resulted from its higher lipid content,
whereas odour, flavour and tenderness remained unaffected (Lebret et al., 2006a). Pig production
system did not influence the overall appreciation of meat by consumers when no information on the
pig production system was provided. But, awareness of the production system strongly influenced the
perception of pork with 59% of the French consumers under study choosing the meat labeled
‘outdoor’ and 8% the meat labeled ‘indoor’ (34% inconsistent choices) (Dransfield et al., 2005). These
results highlight the differences between the “perceived” and “actual” quality of pork products issued
from outdoor systems and conventional genotypes, as previously discussed by Edwards (2005).
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Table 1. Effects of rearing conditions on performance, indicators of physiological response of pigs to
preslaughter handling, carcass composition and muscle traits. (Reproduced with permission from B.
Lebret, “Comparaison expérimentale de deux conduites d’élevage de porcs en croissance”, Journées
de la Recherche Porcine, 36, 53-62, published by Institut Technique du Porc, Paris, France, 2004)

Rearing system

Conventional Outdoors Sign.®

Average daily gain, g/d 960 1045 el
Feed consumption, kg/d 2.71 2.94 **
Feed conversion ratio, kg/kg 2.83 2.82 ns
Slaughter weight (155 d), kg 109.6 116.6 i
Average backfat thickness, mm 18.5 20.9 **
Lean meat content, % 61.2 59.2 el
Plasma cortisol, ng/ml 42.2 49.9 ns
m. Longissimus

pH 30 min 6.42 6.37 ns

pH 24 h 5.49 5.50 ns

Drip loss, 4 d post mortem 4.6 5.7 >

IMF, % 1.44 1.68 **
m. Semimembranosus

pH 24 h 5.57 5.50 i

2 #x: P<0.001; **: P<0.01; ns: P>0.05. ° Winter replicate

Free range rearing

Several studies have been conducted to evaluate the effects free range rearing of “modern” pig
genotypes on performance and meat quality. In these systems, pigs are submitted to various and
changing climatic conditions; they are offered great space and environmental diversity, allowing
physical activity and expression of investigative behaviour, and potential to forage for a range of
different foodstuffs complementarily to the ‘conventional’ food provided. All these factors interact to
determine the animal response in terms of growth and meat quality. Pigs raised outdoors are
generally kept in large groups, thus avoiding or limiting the mixing of pigs from different pens during
transport or lairage at the slaughterhouse, and its consequences on animal behaviour and meat
quality. However, the occurrence of mixing during preslaughter handling depends on the group size
and the management practices, and can vary between the systems — and the experiments —
considered. It is therefore an important point to be considered when evaluating the influence of
rearing system on pork quality, especially since the stress reactions of pigs to slaughter procedure
can depend on their prior experience (Terlouw, 2005).

Many studies show that outdoor rearing in mild climate has only slight or even no significant
effects on growth rate and carcass composition (Gentry et al., 2002a,b), but reduced growth rate and
back fat thickness have been observed for pigs reared outdoors in cold climates, particularly when
average ambient temperature is below the thermoneutral zone (Enfalt et al., 1997; Sather et al., 1997;
Bee et al.,, 2004). As for carcass traits, influence of extensive outdoor rearing on muscle composition,
particularly lipid content varies with the actual rearing conditions of pigs (climate, feeding level). Both
decreased (Enfalt et al.,, 1997; Sather et al., 1997; Bee et al., 2004) or similar (Nilzen et al., 2001;
Gentry et al., 2002b) muscle lipid contents have thus been reported for outdoor compared with
conventional reared pigs. However, it must be mentioned that grazing or the consumption of different
feedstuffs by pigs reared outdoors strongly influences the fatty acid composition of animal tissues. For
instance, the level of linolenic (18:3) and other n-3 PUFA is highly increased, and the n-6:n-3 ratio is
decreased in meat from pigs reared on pasture compared with controls, as a consequence of the very
high amount of C18:3 in the grass (Nilzen et al., 2001; Bee et al., 2004; Lebret and Guillard, 2005).
The higher n-3 PUFA is accompanied by increased vitamin E deposition in both external fat and
intramuscular lipids (Nilzen et al., 2001), thus preventing further excessive lipid oxidation during meat
storage (Andres et al., 2001). Therefore, outdoor rearing beneficially modifies the nutritional quality of
meat. In a similar manner, the consumption of grass or acorns during finishing of pigs in the traditional
Mediterranean pig production systems highly influences the fatty acid profile of tissues and the
subsequent quality of pork products (cf below) (Lopez-Bote, 1998).
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Concerning the technological qualities of meat, Gentry et al. (2002b) and Bee et al. (2004)
reported no differences in the rate and extent of post-mortem pH drop in the Longissimus of outdoor
compared with indoor pigs, whereas Enfalt et al. (1997) observed reduced ultimate pH and water
holding capacity in the loin of outdoor reared pigs. Again, the consequences of outdoor rearing on
muscle technological traits are likely muscle-dependent, with greater negative effects in ham than loin
muscles (Gandemer et al., 1990; Bee et al., 2004). An important and often debated question is
weather pigs reared in different environments cope differently with pre-slaughter stress, thereby
leading to differences in meat quality. Terlouw et al. (2004) evaluated the behavioural and
physiological responses of pigs to preslaughter mixing, depending on their rearing conditions (oudoor
versus conventional). They showed that, when mixed, outdoor pigs exhibited lower fighting levels than
indoor pigs, resulting in lower skin damage, higher pre and post-slaughter muscle glycogen level, and
lower pH for the formers. Barton-Gade (2004) also reported less aggressive events and serum
creatine kinase activity for outdoor than indoor reared pigs after mixing at loading, suggesting that
mixing is more stressful for conventional than outdoor reared animals. Consequences on meat quality
indicators remained low in the study of Barton-Gade (2004), but can be of greater extent when
preslaughter handling conditions (high level of mixing of pigs from different farm pens) promote
aggressive behaviour and physical activity (fights) during lairage in conventional reared pigs
compared with a group of outdoor-non mixed pigs, a situation that can often be encountered in
practical conditions (Lebret et al, 2006b). Eating quality of loin meat issued from conventional
genotypes reared outdoors in mild climate conditions and controlled (low stress) pre-slaughter
handling is only slightly (improved tenderness, Gentry et al. (2002b) or even not modified (Gandemer
et al., 1990). In contrast, Enfalt et al. (1997) reported decreased tenderness and juiciness of loin from
outdoor reared animals, which could be explained by their lower lipid content and ultimate pH value.

Traditional Mediterranean production systems: Genotype X rearing system interactions

The traditional Mediterranean sylvopastoral system is based on local breeds that are extensively
pastured in natural forests for the production of high value dry-cured products, in particular hams.
These breeds exhibit slow growth rate, great fatness and mediocre conformation, and a greater
predisposition to deposit oleic acid than conventional breeds (Edwards and Casabianca, 1997). In
addition, in the ‘traditional’ systems, the finishing takes place during autumn in forests of oaks or
chestnuts (‘la dehesa’). The animals convert large quantities of acorns or chestnuts, which are rich in
starch, into fat deposits at both whole body and intramuscular levels, resulting in very high eating
quality (juiciness, flavour) of dry-cured products: ‘montanera’ finishing for Iberian pigs or ‘montanheira’
for the Portuguese Alentejano breed, and similar traditional finishing systems for Corsican, Basque or
Gascon pigs in France; Cinta Senese and Nero Siciliano in Italy. Besides advantages of this
extensive late fattening phase when considering the pork chain, in particular the quality of products,
this traditional production system is also of major significance for the management of the forest
heritage and the conservation of landscape: the ‘dehesa’ is a man-made ecosystem which becomes
rapidly unproductive when abandoned. Therefore, in these traditional Mediterranean production
systems, the pig production is deeply bound to the ecosystem and significantly collaborates in its
preservation (Lopez-Bote, 1998; Edwards, 2005).

The use of local breeds together with the utilisation of the natural environment for the production
of specific and high quality pork products is explicitly recognized through the “Protected Designation
of Origin” (PDO) European label, even though all PDO terms and conditions for pork products do not
necessarily involve local breeds. For example in Spain, 4 PDO labels (“Dehesa de Extremadura”,
“Guijuelo”, “Huelva”, “Pedroches”) are based on pure Iberian pigs or their crossbreeds (see below).
Other European pork PDO labels are based on pure local breeds: the Alantejano in Portugal
(“Presunto de Barrancos”) and projects that are underway in Italy with the Nero Siciliano and Cinta
Senese, and in France with the Corsica, Basque and Gascon breeds. By contrast, white pigs are
used for the production of PDO “Jamon de Teruel” in Spain, and many Italian PDO labels (“Prosciutto

di San Daniele”, “Prosciutto di Parma”) are based on the tradition of heavy pigs from conventional
genotypes raised in indoor systems.

The pig production systems for the production of dry-cured Iberian hams, which are indeed not
unique but where different genotypes and rearing conditions can be encountered, are interesting
examples of the positive consequences of genetic x environment interactions on pork quality. All
these combinations are included in the PDO regulation (“Norma de Calidad”). Concerning genotype,
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pigs are issued from pure Iberian sows (including the various existing red and black lines) and pure
Iberian, Duroc, Duroc-Jersey or their crossbreeds, as sire. Therefore, the “Iberian ham” denomination
includes hams from purebred Iberian up to 50% Iberian-50% Duroc pigs. These crosses have been
carried out (mainly with Duroc-Jersey) to increase prolificity and improve growth rate, feed efficiency
and lean content, without serious damage to the quality characteristics of the meat products
according to Lopez-Bote (1998), even though a recent study showed that differences in ham eating
properties are noticeable by consumers (Ventanas et al., 2007). Besides genotype, different feeding
systems during finishing can be encountered (Lopez-Bote, 1998; Daza and Lopez-Bote, 2007):

- “Cerdo de bellota”: the late fattening phase (90-120 up to 140-160 kg) takes place on oak
woodland pasture (‘montanera’) in specified regions for 2 to 3 months between November to January,
which corresponds to the maturation period of acorns. During this phase, pigs must gain a minimum
of 46 kg BW, and they are fed only the natural resources present on the land, i.e. mostly acorns (7 to
10 kg/d) and variable quantity of grass. The average growth rate of pigs is generally comprised
between 750 and 1000 g/d during the montanera finishing period, which can therefore be considered
as compensatory growth. The very high contents of starch (50% of dry matter (DM)) and fat (6-9% of
DM) of the acorns lead to a very high accumulation of body lipids during this period, whereas the
grass supply is an important source of protein (14-17% of DM) and compensates for the low protein
concentration of acorns (4-6% of the DM). Moreover, the high linoleic (C18:1 n-9) acid (more than
60% of the FA) and the limited concentrations of linolenic and saturated FA of acorns, together with
the high concentration of n-3 FA of the grass, modifies the lipid profile of Iberian pigs towards
increased proportions of C18:1n-9 and C18:3, C22:5 and C22:6 n-3, and decreased levels of C16:0,
C18:0 and C18:2 n-6 (Rey et al., 2006). As mentioned above, grass is also an important source of a-
tocopherol which prevents subsequent lipid oxidation during storage, together with other
micronutrients present in the feeds ingested by the Iberian pigs (Rey et al., 1997; Andres et al., 2001).

- “Cerdo de recebo” (mixed system): pigs start the finishing period in the ‘montanera’ system
where they gain at least 29 kg, and afterwards receive supplementary feed mainly based on cereals
and leguminous plants. This production system is encountered in case of insufficient production
capacity or too high stocking charge of the woodland.

- “Cerdo de pienso”: pigs are finished indoors or outdoors in free range systems and receive
formulated feeds based on cereals and leguminous plants. This system gives the ability to produce
Iberian pigs throughout the year, and has therefore led to the expansion of the Iberian pork industry.
The classification between ‘montanera’ or ‘recebo’ depends on the fatty acid composition of the
subcutaneous adipose tissue, the thresholds being determined every year by the Ministry of
Agriculture and the Interprofessional Association for Iberian pig production. For example, in 2003-
2004, pigs were considered as ‘bellota’ for maximum levels of 21% C16:0, 9.8% C18:0, 9.5% C18:2,
and a minimum level of 54% C18:1 (Daza and Lopez-Bote, 2007).

As for the pig production system, the process of Iberian dry-cured hams is also well adapted to
the natural environmental conditions of the mountainous regions in the South west of Spain, with very
long process duration in comparison to other meat products of the Mediterranean area (18-24 months
of processing for hams). This of course participates in the specific characteristics of the Iberian pork
products that have been recognized and are valued through the PDO label.

Within genotypes, studies have been carried out to describe variations in fat and muscle tissues
characteristics and eating traits during the finishing regime: for example, Cava et al. (2000) and Rey
et al. (2006) for Iberian pigs, Gueblez et al. (2002) for Basque and Gascon pigs, Pugliese et al.
(2004a) for Nero Siciliano and Pugliese et al. (2004b) for Cinta senese pigs. As for the ‘bellota’ Iberian
system, Secondi et al. (1992) showed that finishing of Corsican pigs on chestnut plantation leads to a
compensatory growth response with very high fat deposition. They indeed demonstrated that the
succession of a moderate followed by a fast growing period in extensive finishing conditions would be
necessary to express the high potential for muscle lipid accretion of the Corsican pigs (Secondi et al.,
2007). During extensive finishing with chestnuts feeding, intramuscular fat content is increased from
1.9 up to 5.8% in the Longissimus, mainly due to accumulation of triglycerides (storage lipids). This is
accompanied by an increase in the proportion of MUFA in muscle triglycerides from 42.6% up to 55%
of the FA, and a decrease of PUFA from 16.6 up to 5.3% (Secondi et al., 1992). The type of finishing
system strongly influences the quality of pork products, as shown by Cava et al. (2000) when
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comparing the sensory characteristics of dry-cured hams from Iberian pigs reared either in a free
range based on acorns an pasture, or in confinement on a concentrate feed (Fig. 2).

*kk

*k%k *kk

Marbling Firmness Juiciness Aroma Acorn-ham Flavour Rancid
aroma

0O Confined, conventional diet &3 Montanera (free range, acorns)

Figure 2. Influence of rearing system on the sensory traits of Iberian hams (**: P<0.01; ***: P<0.001)
(modified from Cava et al., 2000)

Influence of the rearing system (and crossbreeding for Iberian ham production) is also noticeable
by consumers: Ventanas et al. (2007) reported that dry-cured loin from pure Iberian pig finished
outdoors on acorns and grass was preferred to those from animals reared indoors on concentrates,
even though the mixed diet was enriched with MUFA and antioxidants, or to meat from Iberian X
Duroc crossbreds, despite similar IMF contents. Altogether, these results demonstrate the occurrence
of genotype x environment interactions on animal growth pattern, carcass and muscle properties, and
their positive consequences for the sensory quality and the acceptability of pork products.

CONCLUSIONS

This article shows that both feeding and rearing system influence growth performance and carcass
composition in pigs, through the relative growth deposition of fat and muscular tissues. Muscle
composition can also be affected, in particular lipid content, thereby influencing pork eating quality.
Other muscle components can of course impact pork eating quality, especially glycogen stores at
slaughter and post-mortem muscle metabolism, that largely depend on pre-slaughter handling
procedure, but also on the rearing conditions of animals (space allowance, ambient temperature,
physical activity...). Therefore, meat quality can be manipulated through feeding and rearing systems,
but studies generally show limited effects on sensory quality when using conventional (“improved”) pig
genotypes. However, pigs from local breeds reared in extensive finishing conditions lead to high
quality pork products, thereby demonstrating the positive genotype x environment interactions. These
local breeds of pigs show a high potential for intramuscular fat deposition that can be expressed by
their specific rearing conditions, but they exhibit very likely other differences in composition and
ultrastructure of muscle that could impact pork quality, and are therefore interesting models for the
studies on the relationships between muscle properties and subsequent pork quality. A better
understanding of the relationships between muscle phenotypical traits at a “deep” level (muscle
composition, metabolism, fibre typing, transcriptomics and proteomics approaches to characterize the
expression of genes and proteins,...) and their relationships with eating quality traits should be
achieved through the current European Q-Porkchain project, allowing further improvement of the
quality or pork meat through rearing / genetic factors.
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SUMMARY - There’s a growing interest for free-range rearing as it offers a niche market for
consumers sensitive to animal welfare. Ten pigs (Large White/Landrace and Pietrain crosses, 5 gilts
and 5 barrows) at age of 84 days, weighing 30.0 + 0.9 kg were placed to outdoor rearing from May to
November 2006. They were provided app. 4000 m? of pasture and a barn (2 m x 5 m). In addition to
pasture grazing pigs received commercial feed mixture and pumpkins. Pigs were slaughtered at 280
days and 133.3 kg (growth rate of 550 g/day). The following day carcass and meat quality parameters
were measured and samples of LD muscle and backfat taken for chemical and fatty acids analysis.
High carcass lean meat percentage (61.5 %), low LD intramuscular fat (1.0 g/100g) and high iron
content (633 pg/100g) were determined. LD muscle was noted rather pale (2.5 on a Japanese scale
1-6) in accordance with Minolta L* (57.3), a*(8.4), b*(5.0) values. High drip losses were observed after
24 and 48 hours (8.6 and 10.6 %, respectively). In comparison to literature data for conventional
feeding higher contents of PUFA (26.1 g/100g total fatty acids), lower n-6/n-3 PUFA ratio (7.0) and
higher P:S ratio (0.72) were observed. In our case free-range rearing with restricted feeding indicates
inferior pork technological quality and improved fatty acid composition.

Key words: Pigs, free range rearing, meat quality, fatty acids.

INTRODUCTION

Free-range rearing represents an alternative way to the conventional and/or intensive fattening of
slaughter animals. It offers a new niche market, since a modern generation of consumers chooses
meat products not only according to price and eating quality, but considers also the ethical quality of
meat, such as animal welfare issues and environmental impact of the production system (Garnier et
al., 2003). It is also believed that this type of rearing improves the value of pork considering both
sensory and nutritional (health) value. Therefore it became important to investigate the influence of
alternative rearing systems on pig production and quality of pork (Nilzen et al., 2001). In view of the
balanced diet the quality of meat lipids is of primary importance. The majority of lipid fatty acids of pig
meat is monounsaturated (MUFA, mostly C18:1) and saturated fatty acids (SFA, mostly C16:0 and
C18:0), but also polyunsaturated fatty acids (PUFA) (C18:2, C18:3) are notable (Zlender and
Gasperlin, 2005). Increased dietary intake of PUFA, n-6 and, especially, n-3 fatty acids is beneficial to
human health, as it reduces plasma cholesterol levels and thereby lowers the risk of cardiovascular
disease (Van Oeckel et al., 1997). Nutritional quality of lipids indicates relation between PUFA and
SFA (P/S index with recommended value above 0.4) and n-6/n-3 PUFA ratio, recommended values
are below 4 (Wood et al., 2003). As monogastric animals, pigs have adipose tissues with fatty acid
composition that closely resembles that of the dietary fatty acids intake. Many previous investigations
indicate that free-range rearing with access to green feed alter the fatty acid composition by
increasing the ratio of unsaturated fat, being therefore more beneficial in human nutrition (Dufey,
1995, Jakobsen, 1995, Johansson et al., 1996, Nilzen et al., 2001). Because of lower melting points,
increased proportion of unsaturated fatty acids may also exert negative impacts such as excessive
softness and oiliness of subcutaneous fat/carcasses, which can cause problems for the meat
processor and retailer (Wood et al, 2003, Smith et al., 2004). In addition, an increased amount of
PUFA in muscle makes the tissue more susceptible for lipid oxidation and may lead to the occurrence
of colour changes and rancidity (Chan, 2004). Some literature data mention the negative impact of
outdoor rearing on meat technological quality, especially water holding capacity, ultimate pH and
colour (Enfélt et al., 1997, Nilzen et al., 2001, Edwards, 2005), whereas in some other studies (Warris
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et al., 1983, van der Wal et al., 1993, Gentry et al., 2004), no such effects were observed. According
to Oksbjerg et al. (2005) who compared different out/indoor rearing and ad libidum/restrictive feeding
regimes, the pigs with restricted feeding regime showed inferior meat quality, but no difference in
meat quality between out- and indoor rearing was noted. Traditional extensive breeds are considered
more appropriate for outdoor rearing than high productive modern breeds, where higher stress level
induced by poor adaptation to climatic and nutritional factors can reduce the quality of meat (Edwards,
2005).

MATERIAL AND METHODS

The material of our study consists of ten pigs (Large White/LandracexPietrain crosses, 5 gilts and
5 barrows). All animals were free of mutation on RYR1 gene. At age of 84 days, and weight of 30.0 +
0.9 kg the pigs were placed to outdoor rearing from the middle of May to the end of November 2006.
They were provided 4000 m? of pasture and a straw bedded barn (2x5m?). In addition to pasture
grazing, the pigs received commercial feed mixture, which consisted of grower diet (0.7
kg/animal/day, 13.6 MJ/kg, 18.0 % crude protein) for the first 60 days, a finisher diet (1.8
kg/animal/day, 13.0 MJ/kg, 16.0 % crude protein) until slaughter and for the last 3 months 2 kg of
pumpkins (Cucurbita pepo) per animal per day were offered. Pigs were fed a restricted diet in order to
stimulate pasture grazing. The health and behaving of pigs was regularly inspected. Pigs were
slaughtered according to the commercial slaughter procedure at the age of 280 days. A week prior to
slaughter they attained average weight of 133.3 kg (growth rate app. 550 g/day). After the slaughter
warm carcasses were weighed (dressing percentage was calculated as a ratio of warm carcass
weight and live weight) and chilled at 4°C. The following day backfat and Longissimus dorsi (LD)
muscle thickness was measured using HGP4 Hennessy grading probe (Hennessy Grading Systems
Ltd., Auckland, New Zealand) with puncture between the second and third last rib 7 cm laterally from
the carcass split line. The carcasses were cut transversally at the level of last rib and a digital image
of the cross-section was taken using a camera (Canon PowerShot G3, Canon Inc., Tokyo, Japan). LD
muscle area, corresponding fat area and belly leanness were determined on images using
LUCIA.NET 1.16.5 software (Laboratory Imaging s.r.o, Prague, Czech Republic). The hind leg was
cut off the carcass between 6" and 7" lumbar vertebra and shank removed. The weight of leg (ham)
was recorded before and after the removal of the skin and subcutaneous fat and ham leanness (%)
calculated as the ratio between muscle with bones and whole ham weight. Tarsal joints (Articulus
tarso-metatarsicus) were also inspected for possible lesions. A 2.5 cm thick slice of M. longissimus
dorsi and adjacent backfat at the level of last rib was taken for meat quality and meat and fatty acid
composition analysis. The measurements of color and pH were taken on the freshly cut surface of LD.
Color of LD was assessed using 6 point Japanese color scale (Nakai et al., 1975). Color parameter
measurements (CIE L*, a* and b*) were taken in triplicate using a Minolta Chroma Meter CR-300
(Minolta Co. Ltd, Osaka, Japan) with an 11 mm diameter aperture, Dgs illuminant, calibrated against a
white tile. Muscle pH was determined in two replicates in the central area of the LD using a MP120
Mettler Toledo pH meter (Mettler-Toledo, GmbH, 8603 Schwarzenbach, Switzerland) fitted with a
combined glass electrode (InLab427) and previously calibrated at pH 4.0 and 7.0. Drip loss
measurement was performed according to the method (EZ drip loss) published by Christensen
(2003). Drip loss was determined after 24 and 48 hours storage at 4°C and expressed as a
percentage of the initial weight. For fatty acid composition determination fatty acids methyl esters
(FAME-s) were prepared from the sample tissue using the method of Park and Goins (1994). For
separation of FAME an Agilent 6890 series GC instrument (Agilent Technologies, Inc., Santa Clara,
CA, USA) equipped with an Agilent 7683 Automatic Liquid Sampler, an Agilent 7683 split/splitless
injector, a flame-ionization detector (FID) and a capillary column Omegawax 320, 30 m x 0.32 mm i.d.
(Sigma Aldrich Biotechnology L.P., St. Louis, MO, USA) was used. Agilent GC ChemStation Plus
software was used for data acquisition and processing. Separated FAME-s were identified by
comparison with the retention times of pure standards and reported as percentages of total fatty
acids.

RESULTS AND DISCUSSION

Present study was preliminary with the aim to feed pigs restricted amount of concentrate in order
to stimulate intake from grazing. Considering their age (280 days), the animals exhibited low body
weight (low growth rate) due to low energy feeding regime, which is reflected in their body
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composition (Table 1). Pigs had large LD muscles (average thickness was 62.4 mm and cross-
sectional area 59.7 sz) and little backfat (13.6 mm at 2/3 last rib, backfat area at last rib 14.1 sz)
resulting in high carcass meat percentage (61.5 %). Hams weighed 13.6 kg and were also very lean
(87.3 %). Reduced levels of concentrate feeding in combination with roughage intake explains low
daily gain in growing pigs, which according to Edwards (2005) results in increased lean meat content
and reduced intramuscular fat, but also the breed/crossing may have had an influence. Affentranger
et al. (1996) comparing growth and carcass characteristics of different pig crosses (Pietrain, Large
White and Duroc) under different feeding regimes, concluded that Pietrain crosses were the most
affected by the restricted feeding regime (mostly reduced daily gain, subcutaneous and intramuscular
fat and feed conversion ratio).

Table 1: Carcass and meat quality properties of pigs (n=10) on restricted feeding regime with pasture.

Carcass traits Mean = s.d. Meat quality traits  Mean £ s.d.
Live weight, kg 133.3+12.0 pH:4 5.53 £ 0.03
Carcass weight, kg 105.5+10.3 LD colour (1-6) 25104
Dressing, % 79.1+£1.4 Minolta L* 57.3+3.9
LD thickness®, mm 62.4+4.0 Minolta a* 8411
Backfat®, mm 13.6+3.7 Minolta b* 50+1.7
Lean meat, % 61.5+4.4 Drip loss 24h, % 86122
LD area®, cm? 59.7 +5.8 Drip loss 48h, % 10.0 + 2.1
LD fat area®, cm? 14.1+5.6

Ham, kg 13.6+1.1

Ham(meat+bones), kg 11.8+0.8

Ham leanness,% 87.3+3.2

“measured with HGP probe on the level of 2/3 last rib
*at the level of last rib

Technological characteristics of LD muscle of pigs in the present study demonstrate inferior
quality. The low ultimate pH value (5.53), low subjective colour score (2.5) and high Minolta L* (57.3)
all support this statement. The study of Oksbjerg et al. (2005) proved lower pigment content in the
meat of outdoor reared restrictively fed pigs, but they observe no significant differences in L* value
between the rearing systems. The drip loss in the present study was remarkably high (8.6 and 10.0 %
for drip loss after 24 and 48 hours, respectively). Similarly, Nilzen et al. (2001) indicated inferior water
holding capacity in connection with outdoor rearing (indoor vs. outdoor rearing resulted in 5.8 % vs.
7.0 % drip loss, respectively). Gandemer et al. (1990) who also reported a lower water holding
capacity in outdoor reared pigs suggested that lower water holding capacity could be the
consequence of greater pre-slaughter stress. In confirmation of these facts, the review of Edwards
(2005) mentions that a significant number of investigations report higher drip loss, suggesting greater
susceptibility of outdoor reared pigs to pre-slaughter stress. The reason for inferior meat quality may
in our case also lie in the unsuitable choice of crossing, since the animals for outdoor rearing must be
robust enough to withstand the rigours of climate and less nutritive diet. If nutritional and rearing
requirements for the specific breed are not met, both welfare and growth rate will suffer, and these, in
turn, can impact adversely on meat quality. Traditional breeds or more robust breeds or crosses (e.g.
Duroc) are recommended while the Pietrain breed is less appropriate (Edwards, 2005).

The results of chemical analyses of LD muscle (Table 2) showed low intramuscular fat content (1.0
%) in accordance with the high carcass leanness (61.5 %). Compared to the data from Slovenian food
composition tables (Golob et al, 2006) for pig LD, pigs in the present study had LD muscle with higher
crude protein content (24.2 vs. 21.2 %). The results of other studies (Dworschak et al., 1995, Enfalt et
al, 1997) are also reporting higher crude protein content in pigs reared outdoors. On the contrary,
Nilzen et al. (2001) reported higher crude protein in indoor reared animals. Considering the content of
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the trace elements, only the content of iron showed considerably higher values (0.64 mg/100g of LD
muscle) when compared to the iron content of conventionally reared pigs (Slovenian food composition
tables, Golob et al., 2006). Possible explanation for this can be higher age at slaughter, intake of
green feed and soil ingestion on the pasture.

Table 2: Chemical composition of LD muscle of pigs (n=10) on restricted feeding regime with pasture.

Constituent Mean * s.d. Constituent Mean £ s.d.
Dry matter g/100g 26.3+0.6 Ca mg/100g 6.33 £ 0.52
Moisture g/100g 73.7+0.6 Mg mg/100g 27.83 £ 0.98
Crude protein g/100g 24.2+0.6 K mg/100g 366.17 +£2.48
Ash g/100g 1.15+0.08 Na mg/100g 59.00 + 4.43
Intramuscular fat g/100g 1.00 £ 0.37 P mg/100g 221.67 + 2.88
Cu mg/100g 0.10 £ 0.02
Fe® mg/100g 0.64 +0.78
Zn mg/100g 1.23 + 0.07

dcompared to the Slovenian food composition tables (Golob et al., 2006; 0.47 mg/100g), the iron
content is much greater in the present study.

The fatty acid composition of subcutaneous adipose tissue and intramuscular fat are presented in
Table 3. The adipose tissue of pigs from the present study contained, compared to the Slovenian food
composition tables for conventionally reared pigs (Golob et al., 2006), lower total SFA content, higher
content of total PUFA, n-6 PUFA, n-6/n-3 PUFA ratio and increased total PUFA/SFA ratio. While
higher PUFA and PUFA/SFA ratio can be considered as beneficial, higher n-6/n-3 PUFA ratio is not a
positive fact, from the nutritional point of view. More unsaturated fatty acids means less appropriate
raw material for meat products (Wood et al., 2003, Chan, 2004, Smith et al., 2004).

Table 3: Fatty acid composition of subcutaneous adipose tissue (backfat) and intramuscular fat of LD
muscle in pigs (n=10) on restricted feeding regime with pasture.

S| food composition tables”

g/100g of total fatty acids  Backfat Intramuscular fat backfat Intramuscular fat
total SFA 398+14 36.11+0.6 46.2 42.6

total MUFA 46.6+2.1 378157 471 46.7

total PUFA 13.6+.25 26.1+59 6.8 13.1

n-3 PUFA 1.8+0.6 3.3+1.0 1.7 0.9

n-6 PUFA 117120 227149 5.0 121

n-6/n-3 PUFA ratio 6.6+ 1.0 7.0+£0.9 29 13.7

PUFA/SFA ratio 0.34+£0.07 0.72+0.17 0.15 0.31

°Slovenian food composition tables. Meat and meat products (Golob et al, 20086).

In comparison to the data of Slovenian food composition tables, in the present study the fatty acid
composition of intramuscular fat of LD muscle contained less SFA, more MUFA and PUFA (n-3 PUFA
and n-6 PUFA); the n-6/n-3 PUFA ratio was almost half smaller. PUFA/SFA ratio was considerably
higher (0.72 vs. 0.31 respectively) and closer to the values mentioned by Enser et al. (1996) for
conventionally raised pigs (7.2 for n-6/n-3 PUFA ratio and 0.58 for PUFA/SFA). Due to the low
intramuscular fat content it is likely that high PUFA content is related to high proportion of
phospholipids, as they contain higher amounts of PUFA (Wood et al., 2004). In the same manner, the
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breeds/genetic types of animals with low muscle lipid content will have higher proportions of PUFA
(Wood et al., 2007). Monin et al. (2003) proved higher intramuscular PUFA content in Pietrain breed
compared to Large White, which could also explain partly high PUFA in our study. The addition of
grass pasture (and pumpkins), which contain high proportion of unsaturated fatty acid, could also
contribute to the increase of PUFA (Wood et al., 2003) as some fatty acids, like for instance 18:2n-6,
are entirely derived from the diet (Wood et al., 2007). Some authors point out that restricted feeding
alone induces higher unsaturated fatty acids content. According to Oksbjerg et al. (2005), who
compared restricted and ad libitum feeding and outdoor/indoor rearing, only the feeding regime
affects fatty acids composition.

The inspection of tarsal joints did not show any lesions. The general health of animals was good.
Exercise and fresh air in pleasant climatic conditions are considered to reduce infection pressure in
outdoor reared pigs (Edwards, 2005). From the welfare point of view, the herbage intake is
considered beneficial since it promotes satiety in conditions of limited food intake.

CONCLUSIONS

In the present study outdoor rearing on pasture with restricted concentrate intake resulted in slow
growth, lean carcasses and inferior pork technological quality (pale colour, high drip loss). The meat
of pigs from this study had high content of polyunsaturated fatty acids beneficial from human nutrition
point of view. Present study was preliminary serving more as a basis for further experiments. In the
future, a control group of pigs for comparison and a genotype that is more adequate for extensive
rearing should be used. Better planning of the daily rations will also be necessary, as poor adaptation
to the restricted feeding regime along with the possible effect of the rearing environment or pre-
slaughter conditions could be the origin of the stress leading to low meat quality.
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Trial to Study Possible Effect of Acorns Source (Green Oaks vs Cork Oaks) on
Traditional Pork Products

Nunes, J.L.; Neves J.; Campanico L.; Santos H.
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Agrarias Mediterrénicas — Apartado 94 — 7002-554 Evora

SUMMARY - One farm with green oaks and another with cork oaks were chosen. Aiming to minimize
weather effects and to provide swine equivalent pastures, under oak canopy, density of trees was
similar and geographic area limited within Ourique County. Alentejano hogs, born and raised inside
the region and recorded in the breed herd book, were fattened exclusively under oaks. Chemical
composition of acorns from green oaks (AG) and from cork oaks (AC) were analysed including on
fatty acids profile. Pigs were weighted 3 times during fattening period and ecographies were
performed to evaluate back fat thickness (BF) and loin depth (LD). After slaughter samples of back fat
were taken and analysed on chemical crude composition and fatty acids. Weight losses of hams were
recorded along ripening period. Chemical composition of AG and AC were different. Considering
percent of DM, we got for AG vs AC: NDF 24.9 vs 29.8 (p<0.001); CP 3.67 vs 5.57 (p<0.05); Lipids
8.00 vs 6.20 (p<0.05). Fatty acids profile have shown higher percentage of saturated on AG (p<
0.001) and exhibit higher percentage of unsaturated on AC (p<0.001). Acorns type, AG vs AC, didn’t
affect significantly ADG neither the BF, but LD was deeper in hogs fattened with AC. Fatty acids of
pigs fattened with AG vs pigs fattened with AC reflected the feed influence (C16:0, AG 19.53 vs AC
18.62 p<0.001; C18:0, AG 8.91 vs AC 8.43 p<0.05; C18:1, AG 56.09 vs AC 55.17 p<0.001; C18:2 AG
8.23 vs AC 10.42 p<0.001). Total hams losses during ripening period were not significant affected by
feed intake.

Key words: Acorns, Alentejano pigs, fatty acids, sylvo-pastural.

INTRODUCTION

Green oak (Quercus rotundifolia) and cork oak (Quercus suber) together with other Quercus are
the base of Mediterranean forests in Southwest Iberian Peninsula (about 5 million ha). This agro-
sylvo-pastoral system, used time along, established a sustainable ecosystem (Tirapicos Nunes,
1993).

Alentejano swine breed is considered the best animal user of natural feedstuffs under oak
canopy, between November and February. Little information has been published about the effect of
acorns origin (green vs cork) on pig performance, meat and traditional products characteristics.
Quality of dry cured products has been related with feed intake, during last finishing period (Freitas,
1998 and Neves, 1998). This trail main goal was just to contribute for a better knowledge on: (i) acorn
type influence on final characteristics of PDO Portuguese pork products, besides (ii) growth of pigs
during “montanheira” period.

MATERIAL AND METHODS
System

Two pig farms within same region were chosen to perform fattening of Alentejano pigs. Livestock
density was identical and it was in accordance with PDO rules (1 to 1.5 animals per ha). Each farm

was different considering oak types of trees present, farm B exclusively with green acorns and the
farm L exclusively with cork acorns

Proceedings of 6th International Symposium on the Mediterranean Pig 134



Animals

Seventy three hogs, sex neutralized, were engaged in this research, thirty four in farm B and thirty
nine in farm L. Pigs ages were about 15 months at beginning of fattening period under oaks. Hogs
were razed under rangeland conditions on an acorn plus grass diet during three months, without extra
feed supply.

Procedures

Both acorn type fruits were sampled twice (1st - beginning December; 2nd — beginning January)
in each farm.

Laboratory analyzes of acorns were performed on: protein; lipids (as % of DM); fatty acid
composition. Pigs were weighted at beginning middle and end of fattening period. Inside the scale,
30% of animal were submitted to ultrasound measure of back fat thickness (BFT) and Longissimus
dorsi depth (LDD). After slaughtered, back fat samples were picked (same place, last lumbar vertebra
level) from pigs in order to process later analyzes to determine fatty acids profile (Campanico e
Nunes, 2006). Hams were weighted 4 times during ripening period to determine hams losses time
along.

Statistics

Data were analyzed by ANOVA, according to the mathematic model:
Y=+ Farmi+g;
RESULTS

Table 1 shows chemical composition of both acorn types, considering the amount of acorns eaten
per swine each day (7 kg to 10 kg) these slight differences can be important in meat characteristics.

Regarding the influence of feed intake we can see that in average there are no differences in
ADG between farms, if total period is considered, but as can be seen in table 2, pigs grown faster in L
farms during first half period perhaps because L acorns ripened and fall early (Almeida et al, 1992).

Protein content, higher in L acorns, can explain the difference in Longissimus dorsi depth as
shown in fig 1.

Table 1. Acorns chemical composition (least square meanstsem)

Green acorns Cork acorns SL
Protein (%DM) 3.67+£0,78 557+£0.8 *
Lipids (%DM) 8.00 £0.58 6.20 £ 0.58 *
Fatty acids (1)
Palmitic (C16:0) 15.28 £0.43 14.68 £0.43 NS
Estearic (C18:0) 3.27+£0.43 1.77 £0.43 *
Oleic (C18:1) 63.25 + 0.56 59.10 + 0.56 e
Linoleic (C18:2) 15.63 £ 0.47 20.42 £ 0.47 e
Linolenic (C18:3) 0.82+0.18 1.73+0.18 >
Saturated 19.01 £0.22 17.06 £ 0.22 e
Unsaturated 81.14 £0.22 83.17 £ 0.22 e
Monounsaturated 64.11 £ 0.58 60.37 £ 0.58 e
Polyunsaturated 17.04 £ 0.69 22.80 £ 0.69 e

(1) As % of identified methyl esters; *- p<0,05; ** - p<0,01; *** - p<0,001; NS - No Significant
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Table 2. Pigs growth performance

ADG Exp. B Exp. L Sig
ADG | (g) 936.56 + 36.76 1046.88 + 43.63 o
ADG Il (g) 930.64 + 32.25 778.28 + 38.28 o
ADG Il (g) 933.35 £ 27.88 912.13 £ 33.09 NS

ADG | : average daily gain from beginning to half trial; ADG IlI: average daily gain from half to trial end;
ADG lII: average daily gain from beginning to trial end; *** - p< 0,001; NS - No Significant

Figure 1 Graphics based on ecographies
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Increases during "montanheira” period

Fatty acids profile is considered to be very important to compare “montanheira” dry cured hams.
Regarding the results obtained in this trial we can observe (fig. 2): (i) hogs raised in both farms
presented adequate fatty acid profile considering PDO recommendations; (ii) differences in acorns
seem to affect in same way fatty acids profile of raw material.

Figure.2 Fatty acids composition of acorns and fat.
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CONCLUSIONS
- Comparing chemical composition of acorns, cork acorns were different from green acorns.
- Differences on acorns were reflected on meat and fat characteristics.
- Ham yield seem to be slightly affected by the type of fruits intake.

- Both acorns drive to obtain raw material and products within parameters established by
certification official authorities for PDO Portuguese pork products.
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SUMMARY- This study aimed at comparing the colostrum composition and production of Alentejano
Swine Breed (AL) to modern sows (LW x LR) (LL). Ten sows from each genotype were used. All
farrowings were attended. Colostrum samples were collected at birth of the first piglet and at regular
intervals during 36 h after the onset of farrowing. One sample of milk was also collected at d 15 of
lactation. Piglets were weighed at birth and at 24 h of age. AL sows had lower gestation length (p <
0.001) and litter size (p < 0.05). Piglets from AL sow were lighter at birth (p < 0.001), gained less
weight (p < 0.001) and consumed less colostrum (p < 0.001) than LL piglets between birth and 24 h of
age. AL sows produced less colostrum (p < 0.001) than LL sows. Within each genotype colostrum
consumption of piglets was dependent on birth weight (p < 0.001). Production of colostrum was
dependent on litter weight (piglets born alive) at birth but not on litter size. Mortality rate between birth
and weaning averaged 24.3% for AL piglets and 14.3% for the LL piglets, with most of losses
occurring within 3 days after birth. In both genotypes, piglets dying before weaning were lighter at
birth and consumed less colostrum than survivors. Further studies are required to determine the
respective role of birth weight and colostrum consumption in post-natal mortality and to determine the
immune quality of colostrum.

Key words: alentejano swine breed, colostrum, piglets, mortality

INTRODUCTION

The Alentejano swine breed is known to be less prolific while piglets mortality between birth and
weaning is higher when compared to improved genotypes raised under intensive systems (Charneca,
2001). Colostrum is essential for piglet survival and growth, providing the piglets with immunoglobulin
and energy during the first hours following birth (Le Dividich et al. 2005). Colostrum production of the
sow and consumption of the piglets estimated indirectly from the change in piglets body weight
between birth and 24h are very variable (Le Dividich et al., 2004; Devillers et al., 2005). The
colostrum composition changes very rapidly towards that of milk during the first 24-36 hours post-
partum (Klobasa et al., 1987).

Colostrum intake in piglets depends on both the ability of the sows to produce colostrum and on
that of the piglets to extract the colostrum from the mammary glands which is influenced by the piglet
body weight and piglet vitality (Devillers et al., 2007). However there is little scientific data on the
composition or on both the production of the sow and consumption of the piglet from Alentejano
swine. In this study we report preliminary results on colostrum composition, production of the sows
and consumption of the piglets when AL sows are compared to modern sow raised under the same
farrowing and nursing environmental conditions.

MATERIAL AND METHODS )
The experiment was carried out in the Experimental Centre of Mitra — University of Evora —
Portugal.

Animals: Ten Alentejano breed sows (AL) and 10 Large-White x Landrace (LL) sows and their
litters were used. The Alentejano sows were mated by AL boars whereas Large-White x Landrace
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(LL) sows were mated by a Large-White boar. Average parity was 3.2 + 0.8 and 3.6 + 0.8 for Al and
LL sows, respectively.

Housing. The LL sows were always kept in indoor swine facilities. During gestation they were
raised in groups (3-4 sows per group) on solid concrete floor. AL sows were raised as were LL sows
during the first month of gestation. After ultrasonic confirmation of gestation they were moved to an
outdoor park (4.5 ha of total area), where they had access to floorless arks. Seven days before the
expected farrowing date, all sows were moved to the farrowing house and placed in individual
conventional farrowing crates with concrete slatted floor in the sows’ area and plastic floor in the
piglets areas. Piglets were provided with local heating consisting of one infra-red lamp (175W)
suspended above the creep area. Piglets were weaned at 28 days. In all facilities and parks, sows
had free access to water from low-pressure nipple-drinkers.

