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Shelf life refers to the time frame where food products remain acceptable for human consumption or for retail display.
Food cannot be kept forever. After a certain amount of time it will deteriorate and at this time will no longer safe to eat it.
This is known as shelf life. It also applies to drugs, drinks and other things that can go “off”.
Depending on region and country, a best before, use by or freshness date is required on packaged perishable foods.

Shelf life is the recommended time that products can be stored. During this time, the
quality of the product should not change if it is kept under the stated conditions. Shelf
life is different from use-by-date. Shelf life is linked to food quality, use-by-date for food
safety.
A product that has passed its shelf life might still be safe, but quality may no longer be guaranteed. In most food stores, shelf
life is maximised by using stock rotation, which involves rotating products with the earliest expiry date to the front of the
shelf, so consumers will pick them first. This is important because stores can be fined for selling out of date products and
unless sold would have to be marked as products wasted, leading to a loss of profit.
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Food spoilage is the declining process that all food goes through. Shelf life is a time limit set so that food spoilage does not
reach a stage as being unacceptable for human consumption.
Food spoilage is the result of a change in a food’s microbial activity and/or a change in the chemical composition of the food.
This therefore affects the eating experience of the consumer due to changes in appearance, aroma, and taste of the spoiled
food.
The spoilage of foods generally occurs due to inadequate storage conditions, contamination, or by under processing
processed foods. Under processing food may result to micro-organisms surviving the processing methods to prevent
microbial growth. For example, this may be due to a cold spot or overloading the retort which is the heat treatment used in
the canning process. Therefore, not all cans receive the same degree of heat treatment as other cans in the retort.
Food spoilage remains a significant consideration within the food industry as it is responsible for a loss in up to one quarter of
the world’s food supply, therefore having a considerable effect on economy. Hence, there is a need for shelf life testing, to
provide information that may assist in making improvements to the formulation of a product, along with its packaging,
design, and storage conditions. In turn will help to support extended shelf life of food and assist in the prevention of food
borne disease.
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Shelf-life studies focus on verifying/validating the proposed shelf life of a product. The need for conducting a shelf-life study
can stem from several reasons: the quality of products diminishing over time, Product stability as it is critical to ensure its
success on the market, consumer and/or legislation demands for fresher products. In addition, all new products will need to
go through a shelf-life study.

The financial impact of specifying a date of minimum durability must also be considered as the shelf life of a product is
directly related to the assessment of risk, i.e. predicting costs incurred by product freshness guarantees. Conducting a shelflife study can also help manufacturers define and understand the factors which influence the stability of their products while
in storage.

Shelf-life studies have two objectives:
1.

To determine the shelf-life of the product of interest and

2.

To identify and optimise factors to increase shelf life.

Shelf-life studies are unique and require special attention to:


The definition of the event of interest



The measures to be taken



The characteristics of the factors and responses under study and



The use of an appropriate statistical technique.

FSANZ Food Standards Code – Standard 1.2.5 Date Marking
In the FSANZ Food Standards Code, Standard 1.2.5 states that all processed foods with a shelf life of less than two years must
be labelled with an expiry date. This may include either a ‘baked-for’ date, a ‘baked-on’ date, a ‘best-before’ date or a ‘useby’ date.



‘Baked-for’ refers to the date within 12 hours from when the bread was baked



‘Baked-on’ refers to the date on which the bread was baked



‘Best-before’ refers to the date in which if stored under specified conditions, the product remains fully marketable and
retains all desired qualities that it claims to possess



‘Use-by’ refers to the date after which, if stored in accordance to the specified conditions, the food should not be
consumed due to health and safety reasons.
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Challenge Tests
Challenge testing is an exercise that takes place in the laboratory to investigate what happens to a food product during
storage and processing after being inoculated with one or more suitable organisms. It is used mostly to determine the period
of time it takes for an organism to reach a dangerous level if the food were to be consumed, if pathogens can be controlled,
and also is commonly used in shelf life studies using potential spoilage organisms. Whilst the procedure may be relatively
time consuming and somewhat costly, it proves to be extremely useful in studying both the safety and the shelf life of foods.
Standard 3.2.2 – Food Safety Practices and General Requirements outlines the baseline temperature for challenge testing to
take place. For example, for chilled foods that can support the growth of pathogens, FSANZ specifies that they must be
stored at no higher than 5°C. Therefore this is the baseline temperature that would be used in the challenge testing for this
particular type of food. Nevertheless, it must also be considered that this temperature will most likely fluctuate during
storage and distribution; hence this must be considered also when performing a challenge test. Obviously, it is not realistic to
duplicate the whole range of temperature abuse that may occur, therefore estimation is made. For example 8°C would find a
significant difference in results from 5°C.

Shelf-Life Trials
Shelf-life trials determine the changes in a product at predetermined appropriate storage temperatures over a
predetermined time period.
It is important to benchmark:


Microbiological



Physical



Chemical and



Sensory specifications

Shelf life of your product is determined by many factors including:


Technical aspects



Marketing issues



Consumer considerations

Shelf life testing and Challenge Tests can occur in a commercial laboratory.
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Sample Collection
Samples are collected for any of the following reasons:


In plant QC (HACCP)



Raw product surveillance



Regulatory requirements



Investigations (effectiveness of cleaning, hygienic status of livestock and effect on carcases, shelf life)

Factors which influence choice of a sampling plan reflect the reason for sampling, the types of micro-organisms being looked
for and the potential hazard they impose. It also reflects the distribution of micro-organisms in the food.

