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Abstract
Foods obtained by animals like milk and meat products are highly perishable and very prone to different physic-chemical and

microbial spoilage. These are nutritionally dense food with higher amount of moisture and other nutrients, hence provide conducive
environment for growth of microorganisms. Hurdle technology deliberately combines existing and new preservation techniques
to establish a series of preservative factors that can achieve multi-target, mild but reliable preservation effects against microbial

spoilage of food. Hurdle technology usually works by combining more than one approach. The microbial stability and safety of the

most traditional and novel foods is based on combinations of several preservation factors (called hurdles) and the microorganisms
present in food are unable to overcome.
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Introduction
Every living adventure on earth is dependent of the food for

survival. A variety of food from plant animal origin consumed by

human being for nutritional needs as well as satisfaction [1]. Due

to unique taste of animal origin food viz, milk and milk products,
poultry, egg, fish and seafoods mostly consumed by human being.
Those foods included in the diet must be in the desired state i.e.

neither spoiled nor contaminated. Recently spoilage and food poi-

soning by microorganism is a major problem. Contrarily, there is an

increasing demand for natural and fresh like foods due to awareness among people. Major causes of food spoilage are growth of
Bacteria, yeast and mould, reaction with light and oxygen, improp-

er storage temperatures and time, improper ventilation, humidity,

excessive delay between receiving and storing, inadequate food
safety standards, predominant food spoilage is due to the growth

of micro-organisms. Growth of these micro-organisms present in
food unable to overcome by employing a hurdle. Hurdle is a fac-

tor, a condition or a processing step that limits, retards or prevents

or reduce the microbial load. Therefore, efforts made to introduce
a new preservative technique i.e. Hurdle technology to achieve
multi-target safe and stable foods. Hurdle technology is a combi-

nation of selected hurdles used to extend shelf life of product by
reducing hazards, so as to obtain and retain the end product safety
which is stable at ambient temperature. This technology is applied
for new product development and for reducing energy-consuming

hurdles (such as refrigeration) or synthetic preservatives (i.e. ni-
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trites) [2]. “Hurdle Technology” is known as “Combined preserva-

tion or Barrier technology” which causes mmaximum mortality of
microorganisms by a combination of hurdles [3]. Hurdle technology was developed as a new concept for the production of safe, stable,
nutritious, tasty and economical foods.
Need for hurdle technology
Growing consumer health awareness Fast growing economy,

Figure

employment of women, increase in the income of middle class

people puts demand for shelf stable food products. In hurdle tech-

nology, hurdles are deliberately combined to improve the microbial stability and the sensory quality of foods as well as their nutri-

tional quality of foods and economic properties. Hurdle preserved

1. Homeostasis: In animal origin food preservation homeostasis

of micro-organism is a key phenomenon. Homeostasis is the
constant tendency of microorganisms to maintain a stable and

foods that are microbiologically stable become even safer during

balanced (uniform) internal environment. Preservative fac-

storage, especially at ambient temperature [4]. Thus, hurdle tech-

tors functioning as hurdles can disturb homeostasis several

nology aims to improve the total quality of foods by application of

homeostasis mechanisms simultaneously [7]. Some of the ex-

an intelligent mix of hurdles [5].

amples of homeostasis in the body are regulation of temperature and balance between acidity and alkalinity (pH). These

History of hurdle technology

factors are disturbs internal status (E.g. Cell membrane, DNA,

Hurdle term coined by Leistner and Rodel in 1976 and hurdle

pH, aw and enzyme system) of higher organisms as well as mi-

technology has been derived by Leistner in 1985. Renowned term

croorganisms [6], thereby check growth of microorganism and

Barrier technology was exploited for hurdle technology by Leist-

causing them to remain inactive or even die. Therefore, meat

ner in 1994. Thereafter Concept of Multi target preservation of

food was found by Leistner in 1995. Again new term “Invisible
technology” was introduced by Leistner in 1999 as a synonym of

hurdle technology. Hurdle technology should be managed in ac-

preservation is achieved by disturbing the homeostasis of mi2.

cordance with the HACCP principles. Hurdle technology systems

sistance or may become more potent under stress conditions

hurdles [6]. Preventive measures should be implemented at pri-

as they synthesize stress shock proteins. The synthesis of

mary production level. Preventive measures should be implement-

stress shock protein is affected by several factors like pH, water

ed at plant level to minimize post contamination of the intermedi-

activity, ethanol, heat, etc. The different responses of microbes

ate and end products.

under stress conditions might hamper the food preservation.