Feeding. During gestation, the LL sows were fed twice a day with ~3 Kg of commercial diet
containing (per Kg diet) 3200 Kcal DE, 160g CP and 7g lysine. AL sows were fed twice a day ~2.0Kg
of the same commercial diet during the first month of gestation. In the outdoor pasture park they
received the same amount and type of feed, but given once a day. Care was taken to spread the feed
in the field. In the farrowing day no feed was provided to the sows and thereafter the lactation diet
containing (per kg diet) 3300 Kcal DE, 170g CP and 10.5g lysine was gradually increased until ad
libitum. Individual feed intake was not determined. However, during gestation sows were grouped on
the basis of body weight and age in order to reduce competition and hence to avoid large differences
in feed intake. Piglets had access to a creep feed containing (per Kg diet) 3400 Kcal DE, 190g CP
and 12.4g lysine, starting on d14 of lactation. Piglets were weaned at 28 d of age.

Farrowing surveillance and samples collection. All farrowing were supervised but none was
induced. Soon after birth, piglets had their umbilical cord cut at about 10-12cm from the navel after
which they were identified (ear tag) roughly dried, weighed and returned to the sow. These operations
were performed very quickly, usually within 2 min of birth. At 24 hours after birth, piglets were re-
weighed. Piglets dying during the nursing period were weighed and approximate death time recorded.
Colostrum consumption of the piglets between birth and 24 h of age was estimated according to the
prediction equation of Devillers et al. (2004).

Colostrum (50-100ml) was collected from at birth of the first piglet and at 3, 6, 12, 24 and 36
hours after the birth of the first piglet, immediately filtrated on gauze and stored at -20°C until they
were analyzed. Milk samples were also collected at d15 of lactation. Sows were intramuscularly
administered oxytocin (20 IU) to induce colostrum and milk release from 3 h onwards. Colostrum or
milk letdown typically occurred 3 to 4 min later.

Analytical procedures. Dry matter (DM) of colostra and milk was determined after drying at 102°C
until constant weight. Crude protein (CP) was determined according to Dumas method (CP= N x 6.38)
using a LECO FP-528 Nitrogen/Protein Determinator. Total lipids (LIP) content was determined
according to Gerber method (AOAC, 1990) and lactose was determined using a commercial kit
Boehringer Mannheim ® Lactose/D-Galactose (ref. 0176303).

Statistical analysis. All data were analysed using the NCSS (2001) software. Sows reproductive
and productive traits data were analysed using the general linear model (GLM) procedure with the
one-way analysis of variance (ANOVA) using genotype as fixed effect. Litter weight gain and
colostrum production of the sow, were also analysed by covariance using litter size and litter weight
(live born piglets) as covariates. Colostrum and milk data were analyzed using a split-plot ANOVA
with genotype as the main effect and sampling time as a repeated measure. Tukey-Kramer test was
used to separate means. Newborn piglets’ weights, weight gain from birth to 24h of age, colostrum
intake and data were analysed using the general linear model (GLM) procedure with the one-way
analysis of variance (ANOVA) using genotype as fixed effect. Colostrum intake (g/Kg BW) was also
analysed by covariance using litter size as covariate. Finally all piglets data were analysed using the
general linear model (GLM) procedure with the one-way analysis of variance (ANOVA) using piglets
status at weaning (survivor or dead) as fixed effect.

RESULTS AND DISCUSSION
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Reproduction performance is presented in tables 1 and 2, respectively.

Table 1. Effects of genotype on reproduction performance (meanstsem)

AL (n=10) LL (n=10) SL
Gestation length (days) 110.7+04 1152104 p < 0.001
Litter size (n)
Total born 8.6 £ 0.86 11.7 £ 0.86 p <0.05
Born alive 82x0.76 11.2+0.76 p <0.05
Farrowing length (min) 134 + 21 173 £ 21 ns

AL — alentejano breed; LL — Large-White x Landrace; SL — significance level; ns — no significant

There were marked effects of genotype on reproduction performance. As previously reported by
Nunes (1993) the AL sows had shorter gestation length than the LL sows. Also prolificacy was lower
than in LL sows. However prolificacy of AL sows is in the range of those reported by Marques (2002)
and Charneca (2001). Mortality rate between birth and weaning averaged 24.3% for the AL piglets
that was higher than the 14.3% found in LL piglets. In both genotypes most of the losses occurred
within 3 days after farrowing (85% and 75% for AL and LL piglets, respectively). These observations
agree well with those reported by Marques (2002) and Le Dividich and Rooke (2006).

Table 2. Effects of genotype on litter weight, litter gain (birth-24h) and colostrum production of the
sows (meanstsem)

AL (n=10) LL (n=10) SL
Non adjusted data
Live born litter weight (g) 9087 + 839 14893 + 839 p < 0.001
Litter weight gain 0-24h (g) 533 £ 189 1263 £ 189 p=0.014
Colostrum Production (g)* 1946 + 282 3627 + 282 p <0.001
Adjusted for live born litter size
Live born litter weight (g) 10388 + 526 13574 + 526 p < 0.001
Litter weight gain 0-24h (g)** 490 + 193 1306 + 193 p <0.05
Colostrum production (g)* 2100 £ 279 3474 +279 p<0.01
Adjusted for live born litter weight
Litter weight at 24 hours (g)** 12615 + 192 13142 + 192 ns
Litter weight gain 0-24h (g)** 634 + 192 1161 £ 192 ns
Colostrum Production (g)* 2472 + 245 3102 + 245 ns

* Calculated by summing individual consumptions of littermates. ** all piglets, survivors or dead
AL — alentejano breed; LL — Large-White x Landrace; SL — significance level; ns — no significant

Litter weight gain within the first 24 hours is a good marker for colostrum production of the sows
(Le Dividich et al., 2004). It was higher (p = 0.014) in LL than in Al sows suggesting that LL sows are
better producers of colostrum. Further, as mentioned by Le Dividich et al. (2004) this litter weight gain
is very variable, with a CV % approximating 63% in both genotypes.

As expected from the above, colostrum production is higher (p < 0.001) in the LL genotype.
Covariant analysis indicates that colostrum production of the sows is dependent on the weight of the
litter at birth, but not on the litter size. It could be hypothesised that heavy piglets at birth are also
more vigorous and hence more able to extract colostrum from the udder as suggested by Van der
Steen and de Groot (1992). The fact that litter weight gain was independent of litter size agrees with
the previous findings of Devillers et al. (2005). It follows that, within a litter, the colostrum available per
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piglet decreases with the increase in litter size, which could explain, at least partly, the positive
relationship usually reported between litter size and mortality.

The effects of genotype on colostrum and milk composition are presented in table 3. The effects

of genotype, time and the interactive effects between genotype and time are also presented. For
clarity mean standard errors are not presented.

Table 3. Effects of genotype and time on the composition of colostrum and milk.

COLOSTRUM MILK EFFECTS
G Oh 3h 6h 12h  24h 36h 15d G T GxT
Dry Matter (%) AL 27.3% 275 26.0° 21.1° 204° 21.0° 19.0° ns *** *
LL  24.9° 244° 237" 228 19.9° 21.0® 19.8°

Crude Protein AL 17.9° 16.7° 15.0° 10.3° 8.1 79" 50° ns ** ns

(%) LL 16.6° 153%® 134™ 106° 7.1¢ 7.0° 4.8

Total Lipids (%) AL 54 6.3*® 6.6%* 6.1°° 73® 83 85 nps *** ns
LL 46° 54° 68 78 77 91° 90°

Lactose (%) AL 3.0° - 3.3° 34° 59° 41° 54° ns ns
LL 2.8 - 35° 38 53 39 5¢°

G — Genotype; AL — Alentejano sows; LL — LW x LR sows; T, time. *; p < 0.05; ***; p < 0.001; ns —
not significant. Within a line means with different letters indicate significant differences (p < 0.05)

Changes in colostrum composition over the first 36h are shown in table 3. There was no
significant effect of genotype on colostrum or milk composition. Dry matter, lactose, fat and protein
concentrations remained practically unchanged for 6h after the birth of the first piglet. Thereafter,
there was a gradual decrease in protein content and a gradual increase in fat and lactose. Overally,
the composition of colostrum over the first 36 hours after the onset of parturition was largely similar to
those reported previously (Klobasa et al., 1987; Le Dividich et al., 2004).

Data on piglets’ birth weight, weight gain from birth to 24h of age and colostrum consumption of
AL and LL piglets are presented in table 4.

Table 4. Piglets’ birth weight, weight gain and colostrum intake (means + sem)

AL LL SL
Birth weight (BW) (g) 1106 + 27 (n=82) 1330 + 23 (n=112) p < 0.001
Weight gain (birth-24h) (g) 65+ 10 (n=82) 11319 (n=112) p <0.001
Colostrum intake (g) 266 + 14 (n=73) 336 + 12 (n=108) p <0.001

n, number of piglets; AL, alentejano breed piglets; LL, crossbreed piglets; SL, significance level

At birth AL piglets were lighter (p < 0.001) than LL piglets. Also their weight gain and colostrum
intake in the first 24h were inferior (p < 0.001) than those observed in LL piglets. This effect of birth
weight on weight gain from birth to 24h and colostrum consumption is in agreement with the findings
of Le Dividich et al. (2004) and Devillers et al. (2005).

Lower colostrum intake in Al piglets can be related both to the lower ability of AL sows to produce
colostrum and the lower birth weight of the piglets (Le Dividich et al. 2004). However, when expressed
per Kg birth weight there was no significant effect of genotype on colostrum consumption of the
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piglets. In both genotypes, the birth weight is positively and significantly correlated with the weight
gain (r2=0.53, p < 0.001) and colostrum consumption during the first day of life (r2 =0.59, p < 0.001).
When expressed in g / Kg birth weight, the relations remain significant for weight gain (r2 =043, p<
0.001) and colostrum consumption (r2 = 0.18, p < 0.05), in accordance with the observations of Le
Dividich et al. (2004) and Devillers et al. (2005).

Characteristics of piglets dying after birth are shown in table 5.

Table 5. Characteristics of piglets dying after birth compared to those of survivors. (means + sem).

AL PIGLETS SL

dead survivors
Number of piglets 20 62
Birth weight (BW) (g) 982 + 42 1146 + 24 p <0.001
Age of death (days) 22+0.6 - -
Weight gain (birth-24h) (g) 0+14 868 p <0.001
Body weight at death, g 1022 + 73 -

LL PIGLETS

dead survivors
Number of piglets 16 96
Birth weight (BW) (g) 1013 £ 62 1383 £ 25 p <0.001
Age of death (days) 3.2+£0.9 - -
Weight gain (birth-24h) (g) 15+ 24 129 £10 p <0.001
Body weight at death, g 1014 £ 80 -

SL, significance level

In both genotypes, piglets dying during the nursing period have in common to be lighter (p <
0.001) at birth and to gain much less weight (p < 0.001) during the first 24 h than survivors. Estimation
of colostrum consumption of these piglets is not, however, possible because many of them died
before 24 h of age. However, their body weight gain from birth to 24 h of age or to death time suggest
that these piglets have consumed much less colostrum and (or) milk than survivors. It could be
hypothesised that survival of these piglets is doubly impaired by a low birth weight and a lower
colostrum and (or) milk consumption which both reduce the vigour of these piglets and their ability to
compete at the udder. However, a larger data set is required to determine the respective role of birth
weight and colostrum consumption on post-natal mortality.

CONCLUSIONS

Data of this study indicate colostrum and milk composition of Alentejano and modern sows is
similar whereas AL sows produce less colostrum. In both genotypes, production of colostrum is
dependent on the weight of the litter but not on the litter size, while within each genotype,
consumption of colostrum is dependent on the piglet birth weight. In both genotypes, piglets that died
before weaning were lighter at birth and had consumed less colostrum or (and) milk than survivors.
Further studies are necessary to determine the effects of genotype on the immune quality of
colostrum.
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ORGANIC BREEDING HERD: MANAGERIAL DIFFICULTIES IN ORDER TO
SATISFY THE REQUIREMENTS OF THE LACTATION SOWS
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SUMMARY- Organic breeding is expanded rapidly in Europe. The actual development can be
attributed to an increased consumer interest in organic products throughout Europe It is important to
evaluate the suitability of commercial breeds for organic environments analysing chemical clinical
parameters to evidence eventual problems due to managerial mistakes or to difficult of adaptation to
the organic breeding

Key words: organic breeding, lactation sow, biochemistry parameters

INTRODUCTION

Organic breeding in Europe is continually increased in last years. The actual development can be
attributed to an increased consumer interest in organic products (Barton, 2002).
In the European countries, the EEC-Regulation No 1804/1999 has been passed and become law in
August 2000. This law provides a standard that involves the right to label food as organic. It includes
specifications for housing conditions, animal nutrition, and animal breeding, as well as animal care,
disease prevention, and veterinary treatment.

In pig production, it is virtually impossible to find animals that have been bred specifically for
organic production systems (Bodelling et al., 2003 ). Therefore, most farmers use animals from
conventional breeding companies. In the organic breeding the feed intends to ensure quality
production rather than to maximize production. Feed materials of agricultural origin can be used only
if they are produced or prepared without the use of chemical solvents. This implies that e.g. soybean
meal, the most common protein source in animal nutrition, cannot be used in organic feed.Antibiotics,
coccidiostats, medical substances, growth promoters, or any other substance intended to stimulate
growth or production are not allowed in animal feeding No feed components may have been produced
with the use of genetically modified organisms. Vitamins authorised for conventional animal
production under Directive 70/524/EEC should be derived from raw materials occurring naturally in
foodstuffs. Synthetic vitamins identical to natural vitamin can, however, be used for monogastric
animals. Livestock must be fed on organically produced feeding stuffs, preferably from the farm itself.
The aim of this work is to evaluate the suitability of these animals for organic breeding analysing
chemical clinical parameters to evidence, eventual problems due to managerial mistakes or to
difficult of adaptation to the organic breeding.

MATERIAL AND METHODS

We sampled 20 lactation sows in an organic breeding. The herd, located on an hilly area, has a
population of 30 productive commercial hybrid sows. Every department is working on “all in/all out”
basis, apart from the breeding stock.

All samples were collected in the morning hours before feed administration. Blood samples were
taken by jugular venepuncture into a litio/eparina vacutainer. Plasma was collected after refrigerate
centrifugation (3000 rpm, 15 minutes, 4°C). The samples were stored at —20°C until are tested. The
plasma of these animals was analyzed using an Hitachi 704 to determinate the follow biochemistry
parameters: Total Protein, Albumin, Glucose, Urea nitrogen (BUN), Creatinine, Aspartate
aminotransferase (AST), Alanine aminotransferase (ALT), Gamma glutamyl transferase (y GT),
Calcium and Phosphorus.
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RESULTS AND DISCUSSION

Test results are summarized in Table1. Mean values obtained in our samples are in the normal
ranges for almost all parameters. There are statistically significative differences between references
value (Kaneko et al., 1997) and results obtained only for three parameters: Total protein, Albumin,
Urea nitrogen.

Total proteins are directly influenced by nutritional level (Meyer and Harvey, 1998). Low level of

total proteins can be due to an increased loss (enteropathy, nephrosis ), malabsorpion, decrease
production (chronic hepatic disease) or malnutrition.
Albumin production is solely dependent on the liver (Meyer and Harvey, 1998 ) and an adequate
nutrition. A reduced serum concentration is associated with chronic hepatic insufficiency, increased
loss in the urine or gastrointestinal tract, malnutrition, and down regulation of albumin production
secondary to hyperglobulinemia.

Protein is the major source of ammonium for urea and the rate of urea formation depends on the
rate of protein catabolism. The ingestion of decreased quantities of high- quality proteins results in

decreased BUN. There is a decreased production of urea for severe hepatic disease, malnutrition,
malabsorbition .

CONCLUSIONS
These results are probably due to an inadequate feeding. This kind of feeding does not satisfy the
metabolic needs of these animals that are not specifically bred for organic production system.
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Table 1: Reference values and results of the samples

P.T. Albumin Urea | Glicemia | Creatinine | ALT | AST | yGT Ca P
g/l g/l (BUN) mmol/| pmol/l u/l U/l U/l | mmol/l | mmol/l
mmol/|
Reference | 65- 90 30-40 25-9 | 29-59 140-200 | 20- | 36-8 | 10- 1.9- 1.5-
values 60 80 60 2.8 2.2
( Kaneko)
Mean of 53.2 24 1.4 5.8 142 59 69 26 2.6 2.1
Resultes
P <0.001 <0.001 <0.001
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SUMMARY - The Iberian pig has been asociated traditionally with outdoors production systems. The
morphologycal, etologycal and physiological characteristics of Iberian pig are adapted to take full
advantage of mediterranean ecosystem from the SouthWest of Spain. The economic peak of Iberian
pig sector have prompted more intensification in the farms. Now most of the farms find alternative
production systems compatibles with the natural environment and animale welfare. In this research
we have been performed to measure the productivity in three different rearing systems: outdoor
system, traditional system and intensive system with farrowing crate. Our subject were thirty six
Iberian sows, divide in three sets of twelve animals each one. A total of four suckilng periods data
were collected, for two years to value different productive index: piglet born alive, piglet weaned alive,
percentage perinatal survival percentage, suckilng period survival percentage and daily average gain.
The intensive rearing system showed the higher percentage of perinatal survival (87,7%).The outdoor
system offered the best lactation survival rate (79 %). The dairy average gain for piglets was higher in
outdoor system. In conclusion, the most productive system was the intensive system with a
higher farrows medium weight.

Key words: Iberian pigs; rearing systems; productive parameters; animal welfare.

INTRODUCTION

Traditionally, the Iberian pig has been related to extensive or semi-extensive productive systems,
going so far as to form an almost perfect balance with ecosystems like the dehesa. This relation is not
occasional, since the morphologic, ethological and physiological characteristics allow this breed
(Laguna Sanz, 1998) to fully optimize the resources that this ecosystem offers. Nowadays the Iberian
pig keeps on supporting a very important link with the dehesa, but due to the tendency and the
evolution of the porcine sector, “productive variables” are introduced in each phase of production,
from breeding to fattening.

From middle of last century the Spanish porcine sector has experienced an important structural
evolution, and precocious breeds have been introduced (Pietrain, Landrance, Large White, etc.) the
production has passed from a local to an intensive production that currently represents 90 % of the
livestock pig census (Dieguez Garbayo, 1992). The Iberian pig has not been an exception and has
over the last years taken part in the modifications of the sector.

Fame of the Iberian pig derived products from have experienced over the last years, thanks to
their quality, has been translated into a increase in the census and the number of specific farms,
going from a traditional system strongly linked to the environment, to others with high intensification
and fragmentation of the production stages (Gomez — Nieves and Robina, 2005).

The intensive systems of production used in many farms, have been developed according to the
breed standards of the precocious porcine breeds (Edwards, 2001). It would be necessary that the
Iberian pig farms would develop themselves but would also take care of the proper characteristics of
this breed. Nevertheless, the reality is different and the final result is a transposition of the systems
and handling used for precocious breeds, with minimal adaptations for some animals which have
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been selected for centuries, for their wildness and adaptation to be bred in outdoor production, which
is determinant of their quality.

At a moment when precocious pig farms is looking for compatible and alternatives that are
compatible with the environment and copying the outdoor production earlier discarded due to its high
costs, the Iberian livestock sector is going towards a major intensification leaving precisely this
extensive production (Ambrogi, 2001), which has provided the privileged situation that it occupies.

We cannot forget the tendencies of the Common Agricultural Politics of the European Union, that
are based on productions that must be environmental-friendly and respectful with the animal welfare.
Nowadays the conditions of animal welfare are particularly important in the legislation. This interest
has been enhanced in the new Common Agricultural Politics by the needed condition to fulfil animal
welfare in order to get a subsidy.

Departing from this point, it is necessary to bear in mind that all the stockbreeders farms and in
particular porcine ones, are conceived to obtain the maximum benefit from the productive animals. It
is therefore necessary to find the balance between a profitable livestock and some conditions for the
animals that will allow, the expression of all its genetic potential (Aparicio and Vargas, 2006).

MATERIAL AND METHODS

In this work we try to establish indicators of animal welfare for the Iberian pig, to value three
representative systems. The rearing stage needs a big attention, because errors in the approach,
handling or health can have critical consequences on the profitability of the exploitation (Prieto and
Roy, 2003).

We study the productivity of 36 pure Iberian sows, in “Valdesequera” farm, which belongs to the
Service of Research and development of Junta de Extremadura. Three lots of 12 sows were done
after a in group gestation and they were hosted in three rearing systems with different facilities and
handling.

Intensive system: with farrowing crates and some heating badge for the piglets; the feeding is
automatically, automatic water troughs and natural ventilation and lighting by adjustable windows and
the typical reproductive handling. The feeding of the piglets is concentrated food ad libitum by means
of hoppers placed in every cubicle.

Traditional rearing system: with individual pens, concrete soil and straw bed. The piglets have
access to an exterior and individual pen with automatic watering devices and hopper for feeding the
piglets with concentrated food from 21 days. The sows feed the piglets during the night and 2 hours
from 12 pm to 2 pm for twenty-one days after farrowing.

Outdoor system: in a fence of 1,5 hectares, in which there are 12 iron campings. The feeding of
the sows is realized in hopper and they can access to an artificial lagoon as a drinking point. The
camping have a barrier to prevent piglets that going out until 21 days. In this moment they have
access to the whole fence. The drinking point of the piglets is the same artificial lagoon and the
feeding is concentrated food in a common hopper.

The productive samples: individual weighing at birth, weekly weighing for 5 weeks up to the
weaning, total number of piglets born alive, number of piglets born alive and dead and number of
piglets weaned per litter.

The data has been taken in four consecutive suckling periods: autumn 2004, spring 2005, autumn
2005 and spring 2006.

From this data, we could obtain a series of necessary productive indexes to compare the three
systems used in the study: perinatal survival (nv x 100 / nt) represented by the born alive (nv) total
born (nt); survival during the lactation (vd x 100 / nv) represented by the weaned piglets (vd) with
regard to the total born alive number (nv); daily average gain (GMD); litter average weight at weaning
(PCD); litter size at weaning (TC).
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RESULTS

The perinatal survival (Table 1) shows in percentage terms the entire number of piglets that are
born in every litter with the number of piglets that are born alive or have overcome the first hours of
life. Therefore, a high postnatal survival indicates the efficacy of every system just a minor number of
crushed piglets and a better access for piglets to the nipples of the sows in the first hours of life.
When analyzing the results, we find out that the intensive system (87,8 %) is the one that presents
better results, compared to traditional system (80,1 %) and outdoor (81,9 %) that show similar values
(Graph 1). This result is explained because the farrowing crates of the intensive system are precisely
designed to avoid the two mentioned problems.

Table 1. - Percentages of perinatal survival and during the lactation period in three productive
systems.

postnatal S. S. during lactation
Intensive 87,8 76,0
Tradicional 80,1 70,7
Outdoor 81,9 79,0

The survival during lactation (Table 1) compares by means of percentage the average size of the
litter. With this index we can measure the adaptation of the piglets to the conditions of every rearing
system, mainly determined by the appearance of infectious sanitary problems. In that case the most
effective system, as more piglets come to the weaning, is the outdoor (79 %), secondly the intensive
system (76 %) and the system in which less piglets come to the weaning is the traditional system
(70,7 %). The outdoor is the system with a minor presence of sanitary problems for piglets (Graph 2).

Camping

Cochiquera

Jaula

0 10 20 30 40 50 60 70 80 90 100

% supervivencia

Figure 1. - Percentages of perinatal survival in three productive systems.

The other indexes regarding the weight increases of the piglets along the lactation period. We
started by comparing daily average gain (Table 2; Graph 3), that indicates the growing rhythm of the
piglets. The outdoor system is the one that presents the best results of growth of the piglets, while in
intensive and in traditional system we do not find differences. Nevertheless, to be able to compare
these results it is necessary to bear in mind the size of the litters in the weaning, since the above
mentioned size determines the distribution of resources of the sows for a bigger number of piglets.
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Figure 2. - Percentages of survival during the weaning in three productive systems.

A way of comparing the growth results is to calculate the middleweight of the litters at the weaning
for each system, multiplying the average size of the litter to the weaning (Table 2) by the increase of
weight of the piglets during the lactation period, so that we can make corrections according to the litter
size. Once corrected according to the litter size, we find out that the intensive cages system presents
a major middleweight of the litter to the weaning (41,617 kilograms) and, therefore, the most
productive, even if it is the system in which GMD and PCD are minor, the result is compensated
thanks to the biggest size of the litters (Table 2). Among the results of the traditional system (34,564
kilograms) and outdoor (33,975 kilograms) there is not a significant difference.

Table 2. - Daily average gain (GMD), middleweight of the litter until weaning (PCD) and size of the
litter to the weaning (TC), in three productive systems.

CAGE HOG HOUSE ARC
GMD PCD TC GMD PCD TC GMD PCD TC
1st period 196,1 | 43320,9 7,3 201,1 | 27041,3 4,5 230,9 | 42021,0 6,0
2nd period | 188,8 | 38935,2 6,6 194,6 | 43099,0 7,0 231,3 | 37231,0 50
3rd period 199,4 | 42964,4 6,8 195,0 | 36870,0 6,3 235,1 | 26750,5 3,8
4th period 196,9 | 41464,7 6,7 177,3 | 31248,7 5,4 233,6 | 29898,5 4,6
Average 195,3 | 41671,3 6,8 192,0 | 34564,8 5,8 232,7 | 33975,2 4,8
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Figure 3. - Daily average gain (in grams) in three animal breeding systems along four farrowing pens

CONCLUSIONS

The intensive system is the most productive of the three under study, since all its indexes are
higher than the traditional and outdoor systems. Nevertheless, it is necessary to bear in mind that all
the considered indexes are influenced by the first one, the postnatal survival, and these bad results in
this stage are going to be accumulated although, as we have seen, the rest of indexes are better in
outdoor than in intensive system.

Certainly the ideal thing would be to reach a balance between a profitable production of the
exploitations and some conditions that can assure animals’ welfare, bearing in mind the peculiarities
of every breed.
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Photo 3. Outdoor system
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SUMMARY - The intensive systems used in the production of iberian pig can supose a lost of
welfare. For this fact, is necesary to know the influence that the eviroment conditions exert in the
iberian pig rearing.For fix the influence of the temperature and the humidity, we took datas of four
animalbirth time. To make the study we used a total of 36 breedings of iberian pig, divided in three
sets of 12 animals each one. Each set of animals had a diferents rearing sistem: intensive with crates,
chochiquera with a traditional use and camping sistem. After analice the results, we checked that the
conditions of temperature and humidity influence depending of the animalbirth time. The
SUPERVIVENCIA PERINATAL rate in the outom animaldirth time (85,9%) are more tahn spring time
(80,7%). Meanwhile that the SUPERVIVENCIA during the spring suklig time (79,2%) is more than
outom sukling time (71,3%). Also we check that the sistem of camping is the best one in the adaptiton
to animalbirth time, because it present less productive variations between both animalbirth time.

Key Words: |berian pig; enviromental parameters; production; animal welfare.

INTRODUCTION

During the last decades, Iberian pig sector has experienced an extraordinary impulse, which
produced an increase either in reproductive census or in the number of exploitations: from 97.858
heads in 1995, to 222.023 in 2005 (MAPA, 2006). The recovery of this Iberian pig census started in
1986, moment when finished a crisis that could have jeopardized this animal as a livestock breed.
The constant demand of Iberian pig products is justified by the economic progress of the consumers
and by the elimination of sanitary obstacles that were preventing the opening to exterior markets
(Varga and Aparicio, 2000).

The proper characteristics of this breed have helped to optimize the resources of the dehesa
ecosystem present in the south-west of Spain. The image of the Iberian pig is link to a natural and
ecological production. Nowadays, this type of productions, traditionally connected to the environment,
has passed to other productive variables more intensive.

The transformation of the Spanish pig farms, initiated in the sixties, supposed the introduction of a
noticeable intensification of the systems, using facilities and methods proper for precocious breeds. In
this aspect, the Iberian breed has not been an exception, and has the modifications carried out over
the last years too.

The adaptation of the intensive systems to the productions of the Iberian pig has been realized
without bearing in mind the proper physiological and ethological characteristics of this breed. This can
imply a serious loss in animals’ welfare, and consequently a decrease of the productivity in the pig
farm. As very few studies have been done on this matter, we need to study the conditions of welfare
in the production of this breed. We started analyzing one of the critical moments of the production of
this animal (the breeding period), although this work is part of wider other, in which there will be
analyzed the rest of the productive phases.
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To value animals’ welfare at breeding period, it is necessary to study the environmental conditions
to which the sows are submitted in their facilities, as they can often generate stress in the animals.
That's why it is important to know the influence that such factors as temperature and humidity can
have in the different productive systems used for this breed. This is how we will be able to keep
animals in a range of temperatures that will help them to feel comfortable enough as to develop a
normal activity (Quiles and Hevia 2004). It is therefore necessary to find the balance between a
profitable exploitations and some conditions for the animals that allow the expression of all its genetic
potential (Aparicio and Vargas, 2006)

Our biggest determination is that these works can be used as an orientation for the Iberian pig
farms, sticking to the scientists’ tendency, which over the last years has developed a porcine breed,
which coped with very important adversities along the history, but that has finally received the fully
deserved recognition (Vargas and Aparicio, 2000).

MATERIAL AND METHODS

The experimental development was carried out in “Valdesequera” farm, which belongs to the
Agriculture Investigation Department of the Junta of Extremadura. We were used for the study 36
sows. The data was colleted during four breeding period, both from the reproductive animals and their
litters. These animals were split into 3 lots of 12 sows, distributed in three representative rearing
systems: intensive with crates (Slat), traditional handling (Cochiquera) and out doors system
(Camping).

The intensive systems are characterized by individual crates of sows and a natural ventilation and
lighting system. The feeding of the animals is automatically done with individual dispensers, which
allows a constant control of the sows’ intake.

Another system used in this experience is the cochiquera system, traditionally used in Iberian pig
breeding. This system is provided with approximately 3 m? for each sows, where a straw bed is set to
let the reproductive animals make their nest. It also contributes to the thermo-comfort of the piglets.
The premises are provided with exterior corrals for the piglets and they have access through a door.
There is a 1 hectare fence that surrounds the premises so that the reproductive animals can enjoy it
and use it. Animals are fed in this place and the automatic watering devices are placed there as well.

The last used system is out doors. It requires minor infrastructures. In a 1,6-hectares fence, 12
metallic huts are directly placed on the soil and the reproductive animals have a free access. A straw
bed is placed inside to allow the elaboration of the nest and avoid hypothermia at piglet. In the fence
there is a lagoon that serves as drinking station for the animals and a special trough for piglets, to
which they have access from 21 days of life on.

For the productive results of the animals, the following indexes were taken into account: perinatal
survival (nv x 100 / nt) represented by the born alive number (nv) with regard to total born number
(nt); suckling time survival (vd x 100 / nv) represented by the weaned piglets (vd) with regard to the
total born alive number (nt); daily average gain (GMD); litter average weight (PCD); weaning litter size
(TC).

Concerning the influence exercised by environmental factors in the productive data, the
environmental characteristics were analysed according to breeding period done in spring or in
autumn. The records of temperatures and humidity found in each productive system were done by
electronic devices provided with specific sensors for the chosen parameters

RESULTS

The results obtained for the reproductive animals (Table and graph 1) show significant differences
between the indexes of survival according to the breeding period. This data determines that the
perinatal survival, (the proportion of born alive piglets compared to the total born number is
significantly major in autumn (85,9 %), than in spring (80,7 %); while the suckling survival is
significantly higher in spring (79,2 %) than in autumn(71,3 %).
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The daily average profit of piglets according to the breeding period (Table and graph 2), shows
very similar values. It might therefore be deduced that the breeding period does not influence in the
litter average weight to the weaning. Nevertheless, if we analyze these results bearing in mind the
rearing system, the results show that the intensive systems and traditional system are more affected
by the breeding period, as the litter average weight diminishes in autumn; 3 kilograms in the case of
intensive system and 5 kilograms in traditional system. On the contrary, the out doors system is the
one that turns out to be less affected by seasons (there are not significant differences between
autumn and spring).

So we can see that at the beginning of autumn, the temperature (25°C), is closer to the thermo-
comfort stage for piglets. This helps reducing the number of deaths by crushing and hypothermia,
increasing survival numbers then. As breeding period goes on, the temperature tends to decrease,
reaching 18°C at the end of the suckling period, which is farther from the ideal temperature for piglets
and leads to a reduction of survival numbers.

In spring time the opposite happens. The minor postnatal survival of piglets might be related to a
lower temperature at the beginning of breeding period (18°C), far from the thermo-comfort stage and
with an increasing tendency of the above mentioned temperature, which favours the survival during
the whole lactation period with values next to 30° C.

Joined to the temperature there is another important element: humidity, which normally
diminishes when the temperature increases. In temperatures between 20°C to 30°C, the relative
moisture does not have much influence, but the negative effects are accentuated by temperatures
superior to 30°C, as well as with low temperatures, a high environmental moisture can provoke
important caloric losses in pigs (Granier et to., 1996).

The values of moisture obtained in this work would have a minor influence at the beginning of
autumn and the end of spring, and this diminishes the possible adverse effect of the high
temperatures and favours perinatal survival in autumn and the survival in suckling period in spring.
Nevertheless, the moisture is high at the end of autumn and beginning of spring, as temperatures are
minor to 20°C, so the humidity accentuates the cold sensation and negatively affects survival suckling
period in autumn and perinatal survival in spring (Graph 3 and 4).

If, furthermore, the productive system is analyzed, it can be observed that these effects are
clearer in the intensive systems and, especially, in the traditional system, where the values of survival
in suckling period in autumn, are lower (64,4 %). Then the indexes of the out doors system are the
ones that better answer to this seasonal change.

Concerning the litters average weights in autumn and spring, the decrease of the survival index
during the suckling period can be justified due to the tendency that the temperature values are more
distant to the thermo-comfort ones for piglets as breeding period progresses in the case of autumn
and the process is the opposite in spring.

CONCLUSIONS

We finally draw two conclusions, which we consider important.

The conditions of temperature and humidity, in the two breeding period (autumn and spring), have
an influence on the productivity of sows and scarcely influence on the productivity of piglets.

The out doors system presents major daily oscillations, but in spite of that, it is better adapted to
the season aspect of breeding period (autumn and spring) and to temperature and humidity
conditions, since productivity varies very little in both farrowing.
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Table 1. - Percentages of perinatal survival (% NV X NT) and suckling period survival (% VD X NV).

AUTUMN SPRING
% NV X NT % VD X NV % NV X NT % VD X NV
Intensive 91,4 72,1 84,1 80,0
Traditional 80,4 64,3 79,9 77,1
Out doors 85,8 77,5 78,0 80,4
Average 85,9 71,3 80,7 79,2

Table 2. Daily average gain of piglets.

AUTUMN SPRING
GMD intensive 193,3 192,8
GMD tradicional 198,0 186,0
GMD out doors 233,0 232,4
Average 208,1 203,7
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Figure 1. Comparison of the percentages of perinatal survival (% NV X NT) and suckling period
survival (% VD X NV). Where NV = born alive, NT = total born, VD = weaned alive
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Graph 3. - Evolution of the temperature and humidity during the suckling period in autumn
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Graph 4. - Evolution of the temperature and humidity during the suckling period in spring.
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Photo 2. - Iberian piglets in traditional system (Cochiquera). Author: Group of investigation in animal
well-being, UNEX.
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Photo 3. - Iberian piglets in out doors system (Camping). Author: Group of investigation in animal well-
being, UNEX.
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EVOLUTION OF THE COMPOSITION IN FATTY ACIDS OF THE DORSAL
SUBCUTANEOUS ADIPOSE TISSUE FROM ALENTEJANO PIGS FED ON
PASTURE AND ACORNS

J. Neves, A.B. Freitas, J.M. Martins, M.l. Ferraz de Oliveira, and M. Cancela d’Abreu

ICAM/Universidade de Evora, Apt. 94, 7002-554 Evora, Portugal

SUMMARY - The present work studied the evolution of fatty acid composition in the dorsal
subcutaneous fat of free-range Alentejano pigs fed on pasture and acorns. Twenty pigs with a body
weight (BW) of ~90 kg were placed in a 2 ha pasture (Lolium westerwoldium and Trifolium
incarnatum) and fed daily with 4 kg of acorns. Animals were submitted to biopsies near tail insertion
with ~90, ~100, and at slaughter, ~110 kg BW. The fat samples obtained were analysed by GC/FID to
determine the fatty acid composition. An increase of only 20 kg body mass based on pasture and
acorn consumption led to: (i) carcasses with C18:1 content similar to the minimal value stipulated by
market demands for Alentejano pigs bred in free-range conditions; and (ii) contents of C16:0 and
C18:0 were within the limits for the carcass-quality assessment. Nevertheless, the contents in C18:2
remained slightly above the 9.8% limit.

Key Words: Alentejano pig; acorn; grass; adipose tissue; fatty acids.

INTRODUCTION

The Alentejano (AL) pig is traditionally reared in extensive systems. During growth, pigs are fed
fresh pasture in the spring, stubble in the summer, and by-products from different crops during these
two seasons. From October to late February, AL pigs are fattened in “montanheira” with acorn
(Quercus fruit) and grass. This fattening period lasts usually from about 70-90 to 140-160 kg body
weight (BW) (Almeida et al., 1993). The acorn is very palatable for the pig, which removes the hull to
ingest only the kernel. Voluntary consumption of acorn has been estimated to vary from 6-7 kg in pigs
of 50-70 kg to 8 kg in pigs of 80-90 kg BW. At 100 kg BW, this breed consumes about 9 kg of acorns
(Laguna Sanz, 1998).

Acorn consumption favours fat deposition and reduces protein accretion (Aguilera and Nieto,
2003). Comparatively with other breeds, the AL pig shows a high lipogenic activity and lipids are
deposited mainly in the subcutaneous backfat. The proportion of fatty cuts can attain more than 50%
of the carcass weight and the backfat thickness at the last rib level can reach 60 mm at 120 kg BW
(Almeida et al., 1993; Neves et al., 2001). This kind of carcass is considered ideal for the manufacture
of dry cured products. In fact, the manufacture industry (cured hams, forelegs and sausages) requires
pigs reared in traditional extensive systems, slaughtered at 140-160 kg BW and with 18-24 months of
age (De Pedro Sanz and Olmo, 2000). Pigs grown on acorn and grass consumption present
chemical, biochemical, and physical changes in the adipose tissue, mainly due to an increase on the
lipid content and on the deposition of oleic acid (C18:1), whose concentration on acorn is about 63%
(Almeida et al., 1993; Neves et al., 1994). These changes may determine the adipose tissue global
quality (firmness or softness, colour or oxidation sensibility) (Lebret and Mourot, 1998).

The C18:1 is the most abundant fatty acid in AL pig fat depots and has an important role in meat
chemical and physical characteristics, mainly in adipose tissue. When pigs are fattened on acorns,
the amount of C18:1 in their fat depots can reach ~60% (Almeida et al., 1993; Neves et al., 1994)
depending on the total body mass gain while fed acorns. Due to this characteristic, the C18:1
proportion was converted in a reference for classification purposes of the source of raw matter from
“‘montanheira” (minimum 54% of C18:1). The criteria also include the proportion of palmitic (C16:0)
and stearic (C18:0) acids (minimum 21.3 and 9.8%, respectively), and the proportion of linoleic acid
(C18:2) (minimum 9.8%), since an increase on C18:1 proportion could lead to a decrease of other
fatty acids. According to Aguilera and Nieto (2003), to match these criteria AL pigs should have at
least a total gain of 45 kg BW during the fattening period in “montanheira”.
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The present experiment was undertaken to study the evolution of the fatty acid composition in the
dorsal subcutaneous fat of free-range AL pigs fed on pasture and acorns from 90 to 110 kg BW, a 20
kg total body weight accretion.

MATERIAL AND METHODS

Twenty AL pigs with ~90 kg BW were placed in a 2 ha pasture, based on Lolium sp. and Trifolium
incarnatum. Each pig was fed daily with 4 kg of acorns. At an average BW of 90 and 100 kg, all
animals were submitted to biopsies near tail insertion to obtain samples of adipose tissue. Finally, the
pigs were slaughtered at ~110 kg BW, and adipose tissue samples were also obtained. All these
samples were collected according to the technique used by the Association of Porco Alentejano
breeders for control of production system. Fat was melted in a vacuum oven at 40°C for 30 min, and
analysed for the composition in fatty acids by GC/FID. An ANOVA was carried out and the means
comparison was made by SNK test. SPSS statistical software was used.

RESULTS AND DISCUSSION

Table 1 shows the results of the evolution in fatty acid composition of the subcutaneous fat at the
level of tail insertion between 90 and 110 kg BW.

Table 1. Effect of body weight (BW) on fatty acid composition of subcutaneous adipose tissue from
Alentejano pigs (n=20) fed on pasture and acorns (mean + standard error).

90 kg BW 100 kg BW 110 kg BW Sig
C12:0 0.080+0.0042  0.085+0.0042  0.069 + 0.004° 0.018
C14:0 1.27 +0.032 1.27 +1.032 1.14 +0.03° 0.003
C16:0 19.46 + 0.29° 19.14 + 0.282 17.36 + 0.32° 0.000
C16:1 3.46 +0.10° 3.86 +0.10° 3.95+0.11° 0.003
C17:0 0.349 + 0.02 0.32 +0.02 0.316 + 0.02 0.429
C17:1 0.44 +0.02° 0.39 + 0.02% 0.35+0.02° 0.019
C18:0 7.91+0.162 7.61+0.16% 7.25+0.18° 0.029
C18:1 49.62 + 0.40° 50.51 + 0.392 53.53 + 0.442 0.000
C18:2 14.11 + 0.34 13.85+ 0.33 12.93 + 0.37 0.062
C18:3 0.80 + 0.04° 0.77 £ 0.041° 0.86 + 0.0472 0.015
C20:0 0.20 +.02 0.19+0.016 0.26 + 0.02 0.364
C20:1 1.27 +0.03 1.13+0.03 1.28 + 0.04 0.060
C20:2 0.82 +0.03? 0.67 +0.027° 0.57 +0.03° 0.000
C20:4 0.21 £ 0.01° 0.20 + 0.01° 0.14 £ 0.01° 0.000
Y Saturated 29.25+0.37° 28.62 +0.36° 26.38 + 0.41° 0.000
>. Monounsaturated 54.80 + 0.44° 55.90 + 0.42° 59.12 + 0.482 0.000
2. Polyunsaturated 15.95 £ 0.39°2 15.49 + 0.38% 14.50 + 0.43° 0.054

ab,c Means with different superscript differ significantly.

