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Abstract— The aim of this study was to evaluate the 
effect of applying high pressure on microbiological and 
sensory characteristics of sliced dry-cured Iberian ham 
at 0, 90 and 180 days of storage at + 4 ºC. The trial 
consisted of three experimental treatments based on the 
application or not of high pressure (600 MPa) for 6 or 9 
min. Attributes tasted were as follows: colour, 
appearance of fat, marbling, brightness, odor intensity, 
stale, unpleasant taste, juiciness and hardness. Listeria 
monocytogenes was inoculated in the samples and its 
growth evaluated. High pressure processing at 600 MPa 
for 6 and 9 min inhibited the growth of L. 
monocytogenes in sliced dry-cured Iberian ham at any of 
the chilled storage times evaluated. No changes were 
found after high pressure treatment and during chilled 
storage in the sensory parameters evaluated. On the 
basis of the results, it is concluded that the high pressure 
treatment at 600 MPa for 6 or 9 min is an efficient 
method for preserving the microbial safety of sliced dry-
cured Iberian ham without detrimental effect on its 
sensory characteristics. 
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I. INTRODUCTION  

Dry-cured Iberian ham is a meat product with high 
sensory quality [1]. This kind of product is a ready-to-
eat food (RTE), usually sold sliced and vacuum 
packed. Sliced dry-cured Iberian ham has a low water 
activity (Aw) and high NaCl content so it is a product 
with a long shelf-life at refrigeration temperature 
(more than 3 months). However, slicing and packaging 
operations constituting a permanent risk of 
contamination because products can be 
recontaminated [2]. Moreover, prolonged shelf-life at 
refrigeration temperatures may contribute to the 
survival and growth of Listeria monocytogenes, a 
pathogen capable of exponential growth at 

refrigeration temperatures [3] [4] [5]. In this regard, 
high-pressure processing (HPP) is an attractive 
preservation technology for eliminating pathogenic 
and spoilage microorganisms of meat products 
improving safety and extending the shelf-life [6] [7] 
[8]. The application of HPP has been studied in 
several meat products and different effects of pressure, 
temperature and holding time have been determined 
depending on the type of product [6] [9] [10] [11] 
[12]. However, the effect of HPP treatment could 
induce undesirable changes on sensory properties of 
the meat products, modifying texture, colour, external 
appearance and increasing lipid oxidative reaction and 
therefore affecting the aroma and taste. As result HPP 
can decline the acceptability, especially in some rich 
protein foods treated at pressures higher than 400 MPa 
[10]. Hence it is necessary to establish optimum 
processing conditions to ensure the microbiological 
safety of the product, especially if shelf-life is 
extended, minimizing the negative effects of pressure 
on sensory quality. The aim of this study was to 
evaluate the effect of high pressure treatment 
(600MPa) and two holding times (6 min and 9 min) on 
microbial and sensory quality of vacuum-packed 
sliced dry-cured Iberian ham. 

II. MATERIALS AND METHODS  

A. Slicing, inoculation and packaging  

A total of 72 dry-cured Iberian ham samples were 
sliced. L. monocytogenes was inoculated in 45 of the 
samples at 102 ufc/ml/cm2 in order to study it is 
survival to HPP. The remaining 27 samples were used 
to evaluate the sensory parameters. Slices were placed 
between two films and vacuum-packed into 240x120 
mm individual packs of 75 g. Packaged sliced dry-
cured Iberian ham were stored for 24 h at 4ºC before 
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the HPP treatment. Three independent batches were 
prepared: a control treatment (samples non-
pressurised) and two experimental treatments (samples 
subjected to HPP at 600 MPa for 6 and 9 min). 

 

B. High-pressure treatment 

The HPP was done in an industrial HPP equipment 
capable of operating up to 600 MPa. Pressurization 
was performed at 600 MPa for 6 min (treatment A) 
and for 9 min (treatment B). The pressure level (600 
MPa) and time (6 and 9 min) were set by an 
automatically controlled device.  

