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Abstract

Consumers are very much aware of nutritive values, quality and safety of the processed foods
available in the market. Hurdle technology is one of the food processing technology through
which foods can be processed safely as well as nutritive values and quality will be maintained
throughout the processing of the foods. Hurdle technology also provides different types
protection layers against various food borne organisms present in foods and make the foods
safe for consumption. Recently various non-thermal technologies like pulsed field technology,
HHP, plasma technology combined with compounds of hurdles such as NaCl, organic acids,
bacteriocins etc. are added to make these technology more strengthful against the food borne
microorganisms.
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Introduction:

Hurdle technology also called combined processes, combined methods, combination
preservation, combination techniques or barrier technology. In other words we can
elaborate this technique as- combined use of several preservation methods, possibly
physical and chemical or a combination of different preservatives is an age-old
practice. It has been commonly applied by the food industry to ensure food safety and
stability. In smoked products, for example combination treatment includes heat,
reduced moisture content and antimicrobial chemicals deposited from the smoke onto
the surface of the food. Some smoked foods may also be dipped or soaked in brine or
rubbed with salt before smoking, to impregnate the flesh with salt and thus add a
further preservative mechanism. In recent years, the concept is now ready to be
introduced for use with a much wider range of food products, including fruits and
vegetables, bakery products, dairy products, fish and so on. The concept of combining
several factors (Hurdle Technology) has been developed by Leistner. From an
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understanding of the hurdle effect, hurdle technology has been derived, which has
the goal not just to understand why a certain food is safe and stable, but to improve
the microbial quality of the food by an optimization and intelligent modification of
the hurdles present. It employs the intelligent combination of different hurdles or
preservation techniques to achieve multi-target, mild but reliable preservation effects.
Hurdle technology is used in industrialized as well as in developing countries for the
gentle but effective preservation of foods. Previously hurdle technology, i.e. a
combination of preservation methods was used empirically without much knowledge
of the governing principles. Since about 20 years the intelligent application of hurdle
technology became more prevalent, because the principles of major preservative
factors for foods (e.g. temperature, pH, aw, Eh, competitive flora) and their
interactions became better known. Recently, the influence of food preservation
methods on the physiology and behaviour of microorganisms in foods, i.e. their
homeostasis, metabolic exhaustion, stress reactions, are taken into account and the
novel concept of multi-target food preservation emerged. Hurdle Technology also
called: combined processes, combined methods, combination preservation,
combination techniques, and barrier technology. Hurdle technology is a method of
ensuring that pathogens in food products can be eliminated or controlled. This means
the food products will be safe for consumption and their shelf life will be extended.
Hurdle technology usually works by combining more than one approach. These
approaches can be thought of as "hurdles" the pathogen has to overcome if it is to
remain active in the food. The right combination of hurdles can ensure all pathogens
are eliminated or rendered harmless in the final product. Hurdle technology has
been defined by Leistner as an intelligent combination of hurdles which secures the
microbial safety and stability as well as the organoleptic and nutritional quality and
the economic viability of food products. The organoleptic quality of the food refers to
sensory properties, i.e. its look, taste, smell and texture. Examples of hurdles in a food
system are high temperature during processing, low temperature during storage,
increasing the acidity, lowering the water activity or redox potential or the presence
of preservatives. According to the type of pathogens and how risky they are, the
intensity of the hurdles can be adjusted individually to meet consumer preferences in
an economical way, without compromising the safety of the product. An effective
combination of different hurdles can work in synergy and thereby provide a good
antibacterial effect even though the "height" (level) of each individual hurdle may be
small. A poor combination of hurdles may have an antagonistic effect means the effect
of the combination is less than if any of the individual hurdles had been used alone.
Hurdle technology used in the correct way is therefore a good tool for achieving safe
and tasty products of high quality. Understanding how various hurdles work
together and what effect they have on bacteria and other micro-organisms is
important for ensuring safe food. About 60 different hurdles have been identified in
food preservation. Apart from the most important and commonly used hurdles such
as temperature, pH and water activity, there are many others of potential value. Other
hurdles include: ultrahigh pressure, mano-thermo-sonication, photodynamic
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inactivation, modified atmosphere packaging of both non-respiring and respiring
products, edible coatings, ethanol, maillard reaction products and bacteriocins.Some
hurdles (e.g., Maillard reaction products) will influence the safety and the quality of
foods, because they have antimicrobial properties and at the same time improve the
flavour of the products. The same hurdle could have a positive or a negative effect on
foods, depending on its intensity. For instance, chilling to an unsuitable low
temperature is detrimental to some foods of plant origin (‘chilling injury’), whereas
moderate chilling will be beneficial for their shelf life. Another example is the pH of
fermented sausage which should be low enough to inhibit pathogenic bacteria, but
not so low as to impair taste. If the intensity of a particular hurdle in a food is too
small it should be strengthened, if it is detrimental to the food quality it should be
lowered. By this adjustment, hurdles in foods can be kept in the optimal range,
considering safety as well as quality, and thus the total quality of a food (Leistner,
1994a). For each stable and safe food a certain set of hurdles is inherent, which differs
in quality and intensity depending on the particular product, but in any case the
hurdles must keep the ‘normal' population of microorganisms in this food under
control. The microorganisms present (‘at the start) in a food should not be able to
overcome (‘leap over') the hurdles present during the storage of a product; otherwise
the food will spoil or even cause food poisoning.

