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correclloading temperatures therefore be· 
come even more critical. 

In studying shipping conditions in terms 
of age and temperature of fruit in relation 
to auttum fruil quality, fruit firmness de
creased with an increase in fruit age, par
ticularly in the case ofFuerte and Edranol, 
which should therefore not be stored for 
longer than 25 days. 'Black cold' and 
'grey pulp' also increased significanlly 
with time. Al!hough 'black cold' has little 
or no effect on internal quality, il is 
strongly rejected by the trade. Lcnticel 
damage increased with fruit age hul was 
also found to correlate with specific grow
ing areas. A deviation in temperature 
(higher) during loading of sea containers 
strongly correlated with fruit softness on 
arrival. Delays in recooling during loading 
also had a significant effect on fruit firm
ness on arrival. 

Two factors are of great importance. 
First, communication and response mu<:t 
be extremely rapid if corrective action is to 
be token and second, any deviations from 
the norm must be linked to specific quality 
oullurn on arri val. 

Controlled Atmosphere 
It has been shown that a mixture of 10% 

CO2 and 2% O2 extended the shelf life of 
Foerle, Edranol, and Hass avocados while 
reducing grey polp and virtually eliminat
ing pulp-spot. However, an increase in an
thracnose was observed. It has also been 
shown that a 25% CO2 shock treatment ap
plied one day after harvest also gave very 
good results in reducing physiulogical dis
orders, without the concomitant increase 
in anthracnose. 
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Hass avocados can be stored success
fully for up to 60 days, using a CA of 5% 
CO2 and 2% O 2. 

During the 1996 and 1997 seasons, South 
A frican exporters resorted to CA export of 
many sea containers of avocados to 
Europe, due to the inherent vulnerability 
oflhe fruit resulting from excessive rains. 

The results of shippmg CA and conven
tional containers from the same sources at 
the same time, were monitored and evalu
ating them overseas. It was found that in 
general, both Hass and Fuerte fruit arrived 
much finner under CA, with up to a week 
of extra shelflife. In addition CA fruit had 
a lower incidence of postharvest diseases 
such as anthracnose and stem-end rots 
(DothiorellallCollelolrichntm complex). 
In some cases external cold injury of 
Fuerle was higher under CA and, as ex
pectcd, CA was not a cure-all for age
relatcd symptoms such as grey-pulp. Nor 
did CA have any impact on uneven colour
ing ofHass. 

Controlled atmosphere cuntaincrs have 
less cooling capacity than porthole con
tainers and loading temperature is there
fore even more critical. llowcver, because 
CA reduces respiration rates, and there
fore hcat of respiration is less, les3 cooling 
is required in such containers. 

Modified Atmosphere 
Packaging (MA) 

Passive atmospherc modification uses 
the respiration rates of fruits and vegeta
bles tu consume the oxygen and produce 
carbon dioxide and water vapour in the 
pack. If the respira:ion characteristics of 
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the commodity can be accurately matched 
to the penneability of the film used for 
packaging, a favourable modified atmos
phere can be created passivcly within the 
package when an equilibrium concentra
tion between the oxygen and carbon diox
ide is reached. 

A mathematical model for detennining 
film-penneability characteristics for MA 
storage of tropical fruit hasbecn prepared. 

It is reported that Mission Produce from 
California has expandcd its ability to pre
condition fruit through a modified atmos
phere program. The program allows 
avocados to remain in storage an addi
tionallwo weeks. The process requircs an 
extra refrigeration step after fruit is hydro
cooled and ripened with ethylene gas. The 
remaining gases are removed from an air
tight carton, which is then kept at a con
slant temperature of 4.5°C. 

On arrival at the discharge port 
It is the responsibility of the expOrler to 

ensurc that his agent applies the correct 
procedures at the discharge port. Recoul
ing (using clip-oos, a cold-wall or cold 
store) must be applicd within two hours of 
unloading. using the samf' delivery air 
temperature as that applied by the vessel 
prior to discharge. Air vents of ducted 
containers must be kepi open during tran
sit to prcvent buildup of heat and carbon 
dioxide. 

The importer should retrieve Ryan re
corders or other recording equipment and 
the charts returned to the exporter and or 
packer as soon as possible. This data 
should then be correlated with fruit quality 
in the same consignment. 