Sample Plans/Sample Numbers
It is unrealistic to expect to sample every item manufactured or, for example, in the meat industry to sample the whole
carcase, therefore sampling plans are used. The number of samples to be collected and the area to be sampled must
represent the batch from which they are taken from and the quality of the product. Samples should not be collected all at
once at the beginning or at the end of a production run because the results may not be representative of the whole batch.

Samples should be collected according to a sampling plan appropriate for the purpose for which they are to be tested. For
example, the sample plan for verification of HACCP systems will be different to the sample plan for investigation of shelf life
of a product.

A sufficient number of samples should be collected so that a representative picture of
the production lot is obtained. Taking only one sample per production lot is not
considered representative of that lot. Preferably, at least 5 samples per sampling
occasion should be collected. This is statistically more acceptable. Therefore, rather
than collect 1 sample per day it is better to collect 5 samples once per week.
As a guide the minimum requirements for conducting a shelf life test is to evaluate on day 0 (production day), and at least 5
date points until day max (which is the date when the shelf life expires), along with day max + 50% of the shelf life period. For
example, if the shelf life test ran for 12 days, testing would take place on day 0, 2, 4, 6, 8, 10, 12 and day 18. The testing can
take place under normal conditions as recommended for the particular product or at a higher temperature if it is a challenge
test.
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In microbiological shelf life testing, all three groups of organisms are usually tested for, including:
1.

Indicator organisms (eg. SPC, yeast & mould, coliforms etc.),

2.

Spoilage organisms (eg. lactic acid bacteria, Brochothrix thermosphacta, Pseudomonas, yeasts and moulds etc.), and

3.

Pathogens (Salmonella spp., Staphylococcus aureus, Clostridium perfringens, Campylobacter, Listeria
monocytogenes etc.).

Chemical tests are also undertaken.
Generally, day 0 to day max will involve testing only for indicator and spoilage organisms, while at day max+50% samples are
tested for all three groups of organisms.

The specific micro-organisms tested for within the three groups will depend on the type of food being tested. Symbio
Laboratories can assist with recommending which shelf life tests you should undertake as well as undertaking testing itself.
The following is a summary of the most common tests, with more detail for Microbiological tests contained in Table 1 by
product.

Microbiological tests including:


Standard Plate Count (SPC) or Total Plate Count



Coliforms and E.coli

(TPC)



Enterobacteriaceae



Anaerobic Count



Pathogens including Salmonella, Listeria,



Yeast & Mould

Campylobacter and Coagulase Positive Staph aureus



Lactic Acid Bacteria and Lactobacillus

and Bacillus cereus



Brochothix thermosphacta

Chemical tests including:


Water Activity



pH



Preservatives such as sorbic and benzoic acid,
sulphur dioxide



Nitrites and Nitrates



Salt levels



Food acids



Vitamins
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Table 1 - Microbiological tests for various types of foods

TYPE OF FOOD:

RAW FRESH RED MEATS
(Aw ~ 0.99)

PROCESSED MEATS

COOKED MEATS

POULTRY MEATS

DRY FOODS (EG. NUTS,
SPICES)

FRUIT JUICES

CUT FRUIT AND
VEGETABLES

DAIRY PRODUCTS

CAKES AND PASTRIES

TESTS PERFORMED
0-Max Days

Max + 50% Days

SPC, E.coli, Micrococcus spp.,
Pseudomonas spp., yeast & mould,
Aeromonas, and lactic acid bacteria &
Brochothix thermosphacta if under
anaerobic conditions

Staphylococcus aureus, E.coli 0517,
Micrococcus spp., Pseudomonas spp.,
yeast & mould, Aeromonas
and lactic acid bacteria & Brochothix
thermosphacta if under anaerobic
conditions

0-max days

Max + 50% days

SPC, E. coli, Enterobacteriaceae,
Aeromonas, Pseudomonas, Acinetobacter,
Moraxella, B. thermosphacta, lactic acid
bacteria

SPC, E.coli, S. aureas, E.coli 0157,
Salmonella spp., Enterobacteriaceae,
Aeromonas, Pseudomonas,
Acinetobacter, Moraxella, B.
thermosphacta, lactic acid bacteria

0-max days

Max + 50% days

SPC, E.coli, Psychrotrophic micrococci,
streptococci, lactobacilli, and
B.thermosphacta

SPC, E.coli, S. aureus, C. botulinum,
psychrotrophic micrococci, streptococci,
lactobacilli, and B.thermosphacta

0-max days

Max + 50% days

SPC, Pseudomonas spp., Acinetobacter
spp., Moraxella spp. and B.thermosphacta,
and lactobacilli in anaerobic packaging

SPC, Pseudomonas spp., Acinetobacter
spp., Moraxella spp., S.putrefaciens,
B.thermosphacta, and lactobacilli in
anaerobic packaging

0-max days

Max + 50% days

Yeast & moulds, SPC, coliforms, E.coli,

SPC, coliforms, E.coli, S.aureus, L.
monocytogenes, Salmonella spp., yeast
and mould

0-max days

Max + 50% days

Z. rouxii, Z. bailii, S.cerevisiae, lactobacillus
spp., Leuconostoc spp., Alicyclobacillus spp.

E.coli 0157, Salmonella spp,
Z. rouxii, Z. bailii, S.cerevisiae,
lactobacillus spp., Leuconostoc spp.,
Alicyclobacillus spp.