In developing countries the application of hurdle technology for foods that
remain stable, safe and tasty if stored without refrigeration is of paramount
importance and has made impressive strides, especially in Latin America with the
development of novel minimally processed, high-moisture fruit products. However,
much interest in intentional hurdle technology is also emerging for meat products in
China as well as for dairy products in India. There is a general trend in developing
countries to move gradually away from intermediate-moisture foods because they are
often too salty or too sweet and have a less appealing texture and appearance than
high-moisture foods and this goal could be achieved by the application of intelligent
hurdle technology. The progress made in the use of advanced hurdle technology in
Latin America, China, India and Africa has been reviewed by Leistner (1999b).

Principle:

When cells are exposed to multiple hurdles, the intensity of damage may be
higher since some of the hurdles may act on the same cellular target. The repair of
multiple damages may also require much higher energy costs, leading to energy
exhaustion and cell death. Therefore, the probabilities for survival and proliferation
for cells confronted with multiple hurdles are very low. In addition, the synergy
between different multiple hurdles may allow the use of lower doses compared to
their individual application. An important phenomenon that is crucial with regard to
hurdle technology is the so-called homeostasis of microorganisms. Homeostasis is the
constant tendency of microorganisms to maintain the stability and balance
(uniformity) of their internal environment. Although the pH values in different foods

135



Hurdle Technology: Its Potential Application in Food Industry

may be quite variable, the microorganisms living in them expend considerable effort
keeping their internal pH values within very narrow limits i.e. they will actively expel
proton against the pressure of a passive proton influx. Another important homeostatic
mechanism regulates the internal osmotic pressure (osmohomeostasis). The osmotic
strength (which is inversely related to the water activity) of a food is a crucial physical
property, which has a great effect on the ability of organisms to proliferate. Cells have
to maintain a positive turgor (pressure) by keeping the osmolarity of the cytoplasm
higher than that of the environment and they often achieve this using so-called osmo-
protective compounds such as praline and betaine. Preservative factors functioning as
hurdles can disturb one or more of the homeostasis mechanisms, thereby preventing
microorganisms from multiplying and causing them to remain inactive or even die.
Therefore, food preservation is achieved by disturbing the homeostasis of
microorganisms. The best way to do this is to deliberately disturb several homeostasis
mechanisms simultaneously. This means that any hurdles included in a food should
affect the undesired. microorganisms in several different ways, for example by
affecting the cell membrane, DNA, enzymes, pH, Eh and water activity homeostasis
systems thus a combination of multiple hurdles (hurdle technology) could increase
the effectiveness of food preservation.

The success of hurdle technology also depends on ensuring metabolic
exhaustion. Metabolic exhaustion of microorganisms could cause ‘autosterilization” of
a food. Microorganisms in stable hurdle-technology foods use every possible repair
mechanisms for their homeostasis to overcome the hostile environment, by doing this
they completely use up their energy and die, if they become metabolically exhausted.
This leads to an autosterilization of foods (Leistner, 1995b). For example, Unilever
laboratories at Vlaardingen have confirmed metabolic exhaustion in water-in-oil
emulsions (resembling margarine) inoculated with Listeria innocua. In these products
Listeria vanished faster at ambient temperature (25°C) than under refrigeration (7°C),
at pH 4.25, pH 4.3, pH 6.0, under anaerobic conditions more quickly than under
aerobic conditions. From these experiment it has been concluded that metabolic
exhaustion is accelerated if more hurdles are present and this might be caused by
increasing energy demands to maintain internal homeostasis under stress conditions.