The fatty acid profile was significantly affected by growth in the AL pigs fed acorns and grass.
From the first sample at 90 kg through the slaughter weight at 110 kg BW, all fatty acid contents were
significantly affected with the exception of margaric (C17:0), C18:2, arachidic (C20:0), and
eicosamonoenoic (C20:1) acids. In general, the proportion of saturated fatty acids decreased 2.9%,
the proportion of monounsaturated fatty acids increased 4.3% and the proportion of polyunsaturated
fatty acids decreased 1.5%.
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The most noticeable features were the evolution of C16:0, C18:0, C18:1, and C18:2, the fatty acids
whose proportions are used as criteria for the evaluation of the raw matter of AL pig from
“‘montanheira”. Considering the body mass gain from the beginning to the end of the experiment (20
kg BW): (i) the proportion of C16:0 decreased 2.1%, to 17.36% (reference limit < 21.3%); (ii) the
proportion of C18:0 decreased 0.7%, to 7,25% (reference limit < 9.8%); (iii) the proportion of C18:1
increased 4.9%, to 53.53% (reference limit > 54%); and (iv) the proportion of C18:2 decreased 1.2%,
to 12.93% (reference limit < 9.8%). Chemically, acorn is very rich in carbohydrates and has an
amount of ~7% crude fat, with a composition in C18:1 of about 63% (Almeida et al. 1993). So, the
increase of C18:1 in fat depots is explained by the ingestion of acorn and the deposition of dietary
C18:1. This deposition had a dilution effect on the other fatty acids. In AL pigs bred in traditional
grazing conditions (acorn + grass), Neves (1998) reported similar results: between 90 and 130 kg
BW, an increase in the proportion of C18:1 (from 46.3 to 53.7%), and the corresponding reduction in
the proportion of C16:0 (from 21.4 to 19.2%), C18:0 (from 9.8 to 8.5%), and C18:2 (from 13.9% to
11.5%).

In farm conditions animals must walk during all day looking for acorns. The intensity of the
exercise made by these animals depends on the population of trees, the quantity of acorns by tree,
and the geography of the region (mountains and hills). During grazing, it could happen that the most
important fatty acid (C18:1) could be metabolized to produce energy rather than used to fat synthesis.
The oxidation rates of lauric (C12:0), myristic (C14:0), C16:0, C18:0, C18:1, C18:2, C18:3, and C20:4
were studied in weanling rats by Leyton et al. (1987). In this animal model, C12:0 was the most
efficient energy substrate among the saturated fatty acids: the longer the chain length of the saturated
fatty acids, the slower the rate of oxidation. On the other hand, C18:1 was oxidized at a remarkably
fast rate, similar to that of C12:0. Of the n-6 essential fatty acids studied, C18:2 (n-6) was oxidized at
a faster rate than any of its metabolites, with C20:4 (n-6) being oxidized at the slowest rate. Finally the
rate of oxidation of C18:3 (n-3) was almost as fast as that of C12:0 and C18:1. In the experimental
conditions of this work, pigs were fed acorns distributed by hand. Therefore, the only exercise made
by these animals was due to behaviour characteristics and grazing, and limited to the area of 2 ha.
So, we may assume that the energy consumption for exercise was limited and therefore there was no
need of selective fatty acid oxidation to produce energy.

CONCLUSIONS

With an accretion of only 20 kg BW in AL pigs fed grass and 4 kg of acorn daily, it was possible to
obtain a proportion of C18:1 in dorsal subcutaneous adipose tissue similar to the one demanded by
the criteria for the classification of these pigs as pigs from “montanheira”. It was also registered a
proportion of saturated fatty acids within the limits demanded by the mentioned criteria. However, the
amount of C18:2 remained ~3% above the reference limit. This could be explained by the fact that
when pigs don’t make intense exercise they don’t metabolize the C18:1 for energy production and are
able to use it for adipose tissue synthesis.
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ALPHA-TOCOPHEROL CONTENT ON THE SEMIMEMBRANOSUS MUSCLE OF
ALENTEJANO PIGS REARED IN INTENSIVE AND EXTENSIVE CONDITIONS

J. Neves, A Freitas, J. Martins, J. Nunes

ICAM/Universidade de Evora, Aptd 94, 7002-554 Evora, Portugal

SUMMARY - This trial was undertaken to determine the effect of the rearing system (intensive vs.
extensive) over the content of antioxidants (alpha-tocopherol) in the meat of Alentejano pigs. Sixteen
Alentejano pigs with an average body weight (BW) of 60 kg were divided in two groups: Group |
(n=10) was allocated in open-air individual pens, while Group Il (n=6) was maintained in a 3 ha
natural pasture. Both groups were fed a commercial diet (3100 kcal ED, 14% CP, and 20 mg/kg
alpha-tocopherol) at 85% ad libitum. All pigs were killed at 100 kg BW and carcasses were
refrigerated (24 h at 4°C). Samples of semimembranosus muscle were obtained, stored under
vacuum, and frozen (-30°C) until analysis. The content in alpha-tocopherol was estimated by HPLC.
Results show a significant effect (P<0.001) on the semimembranosus content of alpha-tocopherol.
Group I, with access to pasture, presented content in alpha-tocopherol of 2,81 ppm, about 2,4-times
higher than Group |, without access to pasture (1,18 ppm). Such results suggest a beneficial effect of
the extensive rearing system over the oxidative stability of the meat of Alentejano pigs, with
repercussion on the technological quality of the meat and may be useful to discriminate the finishing
feeding system.

Key Words: Alentejano pig, alpha-tocopherol, Semimembranosus, rearing system

INTRODUCTION

The Alentejano (AL) pig production is characterized by the fact that the animals are reared
outdoors during almost the time of the production cycle. Nowadays, the production of Alentejano pigs
fulfills a double function: it provides meat for the manufacture of cured products and for fresh
consumption. The manufacture industry requires pigs reared in traditional extensive system
“‘montanheira”, slaughtered at 140-160 kg BW, with 18-24 months of age. The emerging market of the
fresh meat DOP requires animals with 90-120 kg LW, obtained at 10-12 months of age and implies
that animals must be reared extensively. Depending on the period of the year/production cycle the
ingestion of grass depends on its availability and it is controlled by the animals. The consumption of
grass could vary between 1 kg to 1,5 kg.

Tocopherols (beta-, gamma- and alpha-tocopherol) have been found in plants, but alpha-
tocopherol seems to be the most abundant and biologically active species in chloroplast membranes
(Garcia-Plazaola and Becerril, 1999). Tocopherols are a group of potent lipid-soluble antioxidants and the
feeding background affect the deposition of tocopherols (mainly the alpha form) (Rey et al., 2006).
The intake of grass and acorns by free-range reared pigs has recently been associated with the
incorporation of plant phenolics in the animal tissues which could enhance their oxidative stability
(Cava et al., 1998). Quantification of the tocopherols content as affected by either the time of free-
range feeding or the weight gained during the fattening period outdoors could be used as a
discriminant for different pig meat qualities (Rey et al., 2006).

This trial was undertaken to determine the effect of the rearing system (intensive vs. extensive)
over the content of antioxidants (alpha-tocopherol) in the meat of Alentejano pigs.
MATERIAL AND METHODS

Sixteen Alentejano pigs with an average body weight (BW) of 60 kg were divided in two groups:
Group | (n=10) was allocated in open-air individual pens, while Group Il (n=6) was maintained in a 3
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ha natural pasture. Both groups were fed a commercial diet (3100 kcal ED, 14% CP, and 20 mg/kg
alpha-tocopherol) at 85% ad libitum. All pigs were killed at 100 kg BW and carcasses were
refrigerated (24 h at 4°C). Samples of semimembranosus muscle were obtained, stored under
vacuum, and frozen (-30°C) until analysis. The content in alpha-tocopherol was estimated by HPLC.

RESULTS AND DISCUSSION
Figure 1. shows the amount of alpha-tocopherol in semimembranosus muscle from pigs reared in

natural pasture and in individual pens.

Figure 1. Alpha-tocopherol concentration in semimembranosus muscle.

2,81a P<0.001

Extensive system Intensive system

Pigs reared in extensive system presented an higher amount of alpha-tocopherol 2,81 ppm vs.
1,18 ppm in intensive system, about 2,4-times higher. Rey et al. (2006) reported that tocopherol
accumulation differed with the type of feeding (commercial food v. acorns/acorns and grass).
However, Daza et al. (2005) confirmed that muscles from Iberian pigs subjected to dietary
supplementation with 200mg/kg alpha-tocopherol contain similar levels of such antioxidant than those
from free-range reared Iberian pigs. If it is possible to obtain the same concentration with dietetic
supplements to improve the quality characteristics of Alentejano meat and products, according
Ventanas et al., (2007) pigs reared in confinement by using enhanced mixed diets was partially
fulfilled. On one hand, the dietary supplementation with tocopherol in oleic acid-enriched diets is a
successful strategy to increase the levels of alpha-tocopherol and oleic acid in Iberian-dry-cured
hams. On the other hand, the hams from pigs fed on this enhanced diet do not attain the
intramuscular fat levels of hams from Iberian pigs fed on acorns which could be considered a serious
drawback since this parameter infuences essential sensory features of Iberian hams such as the fat
oiliness the juiciness and the flavour.

CONCLUSIONS

Such results suggest a beneficial effect of the extensive rearing system over the oxidative stability
of the meat of Alentejano pigs, with repercussion on the technological quality of the meat and may be
useful to discriminate the finishing feeding system since the amount of alpha-tocopherol was 2,4
times higher in pigs reared in extensive system.
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EFFECT OF PASTURE ON MEAT AND FAT QUALITY
IN CINTA SENESE PIGS
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SUMARY - Cinta Senese (CS) is currently bred with different rearing and feeding techniques that
consequently determine variability in product characteristics. The aim of our paper was to test the
effect of grass pasture on tissue composition of sample joint and on physical-chemical traits of meat
and subcutaneous fat. Sixteen finishing CS pigs were divided into two groups: 8 animals (P) were
reared on pasture with an integration of 1.4 kg/d per head of mixture usually employed by the farmer;
8 animals (C) were reared in confined area and fed exclusively the same mixture (2.6 kg/d/head).
Both groups showed appreciable meat tenderness with no significant differences (shear force of 7.26
vs 6.69 kg on raw meat and 7.55 vs 8.05 kg on cooked meat, for P and C respectively). High values
of intramuscular fat in Longissimus lumborum (4.1% vs 4.9%) and Psoas major (2.6% vs 3.0%), for P
and C respectively, were recorded. Subcutaneous fat of P revealed higher percentages of C18:3
(0.8% vs 0.6%, P=0,004), even if PUFA did not exceed 15%. Results underlined the appreciable
characteristics of CS meat fed on pasture and the feasibility of reducing the use of cereals.

Key words: Cinta Senese pig, grass pasture, meat quality, fatty acids.

INTRODUCTION

Cinta Senese (CS) pigs are generally reared under extensive conditions and with different feeding
techniques. Pasture plays a fundamental role in pig outdoor husbandry and could extend quality
properties with sustainability attributes. The aim of this paper was to test the effect of grass pasture
on tissue composition of sample joint and on physical-chemical traits of meat and subcutaneous fat.

MATERIAL AND METHODS

The study was carried out in an organic farm near Pisa. Fattening of Cinta Senese pig happened
in large areas where rest and feeding spaces were provided. At start 16 animals were divided in two
groups (each with 3 castrates and 5 females) homogeneous for body weight: “concentrate group” -
“C” - fed concentrate usually utilised in the farm (2.6 kg/pig/d) and “pasture group” - “P” - fed on grass
pasture (6.2-7.3 g/ha respectively at the beginning and at the end of the trial) with an integration
based on the same concentrate (1.4 kg/pig/d). Concentrate consisted in barley (40%), corn (20%),
Vicia faba minor (15%), wheat bran (15%) and wheat bran shorts (10%). Pasture sampling (Numata,
1982) resulted in lucerne, oat, lolium and clover. Chemical composition of feedstuffs is reported in
Table 1.

Body weight was periodically recorded and slaughter occurred between 36 and 160 days from the
beginning of the trial: this wide range was planned to test the effect of the duration of grass pasture on
meat and carcass quality. Each slaughtering regards the same number of animals belonging to the
two diets. At slaughter, live and carcass weights were recorded. In vivo performance and carcass
traits are reported in previous paper (Giuliotti et al., 2007).

Sample joint (loin from 2nd to 5th lumbar vertebra, comprehensive of surrounding backfat) was
taken from the right side and dissected in the major tissues. Physical and chemical properties
(chemical composition, pH, water holding capacity, Warner Bratzler shear force, colour; ASPA, 1996;
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Grau and Hamm, 1952; Boccard et al., 1981) were determined on Longissimus Lomborum (LL) and
Psoas Major (PM); colorimetric coordinates (L*, a*, b*) were measured also on the backfat. Total
lipids (Folch et al., 1957) and fatty acid composition (Morrison and Smith, 1964) on outer layer of
backfat were also determined.

Data were analysed by ANCOVA (SAS, 2003) including in the model diet, sex and trial day, by
estimating the LS-means at the average day of trial.

Table 1. Chemical composition of feeds.

Mixture Grass
Dry Matter % 88.5 23
Crude Protein % 12.7 3.54
Ether Extract % 2.7 0.65
Crude Fiber % 4.47 4.42
Ash % 3.96 2.59

RESULTS AND DISCUSSION

Sample joint composition (table 2) did not show any significant differences between the two
groups. Generally, lean to bone ratio was higher than the value found in the Cinta Senese by Franci
et al. (2005).

As physical trait is concerned (table 3), no differences between groups were found and, generally,
meat showed appreciable tenderness. Probably, this result is due to the high values of intramuscular
fatin L. lumborum (4.1% in P vs. 4.9% in C) and Psoas major (2.6% in P vs. 3.0% in C).

For acidic composition, significant differences were detected only for C18:3, PUFA n3 and n6/n3;
PUFA did not ever exceed the threshold of 15% (table 4), above which fat quality can be negatively
affected.

CONCLUSIONS

Finishing Cinta Senese pigs on grass pasture produced high quality products with an appreciable
polyunsaturated fatty acids content. The results can suggest the substitution of almost the half part of
the concentrate with grass in the diet even in finishing period, enhancing the role of an appropriate
resources management in extensive rearing.
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Table 2. Sample joint composition.

Control Pasture S.E.
Sample joint g 2895 2845 130.75
Subcutaneous fat % 39.00 39.10 1.84
-Outer layer % 15.01 16.24 0.46
-Inner layer % 23.99 22.86 1.75
Intermuscular fat % 5.93 4.38 0.90
Muscle Psoas major % 9.80 9.83 0.46
Muscle Longissimus lumborum % 28.62 28.71 0.87
Other lean % 7.16 7.52 0.73
Bone % 9.49 10.44 0.44
Area Longissimus lumborum cm? 391 381 25.70
Lean/Bone 4.84 4.47 0.23
Table 3. Physical traits of L. lumborum.

Control Pasture S.E.

Drip loss % 4.78 4.79 0.674
Cooking loss % 25.89 25.6 1.931

Free water cm’ 104.87 86.06 10.411
Shear force on raw meat kg 6.69 7.26 1.052
Shear force on cooked meat kg 8.05 7.55 0.946
Color: - L* 48.56 49 1.099
-a* 13.85 13.48 0.673

- b* 4.45 4.47 0.464

Table 4. Main fatty acid composition (% of total) of outer layer backfat
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Control Pasture S.E.
Cc16 23.8 23.86 0.324
Cc18 11.34 12.3 0.419
C18:1 48.34 47.58 0.434
C18:2 10.66 10.58 0.324
Cc18:3 0.56 a 0.78b 0.049
C20 0.09 0.06 0.014
C20:1 0.9 0.9 0.026
C20:2 0.39 0.35 0.028
C20:3 0.07 0.06 0.013
C20:4 0.05 0.05 0.008
SFA 36.71 37.62 0.718
PUFA 11.74 11.82 0.376
PUFA N6 11.18 11.04 0.352
PUFA N3 0.56 a 0.78b 0.049
PUFA/SFA 0.32 0.32 0.016
n6/n3 21.55a 14.79 b 1.235
a, b =P<0.05
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THE "CINTA SENESE" BREEDING SYSTEM: PRODUCTION SYSTEM,
BREEDING STRATEGIES AND PERSPECTIVES OF VALORIZATION
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SUMMARY As one of the dynamic livestock segments, the Cinta Senese pig breeding is
increasingly recognised as an opportunity to enhance competitiveness and promote
sustainable production and land use practices. These patterns have prompted ARSIA (the
Regional Agency for supporting rural development and innovation) to try to explore in depth
the Cinta Senese breeding system. The field analysis has involved a sample of 35 farms.
Research activities thus far has focused primarily on the farms structure and organisation
systems. Specific attention has been paid to better understand extensive cattle system,
focusing on the extreme heterogeneity of forest management ways. Furthermore, a little
sharing behaviour has emerged from the feed ratio management, the cattle weight of
slaughtering and the marketing and promotion strategies.

Key words: Cinta Senese pig, extensive breeding, local/authchonous breed, marketing strategies.

INTRODUCTION

ARSIA (Regional agency for agricultural development and innovation in Tuscany) has
realized a survey that has concerned 35 Cinta Senese pig breedings with the aim of
understanding and improving this old breed recovery. The study wanted to notice technical
information on breeding management, productive performances, marketing strategies and to
point out breeders’ technical and commercial needs.

According to breeders associations data (APA), in 2006 there were in Tuscany 155 Cinta
Senese farms with nearly 1500 sows 250 boars. Considering that in 1998 the total ammount of
these pigs was very low (about 120 sows and 20 boars) the growth rate of these breedings
has been really amazing. In table 1 it is reported the Cinta Senese heritage of the region:
most of the breedings are located in the province of Siena (the area gave origin to the race)
and in the provinces of Firenze, Livorno Arezzo and Grosseto; the majority of the breedings
are very small in term of number of sows, 75% of them have less than 10 sows (Fig. 1).

Table 1. Number of Cinta Senese breedings, and number of sows and boars per each
province of Tuscany (APA 2006).

TOTAL L‘,Sg 1487 252
Province - SOWS boars
breedings

Arezzo 23 84 22
Firenze 12 250 30
Grosseto 13 75 16
Livorno 11 244 47
Lucca 4 56 7
Massa Carrara 4 20 4
Pisa 8 40 9
Pistoia 3 17 7
Prato 2 7 2
Siena 76 694 108
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Figure 1. Tuscany: percentage of breedings per number of sows classes.
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Farm sample
The sample of farms has been chosen in considering the number of the sows and their
location, preferring the biggest breedings situated in the mid-south of Toscany. The size of
breedings is shown in figure 2 where the sample is divided into groups in relation to the
number of the sows.

Figure 2. Farm sample: number of pig breedings divided into classes of sows number.

Oless than 10 sows B between 10 and 20 sows
O between 20 and 30 sows Oover 30 sows

The majority of pig-farms concerned by the survey do the breeding and rearing phase and
also the fattening phase; only two of them are specialized in producing piglets; all of them are
extensive outdoor breedings. As shown in figure 3, in many cases the beginning of the activity
is quite recent with an explosion of breedings between 2000 and 2002. The 35% of Cinta
Senese farms was born as a new activity while in the other cases breeding represent a new
sector of a pre-existing farm.
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Figure 3. Beginning of the activity for the Cinta Senese farms of the sample.
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Breeders are young, in comparison with the average of Italian farmers (30% of them have
less than 40 years old); they have a good instruction level (15% of them have a degree and
65% a high school certificate) and they are represented by women in the 20% of the sample.

Dimension and land use of the farms are varied; as illustrated in figure 4, total surface,
cultivable surface, wood surface and the number of sows are associated in many
combinations. There are big farms in which most of the land is covered by wood and the
number of sows is low, there are big farms where the majority of the surface is sowable land
and the number of sows is intermediate and farms in which all the the land is covered by the
wood and the number of the sows is high. As for the wood it is interesting to notice that there
are 7 farms (20% of the sample) where its surface is nearly absent.

Fig. 4. Sowable land, wood land and number of sows
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Reproduction

When all the breeders have to choose a boar, they verify the consanguinity with ANAS
web site service, taking into great consideration the problem of genetic variability lack. In
branding piglets (registering genealogy and verifying breed’s phenotypical characteristics)
there are no problems of identification because usually sows litter in individual fences, where
they stay until piglets are weaned. Only in four breedings the delivery takes place in big fences
where more sows are put together, while other four farms practice indoor delivery.

Mating period is planned by fifty percent of the breeders to concentrate births during spring
and autumn, while in other cases sows and boars are never separated. The average of piglets
born per sow is about six, but incresing the dimension of the breeding this value tends to
decrease, as shown in figure 5.

Fig. 5. Number of piglets born in relation with number of sows of the pig-farm
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Piglets mortality depends on pneumonia for 26% of the breeders, on crushing by sows for
14% of the breeders and on predators (foxes and wolves) for 12% of the breeders. Others
causes of death can be high temperature in summer time and the scarcity of sow milk.

Forest grazing

Traditional Cinta Senese breeding is an outdoor rearing with pasture on woods of chestnut
and acorn. The use of this natural resource have many implications that concern the
environment (taking into consideration forest grazing charge) meat quality (using chestnut and
acorn as fodder) and marketing (consumers associate this old breed to extensive rearing in the
wood).

In the farms studied, the forest is used in different manner by breeeders: 60% of them
keeps pigs grazing in the forest all over the year, 20% sends the pigs to forest mostly in the
finishing phase and when chestnuts and acorn are available; as said previously the rest of the
farm sample (about 20%) doesn’t have wood and uses only herbaceous pastures.

Forest is used with a turnover system in 55% of the breedings, where the wood is divided
into sector with electric fencing, while in the other cases all the surface is permanently grazed.
These practices have big impact in forest renovation capacity and in soil erosion, themes
considered of primary importance by the 50% of the farmers. Finally the wood is an important
source of fodder in the 45% of the breedings.
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Nutrition

Pig ration, as reported in figure 6 is composed of commercial feeds and/or cereals and
legumes grains: 23% of the breedings uses only commercial feeds while 50% uses grains of
cereals (wheat, oat, barely, corn) and legumes (pea and especially broadbean). Grains are
sometimes milled or soaked in water but more frequently they are given to pigs without any
treatment and this causes a big loss of the ration nutritional value.

Fig. 6. Percentage of breedings in relation with pig ration.
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Commercial feeds used are specific for pig and sometimes for Cinta Senese and their
formulation is processed in relation with pig development phase. Feeds contain several
ingredients: cereals (wheat, oat, barely, corn), wheat bran, legume grains (soybean,
broadbean, pea), salts (calcium phosphate, calcium carbonate, sodium chloride) and
sometimes amino acids (lysine, methionine).

Concerning feed origin, figure 7 shows that only 15% of the breedings are self-sufficient
while in most of the cases ration ingredients are not produced by the farm.

Fig. 7. Percentage of breedings related to fodder origin
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The feed amount given to Cinta Senese pigs varies from two to three percent of body
weight but in some period can be lower if there is the possibility to integrate diet with pasture.
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In 65% of the breedings there is only one kind of ration given in different quantity in
accordance with the pig developing phase. Besides in the 35% of the pig farms the diet
varies by increasing proteins in the growing stage.

Slaugthering age and final weight (Figure 8) are quite differentiated because of the
different strategies of managing the herd and the different feed ration chosen by farmers. 150

kg of final weight is reached in the majority of the breedinds between 18 and 22 months, but in
some cases farmers need more time to fatten their pigs.

Fig. 8. Age of slaughtering and final weight
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Products processing and sale

About 65% of the breedings processes their meat, producing tipycal Tuscan salami (ham,
bacon, lard..) and also particular products obtained following ancient recipes or following north
of Italy traditional way of processing. The majority of these breedings have set up their own
workshop to process the meat while the others turn to factories producing salami. Products,
addressed to high level of consumers, are sold especially to restaurants and grocer’s
fashionable shops; only one producer supplies supermarkets and two farms export salami and
meat to Japan and north Europe. In general, breeders that process their meat are quite
satisfied with the prices they obtain, even if there is still a big variability on the market; for
example the price of whole ham can vary from 28 to 50 €/kg from one farm to another.

For the farmers that don’t process their products the most important trade channel is
represented by factories producing salami: very rarely fatty pigs are sold to other breeders
provided with a processing workshop or sold to privates. Prize per kg (the weight of a body
alive) is around 2,50 € but it can fall under 2,00 € in periods of big offer. For this reason
breeders that don’t have the possibility of processing their meat, express their discontent about
the prizes, complaining that the market provides less profits than few years ago.

Concerning strategies to enhance the value of Cinta Senese products, breeders hope that
DOP “Suino Cinto Toscano”, that is going to finish its procedure to be approved by EU, wil be
useful to reduce frauds, to level products quality and to peg prices. Organic certification,
obtained by 35% of the farms concerned by this survey, doesn’t bring big advantage in selling
products but allow to comply with Rural Development Plan raising contributions and funds.

28
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Breeders demands

Breeders needs, in term of technical assistance are very different, responding to big
differences in farm dimension and way of managing. Common requests this survey has
noticed concern:

- processing technique: processors need to rediscover ancient recipes and to reduce
the use of preservatives;

- slaughtering: in Toscany there are only few slaughterhouses (high carriage fees) that
sometimes don’t respect animal welfare.

Other problems which have come out of interviews, are related to feeding techniques,
where it is important to identify the best relation between pig age and final weight, in evaluating
meat quality and production cost.

Besides, farmers complain the lack of promotion strategies to let consumers know Cinta
Senese and appreciate its particular and not standardized taste.

CONCLUSIONS

This survey represents a picture of Cinta Senese breedings in Tuscany and shows how
this division has answered to the crisis of the last few years. In varied situations some farms
reacted to prices reduction in investing to direct processing of their meat, while little farms are
discussing about the possibility of creating a cooperative structure to process their goods,
otherwise they would fail .

Finally it is important to highlight that Cinta Senese represents, in the national context, an
important example of recovery and relaunching of an ancient breed that was very close to
extinction. The success of the improvement of Cinta Senese depends on breeders’ and
processors’ perseverance, on the promotion and contribution done by associations and public
institutions, and on the scientific activity of the University of Forence.
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IN VITAM AND POST MORTEM PERFORMANCES OF “NERO SICILIANO”
FATTENING PIGS FED WITH DIFFERENT DIETS

A. Zumbo*, A.R. Di Rosa*, V. Di Marco**, V. Aronica**, M. Russo**and V.Pruiti***

*Dipartimento MO.BI.FI.P.A. Sezione di Zootecnica e Nutrizione animale; Universita di Messina; Polo
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SUMMARY - The in vitam and post mortem effects of two different diets, Acorn (A) vs Barley (B),
were examined in 24 “Nero Siciliano” pigs over 90 days during the fattening period. The animals were
assigned to two homogeneous groups of 12 animals respectively. The individual baseline weight was
recorded and the average daily gain (ADG) was calculated every month. After slaughtering, the
thickness of the dorsal fat tissue was measured; yield, pH; and pHy were also determined. A sample
cut was taken from the loin and dissected in order to analyze the major tissues. Data were subjected
to the GLM-SAS. The results (pH¢: A 6.28 vs B 6.12; pHu: A 5.77 vs B 5.63; final life weight: A
109.93 kg vs B 120.45 kg; ADG: A 346 g/d vs B 465 g/d) indicated a statistically significant (P <
0.05) influence of the diet during fattening.

Key words: Nero Siciliano pig, barley, acorn, in vitam performances, carcass traits.

INTRODUCTION

The “Nero Siciliano” pig is a native breed that has been reared in Sicily for a long time. Recently
there has been an enhanced demand for “Nero Siciliano” products, and therefore the number of
breeding animals is being increased. According to official registration, the present population
comprises about 300 sows, although the actual numbers might differ from the official data. The
objective of this study was to examine the in vitam and post mortem feeding effects in “Nero Siciliano”
fattening pigs fed on different diets.

MATERIAL AND METHODS

The trial was carried out with 24 “Nero Siciliano” pigs, bred in the Nebrodi mountain region of
Sicily. Animals were assigned to two different groups called Acorn (A) and Barley (B), each consisting
of 12 animals, homogenous for sex (castrated males) and body weight (BW 79.48 £ 0.15 kg). Animals
of group A were kept in a wooded area of 12 hectares, appropriately enclosed, and fed with acorn
during the fattening period (90 days). Animals of group B were reared within an open-air system in the
same rural region and fed with germinated barley on a basis of 2.5 kg/pig/d during the fattening period
(90 days). At the beginning of the ftrial, individual microchips (Portorider) were implanted
subcutaneously underneath the ear of each animal in order to facilitate an electronic identification
from a distance. The baseline weight of each pig was recorded and the weight was measured every
month using an electronic weighting machine (Laumas Elettronica) to determine the average daily
gain (ADG). After 90 days of fattening and a fasting period of 18 hours (ASPA, 1991) the animals
were slaughtered. The carcasses were cut lengthwise into two halves. The yield was calculated for
every carcass and the thickness of the dorsal fat tissue was measured at the first (1T) and the last
(UT) thoracic vertebra, as well as on the upper Gluteus medius muscle (GM). pH4-values (measured
45 minutes after slaughtering) and pHy-values (measured 24 hours after slaughtering) from the
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muscle Longissimus lumborum (LL) were determined by a pH-meter (WTN 597-S) e%uipped with
penetration probe. A sample cut was taken from loin (including lumbar vertebrae 2" — 5”‘) and
dissected in order to analyze the major tissues. The obtained data were subjected to the GLM
procedure of SAS (2001).

RESULTS AND DISCUSSION

The in vitam parameters were significantly influenced by the feeding method used during fattening.
In fact, in the course of the trial (Table 1) the measured ADG were 346 g/d for animals in the A group
and 465 g/d for animals in the B group (P = 0.004).

Table 1. In vitam and post mortem traits of Nero Siciliano pigs fed with either Barley or Acorn during
the fattening period

Acorn (A) Barley (B) P
ADG (g) 346 465 *
Slaughtering body weight (Kg) 109.93 120.45 *
Yield (%) 80.45 80.96 NS
pH;(45") 6.28 6.12 *
pHy (24h) 577 5.63 >

NS: not significant; * P < 0.05; ** P < 0.01.

As shown in Figure 1, the two groups, starting from identical baseline weights (79.48 kg), showed
a noticeably different weight gain during the first month (day 30: A 92.04 kg vs B 101.77 kg), with re-
approaching weights around the 60" (day 60: A 108.69 kg vs B 112.59 kg) and arrived at
slaughtering with significantly different average weights (A 109.93 kg vs B 120.45 kg; P = 0.004).
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Fig.1. Relationships between fattening duration and body weight

Most likely, these results are due to the different diets used during the trial. The yield, as shown in
Table 1, exceeded all expectations in both groups (A 80.45% vs B 80.96%) and was higher than the
one found by D’Alessandro et al. (2007) for “Nero Siciliano” pigs fed with barleycorn and citrus pulp
(72.9%). The yield also exceeded the one found by Campodoni et al. (1999) for Large White x Cinta
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Senese cross breeds raised outdoors in a forest region on pasture with partial food integration
(79.89%). As to the pH-values measured at 45 minutes after slaughtering, risk indicator for the
possible presence of PSE-(Pale/Soft/Exudative)-meat, Table 1 shows highly significant results (A
6.28 vs B 6.12; p = 0.005), comparable with the ones found by Zumbo et al. (2002) for pigs of the
same genetic type (6.16) reared under extensive conditions, and lower than the ones found by
Pugliese et al. (1999) for Large White x Cinta Senese cross breeds (6.39). Also, the pH-values
measured 24 hours after slaughtering, used to exclude the presence of DFD-(Dark/Firm/Dry)-meat,
were shown to be significant (Table 1) and higher than the ones found by the authors mentioned
above (Zumbo et al., 2002: 5.50; Pugliese et al., 1999: 5.57). As illustrated in Table 2, measurement
of the dorsal fat showed a lower thickness at every measuring site for animals that had been fed on
acorn; however, only measurements at the last thoracic vertebra turned out to be statistically
significant (UT: A 2.8 cm vs B 3.7 cm; P = 0.02).

Table 2. Dorsal fat thickness measured after slaughtering of Nero Siciliano pigs fed with either Barley
or Acorn during the fattening period. (Mean value + SD)

Acorn (A) Barley (B) P
Dorsal fat at the first (1T) thoracic vertebra (cm) 4.05+1.54 4.9+0.86 NS
Dorsal fat at the last (UT) thoracic vertebra (cm) 2.840.95 3.71£1.04 *
Dorsal fat at the upper gluteus medius muscle (GM) (cm) 3.23+1.07 3.9+0.86 NS

NS: not significant; * P < 0.05.

The dissection of the sample cut (Table 3) also revealed the positive effects of the acorn diet used
during the finish phase since A group carcasses showed higher percentages of lean cuts at the
expense of fat and bone. This fact might be particularly influenced by the diet (A 18.58% vs B
21.12%; p = 0.01).

Table 3. Tissue composition of the sample cut of Nero Siciliano pigs fed with either Barley or Acorn
during the fattening period. (Mean value + SD)

Acorn Barley P
Sample cut weight (g) 967.40+190.35 996.91+301.38 NS
Lean (%) 69.84£3.90 67.74+£3.03 NS
Fat (%) 11.6+£3.46 9.98+2.23 NS
Bone (%) 18.58+2.35 21.1+1.74 *

NS: not significant; * P < 0.05.

Even though factors like the complexity of the breeding environment, the variety and variability of
climatic conditions and feed provision in the mountain region of the Nebrodi should not be
underestimated, the overall results are an incentive for using feedings that can be found on the spot;
furthermore, they are useful in pursuing a twofold objective: to obtain high quality products from the
“Nero Siciliano” pigs and to protect the forest, thus reinforcing its status as an important resource.
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VITAMIN E ADMINISTRATION IN NERO SICILIANO PIGS:
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SUMMARY - The aim of this study was to evaluate the antioxidant effect of Vitamin E on the stability
of “Nebrodi” cured sausages. Sausages were prepared using meat of 18 Nero Siciliano pigs living in
plein-air system in the Nebrodi area, divided into two groups called CTR and Vit.E. Every 15 days, the
pigs of Vit.E group were treated with d,l-alfa tocopheryl acetate i.m. (200 1.U./head). After slaughter
(age=250 days), on the cured sausages, prepared using the standard technology of the “Consorzio di
tutela del suino Nero dei Nebrodi”, fatty acid composition at 30 days of seasoning and oxidative
stability (TBARs) at 0, 15 and 30 days of seasoning, were determined. SFAs, MUFAs, n6-PUFAs and
n3-PUFAs, showed no significant differences (P>0.05) as well as Atherogenic (Vit.E=0.5 vs.
CTR=0.5) and Thrombogenic (Vit.E=1.39 vs. CTR=1.34) indices. Oxidative stability was unaffected
(P>0.05) by treatment, even if TBARs trend of Vit.E group showed a slightly better stability than that
of CTR group.

Key Words: Nero Siciliano pig, vitamin E, cured sausage, oxidative stability

INTRODUCTION

Lipid oxidation is one of the major causes of quality deterioration of meat, with adverse effect on
flavour, colour, texture and nutritional value (Byrne, 2000). In particular, the high levels of
intramuscular fat and oleic acid in the meat of pigs belonging to autochthonous race, such as Iberian
pigs, are responsible for certain texture and appearance traits which influence consumer’s
acceptability (Ventanas et al., 2007). Efficient protection of meat products against oxidative
deterioration depends on an optimisation of the process parameters identified at critical points along
the production chain such as the use of an antioxidant as a way of reducing the susceptibility of the
muscle lipid and myoglobin to oxidation (Daza et al., 2005). Considering the high proportion of
unsaturated fats of the Nero Siciliano meat (Pugliese et al., 2004) and consequently its particular
susceptibility to oxidative rancidity (Liotta et al., 2007), the aim of this study was to evaluate the effect
of Vitamin E on the stability of the “Nebrodi” cured sausages prepared using meat of Nero Siciliano

pigs.

MATERIAL AND METHODS

The research was carried out on 18 Nero Siciliano pigs living in the plein-air system in the
Nebrodi area. The animals were divided into two groups of 9 (5 males and 4 females) homogeneous
for B.W. (35 £ 2kg) and age (150 + 15 days) called CTR and Vit.E. Animals fed on spontaneous fruits
of the undergrowth integrated (3% of B.W.) with concentrate (Dry Matter: 87.5%, Crude Protein:
17.5%, Ether Extract: 3.0%, Crude Fibre: 5.5%, as fed) analysed using the official methods (AOAC,
2000). Every 15 days, the pigs of the Vit.E group were treated (200 |.U./head) with an intra-muscular
administration of d,I- alfa tocopheryl acetate (Vitalene E®, FATRO SrL, BO, ltaly). After slaughter
(age=250 days), on the cured sausages, 30 days of seasoning and 290g of weight (on average),
prepared using the standard technology of the “Consorzio di tutela del suino Nero dei Nebrodi”, the
fatty acid composition (Chiofalo et al., 2005) was determined; each fatty acid was expressed as
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percentage of the total identified fatty acids. On the basis of the fatty acid profile, the Atherogenic and
Thrombogenic indices of sausages were calculated using the equations proposed by Ulbricht and
Southgate (1991). The oxidative stability as measured by formation in Thiobarbituric Acid Reactive
Substances (TBARs) was determined at 0, 15 and 30 days of seasoning and measured as
absorbance (A) at 532 nm (Faustman et al., 1992). The results were subjected to ANOVA (SAS,
2001), using the following model: y;= u + a; + €;; where a; = effect of treatment.

RESULTS AND DISCUSSION

SFAs, MUFAs, n6-PUFAs and n3-PUFAs, showed (Table 1) no significant differences (P>0.05)
nor any polyunsaturated fatty acids of nutritional interest of the n6-series, whereas, the essential fatty
acid of the n3-series showed a higher value in the Vit. E group than that of the CTR group (Table 2).
This could be due to the low levels of vitamin E administered which were not sufficient enough to
protect, during the ripening, the high levels of unsaturated fatty acids contained in the sausages
(Lopez-Bote et al., 2005). Consequently, the Atherogenic and Trombogenic indices were not
influenced by the d,I- alfa tocopheryl acetate administration (Table 1).

Oxidative stability was unaffected (P>0.05) in a significant way by treatment, even if the TBARs
trend of the Vit.E group showed during the seasoning a slightly better stability than that of the CTR
group (Figure 1).

The results suggest a further optimisation of dosage and time of vitamin E administration,
considering the interest of farmers and technicians for the “Nebrodi” cured sausage.

Table 1. Acidic composition and Quality indices of the sausages in relation to the d,l-alfa tocopheryl
acetate administration (mean + SD, Probability).

Groups p
CTR Vit. E
Saturated (SFA), % 42.39+3.74 43.22+5.08 0.35
Monounsaturated (MUFA), % 44 .88+3.96 43.80+4.28 0.33
Polyunsaturated (PUFA), % 12.7310.44 12.98+1.24 0.33
n3-PUFA, % 0.95+0.11 1.0240.13 0.19
n6-PUFA, % 11.78+0.39 11.96+1.14 0.36
Unsaturated/Saturated (UFA/SFA) 1.3840.20 1.31£0.25 0.39
Atherogenic Index (Al) 0.50+0.04 0.51+0.04 0.35
Thrombogenic Index (Tl) 1.34+0.22 1.39+0.29 0.37

Table 2. Polyunsaturated fatty acids of nutritional interest in relation to the d,l-alfa tocopheryl
acetate administration (mean + SD, Probability).

Groups p
CTR Vit. E
Linolenic acid (C1g:3n3), % 0.67+0.15 0.82+0.07 0.023
Linoleic acid (C+g.2n6), % 10.96+0.32 11.09£1.05 0.39
Arachidonic acid (Cyg.4n6), % 0.35+£0.07 0.37+0.06 0.38
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Fig. 1. TBARs trend at 0, 15 and 30 days of seasoning in relation to the diet (mean values)
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DIETARY SUPPLEMENTATION OF ROSEMARY EXTRACT IN GROWING NERO
SICILIANO PIGS: EFFECT ON SOME HAEMATOLOGICAL PARAMETERS

L. Liotta, B. Chiofalo, E. Scinardo Tenghi and V. Chiofalo

Dipartimento di Morfologia, Biochimica, Fisiologia e Produzioni Animali, University of Messina, Polo
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SUMMARY - Natural polyphenols found in the leaves of rosemary (Rosmarinus officinalis L.) have
potential benefit, because of their potent antioxidant activity and their anticancerogenic and antiviral
properties. Active components in rosemary extract are flavonoids, terpenoids, carotenoids. The
activities of dietary rosemary extract on some haematological parameters in Nero Siciliano pigs were
investigated. 30 Nero Siciliano pigs (16 castrated males and 14 females), during the growing-finishing
period (120 days), were divided into two homogeneous groups of 15 each one (8 males and 7
females, LW 4212 kg), which received (3% of B.Wé? the basal diet supplemented with (Rox group) or
not (Ctrl group) 1g-kg” a rosemary extract (ROX P® — Sevecom S.p.A.). On each subject, every 30 d,
individual blood samples were taken (K-EDTA venoject®) and some haematological parameters
analysed (GENIUS — VET, SEAC ®). Results were subjected to ANOVA. White blood cells count was
significantly higher in Rox group (Rox 25.48 x10% vs. Ctrl 22.38 x10%I; P=0.021), whereas
hemoglobin content was significantly higher in Ctrl group (Rox 13.21 g/dl vs. Ctrl 13.73 g/dl; P=0.048).
No significant differences for RBC, Hct, MCV, MCH, MCHC, RDW, PIt, MPV, Pct, PDW values were
observed.

Key words: Nero Siciliano pig, rosemary extract, haematological parameters

INTRODUCTION

The prohibited use of antibiotic growth enhancers since the beginning of the year 2006
necessitates to consider alternative substances that may help to support the immune function and
health status of farm animals (Bosi and Trevisi 2006) considering that, the maintenance of optimal
immune functions, is an important prerequisite for the production of healthy food from animal origin. In
this context, recent trends and developments in the area of animal nutrition have been characterized
by an increasing interest in the potential impact of plants, herbs and spices on the immune function of
animals. In fact, herbs, spices or in general botanicals can have a mesurable impact on the function
and reactivity on the immune system (Craig, 1999) even if, the understanding of the specific mode of
action and the functional aspects of phytogenic additives still need much more in depth studies.
Mechanisms for the interaction of plants with the host’'s immune system maybe related to intestinal
and extraintestinal effects; the different mode of action is related to the variety of active ingredients
which cause different reaction of the immune system to ingested plant materials (Smulikowska, 2006).
Several herbal product that may enhance the function of the immune system are available (Savoini et
al., 2003). These includes rosemary (Rosmarinus officinalis L.), an herbs rich in flavonoids, with a
potent antioxidant activity (Liotta et al., 2006; Liotta et al., 2007) and anticarcinogenic and antiviral
properties (Aruoma et al., 1996; Offord et al., 1997). In some stressed conditions, dietary rosemary
extract might have an effective immunoenhancing action (Babu et al., 1998).

The aim of this study was to evaluate the influence of a dietary rosemary extract (Rosmarinus
officinalis L.) on some haematological parameters in growing Nero Siciliano pigs.

MATERIAL AND METHODS

The research was carried out on 30 Nero Siciliano pigs (16 castrated males and 14 females),
clinically healthy and parasite-free, living in “plein air’ system during the growing-finishing period (120
days). The animals were divided into two homogeneus groups of 15 each one (8 males and 7
females, LW 42+2 Kg), which received the basal diet (3% of B.W.) as pelletted complete feed (Dry
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Matter = 87.5%, on a DM basis: 18.29% Crude Protein, 3.43% Ether Extract, 6.06% Crude Fibre,
7.43% Ash) (A.O.A.C., 2000) supplemented with (Rox group) or not (Ctrl group) 1g kg'1 of a rosemary
extract (ROX P® — Sevecom S.p.A., Milano, Italy). On each subject, every 30 days, individual blood
samples (9mL) were collected from the jugular vein in a vacutainer containing K-EDTA and the
following haematological parameters were determined by using an automatic analyser (GENIUS -
VET, SEAC®): White Blood Cell Count (WBC), Red Blood Cell Count (RBC), Hemoglobin (Hgb),
Hematocrit (Hct), Platelet count (PIt), Mean Corpuscolar Volume (MCV), Mean Corpuscolar
Hemoglobin (MCH), Mean Corpuscolar Hemoglobin Concentration (MCHC), Red blood cells
Distribution Width (RDW), Mean Platelet Volume (MPV), Plateletcrit (Pct), Platelet Distribution Width
(PDW).

