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The application of high pressure processing in
decontamination of dry fermented sausages

Miroslav Ducic', Bojan Blagojevic'

A b s tra ct: High pressure processing (HPP) is a non-thermal postprocessing technology for decontamination of foods with
minor impact on their nutritional and sensory characteristics. In the meat industry, HPP is mainly used to increase shelf-life and im-
prove the safety of processed and ready-to-eat meat products. HPP can also be considered as a technique for creation of innovative
meat products. In the last decade, numerous scientific studies on HPP application to dry fermented sausages have been published.
Many factors, including sausage formulation and processing parameters as well as time, temperature and intensity of treatment, can
influence the effectiveness of high pressure in processing these types of products. In general, pressure higher than 400 MPa is necessary
to achieve efficacious microbial inactivation. HPP treatment has no detrimental effects on sensory qualities of dry fermented sausages
or these effects are minor compared to other decontamination technologies. Also, HPP is environmentally friendly, and hence, wider

application of this technology in the food industry is expected in the near future.
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Introduction

In the last two decades, increased demand for
minimally processed and additive— and preserva-
tive-free products has highlighted high pressure pro-
cessing (HPP) as one of the most prominent recent
innovations in the food industry. HPP is a non-ther-
mal post-processing technology, mainly used to in-
crease shelf life and to improve food safety. HPP
uses a pressure of >100 MPa that is transmitted im-
mediately and uniformly through food products us-
ing a liquid transmitter, whilst keeping the freshness
and nutritive value of the treated products. On the
other hand, some negative impacts have also been
seen with application of this technology, including
changes of quality parameters such as colour, texture
and water holding capacity (Garriga and Aymerich,
2009, Simonin et al., 2012, Rastogi, 2016).

In the meat industry, HPP is mostly applied to
ready-to-eat (RTE) meat products (Mor-Mur and
Saldo, 2012). The main purpose of HPP technology
is inactivation of foodborne pathogens and spoilage
microbiota, but it can also be used as a technique for
creating innovative meat products (Campus, 2010;
Simonin et al., 2012).

Dry fermented sausages are mainly consid-
ered as microbiologically safe products, the safety

assurance of which relies on sufficient anti-patho-
gen effects of multiple antimicrobial factors during
the processes of fermentation and drying. However,
in cases of initial contamination of the raw mate-
rials with higher levels of pathogenic microorgan-
isms and/or insufficient control due to the antimi-
crobial factors, the safety of these products can
become compromised (Ducic et al., 2014; Ducic
and Markov, 2015). Therefore, the aim of this re-
view is to present updated knowledge dealing with
applications and effects of HPP technology on the
safety and quality of dry fermented sausages.

The main characteristics and application of
HPP technology in the meat industry

In order to construct devices that will meet spe-
cific microbiological and nutritional food quality re-
quirements, most companies producing HPP equip-
ment directly cooperate with research centres and
food producers. In recent years, the problems with
production of pumps that can produce sufficient
pressure, and concurrently, with production of large-
capacity chambers able to withstand large numbers
of production cycles, were successfully resolved.
Consequently, due to this development of high
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efficiency HPP machines, processing costs have re-
duced to acceptable levels (Bermudez and Canovas,
2011; Rastogi, 2016).

The main parts of an HPP system are a pres-
sure vessel, high pressure pump, closure(s) for seal-
ing the vessel, a device for holding the closure in
place while the vessel is under pressure, a system for
controlling and monitoring the pressure and option-
ally, the temperature, as well as a system for trans-
ferring food product to and from the pressure vessel
(Campus, 2010). The volume of pressure vessels in-
dented for the food industry is usually between 35
and 320 litres, while the position of pressure vessels
can be either vertical or horizontal. The advantages
of horizontal layout include easier filling and empty-
ing, as well as simpler and reliable tracking of treat-
ed and non-treated products. If high pressure is used
for food treatment concurrently with high tempera-
ture, the HPP is usually performed in lower volume
vessels containing heaters. In such a vessel, temper-
atures ranging from 20°C to 150°C can be produced
in a short time (Bermudez and Canovas, 2011).

Due to the compression of matter volume at
high pressure, the processing increases food temper-
ature by 5°C to 15°C or about 3°C with each 100
MPa increase, depending on food composition, the
rate of pressure increase and the shape and fullness
of the vessel. After decompression, the temperature
of food returns to the initial temperature. Similarly,
pressure reversibly decreases food pH; sometimes a
change of more than one unit is manifested, along
with reduction of protein stability (Cheftel, 1997;
Campus, 2010; Mujica-Paz et al., 2011). Prior to ap-
plication of HPP on solid food, like fermented dry
sausages, the food is vacuum packaged in plastic
materials that are able to conform to the treated prod-
uct’s compression of at least 19% of the original vol-
ume. Packaging materials are selected on the basis
of their integrity and insulating capacity, so they are
not distorted by the application of high pressure, and
if migration of molecules from packaging into the
food product occurs, this must be within the permis-
sible limits (Juliano et al., 2010). Modified atmos-
phere packaging is also used in some circumstances
instead of vacuum packaging, but in that case, due
to additional gas compression, application of HPP
takes longer which, as a consequence, increases the
production costs (Mujica-Paz et al., 2011).