 

C. Storage of the samples 

After high-pressure treatment, the samples were 
stored at 4 ºC for up to 180 days together with the 
nontreated control samples. At selected times: time 0, 
after HPP, and during chilled storage (90 and 180 
days), microbiological and sensory analyses were 
carried out. Five and three samples per treatment and 
storage time were used for microbiological and 
sensory evaluation, respectively.   

 

D. Microbiological analyses 

The presence/absence of L. monocytogenes was 
investigated by preenrichment of 25 g of sample in 
Listeria enrichment broth (UVMI, Oxoid, 
Basingstoke, Hampshire, England) at 37 ºC for 24 h 
followed by selective isolation in Palcam and Oxford 
agar at 37 ºC for 24 h.  

 

E. Sensory analyses 

HPP (A and B) and control samples were checked 
for the following attributes: colour, appearance of fat, 
marbling, brightness, odor intensity, stale, unpleasant 
taste, juiciness and hardness. Samples were assessed 
by a trained panel of 8 members. The panel sessions 
were held at mid-morning. Slices (1.5 mm thick) of 
the dry-cured Iberian ham were served on plates to 
panellists. A profile of 9 sensory attributes of dry-
cured Iberian ham was assessed. Attributes were rated 

on a structured scale of 1–10 (1, very low, to 10, very 
high). All sessions were done at 22 ºC in a sensory 
panel room equipped with white fluorescent lighting 
(Philips TLD 86, 5600 K, 800 lux). The sample order 
was randomised within sessions. 

 

F. Statistical analysis 

The effects of treatment and time of storage were 
analyzed using the Analysis of Variance procedure of 
SPSS, version 19.0. Tukey's test was used to compare 
the mean values of the treatments and storage time. 
Mean values and standard errors of the means (SEM) 
were reported. 

 

III. RESULTS and DISCUSSION 

A.  Microbial analysis 

All the vacuum-packed sliced dry-cured Iberian 
ham samples tested, control and HPP, showed absence 
of L. monocytogenes in 25 g at any of the storage 
periods evaluated (90 and 180 days). Other studies 
conducted on dry cured products also indicated 
consistent decreases in the microbial populations after 
high pressure treatment, with the population remaining 
quite stable for the rest of the shelf-life [11]. 

B. Effect of high pressure and holding time on sensory 
quality 

Although modifications in colour and lipid 
oxidation in sliced dry-cured ham by pressure 
treatment have been previously reported [13] [14] 
[15], no differences have been found in the present 
experiment after high pressure treatment and during 
chilled storage. 

 
The effect of high pressure and holding time on 

sensory quality values of vacuum-packed sliced dry-
cured Iberian ham during refrigerated storage is shown 
in Figures 1, 2 and 3. In general, no differences in 
colour, appearance of fat, marbling, brightness, odor 
intensity, stale, unpleasant taste, juiciness and 
hardness were found between pressurized and non-
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pressurized samples or when different HPP times were 
applied in dry-cured Iberian ham after pressurization. 

 

 
Fig. 1 shows values for the non-pressurized and 

pressurized dry-cured Iberian ham samples measured after 
vacuum and chilled storage for 0 days at 4º C. The effect of 
pressure treatment on parameters evaluated was not 
statistically significant. Average values are shown. 

 

 
 
Fig. 2 shows values for the non-pressurized and 

pressurized dry-cured Iberian ham samples measured after 
vacuum and chilled storage for 90 days at 4º C. The effect 
of pressure treatment on parameters evaluated was not 
statistically significant. Average values are shown. 

 

 
Fig. 3 shows values for the non-pressurized and 

pressurized dry-cured Iberian ham samples measured after 
vacuum and chilled storage for 180 days at 4º C. The effect 
of pressure treatment on parameters evaluated was not 
statistically significant. Average values are shown. 

 

IV. CONCLUSIONS  

The lack of differences in stored products treated 
with HPP with respect to non-treated products shows 
that the application of HPP at 600 MPa for 6 or 9 min 
might not compromise sensory quality of dry-cured 
Iberian ham. 

ACKNOWLEDGMENT 

Financial support was provided by Junta de 
Extremadura (IP-09-0259-5) of Spain.  