0-max days

Max + 50% days

SPC, psychrotrophic pseudomonas spp.,
coliforms, Erwinia spp.

L.monocytogenes, Salmonella spp., S.
aureus, B.coagulans, SPC, psychrotrophic
pseudomonas spp., coliforms, Erwinia spp

0-max days

Max + 50% days

Pseudomonas spp., Bacillus spp.,
Micrococcus spp., Aerococcus spp., lactic
acid bacteria

Pseudomonas spp., Bacillus spp.,
Micrococcus spp., Aerococcus spp,
Enerobacteriaceae, Staphylococcus, lactic
acid bacteria

0-max days
Yeasts and moulds, (Z.rouxii, Eurotium

Max + 50% days
S.aureus, Yeasts and moulds, (Z.rouxii,

herbariorum, E. rubrum, E. chevalieri),

Eurotium herbariorum, E. rubrum, E.

Bacillus spp., Aspergillus spp. and

chevalieri), Bacillus spp., Aspergillus spp.

Penicillium spp. in higher Aw

and Penicillium spp. in higher Aw
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Product quality includes sensory attributes that meet consumer expectations (market research and ingredient knowledge).
These attributes include:


Flavour: taste



Aroma: smell



Texture: mouth feel



Appearance: colour, homogeneity

It is important to include product quality in shelf life studies due to sensory changes that may occur over time.

In product development, sensory evaluation will include:


Trained taste panels



Consumer acceptance panels



Consumer preference panels

Trained taste panels are used to:


To bench mark the prototype during the development phase



To assess changes in specific attributes during storage trials



To assess prototypes during scale up



To assess the impact on product attributes when calculating least cost formulations



To assist in developing production specifications



To maintain a standard product over time

Consumer panels are used to determine:


Consumer preferences for particular attributes



Consumer acceptance of a prototype compared with a competitor product
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What influences shelf life?
There are multiple factors determining shelf life of products but the below influencers are the most important to consider:
1.

Microbiological changes

2.

Moisture and water vapour transfer

3.

Chemical or biochemical changes

4.

Physical instability

Microbiological Changes
Unless food has undergone a commercial sterilisation process (e.g. canned foods) or a change in water movement which
won't impact on the tolerance of microbial development (e.g. breakfast cereals and sugar), the growth rate of spoilage
microorganisms would most likely be the determining factor for shelf life. These factors include:


Environment such as temperature, humidity or gaseous atmosphere;



Processes intended to kill or delay the development of microorganisms such as thermal processing and freezing,
packaging; or



The types of microflora found on food, and its initial population.

Moisture and Water Vapour Transfer
Not only is water measured through water activity, it also plays an important factor in determining if any microorganisms will
grow in food (foods that are sensitive to water loss or gain). This in turn can affect the choice of packaging used. Many
biscuits and savoury snacks including nuts degrade in quality through moisture gain. Baked foods like cake will also suffer as a
result of moisture loss.

Significant Chemical or Biochemical Changes
There are various chemical or biochemical reactions which could impact on the factors of shelf life such as non-enzymic
browning, oxidation, enzymic browning and in some cases, food and packaging interaction.

The oxidation of oils and fats are the cause for rancidity which can be noted by its off odour and flavour. This may limit the
shelf life of fats and oils including food products containing fats and oils.

Foods stored in ambient temperatures can also develop rancid off flavours. These include nuts, potato crisps and biscuits.
Food stored in high oxygen environments can be used to accelerate shelf life studies but oxygenation atmosphere is not the
only initiator of oxidised spoilage.
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Frozen foods may also have its shelf life limited through fat oxidation. While freezing arrests microbial activity, chemical
reactions change at a reduced rate even at recommended storage temperatures. Meats and fish are a good example of
reduced shelf life through oxidation.

There are a number of vitamins that are sensitive to oxygen including vitamin C (ascorbic acid) and vitamin B (thiamine).
When vitamins are added to breakfast cereals or sports drinks (fortified foods), the product label should also take into
account vitamin degradation and change in quality which will occur over time.

Interactions and Food Packaging
Food products rely on appropriate packaging to address its expected shelf life. For example, if a manufacturer of a snack food
company changed its product packaging to plastic in a modified atmosphere to suit a 6 week shelf life then it may be possible
for the product to be successfully packed in a plastic with lesser barrier materials than packaging for a six month shelf life.
The expected shelf life of a product will be subject to the integrity of the seal to maintain satisfactory atmosphere levels
within the package (beyond any expected gas transmission across the packaging film).

Tin cans in the canning industry with welded side seams are one example of a special food and packaging interaction case.
Even though food standards limit the concentration of certain metals in canned foods for public health reasons, there is a tin
content requirement for canned foods of 250mg/kg. Most canned foods are now processed in lacquered cans which
substantially reduce the possibility of tin dissolution in the food. However tin dissolution from the can is essential as some
canned foods such as asparagus would be subject to discolouration. An adequate level of tin is therefore left exposed in
canned foods to ensure the expected quality of the food without it exceeding the regulatory limit.
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Microbiological changes
Microbiological changes are the most significant factor affecting the shelf life of most products. This relates mostly to the
presence of spoilage organisms, but can also be related to microorganisms which have been introduced to the process (e.g.
in brewing or cheese making).

Desirable organisms
In various food products, organisms are inoculated into the food at some stage in the production process to achieve desirable
attributes in the foods, or to prevent the growth of other undesirable organisms. For example in cheese and sausage
manufacturing, moulds, especially from the genus Penicillium, are used for ripening. Yeasts are used in the fermentation
process of beverages and bread to produce alcohol and carbon dioxide. Lactic acid bacteria from the Lactobacillus species are
often used to achieve the desired acidic flavours. This is often achieved through milk and yogurt fermentation.