Mode of HPP action on microorganisms
The effects of HPP on microorganisms in/on

meat and meat products are dependent on many
characteristics of microorganism and food product.

HPP inactivation of microorganisms is caused by
various changes that occur in the cell membrane,
the cell wall, ribosomes and enzymes. Damage of
cell membrane is the main cause of cell death, due to
disturbances of permeability, osmotic pressure and
transport systems (Patterson, 2005; Campus, 2010;
Simonin et al., 2012; FDA, 2014). Additionally, high
pressure directly leads to denaturation and agglom-
eration of proteins and subsequent inactivation of
the enzymes (Bajovic et al., 2012).

Single- or multi-cell parasites are severely af-
fected as a consequence of their complex struc-
ture, even at a lower pressure ranging from 200 to
300 MPa (Yuste et al., 2001; Simonin et al., 2012).
Moulds and yeasts exhibit moderate HPP resist-
ance, with the exception of certain ascospores of
heat resistant moulds (Neosartorya, Talaromyces,
Byssochlamys), which are able to withstand pres-
sures higher than 600 MPa (Chapman et al., 2007;
Smelt, 1998).

The vegetative forms of bacteria are more re-
sistant than moulds and yeasts. Due to the thicker
and stronger cell wall, Gram positive bacteria are
more resistant than the Gram negatives; also, coc-
ci are more resistant than rods (Murchie et al., 2005;
Patterson, 2005). Bacterial cells in the exponen-
tial phase are more sensitive to pressure compared
to the cells in the stationary phase (McClements et
al., 2001; Manas and Mackey, 2004; Hayman et
al., 2007). Spores cannot be destroyed by applica-
tion of high pressure alone, as treatment intensi-
ty at usual processing temperatures is inadequate.
Furthermore, pressure-assisted thermal process-
ing (PATP) is a method used for food sterilization
that combines high pressure (>600 MPa) and tem-
peratures above 60°C. The advantages of PATP in-
clude a lower processing temperature and/or shorter
exposure of the product to high temperature, com-
pared to conventional sterilization (Cheftel, 1995;
Bermudez-Aguirre and Canovas, 2011; Mujica-Paz
et al., 2011; Simonin et al., 2012). Another strategy
combines high pressure and temperature (<100°C) —
the aim of this treatment is to enable germination of
bacterial spores first, so the resultant vegetative bac-
teria are sensitive to the high pressure (Rendueles et
al., 2010). This method is still not used commercial-
ly, and the reasons include high variability of spore
germination under the HPP, as well as the econom-
ic aspects of the process (44n et al., 2007; Wilson et
al., 2008; Tores et al., 2010).

Viruses exhibit diverse resistance to HPP, but
can be inactivated by high pressure. Prions are de-
stroyed only by using extremely high pressure (=700
MPa) concurrently with high temperature (>60°C)
(Campus, 2010). Heindl et al. (2008) found that
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after application of 800 MPa (5 min, 80°C), infectiv-
ity of prions significantly decreased.

The effect of HPP technology on microorgan-
isms additionally depends on the product charac-
teristics, such as water activity (a,,), pH, salt con-
tent and the composition of the raw material. To
achieve appropriate antimicrobial effects on prod-
ucts with lower a,, especially if a, is lower than 0.9,
these products need to be exposed to higher pres-
sure. Microorganisms injured by HPP are usually
more sensitive to low a,, so HPP on low a, products
is followed by inhibition of microbial recovery dur-
ing storage (Considine et al., 2008; Simonin et al.,
2012). HPP’s antimicrobial effects increase with de-
clining pH (Garriga and Aymerich, 2009). However,
the composition of more complex food products (i.e.
contain proteins, lipids, sugars, vitamins and some
cations) reduces the antimicrobial effects of HPP
(Hauben et al., 1998; Rubio et al., 2007; Considine
et al., 2008; Mor-Mur and Escriu, 2009; Campus,
2010). Furthermore, HPP works synergistically
with, or is supported by, some antimicrobial sub-
stances (e.g. bacteriocins, nitrites, organic acids),
modified atmosphere packaging (containing CO,
or vacuum packed), as well as by low temperatures
during food storage (Garriga and Aymerich, 2009;
Jofré et al., 2010; Bajovic et al., 2012; Rodriguez-
Calleja et al., 2012 ). Considering that, the results
of investigating HPP antimicrobial effects in buffers
and synthetic media cannot be always extrapolated
(Ananou et al., 2010; Campus, 2010).