Most stress reactions of microorganisms are active processes and this often involves
the expenditure of energy, e.g. to transport protons across the cell membrane, to
maintain high cytoplasmic concentrations of ‘osmoregulatory” or ‘compatible” solutes.
Restriction of the availability of energy is then a sensible target to pursue. This
probably forms the basis of many the successful, empirically derived, mild
combination preservation procedures exemplified by hurdle technology. As an
example, if a food can be preserved by lowering the pH, then it is sensible also to
include a weak acid preservative which will amplify the effect of the protons or to
allow a milder, higher pH to be employed. It is sensible if proton export is made more
difficult by the additional requirement that cells be forced to regulate osmotic
strength. Then, if the food can be enclosed in oxygen-free vacuum or modified

136



International Journal of Applied Management Research Vol. 1 (No.1), April, 2013

atmosphere packaging, facultative anaerobes will be further energy-restricted at a
time when the various stress and homeostatic reactions are demanding more energy if
growth is to proceed (Gould, 1995). However, environmental stresses can provide
varying results because some bacteria may become more resistant or even more
virulent under stresses through stress reactions such as synthesis of protective stress
shock proteins. If there is activation of genes for the synthesis of stress shock proteins,
which help organisms to cope with stress situations, should be made more difficult if
different stresses are received at the same time. Simultaneous exposure to different
stresses will require energy consuming synthesis of several or at least much more
protective stress shock proteins, which in turn may cause the microorganisms to
become metabolically exhausted. Therefore, multi-target preservation of foods could
be the key to avoiding synthesis of stress shock proteins, which otherwise could
jeopardize the microbial stability and safety of hurdle technology foods (Leistner,
1995b).

List of hurdles:

Physical hurdles: Aseptic packaging, high temperatures (blanching, pasteurization,
sterilization, evaporation, extrusion, baking, frying), microfiltration, low temperature
(chilling, freezing), packaging films (including active packaging, edible coatings).

Physico-chemical hurdles: carbon dioxide, ethanol, lactic acid, lactoferrin,
lactoperoxidase, low pH, low redox potential, low water activity, lysozyme, maillard
reaction products, organic acids, oxygen, ozone, phenols, phosphates, salt, smoking,
sodium-nitrite/nitrate, sodium or potassium sulphite, natural additives (spices and
herbs), surface treatment agents.

Microbially derived hurdles: antibiotics, bacteriocin (nisin, pediocin etc.),
competitive flora, protective cultures.

New emerging hurdles: Bactofugation, electromagnetic energy (microwave, radio
frequency, pulsed magnetic fields, high voltage electric fields), modified atmosphere
packaging, photodynamic inactivation, ultra-high pressures, ultrasonication,
ultraviolet radiation, Ionic radiation, thermization

Microbial Hurdle Which Reduces Microbiological Load:

Bactofugation: This process includes the removal of microbial cells of high density
from raw milk using high centrifugal forces.

Competitive microflora: The reduction of the number of undesirable microorganisms
by lowering the pH. Consumption of nutrients and production of bacterial
antimicrobial substances (nisin, other bacteriocins and hydrogen peroxide). Usually,
this Hurdle is applied by choice of starter culture.

Microfiltration: This includes the removal of microbial cells, clumps and somatic cells
by recirculation over a microfilter (0.22-0.44micrometer).
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Thermization: This process includes the application of a heat treatment to milk of a
lower intensity than pasteurization in order to reduce the number of microorganism.
Thermized milk is alkaline phosphatase positive.

Ultrasonication: The application of high intensity ultrasound (18-500MHZz) that cause
cycles of compression and expansion as well as cavitation in microbial cells.
Implosion of microscopic bubbles generates spots with very high pressures and
temperatures able to destroy cells. Ultrasonication at high enough intensities has long
been known to inactivate vegetative bacteria and to reduce the heat resistance of
spores; the effect is amplified by increasing the temperature. However, as the
temperature is increased, the relative magnitude of the amplification becomes
reduced. It is thought that this occurs because, as the vapour pressure rises, it has the
effect of reducing the effectiveness of cavitation (the rapid formation and collapse of
tiny bubbles), which is the main vehicle of killing. However, application of a slight
overpressure (i.e. a few atmospheres) has been reported to overcome this fall in
effectiveness, so that the amplification is maintained at higher temperatures. The
combination procedure (‘manothermosonication'), therefore, has been claimed to have
potential for reducing pasteurization and sterilization temperatures for pumpable
liquid and semisolid foods.

