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It has been known for many
years now that high pressure
can be used to prolong shelf

lives and at the same time to re-
tain product properties well. The
effect observed on vegetative mi-
croorganisms and spores results
from changes in metabolic proc-
esses, membrane integrity and

the function of transport pro-
teins. The essential advantages
resulting by comparison with
thermal processes consist of low-
er energy and time require-
ments. In addition, application
inside the product end packaging
makes it possible to reliably rule
out any recontamination. The
hydrostatic high pressure also
acts on other constituents of the
food matrix, such as e.g. proteins
and starch, and thus offers an op-
portunity for selective modifica-

tion of the struc-
tural properties of
foods. In the case
of oligomeric pro-
teins, the rise in
pressure first caus-
es dissociation of
the proteins into
sub-units. Unfold-
ing and rearrange-
ment of proteins
takes place. When
the pressure is increased further,
the dissociated and unfolded
sub-units can aggregate and
form new structures. The aggre-
gates formed are stabilised by
the development of hydrophobic
bonds. If the protein concentra-
tions are sufficiently high, then
gels form. The rheological prop-
erties of these gels differ in some
cases distinctly from heat-in-
duced gels.

Plant and process engineering

Processes based on the use of
hydrostatic high pressures are
acknowledged as effective meth-
ods for treating foods ± especial-
ly for reducing microbiological
activity. There are currently
some 130 industrial plants car-
rying out this work in food proc-
essing worldwide. They consist
essentially of a pressure vessel
and a suitable high pressure
pump system for building up the
pressure. The products are fed
into the vessel via supply facil-
ities. Apparatus technology in
this field has developed strongly
in recent years. Today pressures
of up to 700MPa can be reached
at very short time intervals. The
plants work in semi-continuous
operation and the actual pres-
sure treatment is carried out in
batches in vessels with a capacity
of up to 400L. Water is general-
ly used as a pressure transmis-
sion medium. Depending on the
product and the design of the
packaging, throughput rates of
over 200 kg/h can currently be
realised in individual plants. In
Germany there is at present one
industrial installation for con-

serving raw ham at a pressure of
up to 600MPa with a dwelling
time of 6 min. Alongside short
treatment times, the time re-
quired for building up and low-
ering the pressure and for filling
and emptying the treatment
vessel is of crucial importance
for achieving short cycle times.
The vessel dimensions and the
design of the product packaging
that affects the degree to which
the vessel can be filled also have
acritical influence on the process
costs. The mechanics of the plant
in conjunction with the control
technology allow automated
high pressure treatment in line
with the pre-set process param-
eters once the products are
placed in a ªtransport carriageº,
which runs into the high pres-
sure vessel. Here the plant ca-
pacity depends strongly on the
vessel volume and hence also on
the design of the packaging.

Many new configuration options 
Producing novel innovative meat and sausage products using high hydrostatic pressures

High pressure technology is increasingly being used to extend the
lives of foods, but the options for application are significantly broader.
Using pressures of up to 600MPa makes it possible to structure pro-
ducts, modify processes and implement completely new product
ideas, especially in the segment of meat and sausage products. The
potentials for using pressure to structure textures within meat pro-
ducts are being investigated at the German Institute of Food Tech-
nology (DIL, Quakenbrôck).
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Fig. 2:Flow diagram of hot-smoked
ªKasselerº production

Fig. 1: Optical comparison between slices of only
hot-smoked Kasseler cured pork loin (left) and product
produced with high pressure treatment (right) 
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High pressure technology 
to design sausage products

At present, industrial use of
high pressure technology in
food production is limited pri-
marily to preservation of foods
for which thermal conservation
would negatively affect physio-
logical and sensory product
properties. Changes in the phys-
ical and chemical properties of
the macromolecules (proteins,
starch etc.) induced by the high
hydrostatic pressure can, how-

ever, also be used
to initiate targeted
alterations in
structure. This re-
sults in great po-
tential for devel-
oping product
concepts with new
textures ± also or
even especially in
the field of meat
and sausage prod-
ucts. 

The product
characteristics of
sausage made
from cooked meat
and cooked cured
products are large-
ly determined by
the thermal treat-
ment (cooking) of
a part of the meat
and/or of the end
product, due to the
denaturing of the
meat proteins. By

applying high pressure it is pos-
sible to achieve gelling of the
proteins, which in turn makes
cold production of the goods
possible. 

