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Abstract— In dry cured ham production, salt counteracts the mgative effects of high proteolysis on the sensory
and processing quality of ham. Our objective is tadentify suitable genetic markers to facilitate rapd selection of
pigs with low protease activity for reduced salt dy ham production without any detrimental quality trait,
especially those related to slicing ability. In thté experiment 3 SNPs (single nucleotide polymorphigmwvere
studied: two from the gene CAST at the loci 249 an@38, and one from the gene PRKAG3 at the locus 19820
hams were selected, half of them was submitted t@rmal processing while the other half was less selil (- 20%).
Hams were genotyped for the previous genes. Greemins traits (weight, fat cover, semimembranosus pHreal
colour) were determined. Compositional analysis wer conducted onBiceps femoris : moisture, NaCl, protein
content, non protein nitrogen or proteolysis indexand TBARS. Processing and slicing yields were mdored.
The moisture content was affected by the PRKAG3 gen The homozygotes lle/lle presented higher moister
content compared to the homozygotes Arg/Arg. The rtessing traits were affected by gene CAST at thedus
249, the homozygotes Lys/Lys presenting lower lossafter the salting period and higher processing gids. For
CAST gene at the locus 638, similar results for paessing traits were found except for the salting &ses. Taking
all the above points into consideration, our resuft suggest that the salt reduction tested in this sy did not
impair the final product and the CAST gene at the dci 249 and 638 affected positively the processitigits.

Index Terms—dry cured ham, CAST gene, PRKAG3 gene, salt, prossing yield.

I. INTRODUCTION

Bayonna ham enjoys EU Protected Geographical Itidita(PGI) status. This certification requires mssional
processors to comply with a set of specificatidra provide the consumer with a finished produocbmtiimal quality,
in particular as regards texture. Nowadays weshssian increase demand for low salt food. In ciyed ham
production, it is admitted that salt counteracts tiegative effects of high proteolysis on the sgnéexture, flavour)
and processing (slicing ability) quality of ham.2603, Garnieet al. made an inventory of candidate genes associated
with certain quality traits of fresh meat. DNA mark for meat quality have been already identifistefanonet al,
2004; Plastovet al, 2005) but research is needed for specificalfyalred products. In 2005, Staldsral. evaluated
the effect of calpastatine gene polymorphism onddScured ham. The US processing is shorter thasetlyenerally
used in European countries. The polymorphism carscarnucleotide mutation (Ser 638 Arg) of calpastawhich is
associated with pork meat texture (Ciobastual, 2004a). The authors demonstrated that the CA&Te gnarker
influenced significantly cured ham moisture contler@ding to the conclusion that selection for #B&ST genotype
would produce cured hams having more efficient tnoésloss, then requiring less processing timehis experiment
3 SNPs (single nucleotide polymorphism) were suidiwo from the gene CAST at the loci 249 and @8&] one from
the gene PRKAGS at the locus 199. The gene CASE<tnt calpastatine, which is an inhibitor of cétiga The gene
PRKAG3 codes for a sub unit of the AMP kinase, Imed in the glycolytic pathway and affecting ultitegpH in
muscle. Indeed, among several factors, meat pHbéeas reported to affect proteolysis (Buscaillebal, 1994; Arnau
et al, 1998; Garcia-Garridet al, 1999; Tabiloet al, 1999). Our objective is to identify suitable gda markers to
facilitate rapid selection of pigs with low proteaactivity for reduced salt dry ham production withany detrimental
quality trait, especially those related to slicadglity.