HPP effects on microbiological and sensorial
quality of dry fermented sausages

In the meat and meat product industry, pres-
sure of 400-600 MPa for 3 to 7 minutes, mostly
at room temperature, is applied for inactivation of
pathogens and spoilage microbiota (Bajovic et al.,
2012). The most important foodborne pathogens as-
sociated with dry fermented sausages are nontyphoi-
dal Salmonella spp., Listeria monocytogenes and
pathogenic Escherichia coli (Ducic et al., 2016).
Numerous published studies on HPP effectiveness
on microbiological and sensorial quality of dry fer-
mented sausages in production of dry fermented
sausages are outlined below.

Omer et al. (2010) investigated HPP applica-
tion on inactivation of enterohaemorrhagic E. coli
(E. coli 0103:25), inoculated at a level of 6.8 log
CFU g in two types of Norwegian fermented dry
sausages (morr and salama). Pressure of 600 MPa
applied in three cycles lasting for 200 seconds (6
minutes in total) at an initial temperature of 12°C, led

to 3 logs reduction of the inoculated pathogen. In an
earlier study, Gill and Ramaswamy (2008), applying
the same pressure (600 MPa) on two types of semi-
dry fermented sausages (All Beef and Hungarian sa-
lami; a,, 0.927 to 0.968; pH 4.8 to 6.3), found more
than 4 logs reduction of E. coli O157, while statisti-
cal differences in reductions were not found in treat-
ments that lasted for 3, 6 or 9 minutes. Significantly,
Gill and Ramaswamy also investigated sausages af-
ter four weeks of storage at 15°C. In All Beef sa-
lami, the number of E. coli O157 increased during
storage, while in Hungarian salami, which had low-
er pH and a,, the pathogen numbers remained at the
same level. In both of these studies, high pressure
did not cause any significant changes in the treated
products sensorial characteristics.

A comprehensive study performed by Porto-
Fett et al. (2010) investigated effects of high pres-
sure (483 MPa during 1, 2, 3, 4 and 5 minutes at
20°C as well as 600 MPa during 5, 7, 10 and 12
minutes at 20°C) applied to Genoa salami inoculat-
ed with several L. monocytogenes, E. coli O157:H7
and S. Typhimurium strains. The initial level of each
pathogen strain-cocktail was approximately 7 logs
per gram of sausage batter. After fermentation and
drying, sausages were HPP treated, stored at 4°C
and monitored for levels of inoculated pathogens for
28 days. S. Typhimurium and E. coli O157:H7 were
completely eliminated in the majority of the samples.
After the application of HPP (600 MPa during 5 min-
utes), reduction of L. monocytogenes ranged from
1.6 to 6 logs, depending on fermentation and drying
conditions. In the same conditions of pressurization
(600 MPa, Smin), L. monocytogenes was under the
detection limit (< I log) in some samples immediate-
ly after the treatment, although it was detected dur-
ing the storage phase. This study confirmed earlier
findings that L. monocytogenes is more resistant to
high pressure than E. coli or Salmonella, as well as
that the direct antimicrobial impact of high pressure
decreases with lower a,, of food product.

Garriga et al. (2005) examined the effect of
400 MPa at 17°C during 10 minutes on microbio-
logical and sensorial properties of two Spanish mild-
ly fermented sausages (fuet and chorizo). As a result
of the applied pressure/time, the authors stated that
safety and shelf life were improved, i.e. the num-
ber of Enterobacteriaceae was reduced, L. mono-
cytogenes was unable to grow, while inoculated S.
Typhimurium was not detected.

Marcos et al. (2007) conducted a study us-
ing the same type of sausages but without inocula-
tion of pathogens; beside antimicrobial effects, the
HPP (400 MPa, 17°C, 10 minutes) effect on sen-
sorial properties was assessed as well. In fuet and
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chorizo, HPP reduced the Enterobacteriaceae level
by 1 and 3.8 log CFU g, respectively. The num-
ber of Enterococci decreased by 2 log CFU g! in
chorizo sausages only, confirming that sensitivity of
the enterococcal population to HPP is variable and is
influenced by the numbers and species composition
of each product. By using a texture profile analysis
(TPA) method for the HPP-treated sausages, it was
found that these products had higher cohesiveness,
chewiness and springiness compared with untreated
products. Regarding sensorial properties, the only
difference noticed by the sensory panel was a slight
decrease in colour intensity manifested in HPP-
treated sausage. Furthermore, HPP did not cause
higher levels of lipid oxidation (measured as thio-
barbituric acid reactive substances (TBAR) values).