Spoilage Organisms
Spoilage organisms are responsible for the production of unpleasant organoleptic changes in foods due to the production of
minor and major metabolic products responsible for the off flavours, odours, souring, discolouration, and swelling of the
packaging. Enzymes such as lipase, protease, and cellulase are secreted leading to flavour and textural changes, along with
the production of biomass causing slime, haze and mould. Whilst they are not desired, these organisms do not generally pose
direct public health significance as they are not considered pathogens. However, if spoilage organisms are consumed in high
doses, they can result in gastrointestinal upsets. Unfortunately, psychrophiles (cold loving bacteria) and psychrotrophs (cold
tolerant bacteria), are common groups of microbes responsible for food spoilage. Therefore, in the case of these groups of
bacteria, chilling as a preservation method is not adequate.

Indicator Organisms
Indicator organisms are not considered to be pathogenic; however they are used to indicate the likelihood of contamination
by pathogens as they signify that the food has been exposed to conditions which facilitate pathogen growth. The presence of
indicator organisms identifies contaminated raw materials, and inadequacies in handling, processing and storage. Testing for
indicator organisms, for example coliforms, faecal coliforms, Enterobacteriaceae, Escherichia coli, and enterococci, is a
superior approach that is practical and less expensive than testing for a wide variety of pathogens and toxins.

Pathogens
Pathogenic bacteria or viruses in food are the key causes of food borne illness. Pathogens cause disease either by ingesting
microbes that infect our body, by ingesting a food containing a toxin-producing such as Staphylococcus aureus, or by
consuming a food containing a pathogen which produces a toxin in the host, such as Yersinia enterocolitica. The primary
symptoms of food borne diseases include severe nausea, vomiting, diarrhoea, abdominal pain, and upset stomachs. In
Australia, Campylobacter has been found to be the most common food borne pathogen, which has risen since the 1980’s due
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to readily available means for diagnostic tests. Salmonellosis is another common food borne disease in Australia, and the
diagnosis of this has increased since the 1950’s, and particularly since the 1980’s.)

Table 2 - Spoilage Organisms Associated With Various Categories of Food

Food Type:

Common spoilage organisms:

BEVERAGES

Lactic acid bacteria, yeasts (eg. Zygosaccharomyces.
bailii, Z. rouxii, Z. bisporus, Acetobacter, and S.
cerevisiae

CEREALS AND GRAINS

Aspergillus, Fusarium, Penicillium spp., Monilia, Rhizopus

CANNED GOODS

Flat sours (eg. Bacillus coagulans and Geobacillus
stearothermophilus), Facultative thermophiles &
facultative anaerobes (eg.B. subtilis), Alicyclobacillus,
sulphide stinkers (eg. D. nigrificans)

DRIED AND CONCENTRATED

Z. rouxii, Xeromyces bisporus (Fungi), Aspergillus,
Eurotium, and Penicillium spp.

BAKED GOODS AND BREAD

Bacillus subtilis, Aspergillus, Penicillium, Endomyces,
Rhizopus, Neurospora

DAIRY PRODUCTS

Streptococcus, Lactobacillus, Alcaligenes,
Microbacterium, Achromobacter, Pseudomonas,
Flavobacterium, Bacillus, Clostridium

POULTRY MEATS

Achromobacter, Pseudomonas, Flavobacterium,
Micrococcus, Salmonella

FRESH MEATS

Pseudomonas spp., Lactobacillus spp.
Acinetobacter/Moraxella spp., Micrococcus, Cladosporium
(black spot), Penicillium corulophilum (blue-green mould),
Thamnidium (whiskers), Achromobacter, Flavobacterium,
Bacillus.

PROCESSED AND CURED MEATS

Micrococcus, Lactobacillus, Leuconostoc, Streptococcus,
Debarmyces, Penicillium, Brochothrix thermosphacta

SEAFOOD

Achromobacter, Pseudomonas, Flavobacterium,
Micrococcus, Vibrio parahemolyticus, Vibrio cholera,
Salmonella typhimurium, Serratia

VEGETABLES AND VEGETABLE
PRODUCTS

Erwinia, Achromobacter, Pseudomonas, Flavobacterium,
Lactobacillus, Bacillus, Phytophthora

HIGH ACID FOODS

Candida, Torulopsis (yeasts), Alicyclobacillus,
Lactobacillus spp., B. coagulans
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Growth of spoilage organisms
There are many factors affecting the potential for microbial spoilage and can be categorised into intrinsic factors, processing
factors, extrinsic factors, and implicit factors.

Intrinsic factors are the chemical and physical factors within the food that micro-organisms come into contact with. These
include:


pH



water activity (aw)



chemical preservatives

Processing factors are deliberately applied to reduce the number of microorganisms. These include:


applied heat



non-thermal pasteurisation

Extrinsic factors influence micro-organisms in foods but are applied external to the food and act during storage. These
include:


chilling



packaging

Implicit factors are related to the nature of the micro-organisms and also to their interaction with the environment. These
include fermentation.