. MATERIALS AND METHODS

Origin of hams and sampling.The study was based on a total of 60 pigs (PIGhsyit line: PIC410 x C25) that
had been fed a cereal-based diet (60-80%), slawgghte the Lahontan abattoir, and selected to mheeprocessing
specifications of PGl Bayonna ham for both legse Phocessing of Bayonne hams was carried out aPynagena
experimental station using the following stepsaltisg, settling, air drying, grease covering aigening for a total
duration of 12 months. In order to control raw hlagterogeneity, from the selected 60 carcass, anevdes submitted
to normal processing (group 1: salting of 11-13 S)jawhile the opposite leg was salted 2.5 days (gssup 2)
corresponding to expected 20% less salt. Green laibs (weight, fat cover, semimembranosus pH @ridur) were
determined according to Robert et al (2005). Coritjposl analysis were conducted &iceps femoris moisture,
NaCl (NF V04-401), protein content (NF V04-407),nnprotein nitrogen or proteolysis index (Kjeldahdnd lipid
content (NF V04-403). Processing yields were moedafter salting, resting and ripening perioslcing ability and
total amount of prepacked slices of Bayonna hanewletermined for each ham. Small pieces of skiuéisvere taken
from each animal for genotyping. After the finalestion of hams, the samples were genotyped for A&KIle199Val
polymorphism according to Milan et al. (2000) andlioth CAST polymorphisms according to Ciobanale¢2004a).

Analysis of variance was performed using procedsitd! of statistical package SAS (SAS Inst., Inc.\Ga\C)..
The linear model included fixed effects of geneypwrphisms and salt. In case of ham weight, careasght was
included as covariate, while in case of fat thidsyeH and colour measurements, the covariate keas dlam weight.
When significant effect of gene polymorphism, galtinteraction salt genotype was encountered legishres means
were compared using LSMEANS with PDIFF option atdKEY adjustment.

[ll. RESULTS AND DISCUSSION

1. PRKAG3 gene

The green ham traits, chemical parameters and gsogeyields analysed for the gene PRKAG3 andasaltn Table
1. The green ham weight was not affected by theegarither fat cover or pH of the semimembranosuscie.
Fontanesi et al. (2008) reported similar resultstfie mutation of the PRKAG3 gene at the locus B%. they also
found that the PRKAGS3 affected significantly theeraf pH decline for the genotype Arg/Arg. In gealethe
homozygotes lle/lle exhibit slightly higher ultineapH which is not different from the heterozygotiegArg or the
homozygotes Arg/Arg (Otto et al., 2007; StaldealeR005). Recently Skrlep et al (2010) highlightieed importance of
the site of measurement of ultimate pH in the sesniftranosus from Slovenian dry cured ham KraSkitprEhe
authors demonstrated a PRKAG3 gene effect on pHenwhe measurements were taken at the adjacenbfptme
femur bone. In this study the gene effect on then&h line used for Serrano ham reported that ¢imeolzygote lle/lle
showed a slight but significant higher pHu (5.615:54 for lle/Arg). The moisture content was aféettby the
PRKAG3 gene. The homozygotes lle/lle presenteddrigioisture content compared to the homozygotesAgg The
study of Stalder did not reported any differenceministure content probably because the procesdimguntry style
dry cured ham differed from the Mediterranean diged ham style where at least 9 months ripeningeagaired. The
loss of weight during processing was not affectgd®RKAG3 gene, neither the processing or the gigiield. Such
traits are generally correlated to several frestk poiality traits (Ramos et al. 2007; ) but ourpgmge was to evaluate
the possible use of the PRKAG3 gene polymorphisndfg cured ham production without any detrimermfiéct on
technological traits.