The results were subjected to ANOVA (SAS, 2001), using the following model: y; = u + a; + €;;
where a; = effect of the diet.

RESULTS AND DISCUSSION

Table 1 reports the haematological parameters. No significant differences for RBC, Hct, MCV,
MCH, MCHC, RDW, PIt, MPV, PCT, PDW values were observed in relation to the rosemary
supplementation. Instead, the mean values of WBC resulted significantly higher in Rox group than in
the Ctrl group, and those of Hgb were significantly lower in the animals of the treated group; however,
these values are within the physiological ranges also considering the typical breeding system of Nero
Siciliano pig.

During the trial the trend of the WBC showed no significant differences, even if, in each sampling,
the WBC value of the Rox group was slightly higher than that of the Ctrl group (Figure 1).

Table 1. Effect of a dietary rosemary extract on haematological parameters in growing Nero Siciliano
pigs (meanzSE)

Groups

Ctrl Rox P-value
White Blood Cell Count (x10°/1) 22.38+0.90 25.48+0.93 *
Red Blood Cell Count (x10"/1) 7.190.10 7.00£0.10 NS
Haemoglobin (g/dl) 13.73+0.18 13.21+0.18 *
Hematocrit (I/1) 41.10+0.54 39.91+0.57 NS
Mean Corpuscular Volume (fl) 53.99+1.51 56.97+1.57 NS
Mean Corpuscular Haemoglobin (pg) 19.101£0.17 18.8510.18 NS
Mean Corpuscular Haemoglobin Concentration (g/dl) 33.38+0.19 33.07+0.20 NS
Red blood cells Distribution Width (%) 17.81+0.17 17.90+0.17 NS
Platelet count (x10%/1) 320.38+19.12 322.39+19.80 NS
Mean Platelet Volume (fl) 9.37+0.09 9.45+0.10 NS
Plateletcrit (%) 0.30+0.02 0.30+0.02 NS
Platelet Distribution Width (%) 15.12+0.19 14.73+0.19 NS

NS: not significant; *P<0.05

Proceedings of 6th International Symposium on the Mediterranean Pig

188



Figure 1. Trend of WBC count in growing Nero Siciliano pigs supplemented with (Rox group) or not
(Ctrl group) of a rosemary extract.
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The higher significant (P<0.05) mean values observed for the WBC count in the treated group
could be related to the effects of rosemary on immune response (Babu et al., 1998). In fact, it was
demonstrated that herbs rich in flavonoids, antioxidant and carotenoids, such as rosemary, may
enhance immune functions through their ability to act as an anti-inflammatory agent and as an
immunestimulant (Craig, 1999).
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SUMMARY

The aim of the study was to evaluate some performances of Nero Siciliano sows and lactating piglets.
Sows, 7 primiparous and 10 pluriparous, were stabled in single box and fed concentrate ad libitum.
Before farrowing, on each sow, live weight, thickness of the back-fat, by using ultrasound instruments,
number and weight of the piglets were determined. Each piglet was weighed at 5 days of age and,
successively, every 15 days until to the weaning (50 day). Data were subjected to ANCOVA
considering the variable “parity”. Live weight of sows at the farrowing was 139110 kg, on average,
whereas thickness of the back-fat was 4.38+0.32 cm. The number of piglets for each sow was 5.5,
with a live weight, at 5 days of age, of 1.5+£0.24 kg for females and 1.7£0.25 kg for males and, at the
weaning, of 8.6+£0.57 kg for females and 8,8+0,77 kg for males, calculating for both an ADG of
137+2.6 g/d for males and 142+2.7 g/d for females, on average. The mean values of the number of
teats was 10.50.5 for females and 11+0.8 for males.

Key words: sows, piglets, performances, weaning

INTRODUCTION

The knowledge of the sow’s performance is the basis of pig farming and the reproductive period is
of great interest in order to optimize the phases of feeding (Chiofalo, 1984; Kirwood et al., 1988),
gestation (Gadd, 1986) and lactation (King e Dunkin, 1986).
In the context of an integral rural development according to the emerging concept of sustainable
agriculture, autochthonous genetic resources have a fundamental and irreplaceable role (Matassino e
Grasso, 1996).

The determination of reproductive parameters, known also as vital statistics, is therefore of
considerable importance for a knowledge in dept of the productive potentiality of an autochthonous
population race, such Nero Siciliano pig, in order to plan the work of selecting and to improve
techniques for feeding and reproduction of the this animal (Liotta et al., 2006; Liotta, 2006). The aim
of the study was to evaluate some performances of Nero Siciliano sows and lactating piglets for the
optimization of nutritional management of this period.

MATERIAL AND METHODS

Seventeen Nero Siciliano sows (7 primiparous and 10 pluriparous), registered at the National
Pedigree Register, were reared in individual boxes (3x2 metres) for thirty days after birth and,
successively, in a plein air system. Sows were fed with the typical feeding system using a mixed feed
(Moisture 12%; CP 16.50%, EE 3%, CF 8%, as fed) ad libitum. The study lasted 50 days, from the
birth to the weaning of piglets.

Considering the close correlation between weight and thickness of the dorsal fat with the
reproductive performance, at farrowing on the sows were recorded: live weight using an electronic
balance with accuracy +1 kg; the thickness of back fat found to 6 cm from the midline of the back at
the last rib through an ultrasound (Pie-Medical Scanner — 100) with linear probe 6/8 MHZ; total
number of piglets born, and those born alive. Subsequently, on the total number of piglets born, was
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recorded the percentage of the sexes, the number of teats; on each piglet, at 5 days of age until at
the weaning (50 days), every 15 days the live weight and the average daily gain were determined.
Data were subjected to ANCOVA considering the variable “parity”.

RESULTS AND DISCUSSION

At the farrowing, the live weight of sows was 139+10 kg, according to Madonia et al. (2000), and
the thickness of back-fat 4.38+0.32 cm. The number of piglets for each sow was 5.5+1.6, while the
number of those born alive 4.8+1.0. These results are in accordance to those observed by Franci et al
(2001) in Nero Siciliano sows reared outdoor with a number of born alive piglets of 5.2+1.9, whereas,
are lower than those obtained by Matassino and Grasso (1996), in Nero delle Madonie pigs, with a
number of born alive piglets of 7.7+1.4, and by Liotta et al/ (2002) in Nero Siciliano pigs with a number
of born alive piglets of 7.6.

The distribution of sexes among the piglets was in favour of females with an incidence of 54%
compared to that of 46% of males. The mean values of the number of teats was 10.5+0.5 for females
and 11£0.8 for males therefore, all the subjects had the minimum number of 10 teats requested by the
Disciplinary of the National Association of Pigs’ Breeders (ANAS) and necessary for the registration to
the National Pedigree Register of Nero Siciliano population.

As regards piglets, the live weight at 5 days of age was of 1.5+£0.24 kg for females and 1.7+0.25
kg for males and, at the weaning, of 8.6+0.57 kg for females and 8,8+0,77 kg for males. Figure 1
reports the trend of live weight of the piglets.

The mean values of the average daily gain was 137+2.6 g/d for males and 142+2.7 g/d for
females.

Figure 1. Trend of live weight male and female piglets from 5 to 50 days of age.
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CONCLUSIONS

The results, however preliminary, showed that sometimes, the traditional feeding management of
Nero Siciliano sows, does not allow an adequate expression of the genetic potentialities of this pig
breed. Therefore is essential to adapt the nutritional strategies to the genetic evolution which the race
is having in the current selection processes. Moreover, it is also interesting to pay attention to the
study of the metabolic-nutritional status of the animals and to the characteristics of this milk, which is
the main food for piglets. In fact, the knowledge of the composition of milk can provide important
information for the formulation of specific diets also in the perspective of the optimization of the
weaning phases (Volpelli et al. 1991; Liotta et al. 2007).
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SUMMARY - The study examined the aromatic compound of lard in “Nero Siciliano” pigs, fed with
acorns (group A) and barley (group B). The findings showed that fresh lard from animals of group A
presented a higher percentage of alcohols (A 8.50 vs B 6.76; P = 0.359), terpenes (A 2.34 vs B 2.05;
P = 0.379), aldehydes (A 18.84 vs B 9.22; P < 0.006), and ketones (A 7.27 vs B 6.71; P = 0.903),
while group B showed a higher percentage of hydrocarbons (A 42.31 vs B 43.59; P = 0.839) and
ketones (A 6.55 vs B 6.70; P = 0.903). Regarding the seasoned lard, in comparison with group B,
group A showed a higher percentage of alcohols (A 6.80 vs B 3.36; P < 0.001), terpenes (A 5.79 vs B
4.66; P = 0.493), hydrocarbons (A 11.17 vs B 6.73; P = 0.051), and aldehydes (A 43.75 vs B 40.41; P
=0.472).

Key words: “Nero Siciliano pig”, acorn, barley, volatile compound

INTRODUCTION

Dietary-induced effects on the quality traits of meat and fat are crucial to the products of “Nero
Siciliano” pigs that are commonly reared in open-air systems and wooded areas. Therefore, it is
important to develop a method that facilitates both the classification and the distinction of these
products, with the overall objective of establishing their characteristic traits. It is well-established that
the fattening diet may influence the aromatic profile of fresh and seasoned products. Therefore, the
feeding strategy might be a useful factor for standardizing and identifying these products. The
objective of this study was to analyze the volatile composition of fresh and seasoned lard in “Nero
Siciliano” pigs that had been fed on two different diets during fattening. “Lard” intends the
subcutaneous connective fat tissue lying between the retro-occipital and the backbone regions from
which jowl and abdomen were removed. Today, lard from “Nero Siciliano” pigs is highly in demand,
and consumers appreciate its organoleptic qualities.

MATERIAL AND METHODS

The trial was carried out on 24 “Nero Siciliano” pigs. During the final stage of fattening, a group of
12 animals was fed with acorns (group A) whereas the other 12 were fed with barley (group B). At
slaughter, a sample of lard was taken from each of the 24 carcasses. Half of each sample was cured
in accordance with the dry seasoning technique used in Sicily and seasoned for 90 days. Volatile
compounds of fresh and seasoned lard were extracted by headspace-SPME. Three grams of each
sample were minced, weighed, placed in a 10 ml headspace vial, and sealed with a PTFE-faced
silicone septum. The vial remained in a thermo block (GERSTEL MPS2) at 35°C for one hour in order
to equilibrate its headspace. Then, an SPME-fibre was exposed to the headspace while maintaining
the sample at 35°C. The compounds adsorbed by the fibres were identified and quantified by a gas
chromatographic analysis using MS detectors. The compounds adsorbed by the fibres were desorbed
from the injection port of the Agilent 6890 series gas chromatograph for six minutes at 220°C in
splitless mode. The compounds were then separated in an HP-5 capillary column (J&W Scientific, 30
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m, 0.25 mm i.d., film thickness 1.4 mm). The GC was equipped with an HP 5972 mass selective
detector 597 inert (AGILENT). Helium was used as gas carrier, with a linear velocity of 27.3 cm/sec.
The GC oven temperature program started when the fibre was inserted; it was kept at 38°C for 13
minutes and ramped to 110°C with an increase of 3°C/min, then to 150°C with an increase of 4°/min
and to 210°C with an increase of 10°C/min, and finally kept at 210°C for five minutes. The GC-mass
spectrometer interface was maintained at 240°C. Mass spectra were obtained by electron impact at
70 eV and data were collected across a range of 29-400 uma. The compounds were identified by
comparison with mass spectra from a library database (Nist). The results from the volatile analyses
are expressed as percentage of the total chromatographic area. The obtained data were subjected to
the GLM procedure of SAS (2001).

RESULTS AND DISCUSSION
In samples of “Nero Siciliano” fresh and seasoned lard, about 80 volatile compounds (Fig. 1) were

identified and assigned to the respective chemical families of aldehydes, ketones, alcohols,
hydrocarbons, and terpenes.

Figure1. Chromatogram of the lard.

These compounds, which are responsible for the product's aroma, generally derive from
enzymatic reactions, chemical reactions, Maillard-reactions, Strecker-type degradation, and other
phenomena not entirely clarified (Edwards et al., 1999).

The results showed (Fig. 2) that the fresh lard from pigs in group A manifested a higher
percentage of alcohols (A 8.50 vs B 6.76; P = 0.359), terpenes (A 2.34 vs B 2.05; P = 0.379);
aldehydes (A 18.84 vs B 9.22; P < 0.006), while group B showed a higher percentage of
hydrocarbons (A 42.31 vs B 43.59; P = 0.839), and ketones (A 6.55 vs B 6.70; P = 0.903).

Figure 2. Major classes of aromatic compounds found in the fresh lard from pigs of both groups
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In the fresh lard from both groups, hydrocarbons constituted the largest volatile group, followed by
aldehydes, alcohols, and ketones. Most of these compounds derived from the autooxidation of
unsaturated fatty acids. Among the aldehydes, hexanal was the most prominent in both groups. It is
produced during the oxidation of unsaturated fatty acids, imparts a characteristic odour (Stahnke,
1994), and is considered a good indicator of oxidation (Shahidi and Pegg, 1994). Nonanal and 2-
undecenal present in the lard were oxidation products of oleic acid, while hexanal, 2-nonenal, 2,4-
nonadienal, and 2,4-decadienal were major volatile oxidation products of linoleic acid. Among the
terpenes, a-pinene, &-3-carene, limonene, a-cubebene, a-ocimene, and caryophyllene were found.
These probably derived from the spices added during the processing (Moretti V.M. et al.,2004), or
from the animals’ food (Muriel et al., 2004).

As for the seasoned lard (Fig. 3), aldehydes represented the predominant group of volatile
compounds, followed by hydrocarbons and alcohols. In comparison with group B, group A showed a
higher percentage of alcohols (A 6.80 vs B 3.36; P < 0.001), terpenes (A 5.79 vs B 4.66; P = 0.493),
hydrocarbons (A 11.17 vs B 6.73; P = 0.051), ketones (A 2.11 vs B 1.27; P = 0.163), and aldehydes
(A43.75vsB40.41; P=0.472).

Fig.3 Major classes of aromatic compounds found in the seasoned lard from pigs of both groups
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Higher percentages of aldehydes (Nonanal, 2-undecenal, 2-propenal, pentanal, hexanal,
heptanal) were found in seasoned lard from pigs fed with acorns. These results are in agreement with
the ones reported by Muriel et al. (2004) who found elevated percentages of those aldehydes in ham
from Iberian pigs that had been reared in wooded areas and fed with acorns. Moreover, in our study,
furans were more prominent in pigs fed with acorns. However, in contrast to Muriel et al. (2004),
ketones like 2-pentanone and 2,3-pentanedione also showed higher percentages in the acorn group.
The conclusion which emerges from these findings is that the determination of the aromatic
compound may constitute a valid instrument for establishing the product’'s characteristics and
traceability, which is closely associated not only with the type of fattening diet, but also with the
breeding system.

ACKNOWLEDGMENTS: Research financed by PRA and PRIN 2005 (Prof. Alessandro Zumbo)

REFERENCES

Edwards, R.A., Ordonez, J.A., Dainty, R.H., Hierro, E.M. and de la Hoz L. (1999). Characterization of
the headspace volatile compounds of selected Spanish dry fermented sausages. Food Chemistry.,
64: 461-465

Moretti, V.M., Madonna, G., Diaferia, C., Mentasti, T., Paleari, M. A., Panseri, S., Pirone, G. and

Proceedings of 6th International Symposium on the Mediterranean Pig 196



Gandini, G. (2004). Chemical and microbial parameters and sensory attributes of a typical Sicilian
salami ripened in different conditions. Meat Science, 66 : 845-854

Muriel, E., Antequera, T., Petron, M.J., André, A.l. and Ruiz, J. (2004). Volatile compounds in Iberian
dry-cured loin. Meat Science, 68 : 391-400

SAS (2001). Statistical Analysis System user’s guide (vers. 8.2). SAS Institute Inc., Cary, NC.

Shahidi, F. and Pegg R.B. (1994). Hexanal as indicator of meat flavour deterioration. Journal of Food
Lipids., 1 :177-186

Stahnke, L. (1994). Aroma components from dried sausages fermented with Staphylococcus xylosus.
Meat Science, 38 : 39-53

Proceedings of 6th International Symposium on the Mediterranean Pig 197



EFFECT OF FATTENING DIETS ON THE VOLATILE FLAVOUR COMPOUND OF
“CINTA SENESE” SALAMI AND SEASONED LARD

A. Zumbo*, C. Pugliese**, V. Lo Presti***, F. Sirtori**, D. Piccolo* and A. R. Di Rosa*,

*Dipartimento MO.BI.FI.P.A. Sezione di Zootecnica e Nutrizione animale; Universita di Messina; Polo
universitario del’Annunziata, 98168 Messina, Italy

** Dipartimento di Scienze Zootecniche; Via delle Cascine 5, 50144 Firenze, Italy

***Consorzio di Ricerca Filiera carni - Polo universitario dell’Annunziata, 98168 Messina, Italy

SUMMARY - The study analyzed the aromatic compound of salami and seasoned lard of “Cinta
Senese” pigs that had been fed with a commercial mixture (group 1), a blend of chestnut and
commercial mixture (group 2) and chestnut only (group 3). About 100 compounds from different
classes were identified: aldehydes, ketones, hydrocarbons, terpenes, alcohols. The results showed
that salami from group 1 contained a higher percentage of ketones (4.98%) and terpenes (42.84%).
Moreover, group 2 showed a higher percentage of aldehydes (46.31%), while group 3 manifested a
higher percentage of alcohols (3.89%) and hydrocarbons (17.60%). Regarding the seasoned lard,
aldehydes represented the major group of the volatile compounds, followed by hydrocarbons and
alcohols. A higher percentage of aldehydes (76.74%) and terpenes (3.2%) was found in group 1,
while ketones (2.25%), alcohols (7.74%) and hydrocarbons (18.01%) were higher in group 3.

Key words: “Cinta Senese” , salami, seasoned lard, volatile compound

INTRODUCTION

Several old paintings, including the famous fresco called “Effetti del Buongoverno” (Effects of the
good government) by Ambrogio Lorenzetti in the Palazzo Comunale at Siena, evidence the presence
of the “Cinta Senese” breed in Tuscany since the 14th century. The “Cinta Senese” is the only Tuscan
native pig breed that has not become extinct. Its snout is long, and it has black hair and a white belt
from which the name (“Cinta”) is derived. The pigs live free in the forests, eating grass and acorns. In
the 1980s, due to changes in the agricultural system, the breed suffered a severe numerical
reduction. Today there are about 846 sows in 153 herds. The breeding of most herds started only 10
years ago, often just as a hobby or in connection with agritourism, but increasingly also for the
production of lard, salami, raw ham etc. In fact, fresh or treated “Cinta Senese” products occupy quite
a solid market niche, and the elevated market value of these products resides in their special
qualitative characteristics.

The aim of this research was to examine the volatile flavour compound of salami and seasoned
lard of “Cinta Senese” pigs fed on different diets during fattening.

MATERIAL AND METHODS

The study was carried out on 30 “Cinta Senese” pigs. During the final stage of fattening, 10
animals were fed with a commercial mixture (group 1), 10 with chestnut during the last 2 months
(group 2), and the remaining 10 with chestnuts during the last 3 months (group 3). The pigs were
slaughtered at an average live weight of 148 kg. At slaughtering, from each of the 30 carcasses
samples of lard were taken that was subsequently seasoned (90 days) in accordance with the
traditional Tuscan techniques, and from each of the three groups, salami was prepared and subjected
to seasoning (45 days). Volatile compounds of seasoned lard and salami were extracted by
headspace-SPME. Three grams of each sample were minced, weighed, placed in a 10 ml headspace
vial, and sealed with a PTFE-faced silicone septum. The vial remained in a thermo block (GERSTEL
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MPS2) at 35°C for one hour in order to equilibrate its headspace. Then, an SPME-fibre was exposed
to the headspace while maintaining the sample at 35°C. The compounds adsorbed by the fibres were
identified and quantified by a gas chromatographic analysis using MS detectors. The compounds
adsorbed by the fibres were desorbed from the injection port of the Agilent 6890 series gas
chromatograph for six minutes at 220°C in splitless mode. The compounds were then separated in an
HP-5 capillary column (J&W Scientific, 30 m, 0.25 mm i.d., film thickness 1.4 mm). The GC was
equipped with an HP 5972 mass selective detector 597 inert (AGILENT). Helium was used as gas
carrier, with a linear velocity of 27.3 cm/sec. The GC oven temperature program started when the
fibre was inserted; it was kept at 38°C for 13 minutes and ramped to 110°C with an increase of
3°C/min, then to 150°C with an increase of 4°/min and to 210°C with an increase of 10°C/min, and
finally kept at 210°C for five minutes. The GC-mass spectrometer interface was maintained at 240°C.
Mass spectra were obtained by electron impact at 70 eV and data were collected across a range of
29-400 uma. The compounds were identified by comparison with mass spectra from a library
database (Nist). The results from the volatile analyses are expressed as percentage of the total
chromatographic area. The obtained data were subjected to the GLM procedure of SAS (2001).

RESULTS AND DISCUSSION

Approximately 100 compounds of aldehydes, ketones, alcohols, hydrocarbons, and terpenes were
examined for the “Cinta Senese” salami and seasoned lard. The findings showed (Fig. 1) that salami
from group 1 presented a higher percentage of terpenes (42.84%) and ketones (4.98%). Moreover,
group 2 showed a higher percentage of aldehydes (46.31%), while group 3 had a higher percentage
of alcohols (3.89%) and hydrocarbons (17.60%).

Fig.1 Graphic representation of the major classes of aromatic compounds found in salami.
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In order to understand the formation of flavour in salami, the origin of the volatile compounds should
be identified. The flavour characteristics of seasoned salami are thought to result from a combination
of microbial activities, autooxidation processes, and spices, whose relative importance varies from
product to product (Edwards et al., 1999). Several compounds (ethanol, 3-hydroxy-2-butanone, 2,3-
butanedione and 2,3-butanediol) may be formed by fermentative microorganisms via glycolysis
(Kandler, 1983). Likewise, the methyl-branched aldehydes may be produced by microorganisms, from
the corresponding branched chain amino acids, i.e. L-leucine, L-valine, and L-isoleucine, yielding 3-
methyl butanal, 2-methyl propanal, and 2-methyl butanal respectively (Hinrichsen and Andersen,
1994). An alternative source could be a Strecker-type degradation of the same amino acids. Ethyl
esters are formed enzymatically from ethanol and carboxylic acids. The ability of microorganisms to
form these compounds is well established (Hosono et al., 1974).
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However, this process seems to require a relatively long ripening time. In addition, it should be
considered that aldehydes (Belitz and Grosch, 1987) and ketones (Stahnke, 1994) can be formed by
well-known pathways of oxidation of unsaturated fatty acids. Also, some of the ketones and the
corresponding secondary alcohols may originate in microbial B-oxidation of free fatty acids with
subsequent deacylation to the B-keto acids, decarboxylation to the methyl ketone and reduction to
secondary alcohols (Dartey and Kinsella, 1971). However, this might be a minor pathway because it
is characteristic of moulds which are only present on the salami surface. Finally, several of the volatile
compounds, such as terpenes, are well-established components of spices.To come back to our
salami, the predominant aldehyde in all of the three groups (Fig. 2) was hexanal.

Figure 2 Percentage of hexanal found in salami.
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As already mentioned, it is produced during the oxidation of unsaturated fatty acids, imparts a
characteristic green odour (Stahnke, 1994), and is considered a good indicator of oxidation (Shahidi
and Pegg, 1994). Nonanal and 2-undecenal present in our salami were oxidation products of oleic
acid, while hexanal, 2-nonenal, 2,4-nonadienal, and 2,4-decadienal are major volatile oxidation
products of linoleic acid. In fact, oleic acid and linoleic acid constitute a large part of all unsaturated
fatty acids in pork (Schlieman et al., 1987). Also, the aliphatic and aromatic hydrocarbons (hexane,
benzene) identified are all held to originate from the oxidation of meat lipids. Among the alcohols,
ethanol, isobutanol, 1-propanol, and 1-penten-3-ol were the most common alcohols found in the
salami of the three groups. Croize et al. (1992) found high levels of ethanol in French dry-cured
sausages, but suggested that this compound was not significant for the product's aroma. On the
contrary, 1-penten-3-ol is considered to give a pungent, grassy and ethereal note (Barbieri et al.,
1992). Concerning the terpenes, these components represent one of the most volatile group found in
the “Cinta Senese” salami. In particular, a-pinene, 8-3-carene, limonene, a-cubebene, a-ocimene, and
caryophyllene were found. These probably derived from the ingredients used in the spice mixture, in
particular pepper. The sulphur compounds isolated, particularly diallyl sulphide and allyl methyl
disulphide, derived instead from garlic which is used as an ingredient in the preparation process
(Sunesen et al., 2001).

As for the seasoned lard (Fig. 3), aldehydes represented the major group of the volatile
compound, followed by hydrocarbons and alcohols. A higher percentage of aldehydes (76.74%) and
terpenes (3.2%) was found in group 1, while the percentage of ketones (2.25%), alcohols (7.74%) and
hydrocarbons (18.01%) was highest in group 3.
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Figure 3 Graphic representation of the major classes of aromatic compounds found in lard.
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Compared with the salami samples, the lard samples showed a higher percentage of compounds
derived from oxidation of the lipid component in relation to the higher quantity of substrate present in
the lard. This higher quantity could also be due to the absence of spices in the lard. Spices, in fact,
have an antioxidant, lipid-protecting effect. Indeed, compared with the salami, the terpenes content
(Fig. 3) of the lard appears to be extremely reduced. It should be noted that among the aldehydes,
hexanal (Fig.4) is the most prominent in all of the three groups.

Figure 4 Percentage of hexanal found in seasoned lard.

63 62.06

m group 1
@ group 2
Ogroup 3

Hexanal

group 1 = commercial mixture
group 2 = chestnut in the last 2 months
group 3 = chestnut in the last 3 months

The observation of the hexanal values shows that the lowest value, both in the lard and in the
salami, is found in the samples of group 3 (pigs fed on chestnut for three months). This might be due
to the antioxidant action of certain substances found in chestnuts, which might have limited the
oxidation processes of the linoleic acid, a precursor of this aldehyde.

Proceedings of 6th International Symposium on the Mediterranean Pig 201



CONCLUSIONS

In view of these findings it can be hypothesized that the different lipid compositions of the three
types of diet might have influenced the aromatic component of “Cinta Senese” salami and seasoned
lard.
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REPLACEMENT OF SOYBEAN WITH VICIA FABA AND PISUM SATIVUM
IN THE GROWHT - FATTENING OF CINTA SENESE PIG

A. Acciaioli, F. Sirtori, L. Pianaccioli, S. D’Adorante and S. Parenti.

Department of Scienze Zootecniche, Via delle Cascine 5, 50144, Firenze, ltaly

SUMMARY - Twenty-four Cinta Senese barrows were fed diets containing 3 different protein sources:
soybean meal (S), field bean (F) and Pisum sativum (P) (8 pigs each group). Diets contained 14% of
crude protein and 3060 Kcal/kg of Digestible Energy, as feed. Each group was reared outdoor on an
area of 1 ha. In vivo performances were not different among dietary groups. At slaughter, differences
in subcutaneous fat appeared only on the outer layer that had the lowest thickness in Group F. No
differences were found in the sample joint composition. As regard the chemical — physical traits of
meat and fat, Group S had the highest values of a* in both lean and backfat (outer layer); Group P
showed higher moisture and lower fat content of meat than Group F. Field bean and Pisum sativum
showed to be a good alternative to soybean use in the fattening of Cinta Senese pig.

Key words: Cinta Senese pig, protein source, fattening, meat quality.

INTRODUCTION

Recently, the use of soybean was forbidden in several rules regulating the pig feeding and
especially in those regulations of Cinta Senese rearing (organic production, supplemented production,
producers association of Cinto Toscano, producers association of Casentino ham). In fact this legume
is largely genetically modified and the GMO free national product as well as being difficult to find on
the market it's very expensive.

The aim of this trial was to verify the effect of use of some GMO free legumes coming from the
breeding territory of the local pig as replacement of soybean.

MATERIAL AND METHODS

Twenty-four Cinta Senese pigs were reared outdoor in paddocks of 10000 m®. Starting from 45 kg,
pigs were slaughtered at 135 kg of live weight on average, after about 220 days of growing-fattening
period. Animals were allotted in three groups with isoproteic and isoenergetic diets (14% CP and
3060 Kcal/kg DE) where the protein concentrate was Soybean meal (S) or Field bean (F) or Pisum
sativum (P) (table 1).

Animals were individually weighed every 3 weeks and the feed was distributed on the basis of 90
g/kg of Metabolic Weight. Pigs of different dietary group were slaughtered all at once and some
carcass measurements were recorded. Sample joint (loin from 2nd to 5th lumbar vertebra,
comprehensive of surrounding backfat) was taken from the right side and dissected in the major
tissues. Physical and chemical properties (chemical composition, pH, water holding capacity, Warner
Bratzler shear force, colour; ASPA, 1996; Grau and Hamm, 1952; Boccard et al., 1981) were
determined on Longissimus Lomborum (LL) and Psoas Major (PM); colorimetric coordinates (L*, a*,
b*) were measured also on the backfat. Data were analysed by GLM procedure (SAS, 2003) following
different models: 1) Yj = A + bX;; +E;; (A=diet; X=initial weight) for final weight and weight gain; 2) Yi
= A + B; + bXj +Ej (A=diet; B=day of slaughter; X=slaughter weight) for carcass and sample joint
composition and for physical traits of muscle; 3) Yy = Ai + B; + Cy +bXju +Ejiu (A=diet; B=day of
slaughter; C=muscle (LL, PM); X=slaughtering weight) for chemical composition of muscle.
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Table 1. Composition of diets.

Diet

S F P
Maize % 35 20 14
Barley % 40 45 42
Soybean meal % 12 - -
Field bean % - 22 -
Pisum sativum % - - 31
Wheat bran % 12 12 12

Vitaminic premix %

RESULTS AND DISCUSSION

Regarding in vivo performances (table 2) no significant differences were found. ADG was similar
for all the groups and consequently, animals fed different diets could reach the same slaughtering
weight. Also the carcass characteristics were similar except for thickness of backfat (in its outer layer
at last thoracic vertebra) which was lower for group F. No significant difference was found among
dietary groups for tissue composition of sample joint (table 3).

Table 2. Effect of diets on in vivo performance and carcass traits.

Diet
S F P RSD

Initial live weight kg 45.25 44 .31 44 .12 10.54
Final live weight kg 132.5 136.8 138.8 9.12
ADG kg 0.403 0.423 0.433 0.05
Dressing percentage % 80.85 80.52 80.41 2.16
Backfat thickness
GM (total) cm 4.90 4.49 4.76 0.70

- Outer layer cm 219 2.31 2.31 0.45

- Inner layer cm 2.71 218 2.45 0.56
LT (total) cm 4.99 4.63 4.97 0.59

- Outer layer cm 217 a 161b 228 a 0.53

- Inner layer cm 2.83 3.02 2.68 0.55
a, b =P<0.05
Table 3. Effect of diets on sample joint composition

Diet
S F P RSD

Sample joint kg 2.076 2.119 2.100 0.173
Subcutaneous fat (total) % 44.69 46.61 46.89 2.63

- Outer layer % 18.60 19.72 18.77 1.94

- Inner layer % 26.09 26.89 28.12 2.89
Intermuscular fat % 6.08 4.64 5.99 1.91
Lean (total) % 39.39 39.91 38.45 2.85

- Poas major % 8.16 8.48 7.38 0.88

- L. lumborum % 25.33 25.89 25.92 2.38

- Other lean % 5.90 5.54 5.15 0.98
Bone % 9.48 8.85 8.68 1.60
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Concerning physical traits of LL muscle (table 4), differences were found only for a* colour
parameter: pigs of S dietary group showed the most red meat. Moreover, the same S group showed
the highest value of a* parameter also on the outer layer of backfat.

Different protein source affected the chemical composition of the two muscles (table 5): group F

supplied meat with higher moisture and lower ether extract content than group P. As regard to the
difference between muscles, LL was less moist and fatter than PM.

Table 4. Effect of diets on physical traits of meat and fat

Diet
S F P RSD
Longissimus Lumborum:
- Drip loss % 217 1.84 1.77 1.34
- Cooking loss % 25.56 24.45 24.98 2.91
- Free water cm’ 11.1 12.5 11.9 1.49
- Shear force on raw meat kg 7.70 8.24 7.63 1.50
- Shear force on cooked meat kg 10.21 11.06 9.54 3.31
- pH45min 6.60 6.44 6.50 0.25
- pH24h 5.77 5.88 5.69 0.16
-L* 46.49 46.08 48.28 2.69
-a* 12.24 a 10.41b 10.88 b 1.22
- b* 3.69 2.95 3.93 1.28
Outer layer backfat: - L* 80.95 81.53 81.88 0.90
-a* 3.10a 261b 1.89b 0.68
- b* 2.95 3.03 2.74 0.43
Inner layer backfat: - L* 83.16 82.78 83.13 0.91
-a* 2.43 2.59 2.05 0.62
- b* 2.57 2.90 2.54 0.58

a, b=P<0.05

Table 5. Effect of diets on chemical traits of muscles (L. lumborum and Psoas Major)

Diet Muscle
S F P LL PM RSD
Moisture % 7225ab 7274a 72.06b 71.44 a 73.26 b 0.75
Protein % 21.90 21.84 21.61 21.97 21.56 0.72
Ether Extract % 4.21ab 3.75a 471b 510 a 3.37b 0.97
Ash % 1.12 1.15 1.24 1.12 1.22 0.17
a, b =P<0.05

CONCLUSIONS

The uniformity of the results with the tested diets indicates that Field bean and Pisum sativum
could be a good alternative to soybean meal in fattening of pig in outdoor breeding system. These
protein sources could be used in fattening and finishing periods of Cinta Senese pigs to obtain
balanced diets. Moreover, their use is desirable for supplementation of pasture in wood, as both acorn
and chestnut are well-known as poor in protein content (Sirtori et al., 2005; Acciaioli and Pianaccioli,
2004).

ACKNOWLEDGEMENTS: The Authors want to thank the managerial and technical staff of the Arimar
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PRODUCTION TRAITS OF BLACK SLAVONIAN PIGS

D. Karolyi, Z. Lukovi¢, K. Salajpal

Faculty of Agriculture University of Zagreb, Department of Animal Science
SvetoSimunska cesta 25, 10000 Zagreb, Croatia

SUMMARY - Black Slavonian pig is an autochthonous Croatian breed created in the second half of
the 19th century. Until the 1950s it was the most widespread breed in the Slavonia, mainly used for
the production of fat and meat products. Recently, the population was drastically reduced and in
1990s the survival of the breed was endangered. Due to current protection measures the effective
population rather increased; in 2006 there were 46 boars and 604 sows. The breed is well adopted for
outdoor keeping. Traditional production includes the utilization of pasture and woodland with
supplement of a small amount of grains. Litter size of the breed is low, on average 7-8 piglets. The
fattening abilities are also modest, with low daily gains and high share of fat in the carcass (>40%).
However, the meat quality is good, with high content of intramuscular fat (6-7%) and high appreciation
of its meat products.

Key words: pigs, breeds, Black Slavonian pig, production traits.

ORIGIN AND POPULATION

Black Slavonian pig (Photo 1) is an autochthonous Croatian breed which originated from Berkshire
and Poland China breeds crossed with Black Mangalitsa. The breed was developed in the east of
Croatia (Slavonia region) by Count Pfeiffer at the end of the 19th century. In the past, the breed was
commonly used for production of traditional meat products, like famous Slavonian Kulen, a slowly
fermented and dried spicy sausage stuffed in pork blind gut. Nowadays, this breed is rare and meat
products are produced mainly from the meat of modern white breeds and crosses.

Photo 1. Black Slavonian pig.

Proceedings of 6th International Symposium on the Mediterranean Pig 207



By importing thoroughbred pig breeds, the population of Black Slavonian Pig was drastically
reduced. In 1996, the size of effective population was less than 20 and survival of the breed was
endangered (Uremovi¢ et al., 2000). The same year, Croatia signed the Biodiversity Treaty (CBD,
1992) and A Survey of the State of Biological and Environmental Diversity of Croatia with Strategy
and Protection Plan Action” was elaborated (DUZZP RH, 1999), as well as "A Program for Breeding
up of the Black Slavonian Breed (Uremovi¢ and Janes, 2000). As a result of undertaken measures
and state subsidies, a reduction in the number of Black Slavonian Breed was stopped. In recent years
effective population rather increased, in 2006, the number of boars was 46, young boars 12, sows
604 and young sows 185 (Croatian Livestock Center, 2007). However, the genetic diversity of the
breed is reduced (Bradic¢ et al., 2007).

TRADITIONAL PRODUCTION SYSTEM

Traditional Black Slavonian Breed production is an outdoor, grazing system which includes
utilization of natural resources of pasture and oak (Quercus robur L.) woodland with supplement a
small amount of corn seed or some other grains (~ 0.15 kg per head daily). Together with pasture,
pigs consume foodstuff found on stubbles after the cereals (wheat, corn, and barley) have been
harvested. The sows are conventionally kept in pens for farrowing littered with straw in eaves closed
on three sides, one week before farrowing and after farrowing to weaning. There are on average 1.5
farrowing per year. During low temperatures piglets may be heated (i.e. with infra-red lamps). After
the weaning, sows and piglets are kept in the open with the possibility of entering eaves. Usually,
there are about twenty sows per ha. During rough winter months, the animals may also be kept inside
piggery in the villages. The short period of pre-slaughter fattening with concentrated feed is common.
In general, the breed is well adopted for outdoor keeping in conditions of continental climate due to its
pronounced resistance, pigmented skin and ability to consume large amounts of pasture (Uremovi¢ et
al., 2003; Sencic et al., 2005).

PRODUCTION TRAITS

Production traits of Black Slavonian breed have not been sufficiently investigated. However, as for
most of the local autochthonous breeds the production traits are rather limited. Uremovi¢ at al. (2000)
found that average number of live born and reared piglets per litter was 6.89 and 5.76, respectively.
The fattening abilities are also modest. Under extensive conditions of fattening, daily gain in body
mass starting at 27.20 kg and reaching 106.05 kg was 478 g, with low meat percentage in the carcass
(42.95 %) (Uremovic et al., 2000). In a few previous papers, even lower meatiness in the carcasses
of similar weight (~80 kg) was reported: 28.59 % (PetriCevi¢ et al., 1988) and 28.51 % (Kralik et al.,
1988). In general, Black Slavonian pigs are characterized by high proportion of adipose tissue in the
carcass. For example, in heavy Black Slavonian fatteners (in the age of about 18 months and average
body weight of 160 kg) used for the processing of Slavonian Kulen sausage, the average depth of
meat and fat above m.gluteus were nearly the same, 64 and 63 mm, respectively. While in the
carcasses of crossed white pigs (Large White x Swedish Landrace sired with Duroc) of similar age
and weight the average depth of meat and fat were 73 and 30 mm, respectively. As a consequence,
in comparison to modern white crosses, Black Slavonian pigs have significantly lower utilization of
primal cuts (hams, back, shoulders and neck) (32.33 vs. 26.75 %, P<0.05) and lower utilization of
carcass (19.85 vs.16.26 %, P<0.05) for the production of traditional products like Slavonian Kulen
(Karolyi et al., 2004). These results however, were obtained after the prolonged period of pre-
slaughter fattening in the piggery when weight gain of pigs is mostly due to accumulation of fat.
Results from traditional outdoor-low input system, reported by Senci¢ et al. (2005), showed practically
the same shares of fat and muscle tissue (40.96 and 41.00 %, respectively) in the carcasses of Black
Slavonian pigs reared until 12 months of age and average body weight of 130 kg. In the same
experiment, significant improvements in the carcass meatiness were obtained by crossing Black
Slavonian pig with Swedish Landrace boars (in F1 progeny the share of fat and muscle were 36.03
and 44.59 %, respectively).
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WELFARE IN THE TRADITIONAL PRODUCTION

The knowledge about welfare issues in Black Slavonian breed is limited. No research based on
standard scientific measurements of animal welfare (Broom, 1992) has been preformed. However, it
could be expected that in the traditional outdoor systems, both physical and mental well-being of the
animals are good. The pigs are reared extensively, they spend most of their life-time outside on
pastures and oak woods where they are able to exhibit foraging behaviour and other natural instincts.
In addition, the interaction between animals and humans is normally positive as animals are usually
very confident in herd keepers and most herdsmen respect their own animals. If coping with
environment is easy, the animal welfare is normally good (Broom, 1992).

Parasite and other diseases

It is well known, however, that organic and free-range livestock farming is more often associated
with parasite-related diseases (Lund and Algers, 2003; Hovi et al., 2003). One of the recent no-drug
recommendation methods of gastrointestinal nematode control in grazing animals is the consumption
of plants rich in condensed tannin, as it has a direct toxic effect on parasites and/or on the parasite
fecundity (Hoskin et al., 2000). Forages rich in condensed tannin have been found to improve
performance of animals that had high faecal parasite egg counts (Niezen et al., 1998), reduce egg
output and worm burden in general (Butter et al., 2000). By grazing in oak woods, especially during
season when alternative forage availability is scarce, Black Slavonian pigs may consume huge
amounts of tannin rich plant material. To research tannin protective ability, Salajpal et al. (2004) fed
Black Slavonian pigs three weeks before slaughter with acorn ad libitum (experimental group) or with
concentrated feed (control). All examined pigs were reared (spring-autumn) on pasture utilizing
natural resources and they naturally acquired parasite. It was founded that oak acorn (Quercus robur
L.) is a relatively tannin rich forage (65 gkg-1 of DM) and that its consumption can reduce total faecal
egg count output (96.01 %) in pigs infected with large roundworm (Ascaris suum) and other
gastrointestinal parasites. It is concluded that the acorn grazing in the traditional Black Slavonian pig
production system may have a potential of aiding in the control of the gastrointestinal parasites and
consequently may result in reduced need for anthelmintic treatment.

The major potential danger in pig production in East parts of Croatia currently is the swine pest
threat. It is now a second year since the vaccination against infection has been banned, according to
EU recommendation and outbreaks of swine pest have been reported recently in piggeries in villages
of borderland area at the East of Croatia. However, the disease has not occurred in the populations of
Black Slavonian pigs and the sanitation of infected piggeries was successful.

Transport, handling and pre-slaughter practice

With winter, the season of pig slaughtering approaches and traditional meat processing begins. In
the past, the slaughtering typically took place in the backyards; today pigs are slaughtered in the
slaughter-houses. The pigs are transported to slaughter-house mostly by trucks or, if the distance to
slaughterhouse is short by tractors basket (max 4-5 animals).There is no data about influence of
loading-unloading or transport density or duration on welfare of Black Slavonian pigs. Slaughtering
practice for Black Slavonian pigs is the same as for any other pigs in the commercial abattoirs. In
Croatia pigs are predominantly stunned by the use of electricity, while exposure to CO2 is in usage in
a few abattoirs outside of Slavonia region. The lairage time may differ from virtually zero when pigs
going to the slaughter line immediately after they were unloaded from truck (what is common for local
small-scale plants in the winter season) to couple of hours or longer, even overnight in the larger
slaughterhouses with big livestock stores. Water, but not feed are usually provided during longer pre-
slaughter resting. However, it is still not uncommon that those responsible for handling of animals
during transport or in the slaughterhouses tend to treat the animals in an inconsiderate way.