The storage temperature of food will determine what types of organisms can survive and grow. Foods stored at room
temperature are more susceptible to the growth of mesophiles and psychrotrophs. To prevent growth of all organisms, a
storage temperature of at least -8°C must be reached. Chilling does not retard the growth of all organisms as psychrophiles
and psychrotrophs are capable of growing at low temperatures as demonstrated in Table 3.
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Table 3 - Temperature ranges for growth of spoilage organisms
Bacterial

Growth Range

Optimum Temperature

–8°C to 20°C

12° to 15°C

-5°C to 35°C

20°C to 30°C

Mesophiles

5°C to 47°C

25°C to 37°C

Thermophiles

45°C to 90°C

50°C to 65°C

Psychrophiles
(cold loving)
Psychrotrophs
(cold tolerant)

(heat loving)


Thermophiles: contain organisms of importance in heat processing of foods. Extreme thermophiles can grow at
temperatures of 90°C or even higher.



Mesophiles: contain the majority of the microbes that cause food poisoning.



Psychrophiles and Psychrotrophs contain a large number of the microbes that are important in spoilage.

Acidity Test of a Product (pH)
Acidity or pH is a measure of the acidity or alkalinity of a substance and is denoted by a number from 1 (extreme acid) to 14
(extreme alkali). A pH reading of 7 is neutral.

Most bacteria grow best at pH 6.5 - 7.5, while others grow best between a pH of 4 and 8. Very few organisms can grow at a
pH of less than 4. Foods like meat, poultry, fish, and dairy generally have a neutral pH or slightly acidic, therefore can
facilitate the growth of a wide variety of organisms.

Type of Packaging Material Used
Packaging foods is primarily for the purpose of physical, chemical, and microbial protection for the food, hence they type of
packing material used and packaging design must be carefully considered. Aspects such as the permeability of water vapour,
light, gases, especially oxygen are normally of key importance. This is because the atmosphere within the packaging will
continue to differ as gases and moisture are produced by the metabolic processes of the food.

The metabolic process of food will use up the oxygen stores in the package to produce carbon dioxide, and as a result
increases the humidity, therefore encouraging microbial activity particularly in fruit and vegetables. Every food has a
different required atmosphere and humidity to allow for optimum shelf life. The primary packaging materials used include
polyolefins, polyethylene and polypropylene due to their strength, inertness, and simplicity in production.
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Water Activity of the Food
Water is an essential factor for all microbes and none will grow without it, but they vary in their requirements for moisture.
Not only must water be present, it must be in a form available to the microbes, a situation addressed by the term water
activity (aw). In a cell, water can be present in two forms – free and bound. It is the free water in which microbes can inhabit.

Most foods have a water activity of between 0.2 (for extremely dry foods) and 0.99 (for fresh moist foods). Fresh meat has a
water activity of approximately 0.99. If sugars or salts (e.g. nitrites) are used in meat processing, they will reduce the amount
of free water available to microbes. Meat spoilage bacteria are very susceptible to low water activity, having optimal growth
at 0.99, but depressed growth at levels of 0.98 or lower.

Table 4 - Water Activities of various foods
Product
Fresh meat and fish

Water Activity
0.99

Bread

0.95

Aged cheddar

0.85

Jams and jellies

0.8

Plum pudding

0.8

Dried fruit

0.6

Biscuits

0.3

Milk powder

0.2

Instant coffee

0.2

Yeasts and mould spoilage organisms are much more tolerant of drier conditions and most are still capable of growth when
water activity levels drop below 0.90 (cured products such as hams and bacon have water activities of 0.90 – 0.95).
The major pathogens will not grow when Aw (water activity) levels drop below 0.97, but Staphylococcus spp. have been
reported to grow at levels of 0.90 or even lower.

The water activity on the surface of meat can be controlled by either adding salts to the meat or by drying of the carcase
during the chilling process. The chilling of carcases is invariably associated with some surface desiccation, the extent of which
is dependent on the relative humidity of the environment. Once equilibrium is reached, water activity is directly related to
the relative humidity of the surrounding environment.

The water activity of a food plays a major role in determining the microbiological changes in food. Quite often, a method of
preservation is to reduce the amount of water activity. Foods such as potato chips, crackers and biscuits have a low Aw of
around 0.50, and therefore are not usually susceptible to microbial activity. Foods such as brownies and muesli bars have a
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moderate Aw of about 0.70 and therefore can spoil, often due to xerophilic moulds. High water activities of greater than 0.85
in foods such as fresh bread are susceptible to the growth of various micro-organisms such as S. aureus and C. botulinum.

Oxygen Availability
Microbes vary in their need for the presence or absence of oxygen, and can be grouped according to their requirements in
this.


Aerobes - require oxygen.



Anaerobes - require the absence of oxygen.



Facultative anaerobes - can survive with or without oxygen.

Table 5 Spoilage organisms and their oxygen needs in different foods
Spoilage organism:
Pichia fermentans

Common food sources
Orange juice

Dependence on Oxygen:
Aerobic

Most Lactic acid bacteria

beverages

Facultative anaerobes

Pseudomonas spp.