In contrast to cooking, high
pressure treatment allows pro-
ducers to determine the firm-
ness of the resulting gel by
adapting the pressure intensity,
temperature and dwelling time
in the pressure vessel. A diverse
range of possibilities for gener-
ating novel textures arises as a

consequence. The
high pressure
treatment also of-
fers dietary and
sensory advantag-
es, as it retains val-
uable micro-mol-
ecules such as for
example aroma
substances and vi-
tamins, thanks to
their mainly co-
valent bonds.

The use of high
pressure technol-
ogy for targeted
product design in the meat and
sausage product segment is il-
lustrated below with examples
of cooked cured meat, spreadable
raw sausage and classic sausage
made from cooked meat.

ªKasselerº ± slices of cooked
cured pork loin

As a first step, a mixture of
10% brine and seasoning was in-
jected into fresh pork loin using
the standard procedure with a
Rôhle IR 56 injector. An injec-
tion quantity of 15 to 20% was
achieved. The injection process
was followed by a curing and
colour development phase under
vacuum conditions for six hours
at 4 °C and interval operation in
a Rôhle MKR 150 tumbler. The
smoking was carried out in an
ASR 1297 Universal smoking
and cooking facility from the

firm Maurer-Atmos with a fric-
tion smoking device, without
subsequent cooking. Smoking
times of 2 x 15 min were set, not
exceeding a chamber temper-
ature of 56 to 58°C. It was en-
sured that the raw character of
the ªKasselerº pork loin was re-
tained (Fig. 1). The final proc-
essing step consisted of the high
pressure treatment of the meat
products under process condi-
tions of 600MPa with a dwelling
time of 300s, for which an NC
Hyperbaric Wave 6000/55 was
used.

The advantages of this meth-
od of producing smoked and
cured sliced pork loin lie in the
energy cost savings and extend-
ed shelf life. Moreover there are
no cooking losses or damage.
The time required for produc-
tion is significantly shortened.
To summarise, a completely new

Fig. 4:Teewurst produced with high pressure
application 

Source: LICKERTet al. Fleischwirtschaft International 3/2010

Fig. 3:Flow diagram of ªRôgenwalder Artº teewurst
production
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product results with distinctly
shorter process times, altered
product properties, high poten-
tial for savings and improved
microbiological stability.

Spreadable raw sausage ±
Teewurst

A spreadable sausage made
from raw meat was produced
with the aid of hydrostatic pres-
sure treatment. As in conven-

tionally produced teewurst, the
raw material was made up of
50% lean beef and pork and
50% pork fat. In the process, the
lean meat was first very coarsely
minced with the additives and
seasonings used. The pork fat
was minced separately from the
lean meat and frozen. The ap-
propriate starter cultures were
then mixed in with the lean meat
and the mixture was pickled for
36 h in a Maurer-Atmos con-
trolled climate curing chamber
at a temperature of 24°C and a
relative atmospheric humidity
of 72 to 75%, until a pH value of
about 5.2 was reached. The
minced and frozen pork fat was
chopped very finely with the
acidified lean meat in Kilia high-
speed vacuum chopper 5000 Ex-
press to the desired consistency.
The teewurst stuffing was then
filled into suitable sausage cas-
ings. This was followed by the
final high pressure treatment in
the NC Hyperbaric Wave 6000/
55 for a pressure retention time
of 300s and a pressure level of
600 MPa (Fig. 2).

The advantages of this tee-
wurst production process can be

found in energy
cost savings and a
longer shelf life.
The production
time is significant-
ly reduced. To
summarise, a
completely new
product results
with shorter proc-
ess times, im-
proved product

properties, good potentials for
savings and improved microbi-
ological stability. With the mod-
ified formulation in conjunction
with the high pressure treat-
ment, it was possible to do with-
out the use of a nitrite and com-
mon salt mixture (Fig. 3).

ªFine liver sausageº ± usually
made from cooked meat

As in conventional produc-
tion, the raw material for pro-
duction of the fine liver sausage
was made up of 40% lean meat,
40% pork fat and 20% pork liv-
er. 