Transport and handling usually include removal from the familiar fattening pen, loading, transport,
unloading, mixing with unfamiliar pigs, overcrowding, interaction with slaughterhouse personnel and
exposure to novel environments and conditions. All these practices, as it is known, may impose stress
which impairs both animal welfare and meat quality (Broom, 1993, Lambooij and van Putten, 1993,
Warris et. al., 1998). Physiological responses to stress in pigs can be assessed by measuring a
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changes in plasma cortisol, glucose, lactate and/or other parameters like activity of the cellular
enzymes creatine phosphokinase (CPK), lactate dehydrogenase (LDH) and aspartate
aminotransferase (AST) which are commonly used as indicators of stress affecting muscle damage
(Fabrega, 2002, Perez et. al., 2002). There are some indications that the resistance to stress during
pre-slaughter handling of Black Slavonian pigs seems to be superior to modern pigs. In the
comparison with modern white crosses, Black Slavonian pigs had the lowest (P<0.05) serum CPK
and AST activity in the blood samples collected at exsanguinations, which may indicate their lower
susceptibility to pre-slaughter stress (Karolyi et al., 2004). Nevertheless, this single finding needs to
be investigated in the future in more detail (e.g. cortisol level).

MEAT QUALITY

Pre-slaughter stressors can also change muscle glycogen metabolism and affect meat colour and
water holding capacity (WHC) (Gispert et al., 2000). Short pre-slaughter stress may cause a rapid fall
in muscle pH post mortem and development of pale, soft and exudative (PSE) meat in stress
susceptible animals. Long term stressors, however, may cause muscle fatigue and depletion of
muscle glycogen reserve, producing dark, firm and dry (DFD) meat after slaughter. Regarding meat
quality traits, no prominent defects in the meat from Black Slavonian pigs were reported. The pHj and
pHu values of m.longissimus dorsi were inside normal scope and ranged between 6.11-6.60 and
5.80-5.87, respectively (Karolyi et al., 2004, Senci¢ et al., 2005; Karolyi et al., 2007). The meat of
Black Slavonian pigs is visually darker and redder than the meat from modern pigs. The lightness (Cie
L*) and redness (Cie a*) values of longissimus muscle colour were 49.93 and 20.02, respectively
(Karolyi et al., 2004). The water fixation ability was 4.50 cm2 (Senci¢ et al., 2005). The most
distinctive characteristic of meat of Black Slavonian breed in comparison to pork from modern pig
breeds is particularly high content of intramuscular fat (IMF), in average 6 to 7 % (Uremovic et al.,
2004; Sencic¢ et al., 2005; Karolyi et al., 2007). Intramuscular fat influences juiciness, flavour,
tenderness and visual characteristics of meat (Miller, 2002). Optimal level of IMF for pork is generally
considered between 2.5-3.0 % (Grebens, 2004), while low IMF content may impair chewing properties
of meat. However, excessively high content of IMF (>6 %) make fat in the meat become too visible
which may avert the consumer (Resurreccion, 2003; Miller, 2002).

Consumers’ attitudes and preferences

The consumer attitudes toward fresh meat from Black Slavonina pigs have not been investigated
yet. In general, Croatian consumers consider organic products as very healthy, of good quality and
tasty (Radman, 2005a). Meat and products from traditional breeds, like Black Slavonian pig, have a
good image in the public and media. They are perceived as better and of higher quality than meat and
products of modern breeds. Surprisingly, when consumers’ preferences for Slavonian Kulen made
from Black Slavonian or modern pigs were investigated by means of a blind sensory test the
acceptance of the kulen produced from Black Slavonian pigs by respondents (n=248) was the lowest
(Radman et al., 2005b). These results however, could be partly due to a variable quality of artisan
meat products whose sensory characteristics may differ among producers, localities and seasons.
Therefore, the research should be repeated with more products from different producers in order to
have more reliable indications about consumers’ preferences of Black Slavonian pig’s meat products.

The human health issue

It is well known that industrial pork in general has unacceptably high ratio of n-6 and n-3
polyunsaturated fatty acids (Wood et al., 2003). The n-6/n-3 index is particularly high if animals were
intensively fed with concentrated feeds, because the cereals are rich in linoleic acid (C18:2n-6). The
influence of feedstuff in the traditional feeding system of Black Slavonian pigs, which includes
utilization of the natural resources of pasture and oak, on fatty acid profile of meat has been
investigated by Karolyi at al. (2007). The indication of beneficial effects of oak (Quercus robur L.) was
found when Black Slavonian pigs were fed with acorn or with concentrate feed during pre-slaughter
fattening. Feeding acorn ad libitum three weeks before slaughter significantly increased the content of
alpha linolenic acid (C18:3 n-3) in the longissimus muscle in comparison to concentrate fed group
(0.37 vs. 0.12, respectively; expressed as % of total fatty acid methyl esters, P<0.01). As
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consequence, the n-6/n-3 ratio in the muscle of acorn finishing pigs was nearly threefold lower than in
concentrate finishing pigs (24.1 vs. 69.3, P<0.01).

CONCLUSIONS AND FUTURE WORK

It could be concluded that in-situ conservation of local Black Slavonian breed so far has been
successful. Currently, the main potential risk for breed’s future is a swine pest threat. However, the
long term re-establishment of the population of Black Slavonian breed must be considered on
economical basis. As a part of current trends of support for sustainable and traditional food production
systems, it becomes important to preserve the traditional production of meat products from local
breeds. In this way, it is reasonable to start breeding the Black Slavonian pigs again for the production
of Slavonian Kulen sausage and other value added artisan meat products. This could be, by itself, the
best way for long-term preservation of Black Slavonian breed. For improvement of some production
traits, crossing with more productive breeds (e.g. Swedish Landrace or Duroc) may be considered.

Regarding to welfare of Black Slavonian pigs all positive aspects of traditional breeding system
need to be preserved and those potentially harmful, like poor slaughterhouse practices, should be
changed or improved. However, the basic investigations on animal welfare are needed, because
there is a lack of scientific data which can be used for objective assessments of stress and
consequently for improvements or control of welfare. In general, the understanding of importance of
good animal handling must be improved among transport and slaughterhouse workers who handle
animals. To control this improvement and animal welfare in the whole production chain, the reliable
system of control needs to be established.

Additional research is needed on muscle quality profiling, as well as fat quality. The most
interesting muscle trait, the high content of intramuscular fat, should be related, both to sensory and
nutritional properties of meat. The fatty acid profile of meat should be researched in detail with special
emphasis on influence of traditional feedstuffs (i.e. pasture and acorn) on profile of fatty acids in the
meat and potential benefits on consumer health. If there are such benefits, they must be promoted in
the public and consumers must be informed.

Increase in production of traditional processed meat products is crucial for breed preservation, as it
is already pointed. However, the standardization of technology must provide more uniformity of
product traits. In general, the product traits need to be scientifically characterized in more detail in
order that quality can be defined and objectively controlled in the future. Consumer preferences for
meat and products of Black Slavonian breed also needs to be additionally investigated.
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SUMMARY - Many chain agreements and regulations for products protected by PDO and PGI names
include a ban on raw materials and feed obtained from genetically modified organisms (GMOs) for the
protection of the consumer. Furthermore, the prohibition against the use of meat protein in the
farming of income-generating animals has given rise to an increasing need for alternative sources of
protein which are economically compatible with farm production costs.

In recent years Regional Agency for Agricultural Development Services (ARSSA) of Calabria Region
has been promoting outdoor pig production in order to increase the number of pig farms in the region
and to develop the chain of traditional products including, among others, the products obtained from
pigs of Calabrese breed. The main aim of this study was to compare different GMO-free diets for
Calabrese pigs using local feed with an assessment of the main indicators of on-farm and slaughter
performance.

Key words: pig feed, GMO, pork quality, Calabrese breed.

INTRODUCTION

In recent years the Demonstrative Experimental Centre for the “Safeguarding and development of
the black Calabrese pig” of the Regional Agency for Agricultural Development Services (ARSSA) of
Calabria Region has been promoting outdoor pig production in order to increase the number of farms
in Calabria and to strengthen the traditional products production chain with particular emphasis on
those obtained from the pigs of Calabrese breed. The Agency has identified the need to obtain a
better understanding of related production performance, in particular with regard to growth and
slaughtering of pigs of this breed.

The formulation of livestock feed has always been strongly influenced by availability and hence the
cost, of soya. In effect, out of world production of grain legumes of about 240 million tons, about 75%
is represented by soya.

Much interest in Europe however, has been given to alternative raw materials such as the proteic
pea, field beans and lupines.

In reality, the needs of the European feed industry for proteic raw materials are substantially in
excess of production, giving rise to a negative balance of 74% (ASS.I.CA, 2007).

The situation in ltaly is on average the same as that for Europe even though there are significant
differences. Italy is a marginal producer of the pea although in Europe as a whole, this species
represents 84% of grain legume production. Italy contributes 75% of European soya production —
these quantities are still significantly less than internal needs. It also accounts for 45% of European
production of alfalfa.
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Recent increases in the attention given to “local and environmental background” of protected
typical products and those obtained with organic methods has forced the industry to make the best
possible use of other agricultural products in livestock farming, seeking to maximise and optimise their
inclusion in the diet of the animals concerned.

To this is added the increasing need to guarantee quality chains with the exclusion of feed raw
materials obtained from genetically modified organisms (GMOs) with the aim of preserving the special
nature of the product and safety for the consumer. A specific legislative restriction of this kind is
permitted by EC Reg. 50/2000 and EC Reg. 1830/2003.

The first relates to the labelling of feed products and ingredients containing genetically modified
additives and flavourings while the second is concerned with the traceability and labelling of GMO
foods and feeds.

In this context it is also important not to undervalue the importance of trends in the prices of grain,
starch products and animal feed. These experienced sharp rises over 2006 as compared with 2005,
equal to 11.8% and 5.6% respectively (ASS.I.CA 2007).

The general objective of this study is the development of a chain in Calabria for the production of a
non-GMO pork obtained from the Calabrese pig with the elimination of raw materials which may
potentially be genetically modified (soya in particular). This may be achieved through the use of
proteinaceous crops other than soya produced locally with tests on the consequential effects on on-
farm performance and the quality of the carcases and pork (Gentry et al. 2001; Gentry et al. 2004).

The activities involved come within the National Plan for the production of Vegetable proteins,
aiming to meet at least a part of Italian requirements, to offer non-GMO products (for which there is a
substantial increase in demand) and to enhance the related production chains.

MATERIAL AND METHODS

An experimental trial was carried out involving the outdoor production of pigs fed with non-GMO
vegetable feed compared with pigs fed with a conventional soya-based diet. The trial was carried out
at the Demonstrative Experimental Centre for the “Safeguarding and development of the black
Calabrese pig” near Acri, in the Province of Cosenza at a site which was about 700 metres above sea
level. Two groups of 36 Calabrese pigs were used and fed on two different diets, one based on soya
and the other based on proteinaceous crops produced locally.The animals were housed in three
enclosures per group, each of a size to accommodate 12 animals. Each enclosure was rectangular in
form and situated on flat land, had a surface area of 12,000 square metres (100 square metres per
head) including feeding troughs, drinking troughs and insulated mobile shelters.

The animals, born during the week from 19 to 25 September 2005, were all introduced into the
enclosures on the same day. They were fed ad libitum with isoproteic and isoenergetic diets (tables 1,
2, 3, 4, 5 and 6). The live-weight of all the pigs in the trial was measured (initial, at the end of the
growing stage and at the end) as was the consumption of feed per pen in order to establish daily
weight increase and the feed conversion index. Each animal was slaughtered at different ages but in
pairs for the two groups — two enclosures at 9 months, 2 enclosures at 10 months and 2 at 11
months.

Table 1. Feed Ingredients — growing (% of whole)

No soya Soya
Digestible energy (ED), kcal/kg 3.506 3.492
Humidity 12.3 11.8
Lysine 0.75 0.77
Raw protein 154 15.5
Raw lipids 2.2 24
Raw fibre 7.0 4.9
Ashes 5.3 5.6
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Table 2. Food ingredients — fattening (% of whole)

No soya Soya
Digestible Energy (KCal/kg) 3,596 3,620
Humidity 11.9 12.6
Lysine 0.64 0.64
Raw Protein 14.2 14.2
Raw lipids 2.1 2.8
Raw Fibre 4.6 3.9
Ashes 5.1 5.2
Table 3. No Soya diet, % dry matter (30 to 70 kg live weight)
RAW MATERIAL % of whole % Dry matter R.P. Ashes N.E. N.E. R.L
Acri Maize 34.05 85.2 9.74 217 81.22 2.64 4.23
Acri soft wheat 14.50 88.8 13.29 2.14 79.56 3.26 1.75
Acri barley 14.50 90.0 11.61 2.58 78.33 5.39 2.09
Sunflower solvent 14.10 90.0 32.78 6.91 28.87 29.44 2.00
Brown field beans 13.00 87.0 30.34 3.89 55.66 8.62 1.49
Acri P. Pea 7.00 86.2 27.26 3.70 62.80 6.10 1.50
Calcium carbonate 1.20 99.8 0.0 100.0 0.0 0.0 0.0
Bicalcium phosphate 1.20 95.0 0.0 86.32 0.0 0.0 0.0
Sodium Chloride 0.31 99.8 0.0 100.0 0.0 0.0 0.0
L-Lysine 0.12 98.0 97.55 0.0 0.0 0.0 0.0
Copper sulphate 0.01 71.0 0.0 88.73 0.0 0.0 0.0
Zinc oxide 0.01 99.8 0.0 96.99 0.0 0.0 0.0
R.P: Raw protein, N.E.: Nitrogen-free extracts, R.F.: Raw fibre, R.L.: Raw lipids.
Table 4. Soya diet, % dry matter (30 to 70 kg live weight)
RAW MATERIAL Feed % % Dry matter R.P. Ashes N.E. R.F. R.L.
Acri Maize 22.71 85.2 9.74 217 81.22 2.64 4.23
Acri soft wheat 21.50 88.8 13.29 2.14 79.56 3.26 1.75
Acri Barley 21.50 90.0 11.61 2.58 78.33 5.39 2.09
Soft wheat bran 18.00 88.00 17.44 5.74 61.83 10.63 4.36
Soya solvent 13.30 87.50 49.94 7.43 32.69 8.57 1.37
Calcium carbonate 1.20 99.8 0.0 100.0 0.0 0.0 0.0
Bicalcium phosphate 1.20 95.0 0.0 86.32 0.0 0.0 0.0
Sodium Chloride 0.35 99.8 0.0 100.0 0.0 0.0 0.0
L-Lysine 0.22 98.0 97.55 0.0 0.0 0.0 0.0
Copper sulphate 0.01 71.0 0.0 88.73 0.0 0.0 0.0
Zinc oxide 0.01 99.8 0.0 96.99 0.0 0.0 0.0

At slaughtering specially trained staff identified a series of quality parameters (EC, 2001; Novelli et
al. 1991):
carcase meat to fat ratio (using a Fat-O-Meater);

carcase weight;
weight of lean and fat cuts;

thickness of dorsal fat cover at the level of the gluteus medius muscle, at the caudal, mid and
cranial position, maximum at the shoulder and average on the back;
the meat pH with a penetrating pH-reader, taken at 45 minutes and 24 hours after death at
the thigh muscles (semi-membranous muscle and the loin (the longissimus dorsi muscle).
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Table 5. No Soya Diet, % dry matter (70 to 130 kg)

Raw material Feed % % Dry matter R.P. Ashes N.E. R.F. R.L.
Acri soft wheat 42.27 88.8 13.29 2.14 79.56 3.26 1.75
Acri barley 7.00 90.0 11.61 2.58 78.33 5.39 2.09
Brown field bean 13.00 87.0 30.34 3.89 55.66 8.62 1.49
Soft wheat bran 15.00 88.00 17.44 5.74 61.83 10.63 4.36
Acri Maize 13.00 85.2 9.74 217 81.22 2.64 4.23
Acri P. Pea 7.00 86.2 27.26 3.70 62.80 6.10 1.50
Bicalcium Phosphate 1.10 95.0 0.0 86.32 0.0 0.0 0.0
Sodium Chloride 0.35 99.8 0.0 100.0 0.0 0.0 0.0
L-Lysine 0.06 98.0 97.55 0.0 0.0 0.0 0.0
Copper sulphate 0.01 71.0 0.0 88.73 0.0 0.0 0.0
Zinc oxide 0.01 99.8 0.0 96.99 0.0 0.0 0.0
Calcium carbonate 1.20 99.8 0.0 100.0 0.0 0.0 0.0

Table 6. Soya diet, % dry matter (70 to 130 kg)

Raw material Feed % % Dry matter R.P. Ashes N.E. R.F. R.L.
Acri Maize 49.45 85.2 9.74 217 81.22 2.64 4.23
Acri barley 15.00 90.0 11.61 2.58 78.33 5.39 2.09
Soya Solvent 12.70 89.50 49.94 7.43 32.69 8.57 1.37
Soft wheat bran 10.00 88.00 17.44 5.74 61.83 10.63 4.36
Acri soft wheat 10.00 88.8 13.29 214 79.56 3.26 1.75
Bicalcium phosphate 1.40 95.0 0.0 86.32 0.0 0.0 0.0
Calcium carbonate 1.00 99.8 0.0 100.0 0.0 0.0 0.0
Sodium chloride 0.33 99.8 0.0 100.0 0.0 0.0 0.0
L-Lysine 0.10 98.0 97.55 0.0 0.0 0.0 0.0
Copper sulphate 0.01 71.0 0.0 88.73 0.0 0.0 0.0
Zinc oxide 0.01 99.8 0.0 96.99 0.0 0.0 0.0

Meteorological data were recorded during the rearing period relating to temperature, humidity and
rainfall by the ARSSA Agro-meteorological Service of Service of Villa Santa Margherita (KR).

The data collected over the trial have been processed statistically by the Research Centre on
Animal Production (CRPA Spa) with variance analysis, the Anova test and Duncan test using the
SPSS for Windows software package.

RESULTS AND DISCUSSION

Farming

The tables set out below contain the farming production indices divided into the different stages
(Tables 7, 8 and 9) as well as the overall results (table 10 and 11).

In the first stage (table 7) it is clear that the two trial groups began with significantly different weight
per animal (P<.01), a difference which becomes more marked at the end of the stage. Thus the “no-
soya” group had a better daily weight increase than the “soya” group (p<0.01). There is however, no
difference with regard to feed consumption and the feed consumption index.
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Table 7. On-farm performance A (February to March)

No Soya Soya
Pens, n. 3 3
Animals, n. 36 36
Weight 1 pen, kg 4829 +134.9 405.3 +120.6
Weight 1 animal, kg 40.2+95A 33.8+8.7B
Weight 2 pen, kg 866.7 £ 96.7 752.3 £ 105.9
Weight 2 animal, kg 722+78A 62.7+8.6B
Daily Weight Index 1 animal, g 769.1 £89.9 A 697.8+£94.58B
Consumption 1 pen, kg 1,144.3 £74.2 1,023.3 £ 108.2
Consumption 1 animal/day, kg 2303 21+0.3
Feed conversion rate 1 pen 3.0+0.3 3.0+0.2
Different letters indicate differences for p<0.01
Table 8. On-farm performance Stage Il (March to May)
No Soya Soya
Pens n. 3 3
Animals, n. 36 35
Weight 3 pen, kg 1,382.6 £ 84.2 1,229.3 £ 147.0
Weight 3 animal, kg 1152+9.2A 105.4+9.7B
Daily Weight Index 2 animal, g 767.1£107.5 757.0 £ 113.8
Consumption 2 pen, kg 2,193.2+70.0 2,192.7 £+ 55.9
Consumption 2 animal/day, kg 3.3+01 3.3+£0.1
Feed conversion rate 2 pen 4.3+0.3 45+0.2
Different letters indicate differences for p<0.01
Table 9. On-farm performance, Stage Il (May to June)
No Soya Soya
Pens, n. 3 3
Animals, n. 36 35
Weight 4 pen, kg 1,669.3 £ 87.7 1,577.2 £ 161.7
Weight 4 animal, kg 139.1+11.6 135.2+11.0
Daily Weight Index 3 animal, g 543.6 £12598B 673.3+£94.8 A
Consumption 3 pen, kg 1,975.7 £ 249 1,881.7 £ 83.2
Consumption animal/day, kg 3.7 £0.1 3.5+0.2
Feed conversion rate 3 pen 7.0£09b 54+00a
Different upper case letters indicate differences for p<0.01
Different lower case letters indicate differences for p<0.05
Table 10. Total On-farm performance (February to June)
No Soya Soya
Pens, n. 3 3
Animals, n. 36 35
Total Consumption pen, kg 5,313.2 £+ 158.5 5,097.7 £ 213.1
Total Consumption animal/day, kg 3.1+£0.2 3.0+£0.2
Total Daily Weight Index animal, g 698.0 + 68.7 714.7 + 66.1
Total Feed conversion rate pen 45+0.2 44+0.1
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Table 11. Slaughtering Performance (carcase weight and yield)

No Soya Soya

Pens, n. 3 3
Animals, n. 30 30
Final Live weight, kg 150.6 £ 10.9 147.4 £ 10.3
Hot carcase Weight, kg 1226 £9.9 121.3+8.7
Cold carcase Weight, kg 120.1 £ 9.7 118.9+8.5
Slaughtering hot yield, % 81.7+26 82.6 +2.1
Slaughtering cold yield, % 80.0 +2.6 80.9+2.0

Over the second stage, while an average weight difference remained of about 10kg (p<0.01), the
“soya” group gained in terms of Daily Weight Increase even though worsening with regard to the Feed
conversion Index. In the third stage the “soya” group made up all the difference with the “no soya”
group, with a Daily Weight Increase (p<0.01) and an improved Feed Conversion Index/pen (p<0.05).
Considering overall values of the whole period of the trial, the two feed trials match each other
precisely, with very positive parameters for the type of farming under consideration.

Slaughtering

On slaughtering the two groups were characterised by similar carcase weight and slaughter yield
(dead weight/live weight). So far as the cuts were concerned (tables 12 and 13) the “soya” group had
increased adiposity with greater bacon weight and yield (p<0.015) with reduced loin weight and yield.

The overall results do not show differences between the two groups with respect to total lean and
fat cuts (Table 14) or in carcase thickness (Table 15). Nor were differences identified in the meat
quality of the different feed groups with the ph measured 45 minutes and 24 hours post mortem,
always remaining within the normal range (Table 16).

Table 12. Slaughtering performance: lean cuts

No Soya Soya

Pens, n. 3 3
Animals, n. 30 30
Thigh Weight, kg 149+14 149+1.2
Thigh yield, % 24.3 1.2 245+1.2
Trimmed Thigh Weight, kg 11.1 £1.1 10.9+0.8
Trimmed thigh yield, % 19.0+1.8 18.8+1.3
Loin Weight, kg 17.2+14a 16.4+15b
Loin yield, % 296+24a 282+26b
Tenderloin Weight, kg 6.3+£0.8 6.2+0.8
Tenderloin yield, % 10913 106 +£1.3
Neck Weight, kg 41+04 39+0.5
Neck yield, % 7.0+0.8 6.7+0.8
Boned neck Weight, kg 3.1+£0.6 29+0.3
Boned neck yield, % 53+1.0 49+0.6
Shoulder Weight, kg 8.9+0.7 8.7+0.6
Shoulder yield, % 15.3+1.2 15.0+£1.0

Different lower case letters indicate differences for p<0.05
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Table 13. Slaughtering performance, fat cuts.

No Soya Soya
Bacon Weight, kg 94+13 94+1.6
Bacon yield, % 16.1+£2.3 16.1£2.8
Trimmed bacon Weight, kg 3.7x06b 43+05a
Trimmed bacon yield, % 64+10b 74+08a
Cheek Weight, kg 1.30.2 1.3+£0.2
Cheek yield, % 23104 22+0.3
Lard Weight, kg 6.8+0.9 6.3+1.2
Lard yield, % 11.7+1.6 109+ 21
Trimmed back lard Weight, kg 2.00+£0.5 2.00+£0.3
Trimmed back lard yield, % 3.4+0.8 34+04

Different lower case letters indicate differences for p<0.05

Table 14. Slaughtering performance: total cuts

No Soya Soya
Pens, n. 3 3
Animals, n. 30 30
Head weight, kg 8.7+0.9 85106
Head yield, % 15.0 1.6 147111
Total lean cuts, kg 441134 440128
Total Lean cuts yield, kg 73.1+£21 732126
Total fat cuts, kg 16.6£1.9 16.2+24
Total fat cuts yield, % 26921 26826

Table 15. Slaughtering performance: Fat-O-Meater and carcase thickness

No Soya Soya

Pens, n. 3 3
Animals, no. 30 30

Hot carcase Weight, kg 1226 £9.9 121.3+8.7
Cold carcase Weight, kg 120.1 £ 9.7 118.9+8.5
SR, mm 353+7.6 36.1+7.8
F, mm 56.3+9.2 56.6 £+ 6.7
RwW 38.5+13.0 34.8+10.4
Lean meat, % 449+4.3 447 + 3.6
Average lard at m. GM, cm 48+1.2 47 +0.8
Cranial lard at m. GM, cm 6.0+0.9 57+1.1
Caudal lard at m. GM, cm 57+1.1 55+0.8
Maximum lard at shoulder, cm 6.8+0.6 6.7+0.9
Minimum lard on back, cm 40+0.7 40+0.6

SR: thickness of back fat (including rind) in millimetres measured at 8 cm off midline of the carcase
between 3rd and 4th last ribs

F: Loin thickness between %-last rib (mm)

RW: Reflectance
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Table 16. Meat quality on slaughter

No soya Soya
Animals, n. 20 20
pH 45 m. Semi-membranous 6.4+0.3 6.3+0.2
pH 45 m. Longissimus dorsi 6.3+04 6.3+£0.3
pH 24h m. Semi-membranous 59+0.2 59+0.2
pH 24h m. Longissimus dorsi 58+0.2 59+0.3

Live measurements

The last parameter collected was that relating to the animal’'s morphometric measurements. As
expected the feed group did not generally influence this index (Table 17) but if it was considered by
sex (Table 18) the females were smaller both at the withers (p<0.05) and at the rump (p<0.01) as well

as being shorter (p<0.05).

Table 17. Morphometric measurements by diet type

No Soya Soya
Pens, n. 3 3
Animals, n. 30 30
Height at withers, cm 712141 69.4 £3.8
Shin circumference, cm 17.3+£0.9 176+£1.0
Thorax width, cm 36.0£ 2.0 36.3+23
Rump width, cm 329120 32.7+1.6
Trunk length, cm 110.3+4.5 110.0+4.2
Thorax circumference, cm 128.3+6.4 129.8+4.4
Height at rump, cm 76.5+4.6 76.0+4.1
Body length, cm 1374 +5.6 137.8+5.2
Table 18. Morphometric measurements by sex
Male Female
Pens, n. 3 3
Animals, n. 22 38
Height at withers, cm 71.7+t42a 69.5+3.7b
Shin circumference, cm 17.5+£1.2 17.3+£0.8
Thorax width, cm 35.7£ 2.1 36.4 +£2.1
Rump width, cm 32916 32.7+1.9
Trunk length, cm 111.7+40a 109.2+4.2b
Thorax circumference, cm 127.5+7.1 1299 +4.1
Height at rump, cm 784 +42A 75.0+£4.0B
Body length, cm 138.3+5.1 137.1+£5.5

Different upper case letters indicate differences for p<0.01
Different lower case letters indicate differences for p<0.05

Climate data

Table 19 and Figure 1 show the average meteorological data collected over the trial.

It will be

seen that February and March were the months which were the coldest, dampest and with the

greatest rainfall.
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Table 19. Meteorological Data

February March April May June
Min Temperature, °C 1.8+38C 341+35C 80+26B 122+45A 146+6.7A
Max Temperature, °C 76+39C 107+53C 171+35B 216+53A 2391+7.2A
Mean Temperature, °C 44136C 6.8+42C 123+29B 168+49A 191t7.0A
Xf:r';;e:fjx?d';;r&d“y' * 646+175A 635:208A O t21% 41411688 40342278
Rainfall, mm 48+89A 39+63AB 20+32AB 02+09B 27+58AB

Different upper case letters indicate differences for p<0.01

Fig. 1 - Meteorological trend
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CONCLUSIONS

The data collected in this experiment do not show particular differences between the two feed
groups, confirming the viability of using vegetable protein sources other than soya.

On-farm, after an initial stage when the “no soya” group recorded improved performance, in the
second stage the “soya” group recovered ground, being the better of the two in the third stage. In
overall results however the two groups are the same. The only quality index differences identified at
the point of slaughter were in the loin and bacon of the “soya” group which appeared more adipose.

For meat quality too, no differences in average terms were identified between the two groups.

The trial also highlighted the Calabrese pigs ability to adapt well to outdoor production conditions
both in production terms and quality terms at the moment of slaughter.

The results are thus of considerable interest for a type of marginal livestock farm, offering a real
possibility of farm integration including in consideration of the fact that the use of local raw materials is
able to make the resulting product more typical.
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SUMMARY - The study evaluated the fatty acid composition of Longissimus lumborum (LL)
intramuscular fat in “Nero Siciliano” pigs reared on acorn (group A) and barley (group B) during the
final stage of fattening. The results of the gas chromatography analysis showed that the LL of group A
had a higher content of C18:1w9 (A 50.47 vs B 43.91; P< 0.001) and MUFA (A 59.93 vs B 48.90; P<
0.001) as well as a lower percentage of SFA (A 34.04 vs B 39.66; P < 0.001) and PUFA (A6.03 vs B
11.44; P < 0.001). The atherogenic and thrombogenic indices of group A were also found to be lower:
Al (A0.40vs B 0.44; P<0.01), TI(A1.01 vsB 1.02; P =0.212).

Key words: Nero Siciliano pig, acorn, barley, fatty acid profile.

INTRODUCTION

Both fresh pork and pork products still have a bad reputation due to extensive campaigns that
have demonstrated for decades the nutritional deficiencies of pork in terms of its close association
with an increased risk of cardiovascular incidents. Even though this was certainly true for the past,
today such scruples are completely unfounded from a nutritional point of view. However, the historic
prejudice against pork is based on the fact that the consumption of pork has traditionally been
associated with cardiovascular risks, given the high cholesterol content as well as the quantity and
quality of fat constituents (mainly saturated fatty acids).

In recent years the situation has fundamentally changed in view of the use of new genetic types,
an increasingly rational nutrition and the rediscovery of some native ltalian porcine breeds that are
reared under extensive conditions. Today, pork can be said to contain less cholesterol, and it shows a
lower fat infiltration into the muscle tissue. Likewise, the ratio of saturated and unsaturated,
monounsaturated and polyunsaturated fatty acids has fundamentally changed.

The aim of this study was to evaluate the fatty acid composition of intramuscular fat in “Nero
Siciliano” pigs reared on two different diets during the final stage of fattening.

MATERIAL AND METHODS

The trial was carried out with 24 “Nero Siciliano” pigs. During the final stage of fattening, a group
of 12 pigs was fed with acorn (group A) whereas the remaining 12 were fed with barley (group B). At
slaughtering, a sample of Longissimus lumborum (LL) muscle tissue was taken from each of the 24
carcasses. Each sample was examined for its total fat (AOAC, 2000), followed by an analysis of its
acidic composition (Chiofalo et al., 2005). In order to identify the acidic component of each specimen,
the fatty acid methyl esters (FAMEs), which had been obtained by direct transesterification of the total
fat, with a mixture of 1% sulphuric acid/methanol (ratio 1:9, vol/vol) (Christie, 1993), were prepared.
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The methyl esters were then injected into an Agilent 6890 series gascromatograf. The collection and
elaboration of the data was supported by software ChemStation. The analyses were performed on a
capillary column in a fused silica Omegawax (Supelco) of 30 m x 0.25 mm (length x 1.D.) and 0.25 ym
(df). The cromatographic run was carried out by programming the stove to the following increase in
temperature: from an initial isotherm of six minutes at 160°C to 250°C, with a linear increase of
3°C/min. and a final isotherm of 20 minutes. Nitrogen was used as gas-carrier, with a flow of 2 ml/min.
The overall duration of each chromatographic run was 56 minutes. All components were identified by
comparison with the standard mixtures, and the results were represented on a percent basis, with
respect to the totality of identified fatty acids. In addition, the atherogenic index (Al) and the
thrombogenic index (Tl) were calculated by means of the equations proposed by Ulbricht and

Southgate (1991). The obtained data were subjected to the GLM procedure of SAS (2001).

RESULTS AND DISCUSSION

The lipid content of the LL muscle was not influenced by the diet (Table 1).

Table 1 — LL muscle percentage of total fats and several UFAs of nutritional interest

Acorn Barley ES P
Lipid 3.04 3.68 0.03 0.2400
Cig1w9 50.47 43.91 0.18 <0.001
Cigon6 4.72 7.10 0.02 <0.001
Cig:3n3 0.23 0.90 0.05 <0.001
Co0:4n6 0.87 1.75 0.02 <0.001
Coo:5n3 0.12 0.85 0.03 <0.001

The gas chromatographic analysis showed that the LL muscle of the pigs that had been fed with
acorn (Table 1 and Fig. 1), in comparison with the barley group, manifested a higher and significant
percentage of oleic acid C18:1w9 (A 50.47 vs B 43.91; P < 0.001) and total MUFA (A 59.93 vs B
48.90; P < 0.001).

Fig. 1. Acidic classes (%) found in the LL muscle
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Similar results were found by Daza et al. (2007) with regard to the Longissimus dorsi (LD) muscle
in Iberian barrows of the Torbiscal line that had been fed with acorn and grass during the final 111
days of fattening (C18:1 48.32 and total MUFA 58.12). Tejede et al. (2002), analyzing the Biceps
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femoris muscle in Iberian and Iberian x Duroc pigs that had been fed on “Montanera” (a diet
consisting of acorn and pasture), reported the following results: C18:1 (lberian 54.70 and Iberian x
Duroc 56.84) and total MUFA (Iberian 59.96 and Iberian x Duroc 61.67).

Group A, compared to group B, also showed (Fig. 1 and Table 2) a lower percentage of SFA (A
34.04 vs B 39.66; P < 0.001) and a better ratio of saturated and unsaturated fatty acids (A 1.94 vs B
1.52; P < 0.001).

Statistically more significant values (Table 1 and Fig. 1) were found for the LL muscle of group B
compared with group A for C18:2n6 (A 4.72 vs B 7.10; P < 0.001), C18:3n3 (A 0.23 vs B 0.90; P <
0.001), total PUFA (A 6.03 vs B 11.44; P < 0.001), for the polyunsaturated fatty acids of the series n6
(A 559 vs B 8.85; P < 0.001) and n3 (A 0.43 vs B 2.59; P < 0.001). The higher content of
polyunsaturated fatty acids observed in the LL muscle of group B animals might be traceable to their
major presence in barley.

As to the dietetic nutritional quality of the LL muscle (Table 2), the atherogenic index (A 0.40 vs B
0.44; P < 0.001) and the thrombogenic index (A 1.01 vs B 1.02; P = 0.212) resulted favourable to
group A. Note that a major content of unsaturated fatty acids in pork has a beneficial effect on human
health (Ahn et al., 1996).

Table 2 — Ratio of unsaturated and saturated fatty acids and quality indices of the LL muscle

Acorn Barley ES P
UFA/SFA 1.94 1.52 0.02 <0.001
Al 0.40 0.44 0.01 <0.001
TI 1.01 1.02 0.01 0.212

However, altering the fatty acid profile in pork does not have only positive effects. Increasing the
unsaturated fatty acid content of the fat may lead to a softer carcass fat, which might cause problems
for the meat processor and retailer (Morgen, 1992). In addition, an increased amount of
polyunsaturated fatty acids in muscle renders the tissue more susceptible to lipid oxidation (Allen &
Foegeding, 1981). As it has been demonstrated by various authors for different porcine races, we can
affirm that the type of diet fed to “Nero Siciliano” pigs during the final stage of fattening does influence
the fatty acid composition of the Longissimus lumborum muscle.
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SUMMARY - The study examined the effects of two different feeding strategies used during the
fattening period on the physical and chemical meat traits in 24 “Nero Siciliano” pigs. The animals were
divided into two groups called Acorn (A) and Barley (B), each consisting of 12 animals, homogenous
for live weight, sex, and age. The trial was carried out over a period of 90 days. After slaughtering, M.
Longissimus lumborum (LL) samples were taken from the left half of each carcass and examined for:
pH4 (45’) and pHu (24h), colour parameters, cooking loss, Warner-Bratzler shear force, and chemical
composition. Data were subjected to the GLM procedure of SAS (2001). Comparison of the two
groups showed that only a few parameters differed statistically: pH4, pHu, lightness (L*) and cooking
loss.

Key words: Nero Siciliano pig, acorn, barley, meat traits.

INTRODUCTION

The diversification of product quality and production methods, along with food security, the
wellbeing of animals, and the conservation of our environment, call for the development of alternative
production systems that meet these requirements in a way that is technically, economically, and
socially acceptable. “Nero Siciliano” pigs, an autochthonous genetic type that originates from the rural
areas of Northern Sicily, are reared in the woods of the Nebrodi mountains. The exceptional market
potential of meat and meat products from these animals resides in their high quality food
characteristics. Thus, the aim of this study was to assess the dietary-induced effects on the chemical
and physical meat traits in the context of different diets used during the final stage of fattening.

MATERIAL AND METHODS

The trial was carried out on 24 “Nero Siciliano” pigs, orchidectomy males, reared in the Nebrodi
region of Sicily. The animals were assigned to two groups called Acorn (A) and Barley (B), each
group consisting of 12 animals, homogenous for sex and body weight (BW 79.48 £ 0.15 kg). Animals
of group A were kept in a wooded area of 12 hectares, appropriately enclosed and fed with acorns
during the final stage of fattening (90 days). Animals of group B were reared within an open-air
system in the same rural area, and they were fed with germinated barley on a basis of 2.5 kg/pig/d. At
the outset, individual microchips (Portorider) were implanted subcutaneously underneath the ear of
each animal in order to facilitate an electronic identification at distance. The results of the in vita
performances are reported in another paper (Zumbo et al., 2007). After 90 days of fattening (in
accordance with the experimental design) and a fasting period of 18 hours (ASPA, 1991) the animals
were slaughtered. After 24 hours of refrigeration at 4°C, a sample of LL muscle tissue was taken from
the left half of each carcass in order to determine the following parameters: (1) water loss: the sample
meat slice was placed in a polyethylene bag in moderate vacuum, immersed in a water bath and
heated at 75°C. Heating was stopped when the sample reached an internal temperature of 75°C,
monitored with a probe (ASPA, 1996). After heating, the sample was cooled under running water for
45 minutes, then blotted and reweighed in order to calculate the cooking-induced water loss. (2) CIE
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colour (L*, a*, b*) was measured with a spectrometer of an imaging spectral scanner (DV s.r.l. —
Italia), using light source D 65; (3) shear force was assessed with a sample of meat that had been
cooked in a water bath (1.25 cm diameter removed parallel to the muscle fibre axis and sheared
perpendicularly to the same axis), using an INSTRON 5542 equipped with a Warner-Braztler shearing
device (speed blade 100 mm/min-1); (4) pH; (measured at 45 minutes post-slaughter and pHu
(measured at 24 hours post-slaughter after refrigeration at 4°C) were determined with a pH-meter
WTN 597-S, equipped with a penetrating probe; and (5) chemical composition (humidity: thermostatic
heater ISCO NS9100; ashes: sleeve oven ISCO ISM320; lipids: SOXTEC AVANTI 2050; proteins:
Kjeltec 2300 + digestion unit; methods: A.O.A.C, 2005).The found data were subjected to the GLM
procedure of SAS (2001).

RESULTS AND DISCUSSION

Measurements of intramuscular pH values offer some useful provisional information about the
possible defects of pork meat (PSE, DFD). In this case, the pH, (Table 1) resulted lower in those pigs
that had been fed with barley (6.12) compared to those fed with acorns (6.28). In both groups, pH;-
values were similar to those found by Zumbo et al. (2002) in pigs of the same genetic type, reared
under extensive conditions (6.16) and to those found by Pugliese et al. (1999) in Cinta Senese (CS) x
Large White (LW) pigs that had also been reared in open-air enclosures (6.39), or to those reported
by Fortina et al. (2001) in Mora Romagnola (MR) x LW pigs (6.40).

Table.1 Physical-chemical traits. Values found in LL muscle samples from groups.

Acorn Barley s.e. P
pH, 6.28 6.12 0.04 >
pHy 5.77 5.63 0.03 >
Weight loss (%) 24.60 20.68 0.94 >
WBS (kg flcm?) 3.92 3.98 0.16 N.S.
Crude protein (%) 23.22 23.51 0.18 N.S.
Ether extract (%) 3.04 3.68 0.38 N.S.
Ash (%) 1.06 1.09 0.01 N.S.

** P<0.01; N.S. not significant

The pH, measured in group A was slightly lower than the one found by Hansen et al. (2002) in
pigs reared outdoors and fed with acorns (6.28 vs 6.41), which might be put down to the different
genetic types. The pHu values (Fig.1) resulted higher in group A (5.77) than in group B (5.63). These
findings are thus similar to those reported by Corino et al. (1996) in pigs fed on a traditional diet (5.70)
and to those subsequently found by Simek et al. (2002) (5.72). The pHu values measured in both
groups were higher than the ones found by Enfalt et al. (1997) (5.44 in Yorkshire x Landrace and
Duroc x Landrace cross breeds) and the ones reported by Mason et al. (2005) in pigs of different
genetic types (5.87 in Landrace pigs and 5.84 in Duroc pigs).

Weight loss (Fig.1) in meat samples that had been cooked in a water bath was found to be
24.60% in group A and 20.68% in group B, thus supporting the findings by Zumbo et al. (2002).
However, sample weight loss was found to be much lower than the one reported by Pugliese et al.
(1999) in LW x CS breeds reared in open-air systems (34.07%). As measured by Warner-Braztler
shear force (Fig.1), the meat samples cooked in a water bath showed an almost identical tenderness
in both groups (A 3.92 vs B 3.98) that resulted significantly lower than the one found by Pugliese et al.
(1999) who reported values of 12.17 in LW x CS pigs that had been reared outdoors and of 10.56 in
pigs reared indoors (meat samples were also cooked in a water bath). As our findings correspond to
those found by Zumbo et al. (2002) for black pigs reared outdoors and fed on a natural diet found
within an undergrowth environment (e.g. acorns, tubers, chestnuts, and hazelnuts), it can be
hypothesized that these findings are heavily influenced by the respective genetic type. Fig. 1 shows
the dietary-induced effects on the colour parameters of the muscle.
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Figure 1. Comparison of colorimetric parameters found in LL muscle samples.
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Group A showed a lightness (L*) of 46.44, whereas the one found by Hansen et al. (2002) resulted
higher (52.8) in pigs that had also been fed with acorns. Compared to Hansen’s findings, the index of
redness (a*) resulted higher (10.07 vs 8.99), just as the index of yellowness (b*) (11.44 vs 6.04). The
colorimetric parameters found for group B were similar to those of group A (L* 48.61; a* 10.57; b*
10.12), and the results of both groups are comparable with the ones reported by Estevez et al. (2002)
for three lines of free-range reared Iberian pigs. These findings differ from those reported for the more
commonly analyzed "industrial” pigs in a way that leads to the hypothesis that meat traits are strongly
influenced by the genetic type rather than by the diet.
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Nero Siciliano pig for the production of “Nebrodi” cured sausage:
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SUMMARY - The effects of some traditional diets on the sensorial characteristics of “Nebrodi” cured
sausages prepared using meat of Nero Siciliano pigs were studied. The animals were fed with
germinated barley corn (group A), mash-feed (group B) and germinated barley corn plus citrus pulp
(lemon fruits) by-product (group C). The aromatic fraction were analysed by using SPME-GC/MS.
Forty-six volatile compounds (alcohols, ketones, aldehydes, terpenes, oxygenated terpenes, aromatic
hydrocarbons and miscellaneous) were identified and quantified in the cured sausages. Higher
amount of terpenes was observed in group C (36.44%) compared to group B (28.53%) and A
(27.40%); in particular, the most represented components were: limonene (C:11.58%; A:9.11%,
B:10.14%), 5-3 carene (C:8.11%; A:5.46%, B:4.97%), B-caryophyllene (C:5.54%; A:4.78%, B:3.83%),
myrcene (C:2.44%; A:1.88%, B:1.74%) and B-pinene (C:1.95%; A:1.41%, B:1.44%), well-known for
their dietetic and therapeutic properties. Moreover, high amount of aromatic hydrocarbons were
observed in the sausages mainly due to estragole (A: 52.76%; B: 44.77%, C: 42.18%).