Elecromagnetic energy treatment: Electromagnetic energy results from high voltage
electrical fields, which alternate their frequency millions of times per second
(<108MHz). Examples are microwave energy (thermal effect), radio-frequency energy
(non-thermal effects). The treatment destroys cells by establishing pores in the cell
walls due to the build-up of electrical charges at the cell membrane.

Low intensity irradiation: The submission of beams of photons/electrons to destroy
viable microorganisms. The use of ionizing radiation, including gamma radiation
from isotopes such as ©°Co and electrons and X-rays from machine sources is legal for
disinfection, to prevent sprouting of bulbs and tubers, and for antimicrobial
pasteurization of foods in many countries. Doses allowed have generally been up to
10 kGy (kilogray). Recently, the World Health Organization recommended that there
are no toxicological or other hazards associated with higher doses, so that there
should be no upper dose limit imposed for the irradiation of foods. The technology is
relatively simple to apply with straightforward inactivation kinetics and geometry
that makes dose control and processing requirements much easier than for many heat
processes. The potential value to consumers, in the area of prevention of food
poisoning through the elimination of pathogens such as Salmonella and Campylobacter
from some foods of animal origin and some sea foods is substantial. However, this is
not widely recognized by consumers, so that slow acceptance by the public continues
to restrict its introduction in most parts of the world.

High voltage electric discharges: High voltage electric discharges ('Electroporation')
are most effective for the inactivation of vegetative bacteria, yeasts and moulds, while
spores are much more tolerant. The cell membrane is one of the most important
structures controlling many of the vegetative cell's homeostatic mechanisms. It is not
surprising, therefore, that electroporation, which breaches this structure, has such a
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lethal and essentially non-thermal effect on vegetative cells. Voltage gradients in the
region of 20-60 kV/cm are used to deliver in a series of microsecond pulses at pulse
repetition rates sufficiently low to avoid too much heating. Foods such as milk and
fruit juices can be pasteurized using this technique in flow-through continuous
treatment cells. The reason for the resistance of spores is not known for certain, but
probably results from the fact that the central cytoplasm of spores is thought to be
relatively dehydrated. This would reduce its conductivity and make difficult the
development of a sufficiently high voltage gradient to breach the surrounding
membrane.

High intensity magnetic field pulses: Exposure to high intensity oscillating magnetic
fields has been reported to have a variety of effects on biological systems ranging
from selective inactivation of malignant cells (Costa JL, Hoffman GA, 1987) to the
inactivation of bacteria on packaging materials and in foods (Hoffman GA, 1985).
Treatment times are very short, typically from 25 ms to a few milliseconds and field
strengths are very high, typically from 2 Tessla to about 100 Tessla at frequencies
between about 5-500 kHz. Efficacies of treatments did not exceed about 100-fold
reductions in numbers of vegetative micro-organisms inoculated into milk
(Streptococcus thermophilus), orange juice (Saccharomyces spp.), bread rolls (mould
spores) and no inactivation of bacterial spores has been reported (Hoffman GA, 1985),
so the practical potential for the technique, as it has been developed so far, appears to
be limited (Barbosa-Canovas GV, Weln-Chanes J., 1995).

Ultrahigh pressure: The application of high hydrostatic pressure is now well-
established for the non-thermal inactivation of vegetative bacteria, yeasts and moulds
in foods, by 'pressure pasteurization'. Vegetative forms of microorganisms are
generally sensitive to pressures in the region of 400-600MPa (Megapascals) or so
(equivalent to 4000-6000 atmospheres), though with large differences in the
sensitivities of different species and sometimes large strain-to-strain variations too.
Foods so treated include jams, fruit juices, dressings, and avocado dip (guacamole).
The advantage of the treatments is that, whereas pressure may greatly alter the state
of macromolecules in foods, such as proteins and polysaccharides, it has little effect
on small molecules, so that flavours and odours remain relatively unaltered and
'fresh-like'.

Microbiostatic Hurdles that limit and/or prevent growth by Biochemical means:

pH reduction: The creation of extra-cellular acid conditions that enables hydrogen
ions to be imported into the cytoplasm of microorganisms, thus disturbing the
homeostasis mechanism of the intracellular pH responsible for maintaining

functionality of key cell components vital for continuing growth and viability. Low
pH values are obtained by fermentation or addition of acids (inorganic or organic).

Carbon dioxide: The addition and/or formation of carbonic acid to obtain a multiple
Hurdle effects, including the creation of anaerobic conditions by replacing oxygen,
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reducing pH, inhibiting certain intracellular enzymes (decarboxylation) and
inhibiting the transport of water soluble nutrients across the membrane (by
dehydrating the cellular membrane).

