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INTRODUCTION
Previous work by Bower & Dennison (2003) dem-
onstrated that there is a potential for producing
both fresh cut and frozen avocado halves, slices
and chunks.  The products had good visual ap-
peal, especially the frozen product, and in addi-
tion the latter appeared to have a substantial
shelf life.  However, although the products gen-
erally had a good appearance, a number of prob-
lems were found to exist, which could decrease
marketability.

In order to decrease the potential for browning
due to polyphenol oxidase (PPO) activity
Vaughan & Duke (1984), common anti-oxidants
were used.  However, the concentration neces-
sary resulted in a sharp taste, that was not ap-
pealing to some of the taste panels.  For the
PPO browning reaction to take place, oxygen
is necessary (Mayer & Harel, 1979).  As a re-
sult, a vacuum pack was used.  While efficient
in preventing browning, there is a possibility that
some degree of anaerobic respiration took place,
as a fermentation off-taste occurred in the fresh
cut fruit, despite storage at low temperature.  In
addition, the possible risk of food safety haz-
ards in an anaerobic pack, even if the product is
at low pH (Pao & Petracek, 1997) may be too
high for commercialisation.  In the case of the
fresh cut product, a discoloration (water soaked
appearance) which extended from the seed cav-
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ity into the flesh was often prevalent after a
number of days.  The cause is not known, but
may relate to an endogenous pathogen, possi-
bly a yeast or fungus.  Tissue tended to col-
lapse and an off-taste developed.  The problem
needed to be solved for the product to be widely
acceptable.  In the case of the frozen product, a
taste enhancement, perhaps due to phenolics
being altered in some way during the freezing
and thawing process, could be a problem if the
anti-oxidant concentration is reduced.

The objectives of the research were thus to
improve the products, so that the need for high
concentrations of anti-oxidants can be elimi-
nated.  At the same time, in the case of the
frozen product, the potential taste enhancement
after thawing needed to be altered.  In addition,
a process which did not require a low oxygen or
vacuum pack needed to be developed.

MATERIALS AND METHODS
There were two primary objectives of the work,
being the eradication of the tissue collapse most
probably caused by either an endogenous patho-
gen or oxidative rancidity, and elimination of
browning without the addition of high concentra-
tions of anti-oxidants.  Pao & Petracek (1997)
showed that citric acid worked well for this pur-
pose in citrus fruits.  In addition, the surface pH
of the fresh cut fruit was reduced to less than
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4.6.  This would suit the need to
reduce browning potential, as
PPO activity will be considerably
reduced at this pH (Kahn, 1977).
The previous work of Bower &
Dennison (2003) showed that of-
ten used concentrations of citric
acid resulted in fruits with an over-
whelming taste of the acid, rather
than the fruit.  If the concentra-
tion was sufficiently reduced,
then the problem of off-taste af-
ter thawing remained.  An overall
outline of the procedures adopted
were thus as follows:

Fruits were allowed to ripen to
a softness of 50 to 55 on a den-
simeter marked from 100 (hard)
to 0 (soft).  Fruits were chilled,
to decrease potential for brown-
ing during the processing stage
(Kahn, 1977), after which they
were dipped in a chlorine based
solution for surface sterilisation
(Tarter & Singh, 1994).  Thereaf-
ter fruit were cut and further proc-
essed.

An intermediate step was
added between cutting and freez-
ing or, in the case of fresh cut
product, direct packaging.  The
aim of this step was to decrease
the potential for tissue browning
and eliminate the endogenous
pathogen or oxidative degradation
which occurs.  Two methods were
tested.

Thereafter, fruit were prepared
for packaging as fresh cut by test-
ing various concentrations of a
number of anti-oxidants at vari-
ous concentrations.  In addition,
modified atmospheres as well as
standard atmosphere was used
(Gorney, 1997).  Packaging was
in a micro-perforated polypro-
pylene bag with anti-mist coat-
ing.  Storage was at 20C.

In the case of the frozen prod-
uct, after the intermediate step,
fruit were dipped into liquid nitro-
gen for rapid freezing so as to
maintain ice crystals as small as possible
(Harker et al., 1997).  After freezing, the same
range of anti-oxidants were applied to the fruit,
which were then packaged into the same mate-
rial as the fresh cut product, and stored at -180C.

RESULTS AND DISCUSSION
One of the two processes used after fruit cut-
ting had excellent results, eliminating the tis-
sue collapse due to oxidative degradation or
endogenous pathogens.  This was the case for
both the fresh cut as well as frozen product.  In

Figure 1.  Packaged and frozen avocado fruit after 6 months
storage at -180C.  Left is a fruit without anti-oxidants, right
fruit treated with citric acid

Figure 2.  Fruit untreated with anti-oxidants after defrosting

Figure 3.  Fruit untreated with anti-oxidants after 2 hours in
normal atmosphere
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the case of the fresh cut product, no advantage
could be found by using a modified atmosphere
in the pack.  Of the anti-oxidant systems used,
citric acid at a low concentration proved to be
acceptable in terms of maintaining product ap-
pearance and taste.  The product appeared to
have an acceptable shelf life of approximately
one week, although some desiccation of the fruit
surface was evident which detracted from both
the appearance as well as texture and taste.
This problem will have to be addressed if the
fresh cut product is to be viable.  In addition,
maintenance of the cold chain will be essential.

The frozen product was more successful than
the fresh product.  The appearance was excel-
lent, even after six months in storage.  Of im-
portance, however, was the temperature to which
the product was taken during the freezing proc-
ess.  If the temperature is too low, then fruit
cracking occurs.  Correct control of the freezing
process should, however, not be a problem.  The
product in package, after six months storage,
is shown in Figure 1.

On removal from the pack after defrosting at
room temperature, the product still had a good
appearance (Figure 2), which remained good for
a considerable time.  After two hours there was
still no sign of browning as normally associated
with cut avocado exposed to the atmosphere.
This is evident from Figure 3.

Taste of the frozen product was considered
acceptable by the taste panel.  The intensifica-
tion of certain flavours or off-flavours found in pre-
vious work, was absent.  Some of the charac-
teristic avocado taste had been lost, making the
product somewhat bland, but this was not seen
as a negative factor, especially if the product is
to be used in the food industry, as a part of, for
instance, salads.

The use of anti-oxidants for browning preven-
tion was found to be unnecessary.  However, a
low concentration of citric acid was found ac-
ceptable and in some cases preferable to the
control fruit, by about half of the taste panel.
This could be an optional part of the process,
depending upon the target market.

CONCLUSIONS
Many of the problems associated with the fresh
cut and frozen product have been minimised or
eliminated.  Thus, it is our contention that a tech-
nically viable range of commercial products is
now possible.  The best product, due to the shelf
life and ability to transport and distribute in a
sound condition, is probably the frozen one.
While further work could be done with respect
to simplifying the process, it is believed that the
system is now at a stage that an up-scaling to
a factory situation is necessary.  There are a
number of advantages of the processing sys-
tem.  These include the absence of fruit surface
browning after defrosting and exposure to atmos-
phere for extended periods, the lack of need to
add any anti-oxidants, thus providing a com-
pletely natural product or the option of citric acid
coating for flavour enhancement, and the fact
that a modified atmosphere or vacuum pack is
unnecessary.
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