Exposure to multiple stresses simultaneously activates the

Objectives of hurdle technology

energy utilizing synthesis of several stress shock proteins, in
turn making the microbes metabolically weak. Therefore, mul-

To employs the intelligent combination of different hurdles or

titarget preservation of foods could be an efficient approach

preservative techniques to achieve multi- target preservation
•
•

towards reducing the synthesis of stress shock proteins and in

effects.

To enhance product safety and stability.

To increase the shelf life of product at ambient temperature.

Mechanism of hurdle technology: Combination of factors
employed in hurdle technology mainly alters the homeostatic
mechanism for micro-organisms.

Stress reaction: Due to disturbance in internal status of microorganism stress reaction result. Some microbes attain re-

should be systematically designed, choose an ideal set of combine

•

croorganisms permanently [8].

3.

food preservation [9].

Metabolic exhaustion: It is another phenomenon of practi-

cal importance is metabolic exhaustion of microorganism It is

also called “Auto-sterilization” of food In this phenomenon the
micro-organism in the stable hurdle technology food strain effort possible repair mechanisms for their homeostasis to over-
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come the hostile environment by doing this they completely

used up their energy and die if they become exhausted Give

microbiologically stable, fresh, more safe food during storage

High-temperature
I.

the process in which food product heated at 63°C for 30 min-

Principal hurdles used for food preservation [10]

High temperature
Low temperature

Reduced water activity

Increased acidity

Reduced redox potential

Biopreservatives

Other preservatives

Symbol

Application

utes or 72°C for 15 seconds then immediately cooled to 10°C

F

Heating

and substantially reduces number of spoilage microorgan-

T

aw

pH
Eh

Table 1

Chilling, freezing

Drying, curing, conserving

Acid addition or formation
Removal of oxygen or addition of ascorbate

Competitive flora such
as microbial fermentation
Sorbates, sulfites, nitrites

or below. Shorter heating times of pasteurization improved
flavor of the product. Pasteurization method kills pathogens

II.

There are 60 different Potential hurdles have been identified

for use in the preservation of food.
Types of
hurdles

Physico-chemical

Microbial

Miscellaneous

Example
Aseptic packaging, electromagnetic energy
(microwave, radio frequency, pulsed magnetic
fields, high electric fields), high temperatures
(blanching, pasteurization, sterilization,
evaporation, extrusion, baking, frying), ionizing radiation, low temperature (chilling, freezing), modified atmospheres, packaging films
(including active packaging, edible coatings),
photodynamic inactivation, ultra-high pressures, ultrasonication, ultraviolet radiation
Carbon dioxide, ethanol, lactic acid, lactoperoxidase, low pH, low redox potential,
low water activity, Maillard reaction products,
organic acids, oxygen, ozone, phenols, phosphates, salt, smoking, sodium nitrite/nitrate,
sodium or potassium sulphite, spices and
herbs, surface treatment agents
Antibiotics, bacteriocins, competitive flora,
protective cultures
Monolaurin, free fatty acids, chitosan and
chlorine.

isms.

Sterilization: In this method product get exposed to severe

heat treatment (121.1°C), due to which spores also get de-

stroyed. This technique helpful for development of “shelf-stable” product.

Low temperature
i.

Refrigeration: This is a Short-term preservation (days to

weeks) done at temp 0°C to 4°C for most foods. This method
slows down microbial growth and some pathogens e.g. C. botulinum (type E), Listeria, Aeromonas and Achromobacter still

Classification of potential hurdles [11, 12]

Physical

Pasteurization: A Pasteurization procedure varies with com-

binations time and temperature (HTST, LTLT and UHT). It is

at ambient temperature.
Parameter
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ii.

grow at this refrigeration temperature.

Freezing: It is Long-term preservation (months to years), generally done at-18°C to -30°C. Freezing stops microbial growth.