Use of Preservative: The addition of certain additives to enhance keeping quality and
stability through direct or indirect antimicrobial and/or fungicidal activity. Most
preservatives are rather specific and have effect only on certain microorganisms.

Modified Atmosphere: The establishing of gaseous environment (either low in
oxygen and/or high in carbon dioxide or nitrogen) to limit growth of aerobic
microorganisms by impairing biochemical pathways. Modified atmosphere
packaging means that a modification of the gas atmosphere in the packaging is
created.

Redox potential control: The redox potential (Eh) is a measure of the oxidizing or
reducing potential of food systems that determines whether aerobic or anaerobic
microorganisms are able to grow. Eh is influenced by removal of oxygen and/or
addition of reducing substances (e.g. ascorbic acid, sucrose etc.).

Lactoferrins: The utilization of naturally present glycoprotein (highest concentration
in colostrum) to prolong the lag phases of bacteria for 12-14 hours by binding iron in
the presence of bicarbonates.

The lactoperoxidase system: The activation of lactoperoxidase/thiocynate/hydrogen
peroxide system (indigenous system in milk) to inactivate several vital metabolic
bacterial enzymes, consequently blocking their metabolism and ability to multiply.

Application in Food Industries:
Bacteriocins and heat treatments:

Bacteriocins can be used to reduce the intensity of heattreatments in foods without
compromising microbial inactivation. Nisin and heat act synergistically against L.
plantarumand L. monocytogenes (Mahadeo and Tatini, 1994; Ueckert et al., 1998),
reducing the heat resistance of L. monocytogenes in milk (Maisnier-Patin et al., 1995).
Nisin-resistant L. monocytogenes cells grown in the presence of nisin were more
sensitive to heat at 55 °C than wild-type cells (Modi et al., 2000). The effectiveness of
enterocin AS-48 was higher on S.aureus cells sub-lethally injured by heat due to the
lower concentration of remaining viable cells and to the cell damage induced by the
heat treatment (Ananou ef al., 2004). Bacteriocins can also provide an additional
protection during food storage against proliferation of endospores surviving heat
treatments. Moreover, it has been demonstrated that the intensity of heat treatments
against bacterial endospores can be lowered in combination with nisin as well as with
enterocin AS-48 (Beard et al., 1999;Wandling et al., 1999; Grande et al., 2006), saving
costs in the heat treatment and decreasing the impact of heat on the food. Sub-lethal
heat has been shown to sensitize Gram-negative bacteria to several bacteriocins such
as nisin or pediocin AcH (Kalchayanand et al., 1992; Boziaris et al., 1998), enterocin
AS-48 (Abriouel et al., 1998; Ananou et al., 2005), or jenseniin G (Bakes et al., 2004),
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extending their spectrum of action. Highest sensitization was reported for combined
treatments of bacteriocins, heat and a chelating agent (Abriouel et al., 1998; Ananou et
al., 2005).

Bacteriocins and modified atmosphere packaging:

Modified atmosphere packaging (MAP) is frequently used in the food industry to
prolong the shelf life of perishable food products. MAP may be defined as “the
enclosure of food products in gas-barrier materials, in which the gaseous environment
has been changed” (Young et al., 1988). Prolongation of the shelf-life of food by MAP
is based on retardation of intrinsic food changes and inhibition of spoilage microbiota.
In a modified atmosphere, the dissolved CO, will determine growth inhibition of
microorganisms (Devlieghere et al., 1998). Gram-negative bacteria are generally more
sensitive to CO,, while lactic acid bacteria are much more resistant (Farber, 1991;
Church, 1994). Since Gram-negative bacteria are usually not sensitive to bacteriocins,
MAP and bacteriocins are therefore two complementary hurdles of advantage to food
spoilage. Fang and Lin (1994a,b) found that growth of L. monocytogenes was
completely inhibited on pork immersed in 10 IU/ml nisin and packed in 80%
C0O»/20% air during 30 days of storageat 4°C. It has been reported that nisin and CO»
atmosphere acted synergistically on the cytoplasmic membrane of L. monocytogenes by
enhancing membrane permeabilization (Nilsson et al., 2000).