2. CAST gene

The green ham traits, chemical parameters and gsoapyields analysed for the gene CAST 249 and TTA3S
and salt are in Tables 2 and 3. The green ham waighthe fat cover were not influenced by the geAST at the
locus 249 but the ultimate pH was affected. The ¢mygote Lys/Lys has a higher pH than the heteroeyggs/Arg
and the homozygote Arg/Arg. For the gene CAST atiticus 638, ultimate pH was also affected. Théadsg ultimate
pH were found for the homozygotes Arg/Arg and thedst for the homozygotes Ser/Ser. The pH for beygotes
Arg/Ser was intermediate. Our results showed sois@apancies in the impact of CAST at the locus ®88 those
reported by Stalder et al. (2005). However thesbaas did not evaluate separatly the two loci @@ 2nd 638). They
did not demonstrate any effect of CAST 638 on tleatmuality traits generally measured but theycedtia lower
muscle temperature in the homozygotes Arg/Arg witichld slow down and inactivate the post mortemdgdline.
This lowering of temperature may be due to the shaipthe ham, less rounded or more light. Thesdocorational
traits were not measured in our study. Moisturet@oinwas affected by gene CAST at the locus 638htimozygotes
Arg/Arg having a higher percentage of moisturehat énd of processing. Similar results were showistayder et al
(2005). The salting loss was affected by gene CAShe locus 249, the homozygotes Lys/Lys presgritiwer losses
after the salting period. This could be explainedtlp by the higher ultimate pH reported in thesenk. This slower
water dynamic endured as demonstrated by the lagaght losses found at the resting period and dméilend of the
processing. Indeed the processing yields were hiffitethe homozygotes Lys/Lys. However, no diffezes in the



slicing ability were noted. For CAST at the loci886similar results for the processing traits wienend except for the
salting losses. The CAST gene seems to affectipalgithe overall processing yield of the dry cutein without any
detrimental effect, such as a reduced slicing tgbiln fresh meat, Ciobanu et al (2004b) consideted haplotype
CAST 249 Lys/Lys CAST 638 Arg/Arg as the most faaldle considering ultimate pH, cooking loss andifgss
scores.

The analysis of the combined effect of the studjedes and salt revealed only one interaction betR&KAG3 and
salt for the processing yield. For the other patanse reducing salt in the dry cured ham decretsetipids oxidation
and the protein content and increased the moistargent and the NPN, in other words the free ananwls.
Interestingly, the reduction of salt by almost 2@% not affect negatively the processing traits.aAmatter of fact,
processing and slicing yields were higher. Thiséase can be explained by the moisture contentingaltl the above
points into consideration, our results suggest tiatsalt reduction tested in this study did ngbain the final product
and the CAST gene at the loci 249 and 638 affegtesitively the processing traits.

V. CONCLUSION

This work underlined the importance of the gene TA the loci 249 and 638 on the several freshdmydcured
ham traits in the pig line used. The PRKAG3 geffiectfwvas almost negligeable in our conditions. Meear our results
clarly demonstrated that it is possible to redwe @ntent without any deleterious effects onpghecessing qualities.
Further investigations will be provide to evaludte overall acceptance of the different dry curachlpy the consumer.
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Table 1: Green hams, physico chemical and proggssiits affected by PRKAG3 gene and salt content

PRKAG3 salt gene effec  salt effec interaction
lle/lle lle/Val Val/Val Low Normal STD p p
green ham traits
green ham weight (K 10.3¢ 10.4C 10.2¢ 10.4¢ 10.17 0.47 NS <0.00!
fat cover (mm 13.3¢ 13.5¢ 13. 13.17 13.7¢ 3.2€ NS 0.04¢€
pH 5.71 5.6€ 5.6€ 5.6€ 5.6¢ 0.1Z NS 0.05¢
Physicochemical trait:
TBA RS (mgMDA/Kg1  0.67 0.6 0.6€ 0.5¢ 0.72 0.4C NS 0.0€
moisture (% 60.8¢ 60.1F 59.82 60.8¢ 59.71 1.47 0.0F <0.001
Lipid (%) 2.7 3.32 3.2¢ 3.02 3.21 1.4¢ NS NS
Proteir 28.9¢ 29.2] 29.52 29.01 29.4¢ 1.2¢ NS 0.011
NPN (% 28.4¢ 29.2¢ 28.6( 29.3¢ 28.11 2.72 NS <0.001
Chloride (% 5.64 5.64 5.81 5.3C 6.1C 0.8C NS <0.001
Processing traits
salting loss (% 4.14 4.21 4.34 3.91 4.5€ 0.7¢ NS <0.001
resting loss (% 16.9- 17.2( 18.0: 17.2¢ 17.5¢ 1.74 NS 0.081
processing vield (% 69.1¢ 68.91 68.4: 68.9¢ 68.6¢ 2.74 NS 0.06% 0.02(
slicing yield (% 87.0¢€ 86.7¢ 86.1¢ 87.1: 86.2: 2.7¢4 NS 0.03¢