Marcos et al. (2013) investigated the antilisteri-
al effect of combined use of high pressure and anti-
microbial packaging on fermented dry sausages that
were produced without NaCl and stored for 90 days at
12°C (considered as the worst case scenario of storage
conditions in consumers’ refrigerators). Sliced prod-
ucts were prepared using accelerated drying (Quick
Dry Slice process — QDS®) and then inoculated on
the surface with a three-strain cocktail of L. mono-
cytogenes (the concentration of was 5x10° CFU g).
Pressure of 600 MPa (5 min, 12°C) did not reduce
pathogen levels, and this was, according to the au-
thors, a consequence of low a,, of the treated products
(a,, <0.9). High pressure treatment used in conjunc-
tion with nisin led to greater Listeria reduction (an ad-
ditional 0.5 logs, so 1.9 logs compared to 1.4 logs)
than was obtained by using nisin only.

Similar research that was conducted by
Stollewerk et al. (2012) pointed out that the QDS
process in combination with high pressure (600 MPa,
5 min, 13°C) provides safe fermented dry sausages
even after 91 days of storage under refrigeration. This
study investigated sausages that, during production,
were inoculated with L. monocytogenes (30 CFU g™)
and Salmonella spp. (15 CFU g™); these concentra-
tions of pathogens were chosen to be in line with the
level of “common” contamination of fermented dry
sausages on the market found in other studies.

Jofre et al. (2009) investigated the sensitivity of
L. monocytogenes, Salmonella and Staphylococcus
aureus strains to high pressure and enterocins A and
B in Spanish fermented dry sausages (fuet). Each
of these pathogens was inoculated as a strain-cock-
tail with concentration of 2.7 log CFU per gram
of sausage batter. After the drying process, sau-
sages were subjected to 400 MPa pressure (17°C,
10 min) and stored for 20 days at 20°C and there-
after, at 7°C. In HPP-treated fuet, the reduction of
Salmonella occurred earlier compared to untreated

controls, whereby at the end of storage time, the lev-
el of this pathogen was < 1 log CFU g! in each sau-
sage. Adding enterocins disabled L. monocytogenes
growth, whilst in control sausages, the level of this
pathogen increased by 5 log CFU g! during the pro-
duction process. Notably, in sausages with no en-
terocins added and stored at refrigeration temper-
atures, high pressure led to a long term inhibitory
effect; in other words, L. monocytogenes reduction
of 5 log CFU g! occurred no sooner than in the last
week of storage. The level of S. aureus during sau-
sage production increased by about 3 log CFU g
and remained at that level during the entire storage
time.

In a similar study, Rubio et al. (2013) found that
600 MPa (5 min, 15°C) applied at the end of fuet’s
production process (21 days) reduced the number of
Enterobacteriaceae by at least 0.3 logs (i.e. from 1.3
log CFU g ! to < 1 log CFU g'). Furthermore, by
applying HPP, the levels of L. monocytogenes and
S. aureus (each pathogen inoculated at a concentra-
tion of 3.5 log CFU g!) were reduced by about 1
log CFU g!. The HPP effect manifested immediate-
ly after the treatment or after 7 days of storage at
14°C. On the other hand, the number of useful bac-
teria (lactic acid bacteria, coagulase negative cocci)
did not change significantly after exposure to HPP.

Rubio et al. (2007) investigated HPP effects (500
MPa, 5 min, 18°C) on microbiological, sensorial and
physicochemical properties of Spanish dry fermented
sausages, salchichon, which were produced from the
meat and back fat of pigs fed on control diet or with
food enriched in oleic or linoleic fatty acids. After
the HPP application, sliced sausages were stored for
210 days at 6°C and during that time were assessed
on several occasions for instrumental colour meas-
urement, sensorial properties, as well as numbers of
the main groups of microbiota. The sensory proper-
ties of HPP-treated versus control sausages were sim-
ilar, as was colour (lightness, redness, yellowness).
Immediately after HPP application, the level of aer-
obic psychrotrophs and intestinal anaerobes was re-
duced by up to 2 log CFU g, and the level of lac-
tic acid bacteria was reduced by about 1 log CFU g
However, during storage, a significant reduction of
these microbial groups was observed in control sau-
sages and thus, after 210 days, the difference between
HPP treated and untreated sausages was lower than at
the beginning of storage. This study also found HPP
reduced Pseudomonas spp. (by 3.5 log CFU g') and
moulds and yeasts (by >1.5 log CFU g').