Milk and seafood

Aerobic

Aeromonas

Seafood

Aerobic

Clostridium puniceum

Fruit and vegetables

Anaerobic

Bacillus coagulans

Canned products; tomatoes

Anaerobic

Staphylococcus aureus

Processed

Facultative anaerobe

Bacillus cereus

Rice

Facultative anaerobe

Alicyclobacillus acidoterrestris

Fruit juices

Aerobic

Competing Organisms
Various spoilage organisms, especially lactic acid bacteria are added to foods as a preservation measure to compete with
undesired organisms, such as clostridia, that may attempt to grow in the medium. The inhibitory effects of lactic acid bacteria
are due to their ability to produce inhibitory substances such as hydrogen peroxide, antibiotics, and bacteriocins which will
compete with other organisms for the nutrients in the growth medium. This is particularly important nowadays with the
increased trend or demand for minimum processed foods, with little or no chemical preservatives added.
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Processing technologies
The food industry has undergone significant changes in recent years as a result of an increased demand for various categories
of foods such as ‘ready-to-eat’ foods, and expanded consumer knowledge on what it is they are consuming. This includes the
topics of preservatives and additives to foods, and what it may be doing to their health. In conjunction with this, the
regulations outlined by FSANZ also limit the use of various preservatives and chemicals in foods. As a result of this, the food
industry has been required to broaden the use of processing technologies and examine alternate methods of preservation.

Alternate methods that are used in the food processing industry nowadays include:


Chemical preservatives



Non-thermal processing



Packaging



Altering water activity



Chilling



Canning

Chemical Preservatives
The use of preservatives in foods is often used in conjunction with another preservation technique, so to comply with the
levels of preservatives permitted in 1.3.1 of the Food Standards Code (Table 6). Compounds like sorbic acid can be used in
foods such as dried or cut fruits, vegetables, cheese and flour products. Benzoic acid can be used in foods like fruit and
vegetables in brine, oil emulsions, and preserved cherries. Sulphur dioxide is another common chemical preservative used in
food processing of products such as dried fruits and vegetables, biscuits, cakes, pastries, sausages and cooked/uncooked
crustacean.
Table 6 - Synergistic effect of preservatives and food processes
Food:

Preservative:

Combination process:

Fruit juice

Sorbate

Chill storage

Fruit cordial

Sulphur dioxide

Reduced aw

Cheese

Sorbate

Reduced aw

Cake

Sorbate

Reduced Aw and chill storage

Cured meats

Nitrite

Chill storage

Dried fruit

Sulphur dioxide

Reduced aw

Soft drink

Benzoate, sulphur dioxide

Carbonation
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Food Acids
Food acids are produced in a food through controlled fermentation or added as an ingredient for a specific purpose. The
effect is to control the growth of food poisoning bacteria (< 4.5 for Clostridium botulinum) and modify pH, flavour, and
texture.
Food acids are derived from natural food sources as illustrated below:


Citric acid from citrus fruit



Lactic acid from milk



Malic acid from apple pomace



Acetic acid from vinegar production

Citric Acid
This acid is naturally present in citrus fruit and commercially produced from fermentation of sugars with Aspergillus niger. It
is soluble in water, mildly sour and the recommended dose rate of 0.5% for jellies, 1.0% for sweets that have been boiled and
1.5% for acid drops. Sodium citrate is used as a buffer in pectin products (prepared sugar syrups).

Lactic Acid
Is produced during fermentation of liquid whey using the Lactobacillus species and is used in formulating dairy products.

Phosphoric Acid
Is an acidulant in soft drinks and a sequestering agent for the inactivation of metal ions.

Glucono delta lactone (GDL)
Is used for controlled, slow acidulation e.g. in fermented meat products.

Acetic Acid
This acid is the principal component of vinegar and the secondary fermentation of beer, wine and spirits. It is synthetically
produced through a reaction with methanol, carbon monoxide and metal catalyst. Glacial acetic acid is 98% pure, and water
soluble. Vinegar is available in various concentrations (4%, 10%)

Acidity Regulators
These are weakly alkaline substances added to control acidity in foods, generally for solving flavour issues. For example:
magnesium carbonate, calcium hydroxide to buffer the effect of added acid such as sodium citrate in sports drinks.
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Hurdle technology is the key to food preservation and has been used to improve various aspects traditional foods and newly
developed foods. Basic aspects of hurdle technology have been recognized to be of major importance and is ever increasingly
studied in relation to hurdle technology.

Food preservation and food quality also depends in most cases on the empirical and now more often on the deliberate
application of combined preservative factors. Futuristic food preservation methods such as high hydrostatic pressure, highintensity pulsed electric fields, high intensity pulsed light and oscillating magnetic fields as well as food irradiation are most
effective in combination with additional hurdles.

Non-Thermal Processing
Non-thermal processing technologies include high pressure processing, ionising irradiation and pulsed electric fields. This
technology reduces the detrimental effects of processing, increases shelf life and improves the safety of the food.

Irradiation
The irradiation of foods is a method of preservation whereby foods are exposed to a source of ionising energy. In Australia
and New Zealand, the energy used can be in the form of either cobalt 60 sources gamma rays, electrically generated electron
beams, or as machine generated X-rays. The electron beam and X-ray methods do not expose the food to radioactive
material, whereas gamma rays are generated radioactively. Nevertheless, no radioactive material remains in the food as
Cobalt 60 is not sufficient enough for this to occur. Irradiation acts as a preservation technique as it destroys all bacteria
which may lead to spoilage and illness as a result of consumption. Irradiation is used more frequently in countries such as
France, yet in Australia is only permitted for use in herbs, spices, herbal tea, and certain tropical fruits as specified in
Standard 1.5.3 of the Food Standards Code.