Key words: Nero Siciliano pig, traditional diets, cured sausage, sensorial characteristics

INTRODUCTION

The preservation of the peculiarity of a typical product requires the identification and quantification
of those properties that better describe the characteristics of this product. This can be done by means
of microbiological, chemical and sensory determinations (Moretti et al., 2004). In particular, the
consumer perception of quality of a typical product takes into account the sensorial characteristics
which are influenced by different factors such as breed, rearing system and ripening process (Muriel
et al., 2004).

As regards the typical breeding system of the Nero Siciliano pig, the feeding is usually
represented by an extensive management system based on natural pasture and undergrowth
products and by a supplementation with grain cereals, legumes and agro-industrial by-product
particularly during the period of low pasture availability (Chiofalo et al., 2007). In this context the aim
of the research was to study the effects of some traditional diets on the aromatic characteristics of
“Nebrodi” cured sausages prepared using meat of Nero Siciliano pigs.

MATERIAL AND METHODS

Thirty animals, 16 castrated males and 14 females, were divided into three groups of 10
homogeneous for live weight (32.47+1.74 kg), sex (5 males and 5 females) and age (2 months). The
animals were fed with germinated barley corn (group A), mash-feed (group B) and germinated barley
corn plus citrus pulp (lemon fruits) by-product (group C). The feeds were analysed (Table 1) using the
official methods (AOAC, 2000).
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Table 1. Chemical composition of the feeds (percentages on a DM basis)

Feed Dry matter Crude Protein  Ether Extract Crude Fibre Ash
Germinated barley corn 95.98 12.00 2.46 6.88 2.68
Mash-feed 87.21 14.12 2.29 5.58 2.60
Citrus pulp 94.84 6.25 3.12 18.28 5.02

Animals were slaughtered at 250 days of age and final weight of 70 kg (+5). Concerning the 15
cured sausages, 5 for each group, at 30 days of seasoning and 288g of weight (on average),
prepared using the standard technology of the “Consorzio di tutela del suino Nero dei Nebrodi”, the
aromatic fraction was analysed by means of SPME-GC/MS using the following procedure and
expressed as area percentages. Each sample of approximately 3 g were placed in a 10 ml vial and
then sealed. The SPME procedure was performed with an AOC-5000 (Shimadzu) autosampler,
equipped with a DVB/Car/PDMS 50/30 pum fiber coating (Supelco). Samples underwent an
equilibration time of 5 min at 45°C under agitation (500 rpm), whereas the extraction lasted 40 min at
the same temperature and agitation. Once extracted, volatile analytes were desorbed into GC
injection port at 220°C for 10 min. GC analyses were performed on a GC-2010 (Shimadzu, Milan,
Italy), equipped with a FID system (280°C), a split/splitless injector and a GC Solution software for
data acquisition (Shimadzu). The oven temperature program was as follow: 40°C (10 min) to 250°C at
7°C/min. All the analyses were carried out on a MDN-5S capillary column, 30 m x 0.25 mm i.d., 0.25
um d¢. Mass spectrometric information was acquired onto a quadrupole GCMS-QP2010 (Shimadzu),
provided with libraries (commercial and home-made). The GC conditions were the same as for
GC/FID analyses. The interface temperature was set at 250°C, the ion source at 200°C. lonization
energy: 0.9 kV. Acquisition mass range 40-400; acquisition mode: scan; interval 0.5 sec. Data were
subjected to ANOVA (SAS, 2001) considering the variable diet.

RESULTS AND DISCUSSION

Forty-six volatile compounds (alcohols, ketones, aldehydes, terpenes, oxygenated terpenes,
aromatic hydrocarbons and miscellaneous) were identified and quantified in the cured sausages.

Table 2. Area percentages of the aromatic compounds identified in the “Nebrodi” sausages in relation
to the diet (mean + SEM)

Sausage A Sausage B Sausage C SEM
Aromatic hydrocarbon 53.75" 46.52% 43.20°° 0.9
Terpenes 28.54" 27 40" 36.44° 0.5
Miscellaneous 9.46" 17 .47° 9.77% 0.8
Ketones 4.7 5.39 6.09° 0.3
Alcohols 2.09 1.77° 2.72° 0.02
Aldehydes 1.31 1.18 1.45 0.02
Oxygenated terpenes 0.45 0.46 0.58 0.02

Means on the same column followed by different letters differ significantly (A, B = P<0.01; a, b =
P<0.05)

A significant higher amount of terpenes and their oxygenated derivatives, that characterize the
volatile fraction of citrus essential oils, was observed in group C compared to group B and A; this
could be related to the higher accumulation of the terpenes from the citrus by-products in the adipose
tissue of the pigs of group C as reported by Muriel et al. (2004). In particular, the most represented
components were: limonene, 3-3 carene, B-caryophyllene, myrcene and B-pinene (Table 3) well-
known for their therapeutic properties such as: cancer chemopreventive effects, antimicrobial,
antifungal, antiviral, antihyperglycemic, anti-inflammatory, and antiparasitic activities (Paduch et al.,
2007).
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Table 3. Area percentages of the most representative terpenes identified in the “Nebrodi” sausages in
relation to the diet (mean + SEM)

Compounds™* Sausage A Sausage B Sausage C SEM Odour description**
B-Pinene 1.41 1.44 1.95 0.30 Pine like
Myrcene 1.88° 1.74° 2.44° 0.50  Mushroom like fresh
§-3-Carene 5.46" 4.70% 8.11% 0.50 -
Limonene 9.11° 10.14° 11.58° 0.30 Sour lemon like
B-Caryophyllene 4.78° 3.83° 5.54° 0.50 Woody, spice, dry

*Listed according to the elution order.

** From Moretti et al., 2004

Means on the same column followed by different letters differ significantly (A, B = P<0.01; a, b =
P<0.05)

Moreover, a high amount of aromatic hydrocarbons was observed mainly due to estragole. This
flavour component comes from the fennel seeds traditionally added to the raw mixture to make the
sausages (Miraldi, 1999); in particular fenchone (A: 2.91%; B: 2.85%, C: 3.24%) , estragole (A:
52.76%; B: 44.77%, C: 42.18%) and (E)-anethole (A: 0.80%; B: 1.75%, C: 0.94%), considered
markers of fennel sp., here accounted for about 50% of the identified aromatic fraction, even if they
showed quantitative fluctuations in relation to the different amounts of fennel seeds in the original
sausages.

Among the groups, no differences were observed for the aldehydes (Table 2), which come from
the oxidation of unsaturated fatty acids in meat products (Shahidi and Pegg, 1994); in this context, the
low levels of straight chain aldehydes such as hexanal, heptanal and nonanal (Table 4), that account
for the “green” aromatic notes (Chiofalo et al., 2005), suggest a lipid oxidation (Muriel et al., 2004) of
low relative importance in the “Nebrodi” cured sausages.

Table 4. Area percentages of the aldehydes identified in the “Nebrodi” sausages in relation to the diet
(mean values)

Compounds™* Sausage A Sausage B Sausage C SEM Odour description**
Hexanal 0.313% 0.310° 0.228° 0.08 Herbaceous, woody
Heptanal 0.045 0.046 trace n.s.e. Sour milk, dairy
2-Heptenal 0.064° 0.143° trace n.s.e. -
1-Octen-3-ol 0.121 0.147 0.098 0.03 -
Phenylacetaldehyde 0.159* 0.0518 0.635° 0.02 -

Nonanal 0.167 0.140 0.208 0.03 Citrus, malty
Phenylethyl alcohol 0.083" 0.051% 0.232° 0.02 Floral notes***
trans-2-Nonenal 0.049 0.067 trace n.s.e. Oats, musty
Decanal 0.265° 0.182° 0.245° 0.07 -
Trans-2-Decenal 0.044 0.042 trace n.s.e. Orange, fatty fried

*Listed according to the elution order.

** From Moretti et al., 2004;

*** From Chiofalo et al., 2005.

Means on the same column followed by different letters differ significantly (A, B, C = P<0.01; a, b =
P<0.05)

n.e.s. = no statistical elaboration
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THE EFFECT OF POLYETHYLENE GLYCOL (PEG) ON PROTEIN OUTPUT OF
FREE RANGE ALENTEJANO PIGS
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SUMMARY - The effect of PEG treated or untreated acorns fed to Alentejano pigs, on the protein
output of the animals were studied. The animals had access to two sown pasture fields based on
Trifolium incarnatum and Lolium westerwoldicum Four dietary treatments were tested with 5 pigs per
treatment in a two by two factorial experimental design (factor 1: sown species; factor 2: acorn with or
without PEG). Intake of acorns and protein faecal concentration were measured individually. Faecal
output was estimated using an external faecal marker (dotriacontane, Cj,).

Crude protein faecal concentration of animals fed acorns treated with PEG was significantly lower
(P<0,05) then those fed untreated acorns, suggesting that the PEG may have increased the
availability of dietary protein to the animals. However, the estimation of protein faecal output using the
n-alkane C;, was not significantly affected by the PEG treatment, even though, for the animals in the
Lolium westerwoldicum pasture, there was a decrease (P=0,063) in the total excretion of CP when
acorns were treated with PEG.

KEY WORDS: Alentejano pigs; protein output; PEG; acorns

INTRODUCTION

The Alentejano pig, is a breed generally rose under free range conditions and fattened on
“Montanheira”, (pasture under evergreen oaks) using the available natural feed resources, mainly
acorns and pasture. Acorns have a high content in tannins (Cantos et. al, 2003), which are plant
polyphenols with the capacity to form strong insoluble complexes with proteins and also other
compounds such as starch and cellulose. Therefore, tannins have been reported to reduce protein
digestibility and increase faecal nitrogen excretion in mammals (Mangan, 1988). The low
performances of Alentejano pigs in “Montanheira”, associated with years of low pasture production,
suggest that herbage as a relevant role on the detoxification of tannins from acorns (Almeida, 1986).
PEG has a very high affinity to tannins and has been widely used to neutralise the deleterious effects
of dietary tannins on nutrient digestibility, particularly protein.

Therefore, an experiment was designed to test the effect of PEG on the protein output of animals
fed with acorns and with access to two sown pasture fields (Trifolium incarnatum and Lolium
westerwoldicum). This experiment was part of a larger study, carried out to evaluate the effect of
pasture intake on diet utilisation by Alentejano pigs,

MATERIAL AND METHODS

Twenty castrated male Alentejano pigs with an average live weight of 90 kg were allocated to four
homogeneous groups balanced by weight and placed in 4 paddocks with access, in each paddock, to
a shed with five pens for individual distribution of acorns. Paddock one and two were sown with
Trifolium incarnatum and paddock three and four with Lolium westerwoldicum.

Acorns from Quercus rotundifolia were collected from the ground and frozen. Acorns were
distributed ad libitum to the animals, individually, in two meals per day (8:30 and 15:30) and refusals
collected also individually.Animals in paddock one and three received acorns treated with
polyethylene glycol (PEG 6000) (12,59 PEG/Kg acorns) and animals in paddock two and four
received acorns without treatment. Therefore, four dietary treatments were tested with 5 pigs per
treatment in a two by two factorial experimental design. Factor 1: pasture sown species; Factor two:
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acorn treatment with or without PEG. The animals stayed in the 4 paddocks, with access to the same
diet, for 33 days. During the data collection period, a faecal marker (dotriacontane, C32) spread on
60g doses of ground acorns was distributed individually in the first meal of the day. The data
collection period comprised 5 days of adaptation to the faecal marker and 5 days of refusals total
collection and faecal samples collection. Refusals were weighed, oven dried, ground (1mm &) and
pulled per animal. Faecal samples were frozen, freeze dried, ground and also pulled per animal until
needed for analysis.

Nitrogen was determined in all samples by the Dumas method in a LECO system (FP528). N-
alkanes were extracted and determined by GC-FID as in Dove and Mayes (2006). Tannins in acorns
were measured by a protein precipitation method, the radial diffusion assay (Hagerman, 1987). The
extraction of tannins from acorn was done with a solution of acetone (70%). Intake of acorns was
measured individually and protein faecal concentration was determined. Faecal output was estimated
using dotriacontane as an external faecal marker. Diet composition was estimated by the n-alkane
technique, using the least-squares diet composition package EatWhat (Dove and Moore, 1996).
Estimation of pasture intake was done by the n-alkane technique (Dove and Mayes, 1991),
considering the diet composition previously estimated. The data produced was subjected to a factorial
ANOVA using the STATISTICA (data analysis software system), version 7 (StatSoft, Inc., 2004).

RESULTS AND DISCUSSION

Dry matter (DM), organic matter (OM) and crude protein (CP) content of the feed resources
available for the animals are presented in Table 1. All calculations were done on OM basis, since
some animals had high amounts of ashes in the faeces indicating that variable amounts of soil were
ingested. Acorns had 40,1g/kgOM of tannins measured as equivalents to tannic acid (radial diffusion
assay).

As expected the CP content of acorns was low, what resulted in a low CP intake due to the large
percentage of acorns in the diet. Both pastures were in the first stage of development (vegetative
state) and therefore with a quite high CP content even on the grass pasture. Pasture 2 had a greater
quantity of clover and so its CP content was also the highest.

Table 1: Chemical composition of, acorns and pasture.

Acorns Pasture
Based on Based on
Trifolium incarnatum Lolium westerwoldicum
1 2 3 4
DM (g/kg) 617,7 299,3 158,5 199,4 204.,6
OM (g/kgDM) 980,5 595,5 761,1 7437 777,3
CP (g/kgOM) 59,2 201,9 269,3 191,0 161,8

Individual intake of acorns (Table 2) was measured directly on the feed troughs and did not differ
among experimental groups. Intake of pasture tend to be higher on the Lolium westerwoldicum than
the Trifolium incarnatum based pasture, however this was not statistically significant, probably due to
the high standard error observed (0,14). Estimated intake of OM and CP was not different among the
four treatment groups.

Crude protein faecal concentration of animals fed acorns treated with PEG was significantly lower
(P<0,05) then those fed untreated acorns. However, this did not result in a lower total protein
excretion when PEG was used, due to an observed increase in the organic matter faecal output and a
significant decrease on OM digestibility.
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The CP balance (input-output) was negative in all treatments except for animals on Lolium
westerwoldicum pasture and acorns with PEG. The negative CP balance was probably due to the low
CP content of diet (about 74g/kgOM) and also to the formation of insoluble tannin protein complexes.
It is interesting to notice that the only treatment where the CP balance was positive is associated with
the highest intake of pasture and, therefore, the highest CP intake (Table 2).

Table 2: Intake and output of OM and CP of animals fed acorns treated or untreated with PEG with
access to two different pastures

Pasture
Based on Based on
Trifolium Lolium Probability of effect
incarnatum westerwoldicum
1 Z
A+P1EG A'P2EG A+ZEG A'F;EG SE® pasture PEG Interaction
Intake of acorns
kgOM/d 3,2 2,8 2,8 2,9 0,14 NS NS NS
Estimated pasture
intake kgOM/d 0,17 0,27 0,65 0,32 0,14 NS NS NS
ng'matedcp'”take 2418 2327 2651 2239 2015 NS NS NS
Faecal CP
gCP/kgOM 224.8 291,3 203,2 304,6 15,65 NS 0,000 NS
Faecal output 1236 848 1273 1028 120 NS 0019 NS
gOM/d
Protein output 2699 2413 2576 3058 1918 NS NS NS
gCP/d

Estimated OM
digestibility (%) 63,4 72,2 63,2 67,8 2,99 NS 0,041 NS

TA+PEG= acorns treated with PEG; A+PEG= acorns untreated with PEG; “SE=Standard error

CONCLUSIONS

PEG treatment did not affect the protein digestibility and reduced OM digestibility. Estimated intake
of OM and CP was not different among the four treatments groups although intake of Lolium
westerwoldicum based pasture tended to be higher. The very low total protein intake was probably
responsible for the lack of effect of PEG on the total protein output. The reduction of OM digestibility
associated with PEG treatment is difficult to explain and needs further investigation.
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NEW METHODS TO ASSESS AND IMPROVE THE QUALITY OF
MEDITERRANEAN DRY-CURED HAMS
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SUMMARY - Dry-cured hams are among the most important Mediterranean meat products. In the last
decades a number of methods to assess the quality during and at the end of the process have been
developed or improved. New research is being done to find genetic markers related with technological
quality of raw hams for a correct processing. These genetic markers would be useful in the breeding
programs to select animals that “fit” better to the dry-cured ham process, which will improve the
homogeneity of dry-cured ham characteristics within batch. There are methodologies based on the
detection of biochemical markers such as: proteolytic enzymes related to pastiness in dry-cured ham,
peptides which are related to pastiness and bitterness in dry-cured hams, Zn-protoporphyrine 1X
complex related to colour of hams without nitrate and nitrite and neophytadiene which could be used
as a marker of “montanera” feeding system in Iberian pigs. There are also instrumental techniques
which could be used to detect “on line” meat with too high/low pH or exudative characteristics by
combining pH and impedance probes in the reception step. Several technologies could be useful to
determine the fat content: Total Body Electrical Conductivity (TOBEC), Dual Energy X Ray
Absorptiometry (DEXA), Ultrasound measurement, low field NMR, Computerised tomography (CT)
and NIR. The salting process in dry-cured ham could be improved by using CT and diffusional kinetic
models that evaluate the conjoint diffusion of salt and water. The drying process in dry-cured meat
products could be improved if the superficial water activity is estimated accurately enough by
instrumental techniques (e.g. NIR) and used together with air temperature as inputs of the control
system. Moreover, the final product quality could be evaluated by different systems: artificial vision
(colour), relaxation tests (texture) and electronic tongue and nose (flavour). All these techniques will
be useful, to select and classify the raw materials, to improve the homogeneity of the salting and
drying process, to obtain products with a more regular sensory quality and to guarantee the
traceability and safety of dry-cured meat products in the different commercialization forms.

Key words: dry-cured ham, quality assessment

INTRODUCTION

Dry-cured hams are among the most important Mediterranean meat products. The criteria
traditionally used to classify dry-cured hams were: weight, fat thickness and trimming system. The
salting time is fixed for each group according to weight based on the experience of each company.
The final product is checked according to texture and sniffed with a fibula to detect off-flavours. In the
last decades a number of methods to assess the quality during and at the end of the process have
been developed or improved. The aim of this paper is to present and discuss the possibilities of the
available methods and other that are under study to assess and improve the quality of dry-cured
hams.

METHODS TO ASSESS THE QUALITY OF GREEN HAMS
Technological meat quality

Currently, despite pH is considered a useful parameter to detect hams not appropriate for dry-
cured ham manufacture, its use is still reduced. Hams with pH,4>6.20 are more prone to deterioration
and show important appearance, texture and flavour problems (Arnau et al., 1998) and hams with
pH24<5.55 have a higher incidence of red rings (Arnau et al., 2003) and pastiness (Garcia-Rey et al.,
2004; Morales et al., 2007). The pH is determined usually in Semimembranosus muscle with
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electrodes that are adapted to the industrial production lines (Grebol, 2007). However, the pH
measurement does not allow the detection of pale, soft and exudative meat (PSE) in dry-cured ham
companies. According to (Oliver et al., 2001) electrical impedance spectroscopy allows to predict a
high percentage of PSE hams, and is useful to select hams that could have more pastiness at the end
of the process (Guerrero et al., 2004).

Meat composition

Subcutaneous, intermuscular and intramuscular fat contents affect the process and consumer
acceptability. Subcutaneous fat thickness is currently evaluated visually, but could be improved with
ultrasound sensors and the appropriate software. However, intramuscular fat prediction needs the
development of non invasive analysis such as low field X-Ray (Dual Energy X-Ray Absortiometry
(DEXA)) and low field Nuclear Magnetic Resonance (NMR). In order to develop and calibrate on-line
DEXA and NMR systems, a reliable reference system such as Computed Tomography (CT) could be
useful.

CT, common to the medical sciences, has a long and well-documented history as a non-invasive
means of studying tissue based on differing X-ray attenuation. In meat science the application of CT
has almost exclusively focused on evaluation of porcine gross body composition in vivo and post-
mortem (Skjervold et al., 1981; Vangen and Skjervold, 1981; Luiting et al., 1995; Szabo et al., 1999;).
This technology presents several drawbacks that prevent its use on industrial scale, cost of
equipment and maintenance and safety issues, as CT uses X-rays, which are harmful to human
beings. Moreover, this equipment is designed to work in clean environments, as hospitals, and not in
meat processing plants.

DEXA allows prediction of fat content by using X-rays of different level of energy. The attenuation
of both rays differ depending on the amount of fat, bones,.... By comparing attenuations from both
rays, it is possible to obtain a good estimation of fat content. Unlike CT, no special safety measures
have to be implemented in facilities where this equipment is used and is much cheaper. However, the
information obtained is less accurate than using CT and must be calibrated using other technologies.
Some firms have already developed equipments based on DEXA technology for fat content
estimation (http://www.productinspection.co.uk/Fat_analysis.htm).

The NIRS has been used to determine the feeding system in Iberian pigs as and alternative to gas
chromatography and allows the determination of spectra from 120-150 carcasses or animals per hour,
which allows the classification in the slaughterhouse before the animals had been dissected (De
Pedro et al., 2007).

A prototype imaging transflectance NIR instrument has been developed for analysis of water and fat
in fish by Matforsk which could be adapted to fat analysis in external muscles in dry-cured ham.

Raman spectroscopy could also be useful as a non destructive method to determine fatty acid
profile measured directly on pork adipose tissue and in melted fat (Olsen et al., 2007).

Electromagnetic scanning for total body electrical conductivity (TOBEC) is a rapid and non-
invasive method to detect lean content in animal carcasses. The principle is based on the greater
electrical conductivity of lean than fat tissue because of a higher content of water and electrolyte
present in lean tissue. The difference of electrical conductivity between lean and fat tissues is
maximized at low frequencies (Pethig, 1979). It has also been used to predict lean and fat content in
order to classify green hams for dry-cured ham production.

As an alternative to physical and chemical procedures, new non-invasive methods such as Pattern
Recognition and Image Analysis techniques based on Magnetic Resonance Imaging (MRI) have
recently emerged. MRI is a non-invasive method, which uses high magnetic fields to obtain detailed
information from any tissue. This technology is widely used in medical applications for patient
exploration.

There are several examples of applications of MR/ in meat science. For instance, (Beavallet and
Renou, 1992) analyzed lipid distribution in meat by means of MRI, while (Bonny et al., 2000)
characterized muscle structure using such techniques. More recently, (Monziols et al., 2006)
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quantified muscle, subcutaneous fat, and inter-muscular fat in pork cuts. This technique is also used
to show water distribution in relation to drying (Ruiz-Cabrera et al., 2004). In the case of Iberian pork,
MRI can help to classify raw loins (Cernadas et al., 2005), can be used to evaluate sensory features
and intramuscular fat in dry-cured loin pieces (Antequera et al., 2003) and estimate intramuscular fat
levels in Biceps Femoris and Semimembranosus muscles of Iberian ham (Avila et al., 2005). The high
correlations achieved via Active Contour techniques and MRI, water content and weight, suggest
such techniques can be used at the different stages in the ripening process of Iberian hams and that
water content and weight loss can be monitored and may be a means for determining the optimal
ripening time (Antequera et al., 2007).

However, this technology presents also several drawbacks, equipment and maintenance costs are
very high, even for calibration purposes, and safety issues are a serious problem. However, another
technology, low field magnetic resonance allows to obtain information on tissue composition, as fat.
This technology is much cheaper, but the information obtained is less accurate and must be
calibrated using other technologies

Genetic markers.

New research is being done to find genetic markers related with technological quality of raw hams
for a correct processing. These genetic markers would be useful in the breeding programs to select
animals that “fit” better to the dry-cured ham process, which will improve the homogeneity of dry-
cured ham characteristics within batch.

Biochemical markers

There are methodologies based on the detection of biochemical markers such as: proteolytic
enzymes related to pastiness in dry-cured ham (Parolari et al., 1994; Toldra and Flores, 2000) and
peptides which are related to pastiness (Garcia—Rey et al., 2004) and bitterness in dry-cured hams
(Ruiz et al., 1999).

Differentiation of diet received by animals has been mainly based in the analysis of lipid fraction.
Fatty acids of the neutral and polar lipids has been the most used to establish the feeding regime in
the final state of fattening (Cava et al., 1997; Coutron-Gambotti et al., 1998; Gandemer et al., 2000;
Tejeda et al., 2002). There are a few studies of the unsaponifiable fraction of the intramuscular lipids
from Iberian hams (Tejeda et al., 1999; Tejeda et al., 2001a; Tejeda et al., 2001b; Petron et al., 2004),
which includes a high number of compounds such as hydrocarbons which could be useful to
differentiate between feeding regimes (Tejeda et al., 1999; Tejeda et al., 2001b; Petron et al., 2005).
This is the case for neophytadiene, a branched hydrocarbon which is abundant in plant cuticular
waxes (Lintas et al, 1979) and was identified only in samples from the pigs fed on Montanera
(extensive system) and not in the Pienso (intensive system) groups (Tejeda et al., 2001b).

METHODS TO IMPROVE THE SALTING AND DRYING TECHNOLOGY
Salt content assessment

The development of improved curing methods for dry-cured meat products is limited by the lack of
non-destructive methods for investigating diffusion and the distribution of curing ingredients. Two
methodolo%ies previously applied for obtaining non-destructive information about salt distribution in
meat are ° Na-magnetic resonance imaging ( 3Na—MRI) (Guiheneuf et al., 1997; Vestergaard et al.,
2004) and CT (Froystein et al., 1989). While “*Na-MRlI is advantageous because it measures directly
on one of the nuclei of interest, it is limited by the bore diameter of the magnet, which has to be
relatively small (typically 5—10 cm) in order to obtain a sufficiently strong and homogenous magnetic
field. In contrast, the gantry opening of a medical CT scanner is approximately 50 cm, allowing for
entire cuts to be studied. (Fregystein et al., 1989) demonstrated the applicability of CT for studying salt
penetration into dry-cured hams and studied differences in salt penetration in dry-cured ham due to
freezing of the raw material. These successful studies have nevertheless not been pursued until
recently, perhaps due to the high cost of CT scanners and to insufficient computer processing power
for image analysis of the large amounts of data, which CT scanners produce.
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CT may prove to be of great value in the near future, both in contexts research and product
development as it facilitates the establishment of predictive models which include manufacturing
parameters of significance to optimal salt distribution and minimal production time. It could also be a
valuable tool for monitoring salt penetration in cured meat and could offer an alternative to labor
intensive and destructive chemical analysis, provided that the appropriate calibration curve is
developed.

The diffusion coefficient on Na and Cl ions is expected to change as a function of raw material,
curing technology and progress of the process. Consequently, the determination of diffusion
coefficients for salt diffusing in meat under various conditions relevant to industrial curing is essential,
allowing the development of numerical models for salt diffusion in meat. Such models may assist the
optimisation of curing processes in industry. A model study on movements of sodium ions in pork loin
durlng brmmg was carried out by (Vestergaard et al., 2005) using “Na- -magnetic resonance imaging
(**Na-MRI). “Na-MRI profiles suggested that the diffusion of salt into whole meat cuts cannot be
described by simple ordinary Fickian diffusion with a constant diffusion coefficient. The diffusion
coefficient is suggested to be affected by changes in NaCl concentration, swelling and degree of
dehydration (Vestergaard et al., 2005). Thus, NMR offers a unique opportunity to acces non-
invasively to the distribution and the state of Na ions in meat tissues.

Drying technology

The drying process in dry-cured meat products could be improved if the superficial water activity
is estimated accurately enough by instrumental techniques (e.g. NIR) and combined together with
information from other sensors (temperature, humidity rate, air velocity,...). These sensors should be
integrated in advanced control architectures and knowledge based systems, so that knowledge from
experts could be coded and combined with instrumental techniques. This could lead in the future to
autonomous control of dryers and to help to optimize drying process by reducing process time, energy
consumption and improve product homogeneity. Recently, water activity was estimated combining
readings from temperature, humidity rate and product temperature surface and used to control the
drying process of dry-cured meat sausages in a pilot dryer, using an advanced controller as fuzzy
control. Results were quite satisfactory (Mufioz et al., 2007), but application of new sensors and
advanced control techniques should help in the future to improve the drying process of dry-cured
meat products

METHODS TO ASSESS SENSORY QUALITY OF THE PRODUCT AT THE END OF THE
PROCESS

The final product colour, texture and flavour could be evaluated by different systems.
Colour assessment

In products prepared using only NaCl, such as Parma ham and some Iberian hams, colour is due
to a slow formation of the Zn-protoporphyrine IX complex (ZPP), believed to originate from Mb in
which Fe has been substituted by Zn and the heme group separated from the native heme-protein (
Wakamatsu et al., 2004a; Meller et al., 2007). This complex is not formed if there is any contact with
oxygen or curing substances (Wakamatsu et al., 2004b; Adamsen et al., 2006). More knowledge
about these mechanisms of the formation of the stable red pigment in Parma ham would enable the
manufacturing of meat products with a desirable and stable red colour without the use of nitrite and
nitrate. For this purpose, a light-emitting diode and image analysis was useful to determine the
distribution of ZPP in Parma ham (Wakamatsu et al., 2006).

Artificial vision (multivariate imaging)

Artificial vision is widely used in product quality control through colour and some applications have
been developed for the food industry. The technology consists in placing an object under uniform
lighting conditions and capturing images with a camera, and processing the images to obtain the
desired information One of the most promising advantages of this technology is the possibility of
obtaining an objective assessment of colour, replacing human subjectivity, and it could allow the
automation of colour assessment. However, product heterogeneity and variation in dry cured meat

Proceedings of 6th International Symposium on the Mediterranean Pig 244



products poses difficulties to the successful development of this technology. Recently artificial vision
has been applied to fresh beef colour assessment quite successfully (Tan 2004), although many
technical problems remained unsolved. The use of sources with different wavelengths, as UV, could
help to improve the accuracy of these systems in food applications..-

Texture assessment

Although the texture profile analysis (TPA) (Bourne, 1978) has been commonly used for
evaluation of texture in dry-cured ham, Morales et al., (2007) concluded that the stress relaxation test
(SR) at 4°C evaluates better the softness in BF muscle than the TPA at 4°C or at 20°C.

The Near infrared (NIR) Spectroscopy with a fiber optic probe which allows to determine moisture,
salt, protein and proteolysis index (Bellatti et al., 2005) has been also used to detect pasty hams
(Garcia-Rey et al., 2005).

Flavour assessment

The electronic tongue seems useful to determine NaCl content and water activity (Toldra et al.,
2007) and the electronic nose to determine volatile compounds which are correlated by principal
component analysis and neuronal network with several aromatic aspects of Iberian ham (Carrapiso et
al., 2001; Santos et al., 2004).

CONCLUSIONS

In the near future, it is expected that different techniques could be available to select and classify
the raw materials, to improve the homogeneity of the salting and drying process, to obtain products
with a more regular sensory quality and to guarantee the traceability and safety of dry-cured meat
products in the different commercialization forms.
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SUMMARY - The aim of the current study was to evaluate the ability of counter propagation artificial
neural networks (CP-ANNSs) to predict drip loss using i) a combination of four meat quality traits pH,
colour parameters CIE L* a* b* (MQ) or ii) visible and near infrared spectra of the meat samples
(sPeC). Meat samples (n = 314) were split into training and testing set with regard to the distribution of
samples in the 2D Kohonen map. The CP-ANN models for drip loss prediction were developed on the

training set (n = 164, X £ sd =6.29% + 3.23%) and tested on the independent testing set (n = 150, X
+ sd = 6.49% + 3.22%). For the comparison, the PLS regression model for drip loss prediction was
developed. The CP-ANN and PLS models gave similar results for prediction error (RMSE). The
RMSEyq and RMSEspec were 2.60 and 2.55% for the prediction of unknown samples with the CP-
ANN models and 2.28 and 2.36% for the prediction of unknown samples with the PLS models. The
cumulative RMSE for CP-ANN and PLS models were 2.03 and 2.35%, respectively in case of meat
quality traits and 2.05 and 2.24%, respectively in case of spectral data. Although the CP-ANN had a
comparable ability to predict drip loss using either meat quality traits or spectral information, the latter
is of higher practical importance as it has a potential for large scale industrial use.

Key Words: counter propagation artificial neural networks, Kohonen maps (SOM), drip loss,
prediction

INTRODUCTION

Drip loss is a technological characteristic of meat that is of great importance for the meat industry
and consumers. Although drip loss is rather simple to assess the method is time-consuming,
destructive and thus impractical for application under industrial conditions. For this reason drip loss is
often indirectly estimated through different simple meat quality measurements like colour and pH
value or through spectral information. As meat quality measurements or meat spectra explain drip
loss only partly the prediction could be improved with the use of suitable statistical tools. Atrtificial
neural networks (ANN) represent modern research tool applicable on many different fields including
agriculture and food-processing.

The aim of our study was to apply ANN to predict meat drip loss on the basis of different meat
quality traits or on the basis of visible and near infrared spectra and to compare the ability of ANN with
the ability of PLS regression for meat drip loss prediction.

MATERIAL AND METHODS

The Kohonen ANN (self-organising maps) belong to the unsupervised strategy of learning, which
means that the 2D mapping is performed regardless of the property or class assigned to individual
samples. The main goal of this method is to map objects from multi-dimensional into 2-dimensional
space on the basis of input data. The counter-propagation ANN (CP-ANN) belong to the supervised
strategy of learning and represent an up-grade of unsupervised Kohonen ANN which enables to solve
supervised problems (Fig. 1). Beside the input data (X=(x1, X2, ... Xi1, ... Xm)) this kind of ANN requires
additional layer of neurons called the output layer or the property associated with individual sample
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(Y=(y1, Y2, --- Yi1s --- ¥m))- This (x, y) pairs are the input to the neural network, which is after being
trained for certain amounts of epochs, capable of the prediction of unknown samples. Every
object/sample excites one single neuron. The algorithm modifies the weight of the neuron with the
most intense input or whose weights are the most similar to the input signal and smooths the map by
also making modulated changes to neurons in a defined “neighbourhood” of that one. These
corrections of weights are made around neuron position in the Kohonen and in the output layer.

In our study the mapping of samples in the Kohonen ANN assisted to split the samples on two

adequate sets of objects (training set and test set). The CP-ANN was applied to develop the models
for drip loss prediction.

Figure 1. The structure of the CP-ANN
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Present study was performed on 314 pig longissimus dorsi muscle samples. For all samples
colour (CIE L*, a* b*) and pH,, were measured in the abattoir a day after slaughter on the fresh
muscle slices. At the same time samples for drip loss and NIR spectroscopy analysis were taken from
the same part of loin. Drip loss was determined according to EZ method published by Christensen
(2003), where two cylindrical pieces with a diameter of 2.5 cm were weighted, placed in plastic
sealable cups, stored at 4°C for 48 hours and then weighed again. Drip loss was expressed as a
percentage of initial sample weight. The meat samples were scanned minced 48 hours after slaughter
over the wavelength range 400 to 2500 nm (visible and near infrared spectrum) using the laboratory
spectrophotometer (NIR Systems model 6500, Silver Springs, MD, USA). Reflectance data were
collected as log1/R. The pre-processing of meat quality data (C/IE L, a* b* and pH) included

normalization: Xnew = Xop — X / 0. In the case of spectral data instead of the normalisation the raw
absorbance spectra (1036 data points) were compressed using the PCA technique to 7 PCA scores.

The meat samples were split on training and test set with regard to the distribution of samples in
the 2D Kohonen map. Splitting was performed separately for the case of meat quality traits and for
the case of meat spectra. The training set was used to build the predictive models and the set of
independent testing objects for models’ validation. Many CP-ANN models for drip loss prediction were
developed by varying the net size and number of epochs. Considering the coefficient of determination
(R?) and residual mean squared error (RMSE) for the training and testing the best CP-ANN model
was chosen for visual presentation. For the comparison, PLS models were developed and validated
on the same training and testing sets of samples. Moreover, the cumulative error (RMSEgyy) for both
sample sets together was calculated.
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RESULTS AND DISCUSSION

In our study the variation range for the drip loss was between 0 and 20 % (Table 1), which is in
accordance with the situation in our pig population. The training and testing set were adequate.
Varying the net size and the number of epochs 30 different CP-ANN models for drip loss prediction
were derived, but the differences between them were small (Table 1).

Table 1. Presentation of data sets and prediction of drip loss by different CP-ANN models

Meat quality traits
(L*, a*, b*, pH)

Visible and near infrared spectra
(A =400 - 2500 nm)

Training set Test set Training set Test set
N 164 150 164 150
Variation range, % 6.76 £ 3.10 5.98 + 3.30 6.29 + 3.23 6.49 + 3.22
RMSE, % 0.58 — 1.54 2.68 — 3.08 0.95-1.88 2.55-2.99
R? 0.75-0.97 0.25-0.40 0.66 — 0.95 0.21-0.40

R — coefficient of determination
RMSE - root mean squared error

For prediction of drip loss on the basis of meat quality traits the model with 14x14 neurons and
100 epochs showed the best performance. On the basis of spectral information the best model had
13%x13 neurons and 150 epochs. The prediction of drip loss with the selected CP-ANN models is
represented in figure 2. For the comparison, the prediction of drip loss using PLS regression models
is represented in figure 3.

Figure 2. Prediction of drip loss (%) a) on the basis of pH, CIE L*, a* and b* by the best CP-ANN
model (14 x 14, 100 epochs) and b) on the basis of spectral information by the best CP-
ANN model (13 x 13, 150 epochs)
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Figure 3. Prediction of drip loss (%) a) on the basis of pH, CIE L*, a* and b* by the PLS regression
model and b) on the basis of spectral information by the PLS regression model
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The statistical parameters show comparable ability to predict drip loss of unknown samples using
CP-ANN or PLS regression. The RMSEyq and RMSEgpec were 2.60 and 2.55 % for the prediction of
independent samples with the CP-ANN models and 2.28 and 2.36 % for the prediction of independent
samples with the PLS models. As a consequence of better training results (lower RMSE on training
set) for the CP-ANN models the cumulative RMSE in prediction by CP-ANN is about 0.3 % lower in
comparison to the cumulative RMSE of PLS models. This could be explained by the fact that CP-ANN
models belong to the so called data driven models, where the data form the type of model/function
and the size of coefficients, in contrast to regression where the type of function/model is predefined.
The cumulative RMSE for CP-ANN models were 2.03 % and 2.05 % in case of meat quality traits and
in case of spectral data, respectively. In view of the variation range for the drip loss (0-20 %) the error
of 2% might seem large. Therefore, the error of prediction must be discussed with regards to the
reproducibility of the reference method, which is 1.3 % for the case of drip loss (data not shown).
Considering this, the error of prediction by CP-ANN is relatively good. Although the CP-ANN showed
comparable ability to predict drip loss using either meat quality traits or spectral information, the latter
is of higher practical importance as it has a potential for large scale industrial use.

CONCLUSIONS

In the current study the CP-ANN were found to have satisfactory ability to predict drip loss on the
basis of meat quality traits or on the basis of spectral information. The prediction ability is comparable,
but of higher practical significance when using meat spectra as it has a potential for application under
industrial conditions. Despite relatively good ability of CP-ANN to predict meat drip loss a suggestion

to achieve better results would be to adopt more accurate or repeatable reference method and/or to
try with a different chemometric approach (back propagation ANN or genetic algorithm, etc.).

ACKNOWLEDGEMENTS: The research was made within L4-6376 project founded by Slovenian
Agency of Research (ARRS).
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E. Berni, C. Cacchioli, C. Diaferia, E. Spotti

Stazione Sperimentale per L’Industria delle Conserve Alimentari (SSICA),
Viale Tanara 31/A, 43100 Parma, ltaly

SUMMARY - Within the framework of a three-year project, identification of spontaneous fungal
species grown on the surface of salame produced in different ripening environments has been carried
out during the first year. Isolates that proved safe on the basis of their biochemical characteristics and
that were appreciated for their ability to give salame satisfactory appearance as well as good
technological and sensory traits have been investigated for possible use as starter. In a first step, both
quantitative and qualitative analyses were carried out on salami casings produced in the Nebrodi area
or processed at SSICA pilot plants. In the following phase of the project, the biochemical
characteristics of the strains were compared by lipolysis and preoteolysis tests at different
temperatures. The results obtained showed that both enzymatic activities increased with incubation
time and temperature. In particular, morphologically similar species belonging to Penicillium subgenus
Penicillium proved to have considerable lipolytic activity and a higher variability at proteolytic activity.

Key words: Salame, moulds, Ipiolysis, proteolysis.

INTRODUCTION

The surface of ripened meats tends to be quickly colonized by mycetes, such as moulds and
yeasts (Samelis and Sofos, 2003). In general, at the beginning of the ripening process yeasts are the
predominant on the surface; at the end of the ripening process, mycoflora is evidently represented by
moulds, while yeasts may vary from one to two logarithmic cycles.

The prevalence of moulds is essentially due to: (i) the progressive reduction of surface water
activity in sausages; (ii) the invasive way moulds grow on the surfaces; (iii) the substantial production
of conidia; and (iv) the production of secondary metabolites, that can inhibit yeasts and other micro-
organisms.

In general, surface moulding is considered peculiar in order to obtain high-quality traditional
products, since it has been demonstrated that the mycelium: (i) prevents excessive drying; (ii)
protects fat portions from oxidation because it metabolizes and consumes peroxides; (iii) reduces the
O, levels on the surface of the product, thus avoiding oxidative processes and improving meat colour;
(iv) contributes to enhancing the flavour of the final product, because it breaks up fats, proteins and
lactic acid, thus favouring pH increase; and (v) makes sausage peeling easier thanks to the
differentiation of the fungal basal hyphae into a sort of root called “rhizoid”, which can penetrate the
casing (Grazia et al., 1986).

As regards salami ripened in traditional and uncontrolled environments, their moulding is
essentially due to the natural selection of those autochthonous strains which better adapt themselves
to the thermohygrometric conditions applied. The above strains mainly belong to Penicillium
subgenus Penicillium that may overcome those belonging to more xerophilic genera, such as
Aspergillus and Eurotium (Spotti et al., 2007).

MATERIAL AND METHODS

Moulds and yeasts counts and identifications

The casings of Nebrodi salame were tested at different ripening times. They were weighed,
placed in Stomacher bags with sterile water containing 0.1% Tween 80, and blended by using a
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Stomacher for 5 minutes. Then, moulds were counted as cfu/cm? of casing. Each of the strains
isolated was identified according to techniques proposed by Pitt e Hocking (1997) and by Samson
(2004).

Lipolytic and proteolytic activities

Enzymatic tests were carried out according to techniques proposed by Paterson and Bridge
(1993). Each fungal strain was inoculated into a test tube containing solid medium and incubated at
10, 14, and 18°C for 7-21 days. For each strain, analyses were done in duplicate.