The possibility of processing fermented dry sau-
sages with high pressure applied at the beginning of
the production process was investigated in the study
conducted by Marcos et al. (2005). Sausage batter
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was inoculated with various strains of Salmonella
and L. monocytogenes, while the concentrations
of both pathogens were roughly 6x10? per gram of
stuffing. One day after production (stuffing into cas-
ings), sausages were exposed to 300 MPa (17°C, 10
min) and then subjected to the ripening process. As a
result of the cumulative effects of high pressure and
the ripening process, the number of Sa/monella was
about 1.5 logs lower in HPP-treated sausages than
in control (non-HPP treated) sausages, in which the
reduction, as a consequence of ripening only, was
0.5 logs. In contrast, L. monocytogenes numbers de-
creased by ~1 log after HPP, but after ripening, num-
bers increased to ~ 2 logs, while in control sausag-
es at the end, L. monocytogenes was at a very low
level or had completely disappeared. According to
the authors, the reason for this phenomenon was the
HPP-induced, temporary decrease in numbers of
lactic acid bacteria; this slowed the pH drop and re-
duced the production of antilisterial factors and con-
sequently enabled recovery of sub-lethally damaged
L. monocytogenes. Furthermore, in HPP treated sau-
sages, a “whitening” effect of pressure (increase in
brightness (L *) was observed, and the authors ex-
plained this as a consequence of globin denaturation
and/or haeme displacement or release.
Latorre-Moratalla et al. (2007) also treated
sausages before fermentation, but they applied low-
er pressure (200 MPa, 17°C, 10 min). As a result,
Enterobacteriaceae growth during fermentation and
drying was absent or it was present to a lesser ex-
tent compared with control sausages; HPP also led
to reduction of some biogenic amines (like putres-
cine and cadaverine) in treated sausages. This HPP
application did not reduce technologically useful
microorganisms (Lactobacillus spp., coagulase neg-
ative cocci); moreover, their numbers were greater
(by up to 1 log CFU g) in finished, HPP-treated
sausages. The authors stated that the pH, a,, proteol-
ysis and product colour were not different from the
usual values. This study also found that the pressure
of 200 MPa did not reduce tyramine levels, although
this flaw can be superseded by adding decarboxy-
lase negative starter cultures to the sausage batter.
Omer et al. (2015) stated that if trimmings (fro-
zen or chilled) intended for production of morr sau-
sages or salami are exposed to 600 MPa (6 min,
12°C), a better hygienic status of final sausages is
achieved. However, the final products, in that case,
were of diminished quality regarding colour, smell,
taste and texture as well as of lower total sensorial
acceptability. Nevertheless, after six weeks of stor-
age, the difference in sensorial properties was less
expressed, especially if frozen trimmings were treat-
ed. Also, sausages produced from HPP raw meat had

lower a,, and weight compared to those made from
untreated meat.

The effect of HPP on reduction of biogen-
ic amines in fermented dry sausages was explored
by Ruiz-Capillas et al. (2007). Sliced chorizo sau-
sage (3 mm thick slices) was exposed to 350 MPa
(15min, 20°C) and then stored for 160 days at 2°C.
HPP application induced slightly reduced numbers
(0.5to 1 log CFU g!) of aerobic mesophiles and lac-
tic acid bacteria during storage. Additionally, HPP
resulted in significantly less tyramine, putrescine
and cadaverine, which was explained to be a conse-
quence of lactic acid bacteria reduction.

Bolumar et al. (2015) investigated the possibil-
ity of producing fermented sausages that would con-
tain lean meat treated by high pressure (600 MPa,
5 min, 20°C) instead of pig back fat. The sensory
panel found that the sausages with HPP-treated lean
meat added instead of 35% of fatty tissue had better
taste, while the smell, texture and colour (instrumen-
tally measured) were not statistically different com-
pared to the control sausage. Furthermore, there was
no difference in the extent of lipid oxidation (TBAR
value, peroxide value), or in the numbers of aerobic
mesophiles or Enterobacteriaceae.

The study conducted by Alfaia et al. (2015)
examined HPP application on Portuguese ferment-
ed sausage (chouri¢o) with different combina-
tions of pressure (202 to 600 MPa) and time (154
to 1800 seconds). It was found that 400 MPa for
154 to 960 seconds reduced spoilage microbio-
ta (Enterobacteriaceae and Pseudomonas spp.)
and fungi to below the limit of detection (<1 log
CFU g, while technologically useful microbi-
ota (lactic acid bacteria, coagulase negative cocci,
Enterococcus) were reduced by 1to 1.5 log CFU g
This treatment also enhanced colour, cohesion and
firmness of sausages. Neither of the pressure/time
combinations of treatments led to increased lipid ox-
idation (TBAR values).