In a first process step, the coar-
sely pre-chopped lean meat and
the pork fat were mixed, lightly
salted with common salt and
pre-treated in the NC Hyperbar-
ic Wave 6000/55 at a pressure
retention time of 180s and a
pressure level of 600MPa. The
meat/fat mixture was then fine-
ly minced and together with the
fresh pig's liver and all additives
and ingredients was chopped ve-
ry finely in a Kilia high-speed
vacuum cutter 5000 Express up
to the desired consistency. The
chopped liver sausage emulsion
was stuffed in appropriate sau-
sage casings and packaged for
the final process stage under
vacuum conditions. The con-
cluding high pressure treatment
was carried out in the NC Hy-
perbaric Wave 6000/55 at a pres-

sure retention time of 180s and a
pressure intensity of 600MPa
(Fig. 4).

To summarise, the advantages
of this method of producing fine
liver sausage lie in the clear re-
duction in production time, the
savings in cost of energy and the
extension of the shelf life. A
completely new product results
with shorter process times and
improved sensory properties,
such as for example very tender
creaminess and a fresh, inten-
sive liver flavour and odour
standing out positively against
the cooked taste of convention-
ally cooked liver sausage (Fig. 5).
A further positive effect deserv-
ing mention is the improved mi-
crobiological stability. Thanks to
the modified formulation in
conjunction with the high pres-
sure treatment, it was possible to
refrain from using a nitrite and
common salt mixture. Moreover
there are no cooking losses as
there is no heat treatment.

The flow function illustrated
in Figure 6 shows that on the one
hand this type of production
makes it possible to generate
textures corresponding to those
of conventional liver sausage.
However, it also allows novel
and different texture profiles to
be developed too.

When designing new formu-
lations it must be remembered
that both the salt taste and the
flavour intensity of the season-

Fig. 6:Visual comparison between standard liver
sausage (left) and liver sausage produced with high
pressure treatment (right)

Source: LICKERTet al. 
Fleischwirtschaft International 3/2010

Fig. 5:Flow diagram of fine liver
sausage production

Source: LICKERTet al. Fleischwirtschaft International 3/2010

Fig. 7:Flow function of heat-treated (standard liver sausage) and ªcold cookedº
liver sausage using the same formulation (HP liver sausage, 2nd pressure
treatment at 600MPa and 180s dwelling time) 
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ings can be influenced by the
high pressure treatment.

The pressure-induced colour
changing observed in raw meat
due to the high pressure treat-
ment as a consequence of the
partial denaturation of the myo-
globin can be reduced by adding
colorant foods, such as e.g. bee-
troot.

Summary

High pressure treatment of
meat and sausage products as an
innovative technology in prod-
uct development offers a whole
range of options for designing
new meat and sausage goods
that stand out well against the
competition as regards their
physical and sensory properties
and thus display stand-alone
features. For producers, the high
pressure technology provides
potential for savings through
substituting electrical energy
for thermal energy and short-
ening process times. Carrying

out the pressure treatment in
the end packaging also makes it
possible to attain high microbi-
ological safety, which can help to
open up new avenues of distri-
bution. 

In view of the interactions be-
tween the individual formula-
tion components during high
pressure treatment, it is neces-
sary to take this into account
when creating recipes. Despite
the intensive research that has
been carried out into the use of
hydrostatic high pressure for
food production, many struc-
ture-specific operations are not
yet or only insufficiently under-
stood, so that further research
into these aspects will be neces-
sary.
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equipment was developed by
mixing the well proven, integrat-
ed concept of Wave 6000/55 with
an advanced industrial design,
providing highly productive and
reliable HPP equipment at di-
minished costs. NC Hyperbaric
designs, manufactures and mar-
kets HPP technology for food
since 2000, and is the global lead-
ing supplier since 2005. HPP
technology is a non-thermal food
processing technique that allows
marketing fresher, more natural
products, shelf life extension,
pathogen destruction, and it of-
fers a very valuable tool for new
product development.

www.nchyperbaric.com

New industrial equip-
ment, including the

iWave range of integrat-
ed High Pressure Proc-
essing (HPP) machines
and the brand new Wave
6000/120 machine, is presented
by NC Hyperbaric (Burgos,
Spain). Wave 6000/120 is de-
signed to serve SME's which are
in need of consistent products but
want to minimise the initial in-
vestment, and/or are experienc-
ing space difficulties in their fa-
cilities. Together with the Wave
6000/135, the range of equip-
ment solutions for food industri-
es with medium-high production
requirements is completed.
Wave 6000/120 brings a highly
innovative concept to HPP as it is
fully integrated with its two in-
dependent intensifiers inside the
machine, and no external cabi-
nets or modules. This piece of

NC Hyperbaric 

No external modules needed

Wave 6000/120 is designed to serve SME's. 