RESULTS AND DISCUSSION

Moulds and yeasts counts and identifications

In the first phase of the project, both quantitative and qualitative analyses were carried out on
casings of salami produced both in the Nebrodi area and at the SSICA pilot plants, using the same
raw meat and different technologies (Tables 1 and 2). Besides, at the SSICA the results concerning
salami obtained with meat from “Nebrodi black pig” were compared with those concerning salami
produced with meat from “hybrid pig” (Table 2 and 3).

Samples were tested at different ripening times (from 28 to 60 days as regards salami from the
Nebrodi area; from 7 to 75 days as regards salami produced at the SSICA by using either "Nebrodi
black pig” or “hybrid pig” meats). For each fungal species, the lower and the higher values of colonies
forming unit (cfu) detected on the total amount of samples have been reported.

Table 1. Moulds and yeasts counts on casings of different salami produced in the Nebrodi Area by
using “Nebrodi black pig” meat, at different ripening times.

Salami from “Nebrodi black pig”

Fungal species 28 days 60 days
lower cfu/cm®  higher cfu/cm?  lower cfu/cm?®  higher cfu/cm?

P. gladioli 21x10" 1,3x10" 27x10° 21x10"

P. aurantiogriseum 1,4x10* 7,0x10° 1,1x10° 7,7%x10°

P. brevicompactum 7,0x10* 1,4%10° 1,3%x10° 46x10°

P. nalgiovense 23x10° 1,4 x10° <10* 1,8x10"

P. griseofulvum 3,0x10* 21%x10° 1,1%x10° 1,3%x10"
Eurotium spp. 58x10" 2,7x10° <10 81x10"

P. nordicum 28x10° 1,2%x10° <10* <10*

yeasts 26x10° 24x10" 3,8x10° 1,1x10"

Table 2. Moulds and yeasts counts on casings of salami produced at the SSICA pilot plants by using
“Nebrodi black pig” at different ripening times.

Salami from “Nebrodi black pig” (cfu/cm?)
Fungal species

7 days 28 days 75 days
P. gladioli <10° 1,7x10" 6,0x10°
P. solitum <107 2,6x10° 20x10"*
P. aurantiogriseum 1,6x10* 2,6x10* <10*
P. brevicompactum <102 1,7%x10* 1,0x10°
P. nalgiovense <102 51x10* <10*
yeasts 5,5%x10° 1,7%x10° 3,8x10"
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Table 3. Moulds and yeasts counts on casings of salami produced at the SSICA pilot plants by using
“hybrid pig” meat, at different ripening times.

Salami from “hybrid pig”  (cfu/cm?)
Fungal species

7 days 28 days 75 days
P. gladioli 21x 10° 6,2x10° 6,0 x 10°
P. solitum 3,1x 10 2 <10* 40x%10°
P. aurantiogriseum <102 1,5%x10* <10*
P. brevicompactum <102 3,1%x10* <10*
P. nalgiovense <102 1,5x10* 6,0 x 10 *
yeasts 1,4 x10° 7,7%x10° 1,4x10"

The analyses of the casings allowed to monitor fungal growth as a function of RH and T
conditions applied during ripening and to evaluate any possible interaction between the species
isolated (P. gladioli, P. aurantiogriseum, P. solitum, P. brevicompactum, P. nordicum, P. griseofulvum,
and P. nalgiovense). These ones proved to overgo 2-3 logarithmic increments and so did yeasts,
which overwent 2 logarithmic increments during the ripening process.

In particular, among the species isolated P. solitum and P. nordicum have been detected. Their
presence at high concentrations must be always kept under control, since they are considered
undesiderable moulds because of the heavy conidiation (the former) or the ability to produce
secondary toxic metabolites (the latter).

Lipolytic and proteolytic activities

In the following phase of the project, the biochemical characteristics of the isolated strains were
studied by lipolysis and proteolysis in vitro tests at 10°C, 14°C and 18°C. Their enzymatic activities
have been then paired with those of moulds isolated on salami produced in the Northern Italy, in order
to evaluate the influence of environmental factors on fungal metabolism and the possible adaptation
of moulds tested to the nutritional niches available in a specific area.

The results of in vitro enzymatic tests show that both enzymatic activities increased with
incubation time and temperature (Figs 1 and 2). In general, at 10°C the enzymatic activities of the
isolates tested proved to be very reduced than those registered at 14°C (+ 9-17,5% as regards
lipolysis; + 6-21% as regards proteolysis at 14°C) and at 18°C (+ 19-25% as regards lipolysis; + 3-
27% as regards proteolysis at 18°C).

In particular, morphologically similar species belonging to Penicillium subgenus Penicillium, such
as P. aurantiogriseum, P. solitum, P. brevicompactum, P. nordicum, and P. griseofulvum, proved to
have considerable lipolytic activity, that is important since it is responsible for formation of aroma
compounds typical of salami. On the contrary, the above species showed greater differences in their
proteolytic activity which resulted lower than the lipolytic one, but which is anyway less significant,
since it is mainly carried out by fermentative bacteria grown in the mince and by proteases native to
meat.
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Figure 1. Lipolytic activity of the strain from the Nebrodi area and from Northern ltaly, tested at

different temperatures and times of incubation
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Figure 2. Proteolytic activity of the strain from the Nebrodi area and from Northern Italy, tested at

different temperatures and times of incubation
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CONCLUSIONS

It will be taken into account the possibility of selecting and cultivating those isolates producing
greyish or whitish conidia, dominating over undesiderable fungal strains, and proved safe on the basis
of their biochemical characteristics, for possible use in the further stages of the project as starter
cultures to be inoculated on salami casings.

Besides, it will be studied the possibility of using fingerprinting techniques for the characterization
of autochthonous fungal isolates, as it already happens for bacteria added to minced meat before its
casing, in order to give a further tool to assure both traceability and tipicity of regional products.
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CARCASS AND MEAT QUALITY OF PORC NEGRE MALLORQUI
(MAJORCAN BLACK PIG)
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SUMMARY - Sixty-six heavy pigs of the Majorcan Black Pig breed were reared in a typical production
system on Mallorca, and slaughtered in commercial conditions at an average age of fourteen months
(live weight of 158.4 + 18.7 kg). Their carcass and meat quality were evaluated. The killing out
percentage was 80.4 + 0.85 % and the flare fat weighed 6.0 + 1.4 kg. Back fat depth measured at the
last rib in the midline was very high (72.1 £ 12.3 mm) in comparison with other breeds including the
Iberian breed. A big variation was observed for both pH45 and pH24 determined respectively in the
m. Semimembranosus and in the m. Longissimus lumborum. These results indicate genetic
differences within the breed as well as the influence of the anfe mortem treatment. Majorcan Black
Pigs showed high levels of intramuscular fat content (IMF) (8.88 + 2.83 %) and pigment content (1.97
+ 0.40 mg myoglobin/g of muscle) in relation to the Iberian breed. The L* value of colour (CIELAB
space) of the loin was affected by IMF (R2 = 0.24) and pH24 (R2 = 0.33), and the a* value by pigment
content (R2 = 0.29). Back fat depths and IMF were not affected by carcass weight. No gender
influence was observed for any of the studied variables.

Key Words: carcass, meat quality, Majorcan Black Pig

INTRODUCTION

Majorcan Black Pig is a typical breed from Mallorca, situated in the Mediterranean, off the coast of
Catalonia, in Spain, that has been recognised as an autochthonous and endangered extensive pig
breed by the Spanish Ministry of Agriculture, Fish and Food. Its genealogic origin is under research.
During the history of the Island there were some factors that affected the breed’s survival, such as the
Arabian domination, diseases such as the African swine fever, and recently, the introduction of other
intensive production system breeds favouring leaner carcasses, such as the Majorcan Black Pig line.
The Majorcan Black Pig exploitations were reduced to family farms level, but thanks to the
Administration and the Majorcan Black Pig Producers Association’s efforts, and the breed herd book
appearance in 1997, at present there are about 1300 sows and 120 boars. This recovery is also due
to the Protected Geographical Indication (PGI) qualification of its best known product in 1994: the
Sobrassada de Mallorca de Porc Negre , which gives an added value to this meat product and is an
economical incentive for the local meat industry.

The aim of this preliminary study was to analyze the carcass and meat quality characteristics of
the Majorcan Black Pig breed in their typical production system.

MATERIAL AND METHODS

In this study, 66 pigs (27 castrated males and 39 gilts) of Majorcan Black Pig breed, proceeding
from several Majorcan farms, were slaughtered in three batches at the same abattoir, at an average
age of 14 months (live weight 158,4 +18,7 kg). Three slaughterings took place, two in autumn and
one in spring. The animals were reared in extensive conditions, with a feeding regime based on
pasture, cereals (barley and rye), legume seeds, figs, almonds, acorns and several Mediterranean
shrubs. Once fasted, they were transported to the slaughterhouse between three and five hours
before the slaughter. The stunning method used was the electrical stunning (250 v. and 50 Hz.),
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lasting about four seconds per animal. Animals were eviscerated and split in two halves using an
electrical saw. At this point the flare fat was removed and weighed on an industrial scale. The cutting
of the carcasses was carried out between approximately 8-12 hours post-mortem.

The carcass quality parameters were evaluated on the left half of the carcass. Carcass length was
measured from the first rib to the beginning of the simfisis pubica, and the loin length from the atlas to
the first lumbar vertebra, using a tape measure; minimum back fat thickness over the gluteus medius
muscle (MLOIN), back fat thickness at the last rib level (Back fat), and back fat thickness at the first
rib level (Esp1C), were measured in the mid-line using a ruler.

Muscle pH was measured using a Knick pH meter (Knick, Berlin, Germany) with a xerolyt probe, at
45 minutes post-mortem in the Longissimus thoracis (LT) muscle at the last rib level (pH45LT), in the
Semimembranosus (SM) muscle (pH45SM), and at 24 h post-mortem (ultimate pH) in a sample of
Longissimus lumborum (LL) muscle, at the first lumbar vertebra level (pH24LL). All measurements
carried out at 24 hours were taken at the first lumbar vertebra level. Electrical conductivity was
measured in the LL at 24 hours post-mortem using a Pork Quality Meter (PQM-I/KOMBI, Intek
Klassifizierungs-technik, Aichach, Germany) (ECuLL).

The subjective evaluation of LL colour and marbling were performed by two experienced observers
following the Japanese colour scale as reference (1: very pale, 6: very dark), (Nakai, 1975), and the
National Pork Producers Council (NPPC) pattern (NPPC, 1999) respectively. The objective
measurement of LL colour was carried out using a Minolta CR-200 chromameter, (CIE L* a* b* (CIE,
1976). The LL muscle intramuscular fat content was measured using the Near Infrared Transmittance
technology (NIT) following the standard procedure described by Olivan et al. (2000) and Gispert et al.
(1997). The determination of the pigment concentration in LL was done following the method of Trout
(1991).

RESULTS
Carcass quality

There is no referenced information about carcass and meat quality values in Majorcan Black Pig
breed, so the obtained results cannot be compared with former experimental data from this breed.
The data from males and gilts were analyzed separately and no significant differences were found
between sexes in most of the carcass and meat quality variables. Due to the heterogeneity of the
farms of the animals studied, the batch effect and the feeding regime and energy requirements
depending on season they are slaughtered, the animals’ live weight presents a high standard
deviation (S.D.).

Mean, S.D., minimum and maximum values for carcass quality parameters are shown in Table 1.
The reported live weights in the present trial went from 124.0 to 187.0 kg, considered as normal
values for this heavy weight breed. The carcass weight mean was 117.1 + 16.45 kg, and the killing
out percentage was 80.4 £ 0.85%. This high value is because heavier animals present higher killing
out rates compared with commercial ones. Flare fat weight was higher (6.0 + 1.43 kg) than other
commercial breeds in intensive conditions. Majorcan Black Pig flare fat is appreciated by local meat
industry, and it is used mainly in the sobrassada elaboration process, therefore is an important
attribute to bear in mind in future selection programs. Carcass length was similar to other heavy
weight breeds as the Iberian pig slaughtered at the same weight (82.6 cm) (Benito et al., 2000).
Regarding fat thickness high values were found, 65.7 + 10.5 mm in MLOIN, 72.1 + 12.4 mm in back
fat, and 89.3 + 13.3 mm in Esp1C. Animals of 130 kg of carcass weight from Iberian pig breed
showed values in back fat level about 60 mm, less than those observed in Majorcan Black Pig in the
present study (Ramirez and Cava, 2007; Daza et al., 2005). The obtained fat thickness values in the
studied breed are much more higher than the observed ones in commercial breeds (Gispert et al.,
2007).
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Table 1. Mean, S.D., minimum and maximum values of carcass quality variables in the Majorcan
Black Pig breed.

Variable Mean S.D. Min. Max.
Live weight (kg) 158.4 18.73 124.0 187.0
Carcass w. (kg) 117.1 16.45 87.4 151.5
Killing out (%) 80.4 0.85 78.3 81.4
Flare fat (kg) 6.0 1.43 4.2 10.4
C. length (cm) 82.6 6.06 69.0 92.5
MLOIN (mm) 65.7 10.53 40.0 92.0
Back fat (mm) 721 12.35 50.0 110.0
Esp1C (mm) 89.3 13.27 70.0 140.0

MLOIN: minimum fat thickness over the gluteus medius muscle;
Back fat: fat thickness at the last rib level; Esp1C: fat thickness at
the first rib level.

Meat quality

All the meat from the Majorcan Black Pig is used in the sobrassada elaboration, so there is no
specially appreciated group of muscles in preference to another one. The main criterion for choosing
the loin (Longissimus dorsi) to measure the meat quality parameters were the numerous bibliographic
references that exist to this muscle in other breeds. However, it would be interesting to know the
technological characteristics of the LL muscle for the next proposals, as the development of new
products as carpaccio and some other cured products. Mean, S.D., minimum and maximum values
for meat quality parameters are shown in Table 2..

The pH values measured at 45 minutes post-mortem in LT and SM muscles (6.19 + 0.282 and
6.25 £ 0.282 respectively), and measured at 24 post-mortem in LL muscle (5.87 + 0.330) are at the
normal pH benchmark. Regarding minimum values of pH45 in both muscles, some cases of exudative
meat, and consequently a low water holding capacity, could be observed. These results could indicate
that a high variation in the biochemical characteristics of the LL and SM muscles exist in this breed.
On the other hand, values of pH24 were observed higher than 6.0, that indicate that some animals’
muscles developed DFD characteristics, or that they perhaps had a higher percentage of oxidative
fibres. These results are in accord with the L* values obtained, some of them very low and typical of
dark coloured meat. Subjective evaluation of the meat colour supports these objective values
obtained by the Minolta chromameter. The animals studied presented an average electrical
conductivity of 2.51 + 0.822 mS, so the water holding capacity of their meat would be classified as
acceptable. Objective colour was defined by three components: lightness (L*), redness (a*) and
yellowness (b*). Meat from the breed studied can be considered redder and darker than commercial
intensive breeds, as shown by the L* and a* values (44.13 + 3.128 and 9.83 + 1.639 respectively).
These values were similar to those obtained in Iberian pig. The high values of a* might be explained
because this colour component is related to the muscle pigment content, which increases during the
life time of the animals, therefore animals sacrificed at heavy weights are more prone to produce
more intense red meat (Garcia-Macias et al., 1996). Accordingly, the pigment content of the muscle
was very high, even higher than the values obtained in other studies with Iberian pigs (Ramirez and
Cava, 2007; Serra et al., 1998) which are also slaughtered at high weights. Subjective colour
comprised a range of values from 2.0 to 4.5. The loin marbling was subjectively appreciated and gives
an idea of the amount of intramuscular fat (IMF) contained in the muscle. In this case marbling scores
were high (2.8 + 0.89), indicating high levels of IMF. The analysis, by means of the objective and the
rapid NIT (Near Infrared Transmittance) technique for the determination of IMF content, gave mean
values of 8.88 + 2.832%, with a maximum of 17.30%. The obtained results of IMF in Majorcan Black
Pig are quite higher than the ones observed in the Iberian breed, which IMF levels do not usually
achieve levels higher than 7% (Ramirez and Cava, 2007; Benito et al., 2000).
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Table 2. Mean, S.D., minimum and maximum values of meat quality variables in the Majorcan Black
Pig breed.

Variable Mean S. D. Min. Max.
pH45LT 6.19 0.282 5.40 6.78
pH45SM 6.25 0.282 5.61 6.87
pH24LL 5.87 0.330 5.44 6.63
ECuLL (mS) 2.51 0.822 0.70 4.20
L* 4413 3.128 36.05 53.60
a* 9.83 1.639 6.05 13.61
b* 1.42 2.329 -3.08 5.67
JCS 3.4 0.57 2.0 4.5

IMF (%) 8.88 2.832 4.44 17.30
Marbling (NPPC) 2.8 0.89 1.0 5.0

Pigments 1.97 0.404 1.47 2.93

LT: Longissimus thoracis; SM: Semimembranosus; LL: L. lumborum; EC:
Electrical Conductivity; JCS: Japanese Color Scale; IMF: Intramuscular
fat; NPPC: National Pork Producers Council; Pigments expressed in mg
myoglobin/g muscle.

CONCLUSIONS

A first evaluation of the main carcass and meat quality characteristics of the Majorcan Black Pig
breed showed that there was a high heterogeneity among the population of the animals studied, as
expected due to the lack of selection. The most particular attributes of this breed were high back fat
thickness and marbling values (IMF) as well as high pigment content and dark red meat.

Defining the optimal values in the carcass and meat quality variables of this breed, would attain the
characteristics of an efficient industrial production system, and achieve a homogeneous and typified
final product adapted to consumer demand without losing its traditional feature, with the sobrassada
as the main product, and the other alternative meat products developed in the future.

So far, carcass and meat quality characteristics of this breed were not seriously considered in the
selection of boars and sows. For many years the boars have been selected during popular fairs and
events, with the morphological traits as unique criterion. Therefore, a change in the selection program
using objective measurements of the carcass and meat quality would be required. This is the first step
to reach an economically and environmentally sustainable, as well as efficient production system.
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SUMMARY - With the present work the microbiological and chemical-physical characteristics of
salami of the area of “Nebrodi” (Sicily), obtained according to different technical of
working/maturation, have been studied. Samples for screening activity collected from several artisanal
farms were analysed; these salami were ripened in natural room with different ripening periods.
Salame (N) produced with meat of “Nebrodi Nero” pork in a local farm and salame (I) produced in
experimental plant of SSICA (Parma) with meat of “Hybridis” pork were analysed. About sample N
high levels of enterobacteria and gram negative bacteria have been found into the mixture. During the
different steps, enterobacteria lowered with discontinuity; the development of coagulase positive
staphylococci and enterococci has been observed, too. In sample |, the control of hygienic,
thermometric and relative humidity conditions allows a continue reduction of pathogenic and spoilage
bacteria. The hygienic conditions of working and the techniques of ripening influence the final
characteristics of salami.

Key words: “Nebrodi” salami, microorganism, technology.

INTRODUCTION

Fermented sausages are the result of biochemical, microbiological, physical and sensorial
changes occurring in a meat mixture during ripening under defined conditions of temperature and
relative humidity (RH). Traditional fermented food products of meat origin are produced by numerous
small-scale and family sized enterprises in Europe.

The preservation of peculiarity of a typical product requires the identification and the quantification
of those properties that better describe the characteristics of this product. This could be done by
means of microbiological, chemical and sensory characterization. Microbiological and chemical
characteristics of typical salami have been extensively studied (Moschetti, et al., 1997, Metaxopoulos
et al., 1981, Parente, et al., 1994, Villani, et al. 1994, Diaferia et al., 2007, Pirone et al., 2007).
However, there is a limited number of papers about typical Sicilia salami (Moretti et al., 2004). Salame
production in the Nebrodi area (Sicily) is generally carried out according to local tradition. The mixture
is executed to “knife tip” using all the cut of pork meat. Salt, entire and milled pepper and natural
spices are added to the mixture. Stuffing is carried out in natural pork casing. The ripening is made in
natural room, with one first phase of drying that can be executed in air-conditioned rooms. According
to the used type of casing and the thermometric and hygrometric conditions, products are obtained
with different ripening periods, between 30 to 120 days. With present work, the microbiological
characteristics of salame have been studied.
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MATERIAL AND METHODS
Product

Samples for screening activity collected from several artisanal farms, salame produced with meat
of “Nebrodi Nero” pork in a local farm, and salame produced in experimental plant of SSICA (Parma)
with mixture from meat of “Hybridis” pork were analysed.

Chemical and physicochemical analyses

pH was determined with a CRISON "Micro pH 2001" digital pH meter. Water activity (a,) was
determined using an AQUALAB instrument.

Microbiological analysis

Samples were sliced and slices were then put in a sterile pouch, added with a sterile physiological
solution (1:3 ratio) and homogenised with Stomacher for 30 sec.

Micro-organisms and culture media.

Total microbial count: Tryptone soya agar (Oxoid), at 30°C for 72 hours. Micrococci and not
pathogenic staphylococci: Mannitol salt agar (Oxoid), at 37°C for 72 hours. Staphylococcus coagulase
+: Baird-Parker agar (Oxoid) at 37°C for 48 hours; after isolation, the typical colonies were subjected
to coagulase test. Enterococci: Kanamycin Aesculin Azide agar Base (Oxoid) at 42°C per 24 hours;
the typical colonies were tested with group D antiserum of Streptococcal Grouping Kit (Oxoid).
Enterobacteria and Gram-negatives: Violet red bile glucose agar (Oxoid), at 37°C for 24 hours for
Enterobacteria, + 48 hours at 22°C for total Gram-negatives. Lactic acid bacteria: Rogosa agar
(Oxoid) at 30°C for 72 hours. Yeasts and moulds: Malt extract agar (Oxoid) at 30°C for 72-96 hours.

RESULTS AND DISCUSSION

The activity of screening has regarded 16 samples of salame correspondents to 10 different
productions. In Table 1 average standard deviation, max and min of salame are reported. The level of
lactic acid bacteria is always desirable but, at the same time, in a case, the enterobacteria (negative
indicators of hygiene) exceeds 103 cfu/g. Coagulase positive staphylococci has been found; in one
case it is more than 10"4. These is undesirable for the presence of pathogenic bacteria and others
studies are necessary regarding the hygiene of the raw materials and correct formulation of
production parameters.

Table 1. Samples for screening

(cfu/g) average Dev.st max min
Total aerobic count 4.0e+08 2.8e+00 1.2e+09 4.8e+07
Gram negative bacteria 1.6e+01 2.5e+01 3.3e+03 <3
Enterobacteria 7.5e+00 1.7e+01 1.5e+03 <3
Micro-staphylococci 3.6e+05 1.4e+01 1.8e+07 2.4e+03
Enterococci 3.5e+03 6.4e+00 9.9e+04 2.1e+02
Stafilococci Coagulase + 7.0e+02 1.8e+01 4.8e+04 <30
Yeast 2.0e+02 3.5e+01 3.0e+04 <30
Moulds 1.5e+01 2.9e+01 2.7e+03 <30
Lactic acid bacteria 3.7e+08 2.5e+00 1.5e+09 7.5e+07

Regarding production artisanal farm of salami made with black pork (Table 2) the mixture shows a
good hygienic quality, with low values in enterobacteria, total Gram-negatives bacteria, enterococci
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and coagulase + staphylococci. Total aerobic count corresponds approximately to concentration in
lactic acid bacteria. These grow during the drying so as the not pathogenic micro-staphylococci, but at
the same time, also enterococci and coagulase + staphylococci develop. In the next period, until 49
days, growing of enterobacteria and total Gram-negatives bacteria is observed despite the presence
of elevated concentrations of lactic acid bacteria. From 50 to 79 days, enterobacteria and total gram
negative bacteria are reduced again to low concentrations. Reduction of enterococci and coagulase +
staphylococci, instead, has not been found.

Table 2. Black pork salame

Mixture End-drying 49days 70 days

Total aerobic count (cfu/g) 3.4E+05 24E+08 7.1E+08 8.1E+08
Gram negative bacteria (cfu/g) 3.6E+01 2.1E+01  3.9E+02 <3

Enterobacteria (cfu/g) 3.0E+00 3.0E+00 1.6E+03 <3
Micro-staphylococci 156404 1.8E+06 2.1E+06 1.4E+04
(cfu/g)

Enterococci (cfu/g) <30 24E+04 6.6E+03 4.8E+04
Stafilococci Coagulase + (cfu/g) <30 9.9E+02 2.7E+04 5.2E+03
Yeast (cfu/g) 1.9E+03 9.9E+02 1.8E+02 5.6E+02

Moulds (cfu/g) <30 6.0E+01  3.0E+01 4.5E+02

Lactic acid bacteria (cfu/g) 1.3E+05 1.5E+08 6.2E+08 3.9E+08

Regarding the salame produced at SSICA, the mixture has a normal microbiological profile with
the exception of a concentration of coagulase positive staphylococci (Table 3). At the end of drying a
remarkable increase of lactic acid bacteria and not pathogenic micro-staphylococci has been found,
according to good ripening; but also a light increase of enterobacteria and gram negative bacteria has
been found. These in the successive period decrease, while micro-staphylococci and coagulase
positive staphylococci are stable to levels similar to those of end-drying. The product is in good
hygienic conditions.

Table 3. Hybrid production at SSICA

end end

mixture . L
drying ripening

Total aerobic count (cfu/g) 24E+05 8.1E+08 1.2E+09
Gram negative bacteria 13E+03  2.1E+04 1 9E+02

(cfu/g)

Enterobacteria (cfu/g) 1.2E+03 1.8E+03 <3
Micro-staphylococci (cfu/g)  5.1E+03  1.5E+06 4.8E+05
Enterococci (cfu/g) <30 <30 1.5E+02
i) I COMUASe T 60E402  24E402  2.4E#02
Yeast (cfu/g) 1.5E+03 2.6E+03 2.7E+03
Moulds (cfu/g) <30 <30 <30
Lactic acid bacteria (cfu/g) 6.0E+02 1.4E+08 3.5E+07
pH 5.74 5.52 5.58
aw 0.962 0.949 0.898
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CONCLUSIONS

In samples of artisanal production a discreet concentration of enterobacteria and gram negative
bacteria has been found in the mixture. The enterobacteria decrease in discontinuous way in the
course of the different batch. Presence and following development of pathogenic staphylococci
(coagulase positive) and of enterococci has been observed. Lactic acid bacteria and micro-
staphylococci grow during all the observed period. In the production carried out at SSICA , the control
of the parameters of hygiene, the relative humidity, and of the thermal conditions allow a reduction of
the pathogenic and spoilage bacteria.
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MEAT pH INFLUENCE ON TEXTURE OF DRY-CURED HAM WITH REDUCED
SALT CONTENT AND SUBMITTED TO DIFFERENT STORAGE
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SUMMARY The aim of this study was to determine the effect of raw meat quality on excessive
pastiness, adhesiveness and softness of dry-cured ham. Forty-five raw hams were selected according
to their pH on the semimembranosus (SM) muscle at 24 h post-mortem (Low pH < 5.7; Medium pH =
5.7 < pH = 5.9; High pH > 5.9), covered with dry salt for 10 days (Standard Salting) or 6 days
(Reduced Salting) and processed for 12 months in a traditional way increasing the temperatures up to
a maximum of 18 °C + 2 °C. At the end of the process they were stored for ten days at 18 °C or 30 °C.
Thereafter, physicochemical, sensory and instrumental texture analyses were carried out on biceps
femoris (BF) and SM muscles. Hams with pHsyos < 5.7 are more prone to have texture problems
(pastiness, adhesiveness and softness). These problems are greater with Reduced Salting (6 d).
Softness in BF muscle was reduced by storing dry-cured hams at 30 °C for 10 days.

Key Words: Meat quality; NaCl reduction; Storage temperature; Dry-cured ham.

INTRODUCION

Dry-cured ham is a product highly appreciated for its sensory characteristics. Softness and
pastiness increase the difficulty in slicing and produce a mouth-coating sensation which could affect
consumer acceptability (Arnau, 1991). Softness is associated with high levels of intramuscular and
intermuscular fat and low salt to moisture and protein ratios (Parolari et al., 1988), high proteolysis
(Parolari et al., 1994; Virgili et al., 1995; Garcia-Rey et al., 2004a), high cathepsin activity (Virgili et
al., 1995), high pH (Arnau et al., 1998; Guerrero et al., 1999), low pH (Garcia-Rey et al., 2004b), high
water content (Ruiz-Ramirez et al., 2006), seasonality (Virgili & Schivazappa, 2002; Garcia-Rey et al.,
2006), maturation conditions (Cilla et al., 2005) and high temperature during the ageing (Arnau et al.,
1997). According to Arnau et al. (1997) a high temperature, during the last month of ageing,
decreases hardness and increases pastiness of the biceps femoris (BF) muscle in dry-cured hams
aged for six months. However, Morales et al. (2007a) showed that samples of BF dry-cured muscles
stored at 30 °C during the last month of ageing were harder than those stored at 5 °C, despite
showing a higher proteolysis index. In this sense, Morales et al. (2007b) reported that the thermal
treatment at 30 °C for 168 h on sections of dry-cured hams decreased the softness, adhesiveness
and pastiness in BF muscle significantly, without increasing the hardness in semimembranosus (SM)
muscle and without affecting the moisture, a,, and proteolysis index. However, no study of the effect of
the temperature during the last days of ageing in dry-cured hams has been carried out.

The aim of this study was to determine the effect of raw meat quality on excessive pastiness,
adhesiveness and softness of dry-cured ham.

MATERIAL AND METHODS
Ham selection and dry-curing process

Forty-five raw hams ranging from 11 kg to 13 kg were selected in a commercial slaughterhouse
according to the pH measured on the SM muscle at 24 h post-mortem (pHgsmz4): 16 hams with pHsyo4
< 5.7, 14 hams with pHgwo4 between 5.7 and 5.9, and 15 hams with pHgsyos >5.9. The pH was
measured with a pH penetration electrode (Crison 52-32) on a portable pH-meter (Crison pH 25,
Crison Instruments, S.A, Alella, Spain).
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All the hams were rubbed at 36 hours post-mortem with 0.5 g KNO3, 0.3 g NaNO,, 0.5 sodium
ascorbate and 10 g of NaCl per kg of raw ham. Subsequently, hams were covered with dry salt and
piled up at 3 °C + 2 °C for 6 d (Reduced Salting) or 10 d (Standard Salting) depending on the salting
treatment.

After salting, the hams were washed with cold water and hung in a drying room at 2 °C + 2 °C and
78 % = 2 % RH for 62 days. Afterwards, the hams were dried for 34 d at 11 °C £ 2 °C and 70 % — 80
% RH; 10 d at 12°C + 2 °C and 60 % — 75 % RH; 106 d at 14 °C £ 2 °C and 50 % — 65 % RH; and
126 d at 18 °C + 2 °C and 40 % — 55 % RH. The lean surface of the hams that reached a weight loss
of 28.5 % was covered with a layer of melted fat to slow down the drying rate. Ham weight losses
were monitored until achieving a final weight loss of 33 %. During the last 10 d of the process 22
hams were stored at 18 °C + 2 °C and 40 % — 55 % RH and the rest were stored at 30 °C + 2 °C and
40 % — 55 % RH.

Sample preparation

Hams were cut at the head of the femur level, and two sections of 20 mm perpendicular to the

femur axis were obtained from the distal part. The first section was used for instrumental texture and
physiochemical analyses. The adjacent section was used for sensory analysis.
Five specimens from SM and BF muscles of the first section were accurately carved with a scalpel
into parallelepipeds of 20 mm x 20 mm x 15 mm (length x width x height). The specimens were
wrapped in film to avoid drying, packed in PA/PE bags with a water permeability of 2.6 g/m?/d at 23 °C
and 85 % RH (SACOLIVA®, S.L., Castellar del Vallés, Spain) and stored for 24 h at 4 °C + 2 °C
before the instrumental texture analysis. The trimmings from each muscle were ground, vacuum-
packed and stored at -20 °C + 2 °C for further physicochemical analyses: total nitrogen, non-protein
nitrogen content, NaCl and intramuscular fat contents.

Texture analysis

A Stress Relaxation (SR) test was performed on all the samples using a Universal Texture
Analyser TA.TX2 (Stable Micro Systems Ltd., Surrey, England) with a 25 kg load cell and a 50 mm
diameter compression plate. The specimens were compressed 25 % of their original height,
perpendicular to the fibre bundle direction and at a crosshead speed of 1 mm/s. The force versus time
after the compression was recorded at a speed of 50 points per second for 90 s (relaxation time). The
relaxation curves obtained for each specimen were normalized, i.e., the force decay Y(t) was
calculated as follows:

F,—F
vo-""0

0

where Fj (kg) is the initial force and F(t) is the force recorded after t seconds of relaxation. The force
decay at 2 s (Y2) and 90 s (Yy) were calculated (Morales et al., 2007c¢). The average of the five
specimens per sample was used for statistical analysis. After the SR tests the specimens used were
minced, vacuum-packed and kept at 2 °C + 2 °C for a,, and moisture analysis.

Sensory texture analysis

The sensory analysis was performed on 1-mm-thick slices by a six-member expert panel in 16
sessions and separately for SM and BF muscles. The assessors were selected and generically
trained following ISO standards. In each session the order of presentation and the first-order carry-
over effect were blocked (Macfie et al., 1989). The average scores of the panel for each sample were
used for statistical analysis. Texture (hardness, pastiness, crumbliness, adhesiveness and
fibrousness) descriptors were quantified using a non-structured scale ranging from 0 (absence) to 10
(maximum intensity).

Physicochemical analysis

Water activity (a,) was measured at 25 °C + 0.3 °C with a Novasina AW-SPRINT-TH 500
instrument (Axair Ltd., Pfaffikon, Switzerland). After measuring a,, the water content of the samples
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was immediately determined by drying at 103 °C + 2 °C until reaching constant weight (AOAC, 1990).
The NaCl content was measured using a Technicon™ AutoAnalyzer™ Il (Bran+Luebbe GmbH,
Norderstedt, Germany) based on the photometric method described by Zall et al. (1956). The total
IMF was measured by Soxhlet extraction (ISO 1443:1973). The total nitrogen (TN) was measured by
the Kjeldahl method (ISO 937:1978) and the non-protein nitrogen content (NPN) by precipitation of
proteins with trichloroacetic acid (Gaspar, 1984) followed by determination of the nitrogen in the
extract by the Kjeldahl method. A proteolysis index (Pl %) was calculated as the ratio 100 x (NPN/TN)
(Careri et al., 1993).

Statistical analysis

The analyses of variance were performed with the General Linear Model (GLM) procedure of the
SAS statistical package (SAS Institute, 2001). The model included pH group, salting time, storage
temperature and their interactions as fixed effects. The analyses were carried out by muscle (SM and
BF). The interactions not statistically significant (P > 0.05) were dropped from the models. Differences
among means within each effect were tested by the Tukey test.

RESULTS AND DISCUSION
Physicochemical analysis

No significant interactions were observed and they were dropped from the model. No significant
effects of pHswo4 ON physicochemical parameters were found. Those physicochemical parameters of
SM and BF muscles significantly affected by salting time and storage temperature are shown in Table
1. As was expected, the NaCl content decreased and the a,, and the Pl increased significantly (P <
0.05) in both BF and SM muscles when the salting time was reduced from 10 d to 6 d. Similar results
on Pl were found in previous studies (Arnau et al., 1998; Ruiz-Ramirez et al., 2005; Morales.,
2007a). These results could be explained by the inhibitory effect of NaCl on protease activities
(Séarraga et al, 1989; Rico et al., 1990). Intramuscular fat and protein contents were not statistically
different.

Table 1. Physicochemical parameters (least square means) significantly affected by salting time
and/or storage temperature

Storage

Salting time temperature RMSE
6 d 10d 18°C  30°C
Semimembranosus
aw 0.909° 0.901° 0.906  0.904 0.0116
Proteolysis index (%) 19.5°  17.5° 17.6°  19.4° 3.21
NaCl (g/100g DM) 6.88° 9.63° 8.52°  7.99° 2.071
Biceps femoris
aw 0.933% 0.914° 0.921  0.926 0.0096
Proteolysis index (%) 28.3%  24.6° 246°  28.3° 3.86
NaCl (g/100g DM) 11.38°  14.10° 8.52 7.99 2.335

2> Within factor and row, means with different letters are significantly different (P < 0.05)
RMSE: root mean square error

The PI was higher in samples stored at 30°C for 10 days than in those stored at 18 °C. Similarly,
Morales et al. (2007a) found that the Pl was higher in BF muscles aged for 30 days at 30 °C than in
those aged at 5 °C. This temperature effect on PI has also been widely described in previous studies
(Arnau, 1991; Arnau et al., 1997; Parolari et al., 1994; Virgili et al., 1995). The temperature promotes
the activities of cathepsin B and L (Rico et al., 1990; Zhao et al., 2005), thereby increasing the PI. In
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contrast, Morales et al. (2007b) did not find any significant differences of PI in dry-cured ham dices
and dry-cured ham pieces (4 cm-thick) treated at 30 °C for only 7 days.

Instrumental and sensory texture

Table 2 shows the LSMeans of Stress Relaxation (SR) test parameters and sensory descriptors
of BF muscle significantly affected by pHsu24 group, salting time or storage temperature. The SR test
parameters in SM muscle were not affected significantly by the different fixed effects. In order to
understand the SR test parameters better it can be assumed that low F, and high force decay at 2 s
(Y2) and at 90 s (Ygo) indicate a high softness (Morales et al. 2007c).

Table 2. Stress Relaxation test parameters and sensory texture descriptors (least square means) of
biceps femoris muscle significantly affected by pHsmzs (LPH: pHsm24 < 5.7; MpH: 5.7 < pHgy4 < 5.9;
HpH: pHsm24 > 5.9), salting time or storage temperature

pHsm24 group Salting time teri?é?aggtire RMSE
LpH  MpH HpH 6d 10 d 18°C  30°C

Fo 0.910° 1.024*  1.170° 1.030  1.040 0.899° 1.170° 0.3428
Y, 0.350°  0.336* 0.318" 0.337  0.333 0.350°  0.320° 0.0273
Yoo 0.710°  0.705® 0.688° 0.706  0.696 0.729° 0.673° 0.0241
Pastiness 2.2 2.1 1.2 2.6° 1.0° 2.0 1.6 1.08
Adhesiveness 3.3 35 2.4 3.9° 2.3 3.5° 2.7° 1.10
Hardness 3.0 3.0 3.2 2.8° 3.3° 3.1 3.0 0.29

2 Within factor and row, means with different letters are significantly different (P < 0.05)
RMSE: root mean square error

The LpH group had lower F, and higher Y, and Yo than HpH group (Table 2) This result could
probably be explained by a higher PI, although differences were not significant. Whereas, high pH
values have also been related with softness by Morales et al. (2007a) in dry-cured BF muscles aged
for one month (pHsw24 values from 6.1 to 7.0), and by Arnau et al. (1998) and Guerrero et al. (1999) in
dry-cured hams (pHsmz4 = 6.2). The pHsuos Of the hams from our HpH group ranged from 5.9 to 6.2
and it seems that this was not high enough to increase the softness in the final product. In addition,
Ruiz-Ramirez et al. (2006) found that the hardness (Texture Profile Analysis) was lower in samples
with low pH (pHsmzs < 5.7) than those with pHsyo4 > 6.2 and this difference was related with higher
proteolytic activity in the low pH samples. Garcia-Rey et al. (2004b) related low pH with softness in
dry-cured ham as a result of higher proteolysis activity. High proteolytic activity has been suggested
as the main cause of soft and pasty texture in dry-cured ham by several authors (Arnau, 1991; Arnau
et al., 1997; Careri et al., 1993; Virgili et al., 1995).

Fo values were higher and Y,, Yy and adhesiveness lower in BF muscles stored at 30 °C (P <
0.05) than in those stored at 18 °C (Table 2). In this context, Martinez et al. (2007) found that dry-
cured hams aged at 32 °C — 34 °C for 30 days at the end of the process showed greater hardness
(Texture Profile Analysis) and lower moisture content than those aged at 23 °C — 24 °C for 60 days.
However this study could not discriminate between temperature and moisture content effects. Morales
et al. (2007a) found that BF dry-cured muscles stored at 5 °C had lower F, and higher Y, than those
stored at 30 °C. Similarly, Morales et al. (2007b) reported that dry-cured ham pieces stored at 30 °C
for 168 h were harder than those stored at 4 °C.

Adhesiveness and pastiness (BF muscle) were lower with standard salting than with reduced
salting whereas hardness was higher with standard salting. Similarly, Andrés et al., (2004) found that
salt level affected the hardness and the fibrousness in Iberian dry-cured ham positively. As mentioned
previously, NaCl content has an inhibitory effect on the proteolytic activity and could also cause a
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compression of myofibril proteins, which would reduce the softness (Shomer et al., 1987). This could
explain the greater hardness and lower pastiness that the hams at standard salting showed.

The interaction pHguo4 x salting time was significant (P < 0.05) for pastiness and hardness in SM
muscle (Table 3). Within the LpH group, the SM muscles salted for 6 d showed lower hardness and
higher pastiness than those salted for 10 d (P < 0.05). Within hams salted for 6 days, the pastiness
was lower in HpH group than in LpH group. These results indicate that the effect of decreasing salting
time on pastiness was higher when the pH was < 5.7.

Table 3. Hardness and pastiness of semimembranosus muscle according to the interaction pHswyo4
(LpH: pHsm24 < 5.7; MpH: 5.7 < pHgmz4 < 5.9; HpH: pHsmz4 > 5.9) x salting time (least square means)

pHswm24 group
Salting time LpH MpH HpH
Semimembranosus
Pastiness 6 d 2.9% 1.7% 0.4°
(RMSE=1.02) 10 d 0.4 0.5 0.5
Hardness 6d 4.0 45 47
(RMSE=0.29) 10 d 5.7 4.3° 5.1%°

3¢ \Within row, means with different letters are significantly different (P < 0.05)

* Within column, means with different letters are significantly different (P < 0.05)
RMSE: root mean square error

CONCLUSIONS

Hams with pHsyz4 < 5.7 are more prone to have texture problems (pastiness, adhesiveness and
softness), especially at short salting times. Softness in BF muscle was reduced by storing the dry-
cured hams at 30 °C for 10 days.
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EVOLUTION OF QUALITY OF IBERIAN BACON PACKAGED UNDER MODIFIED
ATMOSPHERE

B. Martinez, B. Rubio, C. Gonzalez-Fernandez, M. D. Garcia-Cachan

Estacion Tecnoldgica de la Carne. Instituto Tecnoldgico Agrario de Castilla y Ledn. C/ Filiberto
Villalobos s/n. 37770 Guijuelo (Salamanca). Spain.

SUMMARY-. The objective of this research was to study the effects of different concentrations of
carbon dioxide and the presence of low levels of carbon monoxide throughout storage of Iberian
bacon. Iberian bacon slices were packaged under modified atmospheres of 20%CO,/80%0, and
30%C0,/69.9%Ar/0.1%CO. The packs were stored at 4°C for up to 14 days. Colour, odour and
acceptance were assessed by a trained sensory panel. Colorimetric parameters, pH, instrumental
texture and microbial quality were also analysed. No statistically differences (p>0.05) among
atmospheres types were found in the colorimetric parameters, instrumental texture and microbial
counts. Regarding pH, the values were lower at the end of the storage time in samples packed under
30%C0,/69.9%Ar/0.1%CO. Results obtained from sensory analysis showed that the both
atmospheres maintained the colour for 14 days, but samples packed under
30%C0,/69,9%Ar/0,1%CO, presented off-odours for up to 7 days. This fact involved that the judges
failed these samples.