Conclusion

HPP is a non-thermal technology that improves
the safety of meat and meat products and extents
their shelf life. Pressures of at least 400 MPa suc-
cessfully inactivate microorganisms. For fermented
dry sausages, HPP is applied, primarily, as an addi-
tional decontamination step on packaged products.
HPP has no detrimental effects on sensorial quali-
ties of dry fermented sausages. Moreover, improved
texture through increased cohesiveness, firmness
and chewiness is observed, while negative effects on
colour are rare and/or less expressed and are mainly
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related to applying HPP treatment at the beginning
of the process. Due to the development of highly ef-
ficient HPP machines, processing costs have been
reduced to acceptable levels, and this has led to wid-
er application of this technology in the food industry.

As an environmentally friendly and waste-free tech-
nology, HPP has a high acceptance among consum-
ers. HPP encourages development of innovative fer-
mented meat products and it is expected to be more
widely applied in the future.

Conflict of interest. The authors declare that they have no conflicts of interest.

Acknowledgement: The study is a part of the Serbian Ministry of Education, Science and Technological De-
velopment project: Selected biological hazards to the safety and quality of animal origin and control measures

(TR 31034).

References

Ahn, J., Balasubramaniam, V. M., & Yousef, A. E. (2007). In-
activation kinetics of selected aerobic and anaerobic bacte-
rial spores by pressure-assisted thermal processing. Inter-
national Journal of Food Microbiology, 113 (3), 321-329.

Alfaia, A., Alfaia, C. M., Patarata, L., Fernandes, M. J., Fer-
nandes, M. H., Elias, M., Ribeiro, M. H. & Fraqueza,
M. J. (2015). Binomial effects of high isostatic pressure
and time on the microbiological, sensory characteristics
and lipid composition stability of vacuum packed dry fer-
mented sausages “chouri¢o”. Innovative Food Science
and Emerging Technologies, 32, 37-44.

Ananou, S., Garriga, M., Jofre, A., Aymerich, T., Galvez, A.,
Maqueda, M., Martinez-Bueno, M. & Valdivia, E. (2010).
Combined effect of enterocin AS-48 and high hydrostatic
pressure to control food-borne pathogens inoculated in low
acid fermented sausages. Meat Science, 84 (4), 594-600.

Bajovic, B., Bolumar, T. & Heinz, V. (2012). Quality consid-
erations with high pressure processing of fresh and val-
ue added meat products. Meat Science, 92 (3), 280-289.

Bermudez-Aguirre, D., & Barbosa-Canovas, G. (2011). An
update on high hydrostatic pressure, from the laborato-
ry to industrial applications. Food Engineering Reviews,
3 (1), 44-61.

Bolumar, T., Toepfl, S. & Heinz, V. (2015). Fat reduction and re-
placement in dry-cured fermented sausage by using high
pressure processing meat as fat replacer and olive oil. Pol-
ish Journal of Food and Nutrition Sciences, 65 (3), 175-182.

Campus, M. (2010). High pressure processing of meat, meat
products and seafood. Food Engineering Reviews, 2 (4),
256-273.

Chapman, B., Winley, E., Fong, A. S. W., Hocking, A. D.,
Stewart, C. M. & Buckle, K. A. (2007). Ascospore in-
activation and germination by high-pressure process-
ing is affected by ascospore age. Innovative Food Sci-
ence and Emerging Technologies, § (4), 531-4.

Cheftel, J. C. & Culioli, J. (1997). Effects of high pressure on
meat: A review. Meat Science, 46 (3), 211-236.

Considine, K. M., Kelly, A. L. Fitzgerald, G. F., Hill, C. &
Sleator, R. D. (2008). High-pressure processing — effects
on microbial food safety and food quality. FEMS Micro-
biology Letters, 281 (1), 1-9.

Ducic, M., Blagojevic, B., Markov, S., Velicanski, A. & Bun-
cic, S. (2014). General patterns of background microbiota
and selected bacterial pathogens during production of fer-
mented sausages in Serbia. Food Control, 43, 231-237.

Ducic, M., Klisara, N., Markov, S., Blagojevic, B., Vidako-
vic, A. & Buncic, S. (2016). The fate and pasteurization-
based inactivation of Escherichia coli O157, Salmonella
Typhimurium and Listeria monocytogenes in dry, fer-
mented sausages. Food Control, 59, 400—406.

Ducic, M. & Markov, S. (2015). Sensory quality of post-pro-
cessing pasteurized Sremska and Sudzuk sausage. Meat
Technology, 56 (2), 131-136.

Escriu, R, & Mor-Mur, M. (2009). Role of quantity and quali-
ty of fat in meat models inoculated with Listeria innocua
or Salmonella Typhimurium treated by high pressure and
refrigerated stored. Food Microbiology, 26 (8), 834-40.