Reduced water activity (aw): Water is required for microbial growth,

enzyme/chemical reactions, where water activity represents the
amount of water required for growth of microorganisms. Reduction
of water activity results in less availability of water to microbes.
Most bacteria cannot grow below aw = 0.85. Most yeasts and molds

cannot grow below aw = 0.65. Water activity of the products can be

reduced bydehydration or by addition of solutes, which helps in the
extension of storage life.

Increased acidity (lowered pH): Acidity slows down growth of
spoilage organisms and pathogens. Pathogens and spores cannot

germinate at pH < 4.5. In milk and meat product acidification can

be achieved by employing competitive microorganisms (e.g. lactic

acid bacteria) in fermentation process as well as by addition of

acids during processing of products [13]. Main organic acids used
for preservation of food are lactic acid (0.5 - 2%), citric acid (0.2 2%) and acetic acid (1 - 2%). pH of different food products are as
following.

Table 2
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Product

pH

Milk

6.4 - 6.8

Fish

7.0 - 7.3

Ground beef
Ham

Oysters

Egg albumin

Shelf stable pork sausages

5.1 - 7.2
5.9 - 6.1
4.8 - 6.3

Table 3

7.6
5.9

Reduced oxygen supply: Oxygen supply to microbes can

controlled by maintain anaerobic conditions. Low oxygen inhibits
the aerobic pathway, which results in death of organisms.

Preservative: The most commonly used food preservatives in
food products are nitrites, sorbate, sulfite. These preservatives are
added in low levels (mg/kg) for specific applications and found
effective in iinhibiting growth of bacteria, yeasts, moulds.
Hurdle technology in foods of animal origin

In dairy industry, loss of valuable nutrients and its sensory

characteristics during thermal processing occurs due to substan-

tial heat exposure. To preserve the nutrients and quality of milk

products implementation of hurdle technology is a good alterna-

tive. Rao and Patil (1992) extended shelf life of paneer by hurdles
technology mild heat treatment, minor reduction in water activity
(0.95) and acidification (pH 5.0) to 14 days at 30°C with addition

of 1% each of sodium chloride, sucrose and glycerol [14]. Thereafter they formulated paneer curry to have a water activity of 0.95,
pH of 5.0 and potassium sorbate content of 0.1% to extended its
shelf life. The product kept well for about 1 month and had a bet-

ter quality than the heat-sterilized product stored under similar

conditions (30°C) [15]. Sachdeva and Singh (1990) extended the

shelf life of paneer cubes of small size (1.0 × 0.25 × 0.5 inches) by 8
- 10°C dipping of paneer in 5% brine, acidified brine (5%NaCl, pH
5.5) and hydrogen peroxide solution (0.2%, v/v) with or without
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dles like heating, acid coagulation, addition of sugar and sorbate,
smoking, drying and packaging in a closed container to shelf stable

product Dudhchurpi, which is mainly prepared in Himalaya region

(Bhutan, Sikkim and Dargeeling) from milk of yak or cow [18]. The

pH of culture and natural preservative like ginger major hurdles
during preparation of a famous south Indian dish curd [19]. The

principles of the most common Hurdles Bactofugation, Competitive

microflora, Microfiltration: Ripening (ageing), Thermization, Ultrasonication, Electromagnetic energy treatment and Low-intensity
irradiation used in dairy industry to control microbial load.

Hurdles relatively low temperature, appropriate relative humid-

ity, absence of light and slight anoxia crates positive effect on meat

products and extends the shelf life. Rathod (2005) developed shelf
stable curry using potential hurdle used are salt, pH, preservatives,
packaging material and heating. Shelf life of product was increased
up to 10 days at ambient temperature [20]. Karthikeyan., et al.

(2000) used water activity (aw) and pH as variable hurdles as well

as vacuum packaging, preservatives and heat treatment as con-

stant hurdles for shelf life extension of caprine keema [21]. Lara.,
et al. (2013) prepared Charqui meats to observe the possibility of

development of enterotoxigenic Staphylococcus aureus and Clostridium botulinum proteolytic type B spores and their toxins [22].