On ripening, shelf life (days to ripen) 
and internal disorders such as pulp-spot. 
grcy pulp and vascular browning are also 
recorded (the colour of Hass skin does not 
necessarily correspond to its ripeness and 
fully coloured. rock-hard fruit can some· 
limes be found on the Iree. Fruit firmness 
is a mllch better indicator ofHass ripeness. 
If fruit are only sold at the complctely 
black stage, many of the fruit may be over
ripe and postharvest diseases will conse
quently incrcase significantly). 

Feedback 
The South African industry makes use 

of on Overseas Technical Officer who is 
stationed in Europe during the avocado 
season (April to September). His task is to 
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monitor fru it arrivals and to give feedback 
on all quality parameters. 

Fruit is evaluated fi rst on arrival and is 
then held for ripening, at which lime a sec
ond evaluation is carried oul. The follow
ingparameters are evaluated using a rating 
system where relevant: 

Exporter 
Packer 
Grower 
Container no. 
Vessel no. 
Ryan recorder(s) 
Pallet no. 
Cultivar and count 
Date code 
Age offruit 
Firmness (using Demimeter) 
Black cold 
Brown cold 
Dusky cold 
Lenticcl damage 
Mechanical damage 
Stem-end rot 
Anthracnose 
Sooty-mould 
Cercospora spot 
The infomlation is faxed back to the in

dustry office, who in tum distributes the 
information rapidly to exporte rs and 
packers. 

These records are of vital importance to 
all concerned in the export process. If 
properly evaluated and collated they will 
show up orchtlrd problems, area devia
tions, packer problems, shipping prob
lems and seasonal variations. The speed of 
this feedback can do much to prevent re
currence of specific quality problems. 

Cold injury definitions 

Black cold 

Black cold IS a severe early cold injury 
res~llting in shiny, black_ sunken I:sions 
with clearly defined edges. It docs nol 
penetrate below the skin. This symptom is 
almost always seen immediately upon ar
rival of fruit O'verseas, and is normally as
sociated with a severe cold shock early in 
the cold chain, e.g. in the pack house cold 
store. Such cold injury may also rcsuit 
from the application of too low delivery 
temperatures on the vessel. Black cold 
may also continue to develop in cold stor
age after fruit arrival overseas, although 
thIS is rare All cultivars arc affected, in 
particular Fuerte, Pinkerton and Edranol. 
Black cold on Pinkerton often results in in
ternal grey pulp development. 
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Brown cold 

Brown cold is a symptom thai can be de
scribed as a severe, light brown discolour
alion on the skin of Fucne, with defined, 
but not sunken edges. The lenticels remain 
green and healthy in the midst ofa rapidly 
spreading discolouration. 

This symptom is rarely seen immedi
ately upon arrival of fruit overseas, al
though old and soft fruit are more likely to 
display brown cold. It usually manifests it
self as a result of prolonged cold storage 
after arrival. [t may be absent on fruit just 
removed from cold storage, but can de
velop extremely rapidly (within less than 
one hour) once exposed to ambient 
temperatures. 

Brown cold is more common on old fruit 
and excessive moisture loss during transit 
and cold storage is thought 10 playa major 
role in the development of this symptom. 

Lcnticcl or lenti-damage 

This symptom is usually seen immedi
ately on arrival of the fruit overseas. It in
volves severe injury and browning or 
blackening of the lentlcels due to either 
rough handling of the frui t or too low cold 
storage temperatures. Fruit is also more 
likely to develop lent i-damage when 
picked during and immediately after sig
nificant rain. I lass is particularly prone to 
lenti-damage due to the exposed nature of 
the lenticels. However, the greenskin cul
tivars are also affected, particularly during 
the early part of the season. Prolonged ex
posure to too low storage tcmperatures 
may ultimately result in lent i-damage de
veloping into 'black celd'. 

Dusky cold 

A faint sooty-brown or black discoloura
tion associated with the cold storage of 
fruit that is aging, especially Fuertc and 
Edranol. 11 is often corrdated with internal 
grey pulp symptoms. 

At the prepackers/ripening 
facilities 

The average consumer does not want to 
wait a week before eating the avocados 
they have bought. There is therefore a ma
jor trend in the United States, Australia, 
the UK, South A frica, and other countries, 
to pre-ripen or 'trigger' fruit prior to sale. 

This process is generally carried out by 
prcpackers or retailers and has become an 
important part of the marketing chain. 
However, it is also a potential disaster area 
where the grower may be penalised with 
heavy losses due to incorrect handling 
procedures. Because of increasing 
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softness, pre-ripened fruit will be ex
tremely susceptible to bruising. 

The role of ethylene in the natural ripen
ing process has already been discussed. 
However the commercial use of ethylene 
IOgether with heat, to initiate or trigger rip
ening is now common. 