FDA (Food and Drug Administration) (2014). Food Sec-
tion: Kinetics of Microbial Inactivation for Alternative
Food Processing Technologies — High Pressure Process-
ing. Washington DC. US Dept. of Health and Human
Services, Public Health Service, Food and Drug Admin-
istration. United States Department of Agriculture. Avail-
able at: http://'www.fda.gov/Food/FoodScienceResearch/
SafePracticesforFoodProcesses/ucm101456.htm

Garriga, M. & Aymerich, T. (2009). Advanced Decontamination
Technologies: High Hydrostatic pressure on meat products.
In Toldra, F. (Ed.) Safety of Meat and Processed Meat. New
York, USA: Springer Science Business Media, LLC.

Garriga, M., Begonya, M., Belén, M., Veciana-Nogués, M. T.,
Bover-Cid, S., Hugas, M., & Aymerich, T. (2005). Start-
er cultures and high-pressure processing to improve the
hygiene and safety of slightly fermented sausages. Jour-
nal of Food Protection, 11 22562484, pp. 2341-2348(8).

Gill, A. O. & Ramaswamy, H. S. (2008). Application of high pres-
sure processing to kill Escherichia coli O157 in ready-to-eat
meats. Journal of Food Protection 71 (11),2182-2189.

Hauben, K. J. A., Bernaerts, K. & Michiels, C. W. (1998).
Protective effect of calcium on inactivation of Escheri-
chia coli by high hydrostatic pressure. Journal of Applied
Microbiology, 85 (4), 678—684.

Hayman, M. M., Anantheswaran, R. C., & Knabel, S. J.
(2007). The effects of growth temperature and growth
phase on the inactivation of Listeria monocytogenes in
whole milk subject to high pressure processing. Interna-
tional Journal of Food Microbiology, 10, 220-226.

Heindl, P., Garcia, A. F., Butz, P., Trierweiler, B., Voigt,
H., Pfaff, E. & Tausher, B. (2008). High pressure/tem-
perature treatments to inactivate highly infectious prion

37



Miroslav Ducic et al.

The application of high pressure processing in decontamination of dry fermented sausages

subpopulations. Innovative Food Science & Emerging
Technologies, 9, 290-297.

Jofré, A., Aymerich, T., Bover-Cid, S., & Garriga, M. (2010).
Inactivation and recovery of Listeria monocytogenes, Sal-
monella enterica and Staphylococcus aureus after high
hydrostatic pressure treatments up to 900 MPa. Interna-
tional Microbiology, 13 (4), 497-503.

Jofré, A., Aymerich, T. & Garriga, M. (2009). Improvement
of the food safety of low acid fermented sausages by en-
terocins A and B and high pressure. Food Control, 20,
179-184.

Juliano, P., Koutchma, T., Sui, Q., Barbosa-Canovas, G. V.
& Sadler, G. (2010). Polymeric-based food packaging for
high-pressure processing. Food Engineering Reviews, 2
(4), 274-297.

Latorre-Moratalla, M. L., Bover-Cid. S., Aymerich, T., Mar-
cos, B., Vidal-Carou, M. C. & Garriga, M. (2007). Ami-
nogenesis control in fermented sausages manufactured
with pressurized meat batter and starter culture. Meat Sci-
ence, 75 (3): 460-9.

Manas, P. & Mackey, B. M. (2004). Morphological and phys-
iological changes induced by high hydrostatic pressure in
exponential- and stationary-phase cells of Escherichia
coli: relationship with cell death. Applied and Environ-
mental Microbiology, 70 (3), 1545-1554.

Marcos, B., Aymerich, T., Dolors Guardia, M., & Garriga,
M. (2007). Assessment of high hydrostatic pressure and
starter culture on the quality properties of low-acid fer-
mented sausages. Meat Science, 76 (1), 46-53.

Marcos, B., Aymerich, T., Garriga, M. &, Arnau, J. (2013).
Active packaging containing nisin and high pressure pro-
cessing as post-processing listericidal treatments for con-
venience fermented sausages. Food Control 30, 325-330.

Marcos, B., Aymerich, T. & Garriga, M. (2005). Evaluation of
high pressure processing as an additional hurdle to con-
trol Listeria monocytogenes and Salmonella enterica in
low-acid fermented sausages. Journal of Food Science,
70 (7), 339-344.

McClements, J. M., Patterson M. F. & Linton, M. (2001). The
effect of growth stage and growth temperature on high
hydrostatic pressure inactivation of some psychrotrophic
bacteria in milk. Journal of Food Protection, 64,514-522.