Key words: bacon, modified atmospheres, monoxide carbon, storage quality.

INTRODUCTION

The main reasons for modified atmosphere packaging (MAP) of meats for retail sale are to prolong
the microbiological shelf life and to maintain an attractive red colour of product. MAP usually includes
CO,and O,. CO, inhibits the growth of many microorganisms but high concentrations (over 40%) may
result in brown discoloration on meat surfaces (Silliker et al., 1977). Inclusion of O, concentration (70-
80%) allow meat to bloom to the bright red (Wicklund et al., 2006), however O, support the growth of
spoilage bacteria (Sorheim et al., 1999) and favours oxidative reactions. Oxidation of myoglobin to
metmyoglobin results in a brown, unacceptable discolouration of the meat. In addition, O, promotes
lipid oxidation and the development of off-odours and flavours (Jayasingh et al., 2002). In order to
reduce these disfavourable effects, the O, may be removed by vacuum and/or displaced by an inert
gas. Argon has been used in MAP in order to displace and exclude O, more efficiently than N, and
provide better control against oxidation of flavour and colour components (Spencer, 2005). In other
hand, because metmyoglobin forms rapidly at the surfaces of meats exposed to low concentrations of
O,, addition of CO to the MAP gas mixture had been proposed to preserve fresh meat colour
(Serheim et al., 1999; Lufio et al., 2000, Martinez et al., 2005; Wicklund et al., 2006, Wilkinson et al.,
2006).

The aim of this work was to study the effects of a commercial CO,/O, gas mixture and an
alternative MAP (with argon and CO) on the sensory characteristics and microflora of bacon sliced,
packed and stored at 5°C for up to 14 days.

MATERIAL AND METHODS

In this study, bacon fresh slices from Iberian pig were packaged in two modified atmospheres:
20%C04/80%0, and 30%C0,/69.9%Ar/0.1%CO. The slices were packaged in polystyrene rigid trays
which, after flushing with the selected gas mixture, were closed by heat-sealing with a packer (Linvac
400 TECNOVAC, Barcelona, Spain) in a high barrier film (with an oxygen transmission rate of 1.8
cm®/m?/24h/bar at 20°C and 65% RH, supplied by Fibosa Packaging S.L., Tordera, Spain). The trays
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were stored in darkness at 5°C and the packs were opened for subsequent analysis after 0, 3, 7, 10
and 14 days.

Sensory evaluation

Sensory evaluation was carried out on bacon slices after each storage time by an experienced 8-
member sensory panel. The attributes were divided into visual aspects (fat and lean colour and
brightness), off-odour (which was evaluated between 0.5-1 min after opening of the packs) and
acceptance. They were scored on a 5-point scale: 1= minimum intensity, 5= maximum intensity. The
colour was assessed on a scale where 1= red (lean)/ white (fat) and 5= brown (lean)/ yellow (fat).
Scores below 3 were considered no acceptable, except for colour and off-odour that were considered
no acceptable when the score was higher than 3.

Microbiological analysis

The samples were analysed for psychrotrophic bacteria (Plate Count Agar (Scharlau, Spain) at
7°C for 10 days), Enterobacteriaceae (3M Petriflm Enterobacteriaceae Count Plate (Bioser,
Barcelona, Spain) at 37°C for 24h), lactic acid bacteria (LAB) (MRS Agar (Scharlau, Spain) at 30°C 72
h) and Pseudomonads (Pseudomonads Agar (Oxoid, Spain) supplemented with Cetrimide, Fucidine
and Cephaloridine (CFC) (Oxoid, Spain), at 30°C for 48 h).

Physic-chemical analysis

The pH values were determined by blending 10 g of product with 10 ml of distilled water for 2 min,
with a pH meter model 507 (Crison Instruments, Barcelona, Spain) equipped with a glass electrode
and setting of temperature. Surface colour of bacon slices was measured using a reflectance
spectrophotometer (Minolta CM-2002; Osaka, Japan). The illuminant used was D65 (colour
temperature of 6504 K) and the standard observer position was 10°. Colour results were determined
in the CIE-LAB system and the lightness (L*), redness (a*, red<—green) and yellowness (b*,
yellow—blue) were calculated. Finally, samples of cooked bacon (1x1x3.5cm) were tested by the
Warner-Bratzler test using a texture analyzer TA-XT2 (Stable Micro Systems, Haslemere, UK). The
crosshead speed was set to 50 mm/min and the shear force was measured and expressed in g. The
Stable Micro Systems Texture Expert, version 1.20 (Spanish), computer program was used for data
collection and calculations.

Statistical analysis

The factors analysed were type of packaging with two levels and days of storage with five levels.
The significance of days of storage and packaging method was determined using one-way analysis of
variance (ANOVA). The means were separated by Tukey-honest significant difference test at 5%
level. Data analyses were conducted using the statistical package STATISTICA 6.0.

RESULTS AND DISCUSSION

Table 1 show the results obtained on the sensory evaluation. Colour fat scores indicated no
differences between the two atmospheres evaluated until the end of storage. At the 14" day, a slight
yellow colour was observed in the fat of the 20%/80% CO,/N, packaged samples. Regarding lean
colour, at 0 day bacon packed with 30%C0,/69.9%Ar/0.1%CO was considered unacceptable due to
the slightly brown lean colour. This result was due to that the visual colour evaluation was carried out
immediately after packaging, before CO is going to bind with myoglobin to form the
carboxymyoglobin. So, in the others sampling times the packs maintained the bright red colour
characteristic of carboxymyoglobin. On the contrary, bacon slices packed in 20%C0O,/80%0,
discoloured during storage and had scored of 3 (limit of acceptable colour) at the 10" day of storage.
Additionally, visual assessment indicated that the bacon slices in CO MAP were visually more
attractive than those packaged in high O, MAP.
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Table 1. Effect of packaging conditions (20%C0,/80%0, and 30%C0,/69.9%Ar/0.1%CO) on
sensorial parameters on bacon slices stored at 5°C during 14 days.

Parameters Packaging 0days 3 days 7days 10days 14 days

Fat colour” 20% CO,
80% O, 1 1 1 1 3

30% CO,
69.9% Ar 1 1 1 1 1
0.1% CO

Lean colour’ 20% CO,
80% O, 1 1 2 3 4

30% CO,
69.9% Ar 4 1 1 2 2
0.1% CO

Brigthness 20% CO,
80% O, 5 5 4 3 1

30% CO,
69.9% Ar S 4 4 3 3
0.1% CO

Off-odour 20% CO,
80% O, 1 2 2 3 4

30% CO,
69.9% Ar 1 3 4 S S
0.1% CO

Acceptance  20% CO,
80% O, 5 4 3 3 2

30% CO,
69.9% Ar 2 4 2 2 1
0.1% CO
1= minimum intensity, 5= maximum intensity.
Colour scale: 1= red (lean)/ white (fat) and 5= brown (lean)/ yellow (fat).

Off-odour scores showed that it increased throughout storage in all samples. The shelf-life of the
bacon, as determined by the time to the develop off-oddours, was influenced by the packaging
method. Off-oddours were not acceptable 7 days earlier for bacon slices stored in CO than for bacon
slices stored in 20%C0./80%0,. However, no effect of MAP treatment was observed for any of the
microorganisms studied. These results don’t agree with those of Sorheim et al. (1999) who found that
off-oddours developed more slowly in meat packed with CO than in meat packed in high O, MAP.
Besides, these authors pointed out that the growth of pseudomonads is retarded under anaerobic
conditions and that the high CO, concentrations and absence of O, could favour the growth of LAB.

Results of the pH, colour and texture instrumental measurements are shown in Table 2. Values for
pH ranged from 6.1 to 6.5 and were lower at the end of the storage time in samples packed under
30%CO, /69.9%Ar/0.1%CO. This effect could be due to the higher CO, concentration in this mixture
Other authors (Martinez et al., 2005) reported that increasing CO, concentration gave rise to a
lowering of pH due to the dissolution of CO, into the product which resulted in the production of
carbonic acid.

With regard to the colour parameters, the packaging system had little influence on L* and no
differences were found between bacon packed with 30%C0./69.9%Ar/0.1%CO and 20%/80% CO,,
except at day 0 of storage. Besides, significant differences (p<0.05) were found between 0 and 3 days
in samples packed with 30%C0,/69.9%Ar/0.1%CO.
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Table 2. Effect of packaging conditions (20%C0,/80%0, and 30%C0,/69.9%Ar/0.1%CO) on pH,
instrumental colour and texture parameter (mean+S.D.) on bacon slices stored at 5°C during
14 days.

Parameters Packaging 0 days 3 days 7 days 10 days 14 days

H 20% CO N - N - -
P 50% 0, %6.5+0.1 %6.5+0.1 %6.4+0.1 26.5+0.1 2 6.5+0.0

30% CO
59.9% A °6.5¢0.1"  *6.3t01" °6.2:¢0.0" *6.3:t0.0" *6.1x0.1"

0.1% CO

L gg‘;ﬁogoz ® 7344048 ®708+04% °733:05% ©78.0:03" 2657+3.2"
(] 2

30% CO
69.0% Ar 607854 77.7:09% ™ 747:15"% *°72110.7" °©67.4152"

0.1% CO

a* 20% CO; °2.0+0.1%  °51+02° *34+06" *1.6+01" “64+1.7"
80%02 VTV, 1TV LU VUV RS

30% CO
59.9% A ®2.7+11%  *18+03% ®29+1.0% ™46+02° °54+12"

0.1% CO

b* 20%C0; 403407~ ©130+0.1% *105+1.3" 288+03" 11.8+1.0"

30% CO
69.9% Ar ©95+1.0"  ?9.0+0.9" *10.8+1.2" °12.4+04° "11.7+06"

0.1% CO

20% CO; 222+401"  223+05% 223+01° ?25+03* 25+04°
Shear 80% Oz - - - - -

f 30% CO
oree(9) LAl 24+02°  °23:03%  22:04%  °20+02° °23+02"

0.1% CO

a-c: Averages with different letter in the same row are different (p<0.05).
A-B: Averages of each parameter with different letter in the same column are different (p<0.05).

Redness (a*) values, which is used as an indicator of colour stability in meat, showed an increase
at the end of the storage time (Table 2) in the two MAPS evaluated. Although the lean in the bacon
slices packed under 30%CO, /69.9%Ar/0.1%CO were redder than those under 20%CO,/80%0,
mixture (Table 1), no clear differences were observed in a* values (Table 2). Several authors
(Serheim et al. 1999, Lufio et al. 2000, Jayasingh et al. 2001, Krause et al. 2003, John et al. 2005,
Martinez et al. 2005) found that a* values were significantly higher in MAP containing CO than in
traditional aerobic packages on fresh meat and different meat products. Respect to the yellowness
(b*), statistical differences (p<0.05) were found at some specific sampling times and between
packaging methods at 3 and 10 days. However, these differences did not allow us to establish a clear
difference between packaging systems. Finally, no statistical differences were found in texture
evaluation (Table 2) during storage and between MAPS.

CONCLUSIONS

On the basis of the results obtained in this work, it can be concluded that the use of carbon
monoxide into the packs of bacon slices increased the amount of time during which the product was
considered visually acceptable, however the shelf-life was not increased in relation to the habitual
MAP.
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SUMMARY - In this study, two different types of dry fermented salchichén were manufactured with
meat pork and backfat pork from pigs fed with different diets (control diet and high oleic diet). They
were sliced, vacuum packed and treated with high hydrostatic pressure (500 MPa, 5 min) and further
stored at 6°C for up to 210 days. The objective was to compare the microbiological and sensory
evolution of the high pressure processed samples and the untreated samples of both sausages
(control salchichén and high oleic salchichén). Taking into account the results obtained, high pressure
treatment had an inhibitory effect on some groups of microorganisms, especially on psychrotrophic,
lactic acid bacteria and yeast and moulds. Consequentially, microbial counts fell, although injured
microorganisms recovered during storage except in the case of the yeast and moulds counts.
Besides, high-pressure treatment had no noticeable effect on sensory properties of the samples. For
that, these results suggest that HPP is a suitable preservation method with no detrimental effects on
organoleptic properties of salchichon.

Key words: vacuum packaging, high pressure processing, fermented sausage, salchichén, meat
product.

INTRODUCTION

Salchichon is one of the most important dry-cured sausages produced in Spain. The basic
ingredients of salchichén are lean pork, pork backfat, salt and spices. Pork meat has often been
blamed for being too high in fat, especially in saturated fat. Consumption of these meat products
marketed after slicing has increased over recent years, despite concerns over their high content of
animal fats. For that, the meat industry is trying to address this problem through modification of the
lipid fraction, by increasing the percentages of monounsaturated fatty acids (MUFA). Besides,
packaged products require longer shelf lives, and should be resistant to microbial spoilage, which has
led to ongoing research into new technologies to preserve the products high nutritional and sensory
qualities and their comparability with similar untreated products, whilst assuring microbiological safety
over a long shelf life. High-Pressure Processing (HPP) is one of the most promising technologies in
the treatment of sliced cured meat products. The aim of this work was to study the microbiological and
sensory evolution of two types of sausages differing in fat composition (control salchichén and high
oleic salchichén) treated with high pressure during long chilled storage time (210 days) and to
determine if HPP is a valid preservation method to increase the salchichén safety without noticeable
changes on its quality properties during wide chilled storage.

MATERIAL AND METHODS

The sausages were manufactured according to a traditional formulation with lean and backfat
obtained of pigs fed with different diets: 1) control (CO) and 2) enriched in monounsaturated fatty
acids (HO). Two sausages, randomly selected for each batch, were sliced at 1 mm thickness and 100
g of slices were placed in polystyrene trays. Then, the trays were introduced in plastic bags
(polyamide/polyethylene), which were subjected to vacuum and sealed. Following vacuum packing,
the samples were treated under high pressure, except for one group from each batch (CO, HO) that
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remained untreated. HPP was performed at an industrial hydrostatic pressure unit equipped with a
135 | volume high-pressure vessel using additive-free water as the pressure transmitting fluid. The
pressure level was set at 500 MPa, treatment time at 5 min and the initial water temperature at 18 °C.
The samples treated with high pressure (HP) and the untreated samples (UT) were stored at 6 °C for
up to 210 days. Microbiological and sensory analyses were performed on two packs taken from each
batch (CO, HO) at selected times: before high pressure processing (0 day), after high pressure
processing (1 day) and during storage (15, 30, 60, 90, 150 and 210 days).

Microbiological analysis

The samples were analysed for psychrotrophic bacteria (Plate Count Agar (Scharlau, Spain) at
7°C for 10 days), Enterobacteriaceae (3M Petriflm Enterobacteriaceae Count Plate (Bioser,
Barcelona, Spain) at 37°C for 24h), lactic acid bacteria (LAB) (MRS Agar (Scharlau, Spain) at 30°C
for 72 h), Micrococcaceae (MSA (Scharlau, Spain) at 37°C for 48 h), yeasts and moulds (3M Petrifilm
Yeast and Mold Count Plate (Bioser, Barcelona, Spain) at 25°C for 5 days).

Sensory evaluation

Sensory evaluation was carried out on salchichon slices after each storage time by an experienced
8-member sensory panel. The sensory attributes (colour, odour, taste, hardness, juiciness and overall
acceptability) were scored using 5-point scales (5 = excellent, 4 = good, 3 = acceptable, 2 = fair and 1
= unacceptable).

Statistical analysis

Data collected for microbiology and sensory attributes were statistically analysed by a three-factor
factorial arrangement. The factors were the two salchichén types (control, and high oleic), the two
treatments (UT and HP samples) and the storage time (0, 1, 15, 30, 60, 90, 150 and 210 days). The
data were analyzed by analysis of variance (ANOVA). When main effects were significant, the means
were separated by Fisher's least significant difference test at 5% level (LSDgg5). The level of
significance p<0.05 was used for all comparisons and will be used for the remainder of this
discussion. Data analyses were conducted using the statistical package Statgraphics Plus 5.0.

RESULTS AND DISCUSSION

Table 1 shows the microbiological results obtained. Salchichéon type significantly (p<0.05) affected
the microbial numbers except for Micrococcaceae. The lowest counts were found on CO salchichén.
The differences observed between salchichon groups could be due probably to the antibacterial
activity of fatty acids. Authors as Branen ef al. (1980) and Rubio et al. (2007) found that saturated
fatty acids had the greatest influence on antibacterial activity.

High-pressure treatment had significant effect (p<0.05) on counts of different microorganism
groups and the HP samples presented counts below those obtained in the UT samples.
Micrococcaceae numbers were hardly affected. That agrees with some authors who state that
microorganism sensitivity to HPP is related to cell morphology; cocci being the most pressure
resistant (Mor-Mur and Yuste, 2005). Throughout the storage period, all microbial numbers decreased
slowly and this pattern was similar to the evolution reported by Rubio et al. (2007) in vacuum-packed
salchichén.

The sensorial characteristics studied on the two groups of sausages, are reported in Table 2.
Differences (p<0.05) were found between sausage groups except for odour. However, no differences
(p>0.05) were found between treatments except for acceptability and the analytical results showed
that sensory attributes slightly varied after HPP treatment (1 day). Storage time had significant effects
(p<0.05) on sensory parameters considered and the sensory parameters values decreased linearly
along time.
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Table 1. Effect of salchichén type, treatment and storage time on microbiological parameters of
salchichén stored at 6°C.

Psychrotrophs Lactic acid bacteria Micrococcaceae Yeasts and moulds

Salchichén type”

co 7.312 7.812 3.48 2.22°
HO 7.65° 8.04° 3.57 3.33°
LSDo.0s 0.17 0.16 0.09 0.40
Treatment
uTt 7.82° 8.22° 3.61° 3.55°
HP 7.15° 7.63° 3.45° 2.00°
LSDg 05 0.17 0.16 0.09 0.40
Storage Time
0 7.57° 8.64° 3.72¢ 5.02¢
1 6.91° 8.13° 3.70% 3.41°
15 7.73% 8.11° 3.53" 3.56°
30 7.98° 8.00° 3.56 2.57°
60 7.83 7.89° 3.38° 1.88%
90 7.97° 7.87° 3.62% 2.01%
150 6.98° 7.33° 3.54° 1.67°
210 6.88° 7.43° 3.172 2.08%
LSDg 05 0.35 0.31 0.19 0.79

2029 Means within the same column and the same main effect with different superscript letters are
different (p<0.05).

Table 2. Effect of salchichén type, treatment and storage time on sensory parameters of salchichdn
stored at 6°C. Values rated on a 5 point scale (5 = excellent, 4 = good, 3 = acceptable, 2 =
fair and 1 = unacceptable).

Colour Odour Taste Hardness Juiciness Acceptability
Salchichoén type
co 4.16° 3.93 3.70° 3.66° 3.73° 3.70°
HO 4.30° 3.96 3.85° 3.93° 4.05° 3.90°
LSDo.0s 0.12 0.11 0.12 0.14 0.13 0.10
Treatment
uT 4.21 3.90 3.74 3.76 3.85 3.75°
HP 4.24 3.99 3.80 3.83 3.92 3.85°
LSDg 05 0.12 0.11 0.12 0.14 0.13 0.10
Storage Time
0 4.88' 4.63° 4.75' 4.88° 497" 481"
1 4.70° 4.63° 4.48° 4.18° 4.28° 4.25°
15 4.48%  4.14° 4.02° 3.85° 4.06% 3.88°
30 4.51° 4.09¢ 3.93¢ 3.67" 3.84% 3.85°
60 4.26° 3.75° 3.63° 3.71% 3.87% 3.73%
90 3.68° 3.70* 3.50™ 3.60™ 3.57° 3.59°
150 3.98° 3.51° 3.27° 3.48° 3.71* 3.37°
210 3.31° 3.10° 2.60° 2.99° 2.80° 2.91°
LSDg 05 0.24 0.23 0.23 0.27 0.25 0.19

abedel Means within the same column and the same main effect with different superscript

letters are different (p<0.05).
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CONCLUSIONS

Taken together these results indicate that high pressure treatment had a slight inhibitory effect on
some groups of microorganisms and HPP did not determine clear differences in the sensory
properties of the salchichén, even though this product is rich in monounsaturated fatty acids. These
results suggest that HPP is a suitable preservation method with no detrimental effects on organoleptic
properties of salchichén.
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EFFECT OF BIOPRESERVATIVES AND LACTIC CULTURES ON SENSORIAL
CHARACTERISTICS OF FERMENTED PORK SAUSAGES
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SUMMARY - In order to observe differences on sensorial characteristics in sausages we evaluated
210 fermented pork sausages elaborated with starter cultures and biopreservatives. Different batches
of fermented sausages were fabricated: control, added with commercial starter cultures and added
with commercial biopreservatives. Sensorial analysis was carried out for each sausage from the five
batches after 30-days ripening by 12 trained panellists. During each testing session three samples
were evaluated by each assessor for the follows attributes: colour, smell intensity, flavour intensity,
hardness and general acceptability. No significant differences were appreciated between different lots
(p>0.05).

Key Words: biopreservatives, starter cultures, fermented pork sausages, sensorial characteristics

INTRODUCTION

"Salchichon" is a typical spanish dry fermented pork sausage produced by the hurdles technology
being implicated by the five following factors: nitrite and salt as preservatives decreased of redox
potential (Eh), competitive lactic flora, and lowered pH and water activity (ay). Usually this product has
been made with a traditional process based on slow ripening process. Therefore the addition of
cultures benefits only slightly if you compares with the traditional slow process. Although ripening
process standardization is needed, the product quality and the trend towards shorter ripening times
have obliged to use starter in manufacture on an industrial scale. Starter of lactic acid bacteria (LAB)
produces the reduction of pH and gives place to the appearance of some metabolites with
antimicrobial action (lactic acid, hydrogen peroxide and bacteriocines). Also, the addition of starter
cultures tries to accelerate the proteolysis and lipolysis to intensify the development of the aroma and
flavour in these meat products.

Occasionally the use of starter cultures can have undesirable improvements on sausage
fermentation. Faster acid formation ranked very low and excessive acid formation, often associated
with colour defects, sometimes also with gas formation, appears to be the main defect of fermented
sausages (Lucke et al. 1990).

In last years biopreservatives has been used as an alternative to addition of starter.
Biopreservation refers to the extension of storage life and enhanced safety of foods using the natural
microflora and (or) their antibacterial products (Stiles, 1996). Biopreservatives has been used in fresh
meat to extend shelf life of products and to enhance hygiene safety; keeping original sensory
characteristics (Aymerich and Hugas, 1998). In fermented sausages the addition of biopreservatives
containing metabolites of lactic acid bacteria allows to lead the ripening process and make more
healthy and natural products (Mata et al., 2001).

The aim of this study was compared the effect of the addition of biopreservatives and lactic
cultures on sensorial characteristics of salchichén
MATERIAL AND METHODS

Five different batches of sausages were prepared, each with a different starter culture (batch D

and E) and biopreservatives (batch B and C). Control is batch A (no bacteria added). Sausage
production was carried out using the following recipe: 70% of pork meat, 30% back fat, 21 g/kg salt,
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18 g/kg dextrose/glucose, 4.5 g/kg grain pepper, 2 g/kg phosphate, 2 g/kg nitrite salt and 1 g/kg other
spice. The mix, previously minced in the cutter, was stuffed into a 60 mm-diameter artificial casing
and subject to fermentation for 48 hours at 20° C and 95% relative humidity (RH). It was later
transferred to a drying chamber at 12° C and 80 % RH for 28 days.

Different cultures and biopreservatives were added in the cutter during minced. Batch B was
added with fermentation liquors of a culture of Lactobacillus sp. (Mata, 2000) and batch C with
fermentation liquors of a culture of Propionibacterium shermanii (Daeschel, 1989). Then, batch D was
added with a starter culture (Lactobacillus sake, Staphylococcus xylosus and Staphylococcus
carnosus) in proportion 1:1:1 and batch E with a proportion 2:1:1.

Sensorial analysis was carried out for each sausage from the five batches after 30-days ripening
by 12 trained panelists; selected and trained in accordance with the ISO 8586-1 standard (1993).
During each testing session three samples were evaluated by each assessor for the follows attributes:
smell intensity, colour, flavour intensity, hardness and general acceptability.

Statistical analysis of results was carried out using the software package SAS (2001) and variance
analysis and mean comparison were determined.

RESULTS AND DISCUSSION

Table 1 shows the values of the sensorial attributes for the fermented pork sausages batches
analyzed. As can be see, batch A sausages showed the higher scores for smell intensity, colour,
flavour intensity and general acceptability. This sausages was made without biopreservatives or
starter added. In other side, the sausages of batch E (with commercial starter) showed the lower
scores for the same attributes and the higher score for hardness. In spite of this, significant
differences were not detected (p>0.05). The other batches present similar scores between them.

Table 1. Variance and means comparison. Average values and standard deviations for sensorial
parameters in the sausages batches at 30 days of ripening

Batch Smell intensity Colour Flavour Hardness General

intensity acceptability
A 6.54 + 0.25 6.62 + 0.26 6.52 £ 0.21 5.03+0.43 6.56 + 0.13
B 6.01 £0.20 6.20 £ 0.21 6.20 £ 0.32 4.84 +0.08 6.00 £ 0.12
C 6.22+0.18 6.12+0.45 6.26 + 0.44 4.44 + 0.67 5.87 £ 0.59
D 5.70 £ 0.47 6.17 £ 0.15 6.35+0.40 5.20 £ 0.06 5.97 + 0.26
E 5.68 + 0.68 5.96 £ 0.14 6.21+0.42 5.20 £ 0.29 5.86+£0.13
Probability NS* NS NS NS NS
(P<0.05)

* NS: no significant differences

In a similar study Sanz et al. (1997) reported no differences in terms of colour, smell intensity and
flavour between sausages with or without starter cultures, although other authors have described very
high scores in colour of sausages added with cultures containing Staphylococcus spp. because of
nitrate-reductase activity of this microorganism (Hartmann et al., 1995; Flores and Toldra, 1993).
Also, Gonzalez-Fernandez et al. (1997) observed higher values for smell and flavour intensity in
sausages with lactic cultures, although these sausages showed higher hardness. This is according
with our results, sausages with starter showed highest scores in hardness in opposite of sausages
with biopreservatives.
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Finally, sausages with starter cultures obtained higher scores in general acceptability although no
significant differences were reported between different batches (p>0.05). Similar results were
obtained by Keneally et al. (1998) but other authors observed that sausages elaborated with starter
showed higher acceptability (Gonzalez-Fernandez et al., 1997; Garriga et al., 1996).

From the result obtained, we can not be established that addition of starter cultures or
biopreservatives in salchichén modifies significantly sensorial characteristics of product, although
further studies are needed to evaluate the potential use of biopreservatives.
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Effect of mincing size and salt content in the quality of Painho de Portalegre —
a Portuguese traditional sausage
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SUMMARY - Painho de Portalegre is a typical Portuguese sausage from Alentejo region. Its shape is
cylindrical with a length usually between 25cm and 30cm and a diameter between 4cm and 6 cm.
Two batches of Painho de Portalegre made with meat and fat from Alentejano pig breed were
prepared in a small regional enterprise. One batch were prepared using meat and fat portions with 1,7
x 1,7cm (small portions) and another using portions with 5,5 x 2,5cm (large portions). Each batch
(small portions and large portions) was divided in two: one with about 0,5% of NaCl in the end product
and other with approximately 1% of NaCl. Final product obtained after 40 days of cure period was
analysed trough microbiological, sensorial and rheological analysis. Microbiological and sensorial
analysis didn’t exhibit significant differences when comparing products with small and large portions.
In rheological analysis, cohesiveness was significantly higher in products made with small portions,
confirming a better liaison of meat and fat portions in those products. A general approach of sensorial
evaluation results concluded that sausages with small portions exhibited a better classification than
those made with large portions, although none of the sensorial parameters showed significant results
from ANOVA.

Key words: Alentejano pig breed; Portuguese traditional sausage; quality; meat and fat size.

INTRODUCTION

The consumption of traditional Portuguese sausages was increased in the last years, mainly
those that were made with fat and meat from Alentejano pig breed, an autochthonous Portuguese
breed. Some of those food products were protected by Portuguese and European authorities, being
commercialized under the Protected Designation of Origin (PDO) and Protected Geographical
Indication (PGI). The production increase of traditional sausage in Alentejo region causes evident
benefits on regional economy. Producers of Alentejano pig breed have sell guarantee for factories
and also for fresh meat consumption, on the other hand, the increase of the number of factories
create new jobs and opportunities. So both aspects together are promoter of social and economical
enrichment.

The goal of this work is to evaluate microbiological, sensorial and rheological characteristics of
“Painho de Portalegre” made with two different portions size of meat and fat referred as small portions
and large portions.

MATERIAL AND METHODS

Preparation of Painho de Portalegre and sampling

“Painho de Portalegre” is a traditional cured and smoked sausage, commercialized under the
Protected Geographical Indication. Chilled chunks of pork lean and fat, from Alentejano pig breed,
were grinded to obtain two batches mincing sizes: one of about 1,7cm x 1,7cm (small portions) and
other with 5,5cm x 2,5cm (large portions). Each batch (small portions and large portions) was divided
in two: one with approximately 0,25% of NaCl (corresponding a NaCl concentration about 0,5% in the
end product, considering a water loss near 50%, among the process to obtain “Painho de Portalegre)
and other with approximately 0,5% of NaCl. Each one of the four batches obtained were mixed and
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added of paprika paste, NaCl and garlic paste. After a holding period of 3 days at 0-2°C, the mixture
was stuffed in natural casings (rectal portion of pig intestine) and transferred to a traditional
drying/smoking house (firewood burning inside) until an aw value of 0.88-0.85 was reached.
Depending on the prevalent atmospheric conditions, this period varied between 30 to 40 days. For
this study, after 40 days of the ripening process, tree samples were taken for each batch (”0,5% NaCl
small portions; 1% NaCl small portions; ¥0,5%NaCl large portions; 1% NaCl large portions).

Microbiological analysis

Samples of 10 g were aseptically taken from the inner part of each sausage and homogenised for
3 minutes with Buffered Peptone Water (BPW) (Merck, Germany) at dilution 1:6 (w/v) in Stomaker
Blender Seward 400 (London, UK). Serial decimal dilutions were made in BPW and then plated in
duplicate for bacterial counts. Aerobic mesophilic bacteria were enumerated on Tryptone Glucose
Extract Agar (Merck, Germany) after 48 h incubation at 30°C. Psychrotrophs were enumerated on
Tryptone Glucose Extract Agar (Merck, Germany) after 10 days incubation at 6,5°C. Yeast numbers
were determined on Yeast Extract Agar (Merck, Germany) after 5 days of incubation at 25°C. Aerobic
mesophilic bacteria spores counts were determined on Tryptone Glucose Extract Agar (Merck,
Germany) after 48 h incubation at 30°C. Inactivation of vegetative cells was made by immersion on
water-bath during 10 minutes at 80°C. Micrococcaceae were enumerated on MSA (Manitol Salt Agar)
(Oxoid,UK) and lactic acid bacteria on double-layer MRS agar (Man Rogosa and Sharpe, Oxoid, UK)
after 72 h incubation at 30°C. Enterobacteriaceae counts were determined on VRBG (Violet Red Bile
Glucose Agar, Oxoid, UK) after 48 h incubation at 37°C. Enterococci enumerations were made on
Kanamicina aesculin Azide Agar (Oxoid, UK) during 48 h at 37°C. Clostridia sulfit-reducers spores
were incubated on Sulfit Polimixin Sulfadiazine Agar (Merck, Germany) during 72 h at 44,5°C.
Inactivation of vegetative cells was made by immersion on water-bath during 10 minutes at 80°C.
Coliforms analysis was made on Brilliant Green Bile Lactose Broth (Merck, Germany) during 48 h at
30°C. For Escherichia coli analysis, from proof tubes where coliforms had grow, 0,01 ml were
inoculated in proof tubes with Brilliant Green Bile Lactose Broth (Merck, Germany) and 0,01 ml were
inoculated in proof tubes with Peptone Water (Merck, Germany). Temperature incubation was 44,5°C
during 48 h.

Sensorial evaluation

The sensorial evaluation was conducing according to a descriptive quantitative method, with a
scale from 0 to 100 and 12 trained panellists were used. The attributes considered were: color
intensity, aroma intensity, tenderness, fibrousness, succulence, intensity of taste, undesirable taste,
salt intensity, global evaluation.

Rheological analysis

The mechanical evaluation was performed using a Texture Analyser Stable. MicroSystem mod.
TA-Hdi and respective software. The tests performed were a Texture Profile Analysis (TPA) with a
compressed platen and a cutting test with a blade knife. The samples for the first test were cylindrical
with 3,5cm of diameter and 3,5cm of height and were compressed twice to 10% of the initial height.
For the cutting test samples were slices with 4mm of height and was measured the force (cutting
strength) needed to cut 87,5% of the sample. In TPA considered parameters were: hardness,
cohesiveness, springiness, gumminess and chewinness. For rheological tests 10 samples were used
from each modality (small portions and large portions).

Data analysis

In order to analyze the results of microbiological study mean, maximum and minimum values
were calculated. Rheological and sensorial results were analyzed trough multifactorial analysis of
variance, considering factors “Portions size” (with 2 levels: small portions and large portions) and “salt
concentration” (with 2 levels: 0,5% of NaCl and 1% of NaCl) and its interaction. Significant differences
of means among batches were determined at a confidence level of 95%. STATISTICA software was
used.
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RESULTS AND DISCUSSION

The number of aerobic mesophilic bacteria didn’t exhibit evident differences for the factors
studied, portions size and salt concentration (tables 1 and 2), however the sausages with higher salt
concentration, 1% NaCl, had also higher values of aerobic mesophilic bacteria. These results allow us
to suppose that the usual flora of these sausages as salt tolerance. Same interpretation can be done
for the enumeration of yeasts. On the other hand, Enterobacteriaceae and Enterococci exists in
higher level in samples obtained from sausages with lower salt concentration (0,5% NaCl).
Considering that those groups of microorganisms are associated with hygienic conditions of
processing can be achieved the benefit role of salt as inhibitor of microbiological grow.

Lactic acid bacteria, usually present in high level in traditional Portuguese sausages, exhibit the
similar levels for different portions size and different salt concentration,. In spite of this,
Micrococcaceae presented higher values in sausages produced with large portions and lower salt
concentration, however generally these microorganisms grow in high salt concentration (Carrascosa-
Santiago, 1989; Gonzalez-Fernandez et al., 1997; Santos et al., 1997; Hugas et al., 1998; Stahnke et
al., 2002).

Aerobic mesophilic bacteria spores showed a higher number in sausages processed with larger
portions of meat and fat.

Table 1 — Results of microbiological analysis in “Painho de Portalegre” produced with small portions
and two different concentrations of salt (0,5% and 1% NaCl)

0,5% NaCl 1% NaCl

Minimum Mean Maximum Minimum Mean Maximum
Aerobic mesophilic bacteria (u.f.c.g”) 1,00E+07 2,75E+07 4,60E+07 6,00E+07 8,53E+07 9,83E+07
Psychrotrophs (u.f.c.g'1) 6,25E+06 1,76E+07 3,00E+07 3,45E+07 7,02E+07 1,09E+08
Yeasts (u.f.c.g'1) 1,00E+02 4,00E+02 1,00E+03 3,50E+03 1,91E+04 2,97E+04
Micrococcaceae (u.f.c.g'1) 1,06E+06 3,90E+06 8,30E+06 7,40E+04 2,45E+05 4,60E+05
Lactic acid bacteria (u.f.c.g'1) 2,4TE+08 2,88E+08 3,17E+08 1,29E+08 2,59E+08 4,15E+08
Aerobic mesophilic bactéria spores
(n° spores g'1) 1,10E+03 1,28E+03 1,45E+03 3,40E+03 9,50E+03 2,10E+04
Enterobacteriaceae (u.f.c.g'1) 5,00E+02 1,63E+03 3,20E+03 6,00E+02 8,00E+02 9,00E+02
Enterococci (u.f.c.g'1) 4,40E+05 7,17E+05 9,00E+05 2,80E+05 4,57E+05 7,90E+05

Table 2 - Results of microbiological analysis in “Painho de Portalegre” produced with large portions
and two different concentrations of salt (0,5% and 1% NaCl)

0,5% NaCl 1% NaCl

Minimum Mean Maximum  Minimum Mean Maximum
Aerobic mesophilic bacteria(u.f.c.g')3,90E+07 6,68E+07 9,15E+07  1,75E+07  8,08E+07 1,27E+08
Psychrotrophs (u.f.c.g™) 2,90E+07 3,98E+07 4,90E+07 3,85E+06  8,37E+06 1,63E+07
Yeasts (u.f.c.g'1) 1,50E+03 9,33E+03 1,45E+04  4,98E+04 1,07E+05 1,46E+05
Micrococcaceae (u.f.c.g'1) 5,60E+06 1,11E+07 1,53E+07 3,00E+05 4,60E+06 1,08E+07
Lactic acid bacteria (u.f.c.g'1) 2,33E+08 2,51E+08 2,60E+08 2,10E+08  3,47E+08 5,90E+08
Aerobic mesophilic bactéria spores
(n° spores g”') 2,50E+04 4,27E+04 6,90E+04 4,60E+04  6,50E+04 9,50E+04
Enterobacteriaceae (u.f.c.g'1) 9,25E+03 1,42E+04 2,00E+04 2,00E+02 3,83E+03 9,10E+03
Enterococci (u.f.c.g'1) 3,20E+06 5,27E+06 7,60E+06 9,80E+05  2,89E+06 5,40E+06

All the other microorganisms analyzed, such as Clostridium sulfite-reducers spores, coliforms and
Escherichia coli (Table 3 and 4) didn’t exhibit any differences for the different modalities of sausages
processing.
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Table 3 — Results of Clostridium sulfite-reducers spores, coliforms and Escherichia coli
analysis for “Painho de Portalegre” produced with 0,5% and 1% of NaCl, for sausages
produced with small portions.

NaCl Microorganism Clostridium
Concentration Classification sulfite-reducers sporesColiforms Escherichia coli
(%) (n° of samples) (n° of samples) (n° of samples)
class 1 3
class 2
0,5 class 3
class 4 2
class 5 1
class 1 3
class 2
1 class 3
class 4
class 5

N —

RN
w

Legend:

Class 1: < 1 bacteria/g

Class 2: > 1 bacteria/g <10 bacteria/g

Class 3: > 10 bacteria/g <100 bacteria/g
Class 4: > 100 bacteria/g < 1000 bacteria/g
Class 5: > 1000 bacteria/g < 10000 bacteria/g

Table 4 — Results of Clostridium sulfite-reducers spores, coliforms and Escherichia coli
analysis for “Painho de Portalegre” produced with 0,5% and 1% of NaCl, for sausages
produced with large portions.

NaCl Microorganism Clostridium
Concentration Classification sulfite-reducers spores Coliforms Escherichia coli
(%) (n° of samples) (n° of samples) (n° of samples)
class 1 3
class 2
0,5 class 3 2 3
class 4 1
class 1 3
class 2
1 class 3
class 4 2 3
class 5 1
Legend:

Class 1: < 1 bacteria/g

Class 2 : > 1 bacteria/g <10 bacteria/g

Class 3 : > 10 bacteria/g <100 bacteria/g
Class 4 : > 100 bacteria/g < 1000 bacteria/g
Class 5 : > 1000 bacteria/g < 10000 bacteria/g

The variance analysis of the data from sensorial evaluation revealed that there aren’t any
significant differences for any attribute. However, some tendencies can be noticed (Table 5). Products
obtained with small portions exhibit more intense aroma, and the fibrousness was strong for the
sausages obtained with large portions. The color of samples with lower level of salt was more intense
but products with a higher level of salt presented superior values for tenderness (confirmed by
rheological tests), succulence and intensity of flavor, for the last attribute referred sausages with 1%
of salt show 5 points more then the others produced with 0,5% of salt. Higher values for succulence
and flavor in the sausages with 1% of salt can be explained by the increment of saliva which fact
cause a better perception of flavor. However, the panel only noticed the differences of salt content in
the sausages made with small portions: 56 points for sausages with 0,5% NaCl and 64 points for
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those with 1% NaCl. The global appreciation in sensorial analysis evidenced a preference for the
products processed with small portions.

Table 5 — Sensorial analysis - Means and standard deviation for two factors “portions size” and “salt
concentration”

Succulenc
Portions NaCl Color Aroma TendernessFibrousness e Intensity UndesirableSalt Global

size (%) intensity intensity of taste taste intensity evaluation
Small 05 756+9,3 694+123 65,0+16,6 31,4+221 66,75+9,7 67,6+10,65,2+84 56,0+8,9 71,2+11,2
portions 1 61,8+18,2 65,0+8,8 74,6+145 298+199 70,0+100 722+53 8,0+13,0 64,0+11,469,0+6,5

Large 05 786+118 634+156 69,6+123 350+194 688+88 652458 4,0+89  554+98 644+93
portions1  69,6+10,0 63,0+217 766+11,1 4324297 750+123 706+95 7,0+124  552+10,866,0+167

Related with rheological evaluation (Table 6), cohesiveness was the parameter that presented
significant differences (p<0,01) for the factor size of portions (0,74 for small portions and 0,68 for large
portions) (Table 7). However, other parameters such as springiness and chewiness, obtained also
higher values in the sausages produced with small portions (Table 7). These results can be due to a
higher specific surface in the mince made with small portions. It causes a higher extraction of soluble
protein and consequently a stronger liaison in mince. On the other hand, the cutting strength was
significantly lower (p<0,05) in the sausages produced with small portions.

Table 6 — Rheological analysis - Analysis of variance for two factors “Portions size” and “Salt
concentration”

Portions size (PS) Salt concentration (SC) Interaction (PS x SC)

F Value p Value Significance F Value p Value Significance F Value p Value Significance
Hardness 0,075 0,7867 NS 0,112 0,7413 NS 0,035 0,8541 NS
Cohesiveness 9,368 0,0062 > 0,002 0,9633 NS 0,031 0,8616 NS
Springiness 2,487 0,1305 NS 0,159 0,6941 NS 0,211 0,6512 NS
Guminess 0,008 0,9276 NS 0,084 0,7744 NS 0,015 0,9023 NS
Chewiness 0,178 0,6776 NS 0,015 0,9048 NS 0,0001 0,9932 NS
Cutting

strength 7,131 0,0147 * 0,023 0,8801 NS 0,042 0,8392 NS
Legend: NS — not significant, p>0,05; * p<0,05; ** p<0,01

Table 7 — Rheological analysis - Means and standard deviation for two factors “Portions size” and
“Salt concentration”

Portions NaCl Hardness Cohesiveness Springiness Guminess Chewiness Cutting strength
size (%) (N) (N) (N) (N)

Small 0,5 1006,0+825,6 0,744+0,037a 0,842+0,068 761,3+650,8 648,7+571,6 2321,7+524,6 a
portions 1 970,0+345,2  0,740+0,049a 0,840 +0,091 730,5+294,0 628,0+282,6 2376,0+680,0a

Large 0,5 1117,84624,4 0,682+0,040b 0,761+0,096 767,2+420,9 580,2+293,9 3608,7+1729,5b
portions 1 991,3+471,8  0,684+0,060 b  0,795+0,127 690,5+367,1 562,3+338,0 3532,0+1271,4 b

Different letters in the same column represent significantly different means.
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CONCLUSIONS

A general appreciation of the results indicates that the microbiological population didn’t change for
the factors portions size and salt concentration. However Enterobacteriaceae and Enterococci were at
a large number in sausages produced with 0,5% NacCl.

On the other hand, Mi