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Practical solutions for temperature
management.

Jenny Jobling

This is the third article in a series of articles
looking at the postharvest temperature
management of fresh produce. The first
part looked at how and why temperature
effects the quality of fresh fruit, vegetables
and flowers, the second part described the
mechanics of refrigeration and why it cools
fresh produce and the third article looks at
practical methods of reducing the
temperature of fresh produce.

Precooling
Rapid cooling has been clearly shown to
prolong the shelf life of freshly harvested
produce. During busy harvest times it is
important to have practical systems in place to
minimise the amount of field heat
accumulating in harvested fruit as well as
having an efficient system for removing that
heat at the cool store.

The key for all fresh produce is to minimise
the time that the harvested produce is allowed
to remain warm or even hot.  Fresh produce is
best harvested in the cool of the day and bins
should be placed in the shade.   Wrapping a
bin or covering it with a tarpaulin and leaving
it in the sun is not nearly as effective as
putting the bin in the shade.  Covers over bins
can act like a greenhouse, trapping in heat
from the product and making the problem
worse. Some air circulation is necessary to
avoid the build of respiratory heat. Ideally the
produce should be taken to the cool room and
cooled as quickly as possible. 

Methods of precooling.

The rate fresh produce cools depends on
several factors,

1. The rate of heat transfer from the
produce to the air or water used to cool
it. (ie. the faster cold air moves past the
product the quicker  the product cools).

2. The difference in temperature between
the produce and the cooling air or
water (ie. the greater the difference
between the two the faster the product
cools).

3. The nature of the cooling medium. (ie.
cold water has a greater capacity to
absorb heat than cold air).

4. The nature of the produce which
influences the rate heat is lost (ie. leafy
vegetables have a greater thermal
conductivity than potatoes and so cool
faster).

        ie.
The rate a product cools is not constant. It
starts cooling rapidly and then quickly slows
down as the difference in temperature between
the product and the cooling medium falls the
rate of cooling slows down. So it takes longer
for the product to cool the last 5 oC than the
first 5 oC.
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1. Room cooling

This cooing method exposes produce to cold
air in a refrigerated space. The main advantage
of this system is cost as no extra equipment is
required. However, room cooling is very slow. 
This method is best used for hold cold produce
before marketing or for storing produce that
can be cooled over several days.

2. Top icing

This method has been used for many years. It
is commonly applied to boxes of produce by
placing a layer of crushed ice directly on top
of the produce.  The ice can be applied shortly
after harvest so that precooling can begin as
soon as possible after harvest. Broccoli is
often packaged this way, although not as
commonly as it once was. There are some
disadvantages with this method as the ice
melts. The melting ice wets the produce and
can make it more susceptible to disease, it also
adds extra weight to the carton and can puddle
in the bottom of cool rooms and trucks causing
slippery areas and the water can also wet other
cartons.

Figure 1: Top icing of broccoli. Central
Valley, California.

3. Forced-Air cooling

Forced air cooling is where produce is cooled
by placing the produce into a cold room and
then arranging the airflow pattern so that it is
directed through the crop. The heat given out
from the surface of the crop is then carried
away in the stream of cold air. This is a useful
method for crops that need to be cooled
rapidly after harvest such as stonefruit and
strawberries.

                

      
     

Figure 2. Forced air cooling of strawberries.

4. Hydrocooling

Hydrocooling cools produce by washing them
with cold, moving water. Most hydrocooling is
by cold water showering down over produce at
about 20 litres per second per square metre. 
Hydrocooling has the advantage over other
precooling methods in that it can help clean
the produce. If this is the case then chlorine
should also be added to the water to prevent
the build up and transfer of spoilage
pathogens.  Hydroccoling suits such things as
tomatoes, melons and leafy vegetables.
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5. Vacuum cooling

Vacuum cooling is useful for precooling leaf
crops such as lettuce. The produce is placed
inside a chamber where the atmospheric
pressure is reduced. At this new low pressure
the water inside the produce boils and the
product is cooled. There is some weight loss
associated with this method but often the
produce is misted with water before cooling to
prevent any serious loss of quality.  This is a
very rapid method of precooling.

Figure 3: Vacuum-cooling of lettuce in the
Central Valley, California.

The efficiency of different cooling methods is
often compared using the half cooling time.
This is the time that it takes for the product to
be cooled half way between the start
temperature and the final cool temperature. For
example, if the product is at 20 oC and you
wish to cool it to 0 oC, then the half cooling
time is the time it takes for the product to be
cooled to 10 oC.  It is convenient because it is
during the most rapid stage of cooling. 

Comparing the half cooling time of different
cooling methods is quite interesting (Table 1).
Some research done in the 1960's compares the
speed of cooling peaches by different methods
(Guillou, R., 1960). Although this may seem
like old research the principles still apply
today.

Table 1: Comparison of the half cooling times
of different methods for cooling fresh peaches.

Cooling method Half cooling
time

Room cooling 6 hrs
Forced air
cooling

1 hr

Hydro-cooling 15 mins

This example shows the relative efficiency of
each cooling method. Room cooling is best for
products that are either, already close to their
optimum storage temperature or can be cooled
over several days.  Conventional refrigerated
cool rooms, trucks or containers do not have
the capacity to remove the field heat from
harvested fresh produce at the rapid rates
required for effective precooling.

Hydrocooling is the most rapid method of
cooling in this example, but it does not suit
every situation.  Hydrocooling is commonly
used to precool vegetables whose quality also
depends on the amount of water loss and so
hydrocooling ensures that these products do
not dehydrate.  Forced air cooling is useful for
packed pallets and cartons of produce which
can be stacked and cooled and then moved
into the cool room for storage. 

Rapid cooling of fresh fruit and vegetables
after harvest is the key to product quality.
Placing warm fruit in a conventional
refrigerated coolroom is a slow and ineffective
method of cooling fresh produce.   It is
therefore important to choose a method of
precooling which suits the needs of your crop.
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The South Australian Research and
Development Institute (SARDI) in
collaboration with HRDC and the Australian
Stone Fruit Growers Association have put
together some excellent information on the
cooling and handling of stone fruit. Many of
the solutions discussed apply to all fresh fruit
and vegetables. They have produced an
excellent booklet and also produce a regular
newsletter.

1. Keeping your cool - a quest for quality.
Primary Industries SA (1996)

2. Cool Matters - a newsletter of the stone
fruit, Cool Chain Handling project. Editor
Matthew Palmer SARDI (1999).  The
newsletter is also available from the Cool
Chain web page, 
www.sardi.sa.gov.au/hort/coolchai/coolind
x.htm
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