Mor-Mur, M. & Saldo, J. (2012). High Pressure Processing. In
Da-Wen, S. (Ed.) Handbook of Food Safety Engineering.
Chichester, UK: Blackwell Publishing Ltd.

Mijica-Paz, H, Valdez-Fragoso, A., Tonello Samson, C., Wel-
ti-Chane, S. J. & Torres, J. A. (2011). High-pressure pro-
cessing technologies for the pasteurization and sterilization
of foods. Food and Bioprocess Technology, 4 (6), 969-85.

Murchie, L. W., Cruz-Romero, M., Kerry, J. P., Linton, M.,
Patterson, M. F., Smiddy, M. & Kelly, A. L. (2005).
High pressure processing of shellfish: a review of micro-
biological and other quality aspects. Innovative Food Sci-
ence & Emerging Technologies, 6, 257-270.

Omer, M. K., Alvseike, O., Holck, A., Axelsson, L., Prieto,
M., Skjerve, E. & Heir, E. (2010). Application of high
pressure processing to reduce verotoxigenic E. coli in two
types of dry-fermented sausage. Meat Science, 86 (4),
1005-1009.

Paper received: 1.12.2016.
Paper corrected: 12.01.2017.
Paper accepted: 6.12.2016.

Omer, M. K., Prieto, B., Rendueles, E., Alvarez-Ordoiiez, A.
Lunde, K., Alvseike, O. & Prieto. M. (2015). Microbi-
ological, physicochemical and sensory parameters of dry
fermented sausages manufactured with high hydrostatic
pressure processed raw meat. Meat Science, 108, 115-119.

Porto-Fett, A., Call, J., Shoyer, B., Hill, D., Pshebniski, C.,
Cocoma, G. & Luchansky, J. (2010). Evaluation of fer-
mentation, drying, and/or high pressure processing on
viability of Listeria monocytogenes, Escherichia coli
O157:H7, Salmonella spp., and Trichinella spiralis in raw
pork and Genoa salami. International Journal of Food
Microbiology, 140, 61-75.

Patterson, M. F. (2005). Microbiology of pressure-treated foods.
Journal of Applied Microbiology 98 (6),1400—1409.
Rastogi, K. N. (2016). (Ed.) Recent Developments in High
Pressure Processing of Foods. New York, USA: Spring-

er Science & Business Media.

Rodriguez-Calleja, J. M., Cruz-Romero, M. C., O’Sullivan,
M. G., Garcia-Lopez, M. L. & Kerry, J. P. (2012). High-
pressure-based hurdle strategy to extend the shelf-life of
fresh chicken breast fillets. Food Control, 25, 516-524.

Rubio, R., Bover-Cid, S., Martin, B., Garriga, M. & Aymer-
ich, T. (2013). Assessment of safe enterococci as biopro-
tective cultures in low-acid fermented sausages combined
with high hydrostatic pressure. Food Microbiology, 33,
158-165.

Rubio, B., Martinez, B., Garcia-Cachan, M. D., Rovira, J. &
Jaime, 1. (2007). The effects of high-pressure treatment
and of storage periods on the quality of vacuum-packed
“salchichon” made of raw material enriched in mono-
unsaturated and polyunsaturated fatty acids. Innovative
Food Science & Emerging Technologies 8 (2), 180—187.

Ruiz-Capillas, C., Jimenez, Colmenero F., Carrascosa, A.
V. & Munoz, R. (2007). Biogenic amine production in
Spanish dry-cured “chorizo” sausage treated with high-
pressure and kept in chilled storage. Meat Science, 77 (3),
365-371.

Simonin, H, Duranton, F. & de Lamballerie, M. (2012). New
insights into the high-pressure processing of meat and
meat products. Comprehensive Reviews in Food Science
and Food Safety, 11, 285-306.

Smelt, J. (1998). Recent advances in the microbiology of high-
pressure processing. Trends in Food Science & Technolo-
gy 9 (4), 152-158.

Stollewerk, K., Jofré, A., Comaposada, J., Arnau, J. & Gar-
riga, M. (2012). The impact of fast drying (QDS pro-
cess®) and high pressure on food safety of NaCl-free pro-
cessed dry fermented sausages. [nnovative Food Science
and Emerging Technologies 16, 89-95.

Wilson, D. R., Dabrowski, L., Stringer, S., Moezelaar, R., &
Brocklehurst, T. F. (2008).

High pressure in combination with elevated temperature as a
method for the sterilisation of food. Trends in Food Sci-
ence and Technology, 19, 289-299.

Yuste, J., Capellas, M., Fung, D. Y. C., & Mor-Mur, M.
(2001). High pressure processing for food safety and pres-
ervation: a review. Journal of Rapid Methods and Auto-
mationin Microbiology, 9 (1), 1-10.

38




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <>
    /SRL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