High Pressure Processing
High pressure hydrostatic processing (HPP) involves pressure of 300 to 700MPa for only a few seconds or often minutes in
order to destroy vegetative micro-organisms. Often this process is referred to as cold pasteurisation. In this process, the
pressure is transmitted uniformly throughout the food, hence compressing the food. However, once the pressure is released,
the food returns to its original shape and size due to the compressibility of gases. This differs from thermal processing as it
does not result in a gradient effectiveness from inside out due to the uniform pressure. Thermal processing affects covalent
bonds in the food molecules, while HPP affects the hydrophobic and ionic bonds. HHP leads to disruption and therefore
fatality of the outer cell membrane of microbes whilst retaining the flavour and nutritional components of the food. HHP is
applied to foods in Australia such as ready-to-eat meals, fish, salads, juices, and read-to-eat sliced meats.
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Pulsed Electric Fields
Pulsed electric field (PEF) uses high strength electric fields of up to 50 kilovolts/centimetre in time pulses ranging between
microseconds to milliseconds, therefore causing very little heating of the food. This technology has little, if any effect on the
appearance of the food, along with minimal effects to the nutritional content and increases the shelf life of the product. This
process acts as an efficient non-thermal preservation technique as the short pulses rupture the cell membranes of microorganisms. The number of pulses given, the pulse shape (square, wave, oscillatory), will have an effect on the exponential
decay of the contaminants. PEF is applied to foods in Australia such as juice, water, liquid egg, sauces, and dairy products.

Packaging
It is one thing to develop a safe food product, yet it is another thing to maintain its safety from the point where it leaves the
manufacturers to when it is being consumed. The packaging design of a product not only acts as a physical barrier, but it also
acts to control or restrict the growth of micro-organisms.

By controlling the atmosphere of a package, a longer shelf life can be obtained. Controlled atmosphere packaging involves
altering the gas composition of a package and also of the containers during transport. This is a common preservation method
for bulk stores of fruit.

Modified atmosphere packaging is another term used to describe the alteration of the gas composition; however it is not as
controlled as in controlled atmosphere packaging. Initially the atmosphere is adjusted to give roughly the optimum gas
composition, yet is not controlled as gases can move in and out of the packaging, depending on the quality and suitability of
packaging used. MAP is commonly used for bakery items, grated cheese, and fresh cut fruit and vegetables.

Vacuum packaging is a form of packaging used on foods such as meats, block and sliced cheese and smoked fish as a means
to extend the shelf life of foods. This form of packaging inhibits the growth of aerobic spoilage organisms due to the
unavailability of oxygen. During this time, organisms like lactic acid bacteria and Bacillus thermosphacta in vacuum packed
meat, are the principle organisms that are capable of growth. Lactic acid bacteria grow slowly in vacuum-packed meat at
chilled temperatures. Expected growth would be 10–100 million/gram after about 6 week’s storage, and will remain the
same for the life of the product.
Spoilage will not be evident until several weeks after the maximum population of bacteria has been reached. When spoilage
becomes obvious, it will be due to cheesy or sour milk odours and flavours, as opposed to the rancid smells and odours
caused by pseudomonads in the air. For vacuum packed meat at a normal pH, 100 million/gram would indicate the end of its
shelf life.

Recent technologies of producing shelf stable, self-venting microwaveable packaged foods allows manufacturers to satisfy
consumer needs as a result of the ever-changing demographics.
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Altering Water Activity (aw)
There are various methods of altering the water activity of a food in order to prolong its shelf life.
This involves decreasing the amount of free water in the foods by:


Hot air drying



Freeze drying



Adding solutes



Osmotic dehydration

Hot Air Drying
Hot air drying removes free water from foods by blowing hot air across the surface of the food. The air, which becomes
humid, is vented or recycled through a heat exchanger. Common foods which may undergo this process include fruits,
biscuits, vegetables, pet foods and spices.

There are various types of dryers used in hot air drying. These include:


Cabinet dryers: trays stacked vertically and placed in dryer where air is passed horizontally across food surface, where
air is vented and recycled. This dryer is used particularly for drying fruits.



Kiln or Bin dryers: used for drying grains, normally on the farm. Hot air passes up through a slotted floor which supports
the bed of grains. This is not always a time efficient process, and usually used to finish-dry a product.



Continuous dryers: uses a conveyor belt to carry food through the drying chamber. This is time efficient and used in high
production of fast-drying foods like thinly sliced vegetables



Drum dryers: is used for liquids, slurries and pastes that are fairly heat stable. The liquid is poured onto a hollow
horizontal heated drum and it dries as the drum rotates. The dry food is scrapped from the drum surface by a set of
‘doctor blades’. The drum can also be enclosed in a vacuum chamber if need be, such as when dealing with heat
sensitive liquids. It is used for milk, soup mixes, potato products, and instant cereals.



Spray drying: liquids are atomised into small droplets (around 100µm in diameter), and sprayed into a large conical
vessel at 200°C. Thermal damage does not occur even at the high temperature as the drying process is too fast for
damage to occur. It is the preferred drying method to drum drying as it is a gentler process. Spray drying is used mostly
for dairy, egg, and coffee powders.

Freeze Drying
Freeze drying is one of the more expensive methods of drying, yet it does produce the highest level of quality. The water is
removed by sublimation of the ice from a food at low temperatures and pressure. Coffee, extracts, vegetables, meats and
fruits are commonly freeze dried commercially. However, the pores are susceptible to being filled with air as the water has
been removed, and therefore oxidation is quite likely.
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Adding Solutes
One of the more effective ways of lowering Aw is to add solutes (humectants) such as salt, sugar, or glycerol to the food. This
is because salts, such as sodium chloride ionize into hydrated sodium and chloride ions due to the binding of water.