 

REFERENCES  

1. Cava, R., Ventanas, J., Ruiz, J., Andrés, A. I. & 
Antequera, T. (2000). Sensory characteristics of Iberian 
hams: Influence of rearing system and anatomical 
location. Food Science and Technology International, 6, 
235−242. 

2. FSIS (2006). FSIS, Compliance guidelines to control 
Listeria monocytogenes in post-lethality exposed ready-
to-eat meat and poultry products. : FDA/FSIS. 

3. Duffy, L.L., Vanderlinde, P.B. & Grau, F.H. (1994). 
Growth of Listeria monocytogenes on vacuum-packed 
cooked meats: effects of pH, aw, nitrite and ascorbate. 
Int. J. Food Microbiol. 23, 377–390. 



 4 

57th International Congress of Meat Science and Technology, 7-12 August 2011, Ghent-Belgium 

4. Glass, K.A. & Doyle, M.P. (1989). Fate of Listeria 
monocytogenes in processed meat products during 
refrigerated storage. Appl. Environ. Microbiol. 55, 
1565–1569. 

5. Rocourt, J. & Cossart, P. (1997). Listeria 
monocytogenes. In: Doyle, M.P., et al. (Eds.), Food 
Microbiology—Fundamentals and Frontiers. American 
Society for Microbiology, Washington, DC, pp. 337–
352. 

6. Aymerich, T., Jofre, A., Garriga, M. & Hugas, M. 
(2005). Inhibition of Listeria monocytogenes and 
Salmonella by natural antimicrobials and high 
hydrostatic pressure in sliced cooked ham. Journal of 
Food Protection, 68, 173–177. 

7. Cheftel, J.C. (1996). Effects of high-pressure on meat: a 
review. In: Proceedings of the 42nd ICoMST-
Lillehammer, Norway, 1–6 September 1996. 

8. Lucore, L. A., T. H. Shellhammer, & A. E. Yousef. 
(2000). Inactivation of Listeria monocytogenes Scott A 
on artificially contaminated frankfurters by high-
pressure processing. J. Food Prot. 63, 662–664. 

9. Aymerich, T., Picouet, P. A. & Monfort, J. M. (2008). 
Decontamination technologies for meat products. Meat 
Science, 78, 114–129. 

10. Cheftel, J. C. & Culioli, J. (1997). Effect of high 
pressure on meat: a review. Meat Science, 46, 21l–236. 

11. Garriga, M., Grebol, N., Aymerich, M. T., Monfort, J. 
M. & Hugas, M. (2004). Microbial inactivation after 
high pressure processing at 600 MPa in commercial 
meat products over its shelf-life. Innovative Food 
Science and Emerging Technologies, 5, 451–457. 

12. Tanzi, E., Saccani, G., Barbuti, S., Grisenti, M. S., Lori, 
D., Bolzoni, S., et al. (2004). High-pressure treatment 
of raw ham. Sanitation and impact on quality. Industria 
Conserve, 79, 37–50. 

13. Andres, A. I., Adamsen, C. E., Møller, J. K. S. & 
Skibsted, L. H. (2004). High treatment of dry-cured 
Iberian ham. Effect on radical formation lipid and 
colour. European Food Research and Technology, 219, 
205–210. 

14. Cava, R., Mingoarranz, F.J. & Carrasco, J.A. (2002). 
Colour and lipid oxidation changes in dry-cured loins 
treated with high hydrostatic pressure: development of a 
response surface model to optimize the combination of 
pressure and time of treatment 48th Annual 
International Congress of Meat Science and 
Technology, Proceedings Vol I. Roma (Italy). 

15. Núñez, R., Carrasco, A., Tárrega, R., Mingoarranz, F.J., 
Ramírez, M.R. & Cava, R. (2003). Colour and lipid 
oxidation changes in dry-cured Iberian ham treated with 
high hydrostatic pressure: Development of a response 
surface model to optimize the combination of pressure 
and holding time II World Congress on Dry-Cured Ham 
Cáceres (Spain). 

 
 
 

 
 
 

 