Chawla and Chandler (2004) used combination of hurdles irradiation, reduced water activity, and vacuum packing) to in preventing

the growth of Clostridium sporogenes in shelf stable meat products

[2004]. The studies demonstrated that a combination of the above
hurdles results in microbiologically safe and shelf-stable meat

products. Thomas., et al. (2008) developed pork sausages incorporating different hurdles viz, low pH, low water activity, vacuum

packaging and post package reheating and observed that shelf life
of pork sausage was increased upto 6 day at ambient temperature
[24].

Novel techniques used in hurdle concept
Recently, consumers are demanding are for minimally pro-

delvocid (0.5%, w/v) to 22, 20, 32 and 22 days respectively com-

cessed food products without additives, improved safety and shelf

of retort processing (f0 value 6 at steam pressure of 1.04 bar). Mar-

food safety [25]. Homeostasis, metabolic exhaustion, and stress

pared to 10 days for control [16]. Gasasase (poppy seeds) payasum
is product prepared from poppy seeds and rice and by application

ginal change in its pH, acidity and HMF content and viscosity take

place during storage which led to extension of its shelf-life to 6
weeks at 37°C temperature [17]. Hossain (1994) employed hur-

life. Hurdle technology is a one of the promising technology which
reduces losses of nutritional and sensory quality and improves
reactions of micro-organisms are the basic aspect of hurdle technology and cemented the way for the application of multi target

preservation of foods. The principles of Bactofugation, Competi-
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tive microflora, Microfiltration: Ripening (ageing), Thermization,

Conclusion

products are: At present, physical, non-thermal processes (high

get preservation of food utilizing various factors as hurdles. This

Ultrasonication, Electromagnetic energy treatment and Low-in-

Hurdle technology is novel and ambitious goal for optimal food

tensity irradiation used to reduce microbial loads in milk and milk

preservation including food of animal origin. It includes multi-tar-

fields, light pulses, etc.) receive considerable attention (Nonther-

during meat preservation (homeostasis, stress reaction and meta-

hydrostatic pressure, oscillating magnetic fields, pulsed electric
mal Processing), since in combination with other conventional

hurdles they are of potential use for the microbial stabilization of

fresh-like food products, with little degeneration of nutritional and
sensory properties.

A Novel Biopreservative Micocin® offers a valuable hurdle. Basis

for Preservation of Micocin® Technology with Lactic Acid Bacteria,

a naturally occurring group of bacteria found in a many foods, especially on vacuum-packed RTE meats. It is a natural biopreserva-

tive, specifically targets Listeria. Listeria is a major organism concern for Food Safety. Micocin is an effective hurdle for inhibition of

Listeria growth on RTE meats. Addition of micocin used in manu-

facture of Cheese, Yoghurt, Meats (preservation and fermentation

enhances their insurance against outbreaks of Listeriosis. Micocin
of three types Micocin® I, Micocin® II, Micocin® X. these are natural
ingredients easily available in market as a preservative.
Type of
micoccin

Micocin® I

Micocin® II
Micocin X
®

Main benefit

Additional
benefits

Prevents growth of Listeria spp.
throughout shelf-life.

Controlled
spoilage

Immediate reduction of Listeria
spp. and prevention of growth
throughout shelf-life.

Designed to add directly during
pre-processing of meat emulsion.
Improves the preservative effectiveness of lactate and diacetates.

Controlled
spoilage with
protective
microflora.
----

Table 4

There has been increasing in interest of design and application

of hurdle technology in food preservation. For that purpose National and International funds have now been established. In In-

dia there is big problem of electric -interruption so there will be

increasing demand for Hurdle Treated Foods (HTFs) in future due
to awareness among people. It is an advanced technology for preservation of food which is highly perishable in nature.

method work, on the physiological responses of micro-organism
bolic exhaustion) and result in increase in self life of meat product

at ambient temperature. Hurdle technology if used in appropriate

way is good tool for achieving safe and tasty food products of high
quality. This approach is not only valid for modern processes preservation procedure but also being used for traditional food products since immortal times. This will make it’s way to longer the

shelf life of food of animal origin to fighter against malnutrition and
hunger even in deficiency of facilities like refrigeration and freezing.
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