Osmotic Drying
A hypertonic solution is pumped into the tank holding the food, and the solution gains moisture while the food loses its
moisture to the solution, whilst absorbing a portion of the sugar or solutes from the solution. The rate of moisture loss out of
the food is determined by the temperature difference between the food and the solution. Foods that undergo this
dehydration include fruits, vegetables, fish, and meat.

Chilling
Temperature is the main determinant for the growth of micro-organisms particularly in muscle foods. If the temperature is
reduced to below the optimal growth range for a particular organism, the generation and lag times will be extended; hence
growth is slowed.

There are four growth ranges for the different types of bacteria. These include Thermophiles, Mesophiles, Psychrophiles, and
Psychrotrophs.

Table 7 - Growth ranges for Thermophiles, Mesophiles, Psychrophiles, and sychrotrophs.
Bacteria

Growth Range

Optimum Temperature

Psychrophiles (cold loving)

–8°C to 20°C

12° to 15°C

Psychrotrophs (cold tolerant)

-5°C to 35°C

20°C to 30°C

Mesophiles

5°C to 47°C

25°C to 37°C

Thermophiles (heat loving)

45°C to 90°C

50°C to 65°C

Psychrotrophic bacteria are of major importance in processed foods as they are more likely to be the cause of limiting the
shelf life of chilled foods. Bacillus cereus, Brochothrix thermosphacta, Pseudomonas spp, and lactic acid bacteria are included
in this group of bacteria. The goal of reducing the chilling temperature is to increase the lag time and generation time. Ideal
chilling temperature is as close to 0°C as possible, whilst not freezing. The Australian Cold Chain Guidelines (Table 8)
recommend chilled foods be stored between 0-4°C so to not go over 5°C.
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Table 8 Australian Cold Chain Guidelines
Temperature °C:

Generation Time (hrs):

Food:

0

26.6

Dairy product

0

30.2

Fish

2.5

7.7

Dairy product

2.5

8.0

Chicken

2.5

13.8

Meat

4.5

11.7

Dairy product

4.5

6.7

Fish

4.5

5.0

Dairy product

10

5.4

Dairy product

10

2.6

Dairy product

10

2.7

Chicken

10

1.9

Fish

Canning
Canned foods are made shelf stable through exposure to extremely high temperatures for a sufficient duration to make the
food commercially sterile, meaning the micro-organisms present are inactivated. Once commercially sterile, the food must be
protected from recontamination. The heat treatment in canning is designed to inactivate mesophiles and psychrotrophs as
they are stored below 30°C, and therefore is not designed to inactivate thermophilic organisms, which include thermophilic
spore formers.

The general process of canning involves filling the containers with the prepared food, and closing it hermetically. The cans are
placed in the retort where heat is applied, making the product commercially sterile. Cooling of the cans to appropriate
temperatures then takes place. Often canning takes place under aseptic conditions using ultra high temperatures (UHT).
Another method of canning can involve heating the product to sterilisation temperatures and filling the hot product into cans
where they are inverted and held at a high temperature for a suitable time period.

If the canning process is adequate, no microbial spoilage can occur; however there are many things that can go wrong.
Firstly, the selection of an appropriate container must be carefully considered. Various types of cans are used in canning
including metal cans made from tin or aluminium, glass jars, rigid or flexible plastic containers, containers made from plastic
or aluminium foil laminates. Tanks and steel drums are also a proven method of canning. The selection of a suitable canning
material takes into account the reaction rate between food and the container, and has a lot to do with the acidity of the
product. Furthermore the canning material must be capable of withstanding the extreme heat conditions that it will be
subjected to in the retort process.
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Safety issues that arise in the canned food industry are mostly due to under processing such as:


Inferior quality of the raw materials used (eg. Spices and thickening agents are capable of supporting the growth of heat
resistant spore formers)



Overfilling cans results in the product expanding during the heating process, along with the need to accommodate for
the production of gases during storage, resulting in damage to the hermetic seals of the container



Errors in achieving a vacuum within the container to allow for expansion during heating and storage at higher
temperatures and altitudes. A vacuum is obtained by filling containers with hot product (>50°C) and sealing
immediately, or by blowing steam across the headspace, or by sealing in a vacuum chamber.



Canning foods with a dough-like consistency so to avoid trapping air bubbles within the product. Vacuum mixing
occurs, yet it is the handling after the mixing where air can be reincorporated.



Can must be washed straight after sealing to wash off split product which has the potential to contaminate the outside
of the product, yet the washing can result in post-processing contamination if they are washed after sterilisation.



The double seam may be damaged on cans whilst they are in the retort due to the extreme internal pressure which
pushes the ends of the cans outwards, resulting in a leaky seam. If there is a default in the seam, the product is at risk
of becoming contaminated. Therefore cans that are at risk must be pressure cooled so to maintain the internal pressure
of the can until it reaches a cooler temperature where the internal pressure is not large enough to cause a peak in the
can.



Rapid cooling must take place so that the cans reach about 40°C, to prevent the growth of thermophilic spores and rust
occurring, but is also cool enough to prevent overcooking of the product.

26

Symbio Laboratories welcomes your enquiries and technical questions in relation to shelf life testing. We can assist you in
designing a shelf life program to meet your requirements.

Contact 1300 703 166, or
click to find out more and contact Symbio Laboratories today!

Symbio Laboratories Locations
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Lane Cove
West
NSW 2066

15/ 640-680
Geelong Rd
Brooklyn Vic
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Milford St
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17 Hamill St
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5/10-12
Koorignal Rd
Wagga Wagga
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