Bacteriocins and pulsed electric fields:

Pulsed electric field (PEF) technology is a non-thermal process where microbial
inactivation is achieved by application of high-voltage pulses between a set of
electrodes (Vega-Mercado et al., 1997). The effects of PEF resemble bacterial
electroporation, but the higher intensity of this treatment causes severe damage to the
bacterial cell membrane. Although this technology can only be applied to pumpable
food products, it has gained attraction in recent years as an individual treatment or in
combination with other hurdles such as bacteriocins. Since most bacteriocins act on
the bacterial cytoplasmic membrane, the combined application of bacteriocins and
PEF is expected to elicit increased bactericidal effects. Moreover, bacteriocins could
also provide an additional hurdle against survivors from PEF treatments, such as sub-
lethally injured cells or bacterial endospores. PEF could also be applied to extend the
antimicrobial spectrum of bacteriocins, since PEF disrupts the bacterial outer
membrane allowing bacteriocin molecules to reach the bacterial cytoplasmic
membrane target. The efficacy of the combined treatments of PEF and bactericiocins
in food preservation depends on several factors related to the PEF treatment (such as
field strength, number of pulses, waveform or pulse duration), the food microbial
load, composition and physiological stage, the added bacteriocin and other
environmental factors (Wouters et al., 2001; Bendicho ef al., 2002; Heinz et al., 2002).
All of these may have an influence on the numbers and types of bacteria surviving the
combined treatment and most important, their proliferation during the shelf life
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period of the processed food. For this reason, particular applications of bacteriocins
and PEF must be studied in detail for each type of food and target bacteria.
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Figure: 2. Effects of Pulsed Electric Fields in Combination with Bacteriocins
on Microbial Population

A synergistic effect was observed as the electric field intensity, number of pulses
and nisin concentration increased both in liquid whole egg and in skim milk
(Calderon-Miranda et al., 1999a, b). L. innocua treated by PEF-nisin in skimmed milk
exhibited an increase in the cell wall roughness, cytoplasmic clumping, leakage of
cellular material and rupture of the cell walls and cell membranes (Calderon-
Miranda et al., 1999¢). It has been reported recently that the efficiency of the combined
treatment of nisin and PEF in liquid whey protein concentrate was strongly
dependent on the sequence of application, since exposure to nisin after PEF produced
a lower effect on L. innocua inactivation. This behaviour was mainly attributed to
changes in the cell envelope and to modifications of the medium caused by PEF
application (Gallo et al., 2007). The application of nisin clearly enhanced the lethal
effect of PEF treatment on other Gram-positive bacteria such as S.aureus in skim milk
(Sobrino-Lopez and Martin Belloso, 2006) and vegetative cells of B. cereus (Pol et al.,
2000).

Several studies have shown that the efficacy of PEF against Gram-negative bacteria
can be enhanced by nisin. Although nisin was totally inactivated by PEF treatment in
simulated milk ultrafiltrate media, a 4-log cycle reduction of inoculated E. coli cells
was accomplished with nisin (ca. 1,000IU/ml) and three pulses of 11.25 kV/cm or 500
IU/ml for five pulses of the same intensity (Terebiznik et al., 2000). Nisin-PEF
inactivation of E. coli in simulated milk ultrafiltrate media was enhanced by water
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activity reduction. Decreasing water activity to 0.95 with NaCl and applying PEF at 5
kV/cm (a non-lethal intensity when no other hurdle is used) with the further addition
of nisin (1200 IU/ml) resulted in a 5-log cycle reduction of the bacterial population
(Terebiznik et al., 2002). Nisin also increased PEF effectiveness against Pseudomonas
aeruginosa. At high PEF intensities (i.e., 11 kV/cm), the inhibitory effect of nisin
increased with the number of pulses applied (Santi et al.,2003). In conclusion, addition
of nisin can improve the efficacy of PEF treatments against vegetative cells of
foodborne pathogenic and spoilage Gram-positive and Gram-negative bacteria.

Bacteriocins and high hydrostatic pressure (HHP):