Table 2: Green hams, physico chemical and proagssaits affected by CAST gene at the locus 249 sait
content

CAST 24¢ salt gene effec  salt effec

Lys/Lys  Lys/Arg  Arg/Arg Low Normal STD ProbF p
green ham traits
green ham weight (K 10.2¢ 10.3¢ 10.3¢ 10.4¢ 10.17 0.47 NS <0.007
fat cover (mm 13.3( 13.7¢ 13.3¢ 13.1¢ 13.7¢ 3.2¢€ NS 0.04¢
pH 5.71 5.6¢ 5.61 5.6€ 5.6¢ 0.1Z 0.04 0.05¢
Physicochemical traits
TBA RS (mgMDA/Kg't  0.6% 0.6€ 0.6€ 0.5¢ 0.71 0.4C NS 0.0€
moisture (% 60.41 60.44 59.6% 60.74 59.61 1.47 NS <0.001
Lipid 3.3t 2.8¢ 3.3¢ 3.11 3.2¢ 1.4% NS NS
Proteir 29.0¢ 29.1¢ 29.62 29.0¢ 29.5( 1.2¢ NS 0.011
NPN (%’ 28.7¢ 29.0¢ 28.71 29.4¢ 28.2% 2.72% NS <0.00]
Chloride (% 5.52 5.7¢ 5.82 5.3C 6.1C 0.8C NS <0.00]
Processing traite
salting loss (% 3.9¢ 4.3t 4.4F 3.91 4.57 0.7C 0.01¢€ <0.00]
resting loss (% 16.6: 17.4: 18.43: 17.3¢ 17.6¢ 1.7¢ 0.021 0.081
processing vyield (¥ 70.2¢ 68.6 67.5¢ 69.0( 68.6¢€ 2.7¢ 0.00¢ 0.06:
slicing yield (% 86.71 86.5¢ 86.5¢ 87.0¢ 86.1€ 2.7¢ NS 0.03¢

Table 3: Green hams, physico chemical and proagssaits affected by CAST gene at the locus 638 saltl
content

CAST 63¢ salt gene effec  salt effec

Arg/Arg Arg/Ser Ser/Sel Low Normal STD ProbF p
green ham traits
green ham weight (K 10.2¢ 10.4¢ 10.4] 10.52 10.21 0.47 NS <0.007
fat cover (mm 13.42 13.7% 12.92 13.0¢ 13.6¢ 3.2€ NS 0.04¢
pH 5.7C 5.64 5.6( 5.62 5.65 0.12 0.04¢ 0.05¢
Physicochemical trait:
TBA RS (mgMDA/Kg1  0.64 0.62 0.765" 0.61 0.74 0.4C NS 0.0€
moisture (% 60.3¢ 60.3( 59.01 60.4F 59.32 1.47 0.03( <0.001
Lipid 3.2¢€ 2.8¢€ 3.7t 3.2C 3.3¢ 1.4F NS NS
Proteir 29.17 29.2¢ 30.0¢ 29.2¢ 29.71 1.2¢€ 0.08¢ 0.011
NPN (% 28.8¢ 28.97 28.57 29.3¢ 28.17 2.72: NS <0.001
Chloride (% 5.61 5.74 6.0% 5.4( 6.2( 0.8C NS <0.001
Processing traits
salting loss (% 4.14 4.28 4.7¢ 4.08 4.7C 0.7 NS <0.001
resting loss (% 17.1t 17.45 19.14 17.77 18.07 1.74 0.03: 0.07¢
processing yield (¥ 69.2¢ 68.77 66.3¢ 68.31 67.9¢ 2.74 0.031 0.06:

slicing yield (% 86.47 86.7¢ 86.8¢ 87.1¢ 86.2¢ 2.7¢ NS 0.03¢