High hydrostatic pressure (HHP) is an innovative food processing and preservation
method that causes injury and killing of microbial cells (Kalchayanand et al., 1994;
Farkas and Hoover, 2000; Patterson, 2000; Ray, 2002). During pressurization, the
disruption of H-bonds, ionic bonds and hydrophobic interactions of the
macromolecules adversely affects their structures and functions (Hoover, 1993). The
sub-lethal damage is initiated by membrane phase transitions (Kato and Hayashi,
1999), affecting mainly ATP-generating and transport proteins.Cell death caused by
HHP increases with pressure and so does the synergism with bacteriocins. Since most
bacteriocins act on the bacterial cytoplasmic membrane it can be hypothesized that
the observed synergy between bacteriocins and HHP results from cumulative damage
to this structure. Several studies have described the combined effects of bacteriocins
and HHP on bacteria. Nisin in combination with HHP showed strong synergistic
effects against L. plantarum, E. coli and L. monocytogenes (ter Steeg et al., 1999; Farkas et
al., 2003). Pediocin AcH also increased decimal reductions caused by HHP on food
spoilage and pathogenic bacteria in peptone solution (Kalchayanand et al., 1998b) and
increased cell lysis in L. mesenteroides through cell wall degradation (Kalchayanandet
al., 2002). The synergistic activity of pediocin AcH in combination with nisin was
greatly enhanced during pressurization (Kalchayanand et al., 1998a,b, 2004a). A
combination of nisin/pediocin AcH added to the plating medium was also effective
on killing Clostridium spores induced to germinate by HHP treatment (Kalchayanand
et al., 2004b). Combining HHP and nisin (500 IU/ml) also increased inactivation of
bacteria associated with milk (Black et al., 2005). Similarly, the combination of lacticin
3147 and HHP increased the viability loss of S. aureus and L. monocytogenes in milk
and in whey (Morgan ef al., 2000) and residual lacticin still showed inhibitory effect in
the food, inactivating and preventing growth of sub-lethally injured cells. However
HHP may have unwanted effects on milk components (Trujillo et al., 2002),
bacteriocin-HHP treatments could serve to decrease the intensity of HHP treatment
without compromising microbial inactivation.

Microbial inactivation and Shelf Life comparison of ‘Cold” Hurdle processing with
pulsed electric fields and microfiltration and conventional thermal pasteurization
in skim milk (Walkling-Ribeiro et al., 2011)
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The application of non-thermal processes pulsed electric fields (PEF) and cross-flow
micro-filtration (CFMF) continuous to be studied with the purpose of controlling
microorganisms in milk. Thermal pasteurization (TP) is the established food
technology for commercial processing of milk. However, degradation of valuable
nutrients in milk and its sensory characteristics occurs during TP due to substantial
heat exposure. Pulsed electric fields (PEF) and microfiltration (MF) both represent
emerging food processing technologies allowing gentle milk preservation at lower
temperatures and shorter treatment times for similar or better, microbial inactivation
and shelf stability when applied in a hurdle approach compared to TP. Incubated raw
milk was used as an inoculums for the enrichment of skim milk with native
microorganisms before PEF, MF, and TP processing. Inoculated milk was PEF-
processed at electric field strengths between 16 and 42 kV/cm for treatment times
from 612 to 2105 ps; accounting for energy densities between 407 and 815 kJ/L, while
MF was applied with a transmembrane flux of 660 L/h m2. Milk was TP-treated at 75
°C for 24s. Comparing PEF, MF and TP for the reduction of the native microbial load
in milk led to a 4.6 logi10CFU/mL reduction in count for TP, which was similar to 3.7
log10CFU/mL obtained by MF (P=0.05), and more effective than the 2.5 log10CFU/mL
inactivation achieved by PEF inactivation (at 815 kJ/L (P<0.05)). Combined
processing with MF followed by PEF (MF/PEF) produced a 4.1 (at 407 and 632 kJ/L),
4.4 (at 668 kJ/L) and 4.8 (at 815 kJ/L) logi1oCFU/mL reduction in count of the milk
microorganisms, which was comparable to that of TP(P>0.05). Reversed processing
(PEF/MF) achieved comparable reductions of 4.9, 5.3 and 5.7 logio0CFU/mL (at 407,
632 and 668 KkJ/L respectively (P=0.05)) and a higher inactivation of 7.1 logio (at 815
kJ/mL(P<0.05)) in milk than for TP. Microbial shelf life of PEF/MF-treated (815 kJ /L)
and TP-treated milk stored at 4°C was analyzed over 35 days for total aerobic;
Enterobacteria;  Yeasts and Moulds; Lactobacilli; psychrotroph; thermoduric
psychrotroph, mesophilic and thermophilic and Staphylococci counts. For both
PEF/MF and TP-treated milk an overall shelf stability of 7 days was observed based
on total aerobic counts (P=0.05). Milk hurdle processing with PEF/MF at its most
effective treatment parameters produced greater microbial inactivation and overall
similar shelf stability at lower processing temperatures compared to TP. With higher
field strength, shorter treatment time, larger energy density and rising temperature
the efficacy of PEF/MF increased contrary to MF/PEF. Thus, PEF/MF represents a
potential alternative for ‘cold’pasteurisation of milk with improved quality.

Effect of HHP on Staphylococcus aureus in milk (Tabla et al., 2012)

The combined effect of bacteriophages and high hydrostatic pressure (HHP) on
Staphylococcus aureus Sa9 was evaluated in pasteurized whole milk under a simulated
cold chain break, which was simulated by incubation of milk at 25°C for 48h. Four-
hundred MPa was found to be the most suitable pressure to be used in combination
with these phages. Two different levels of staphylococcal initial contamination (1x10*
and 1x10¢ CFU/mL) were tested. A synergistic effect between HHP and phages was
observed in both cases. Compared to each single treatment, the combined treatment
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was able to reduce the initial S. aureus contamination below the detection limit (<10
CFU/mL). Bacteriophage performance in pressurized milk against S. aureus enabled
milder hydrostatic pressure treatments, therefore phages can be regarded as a
valuable hurdle on minimally processed food.

Cinnamon antimicrobial effect against Salmonella typhimurium cells treated by
PEF in pasteurized skim milk beverage (Pina-Pérez et al., 2012)

This study shows a possible synergistic effect of hurdle technology using a
combination of Pulsed Electric Fields technology and a natural ingredient, cinnamon,
on inactivation of Salmonella typhimurium in skim milk (SM). Firstly, different
cinnamon concentrations (1, 2.5 and 5% (w/v)) were added to inoculated SM
(10°/CFU/mL) for quantitative study of the effect of the natural ingredient on
microbial growth behaviour (bactericidal/bacteriostatic) at different temperatures (8,
25, 36°C). 5% (w/v) cinnamon supplementation of SM (SM-5%C) was bacteriostatic
with regard to S. typhimurium growth according to pmax [0.016 ((CFU/mL)/h) (8°C);
0.259 ((CFU/mL)/h) (25°C); 0.603 ((CFU/mL)/h) (37°C)] and A [282.8 (h) (8°C); 15.38
(h) (25°C); 2.587 (h) (37°C)] values. Secondly, PEF treatments of 10, 20 and 30 kV/cm
were applied, at treatment times ranging between 60 and 3000 ps. All cinnamon
supplementation levels (1, 2.5 and 5% (w/v)) had a synergistic effect within [0.171-
0.989] logio cycles (p<0.05) due to non-thermal combination processing. The
maximum synergistic effect was achieved by 10 kV/cm-3000 ps PEF treatment with
5% (w/v) cinnamon SM supplementation. The maximum inactivation level (1.97 logio
cycles) due to hurdle combination was achieved at 30 kV/cm-700 ps in SM-5% C.

Conclusion:

There is definitely a real need for improved food preservation techniques, to meet the
nutritional quality and safe processing of foods. Some improvements are being
derived from the use of established techniques in new combinations and other
improvements are being derived essentially from the development of new
preservation techniques in a combined manner. A particular attraction of the newer
techniques is that they act by inactivation rather than by inhibition. With regard to
reducing the incidence of food poisoning disease, the introduction of effective
inactivation techniques that lead to the elimination of the pathogens must be the
ultimate target of primary food producers, processors, distributors and retailers and
developments in this respect are also expected in the near future. A better
understanding of the occurrence and interactions of different preservative factors
(hurdles) in foods can form a powerful and logical basis for improvements in food
preservation technologies. Although recently, there have been many studies that
investigated the effect of combining hurdles in laboratory media and foods, the
interactions of many hurdles are still not clear. This technology could be a better
option for safe food processing along with nutritional qualities and further research is
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also needed to enhance its efficiency, safety or any changes in food products during
its processing or addition of any substances to enhance the efficacy.

Hurdle Technology is a method of ensuring that pathogens in food products can be
eliminated or controlled by combining more than one approach. These approaches
can be thought of as "hurdles" the pathogen has to overcome if it is to remain active in
the food. The right combination of hurdles can ensure all pathogens are eliminated or
rendered harmless in the final product. This technology is an intelligent combination
of hurdles which secures the microbial safety and stability as well as the
organoleptic and nutritional quality and the economic viability of food products. The
organoleptic quality of the food refers to their sensory property, which are its look,
taste, smell and texture.

Examples of hurdles in a food system are high temperature during processing, low
temperature during storage, increasing the acidity, lowering the water activity or
redox potential, or the presence of bio-preservatives. According to the type of
pathogens and how risky they are, the intensity of the hurdles this can be adjusted
individually to meet consumer preferences in an economical way, without sacrificing
the safety of the product.
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