It has been demonstrated that respiration 
in Fuerte fruit can be increased by ethylene 
levels as low as 0.0 I ~rl during storage at 
IO"C. However higher levels (1.0 ~rl) 
were required to boost respiration rates in 
Hass fruit held at goC, implying a lower 
level of ethylene sensitivity in this 
cu ltivar. 

In commercial trials carried out at West
fa lia Estate in South Africa, waxed fruit 
was found to respond less evenly to ethyl
ene triggering of fruit indicating that the 
wax may serve as a partial barrier to enlry 
of ethylene. 

Treatment of commercial consignments 
with 100 ~rl of ethylene at 20"C for 24 
hours is generally regarded as sufficient 10 

trigger fruit for marketing of ready-to-eat 
fruit. The use ofnondeslructive fruit finn
ness testers is an important part of this pro
cess 10 ensure unifonnily of ripening. 

It is essential for the grower to ensure 
Ihat monitoring of the pre-ripening pro
cess occurs and that he is given feedback 
on losses occurring at this stage of the mar
kcting chain. Where necessary, corrective 
measures can then be taken. 

In supermarkets/retail stores 
Education of the person or persons who 

sell to the consumer is of great importance, 
particu1:uly where ready-to-eat fruit is be
ing so ld. Correct handling of sensitive 
fruit, an understanding of the effects of 
time and temperature on the fruit and the 
use of "best-before" or "sell-by" dates, are 
all part of the education process to ensure 
Ihatlosses do not occur at this penultimate 
stage of the marketing chain. 

For the consumer 
Just as is Ihe case for the seller, the con

sumer must be educated on the correct 
storage procedures for the fruit they buy, 
whether fock-hard or ready-to-eat al the 
time of purchase. However all the educa
tion and promotion in the world, will be 
value less if the inherent quality and reli
ability of the product is nOI there. 

Quality: The role of research 
Research should be aimed at three main 

facets: 
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I. Production research. 
2. The commercial process from grower 

to conswuer. 
3. Market research. 

Production research funded by the 
South African Avocado Growers' Asso
ciation was recently revised and showed 
that for a grower investment of one dollar 
the return, due to implementation of re
search findings, is $60. 

The commercial process from grower 
to consumer includes virtually all the as
peCIS dealt with in this article. It is the en
tire process of monitoring. evaluating and 
reporting on the quality control chain and 
carrying out the necessary research to 
solve the problems that are found to occur. 
This research can be of enonnous financial 
benefit to the grower. 

Markel resea rch is obviously of vital 
importance in order 10 identify what 
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customers want and also in order to deter
mine what customer-education is 
required. 

Quality: The role of grower 
organisations 

ISO 9000 and HA CC P 

This article covers many of the princi
ple.<; expounded in ISO 9000 and Hazard 
Analysis and Critical Control Points 
(HACCP). ISO 9000 can be secn as an in
ternationally accepted, overall quality 
control system dependent on acceptance 
of management responsibility, effective 
documentation, entrenchment of quality 
control systems and regular auditing by 
accredited auditors, followed by appropri
ate and documented corrective action. 

HACCP is divided into two facets: 

I. Hazard Analysis in which a total flow 
diagram is produced, identifying the 

type of hazards (whether physical , 
chemical or biological) that may Un
pact on the end product. 

2. Critical Control Points which include 
identification of the critical points in 
the flow chart at which quality aspects 
must be monitored to ensure a safe and 
dependable end-product. Appropriate 
preventative measures are then docu
mented, applied, monitored and regu
larly reviewed. The HAeCp process is 
basically the one followed in this 
article. 

It is you the grower who can and should 
have the greatest impact in ensuring that 
you grow a good product and that a good 
product arrives at the consumer. That is 
what this article is about. In Ihe end it is 
you who must ensure that the necessary 
quality control systems are in place to 
guarantee thai your production and mar
keting remain profitable now, and into the 
futu re. 

New Recruit To Avocados 
Tile latest rccruit to the team of scientists 

working on avocados is Jose Roberto 
Marques. Josc is a Brazilian who obtained 
his degree in Agronomy from the Univer
sity of Sao Paulo in 1987, specialising in 
horticulture. He then worked for six years 
at the Horticulture Divisiun of the largest 
Brazilian agriculturc co-operative, man
aging infonnation for production, trading 
and quality offiuits. 

In the last twoyears.asa part of his Mas
ters in Applied Science at Massey 
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University, New Zealand, he investigated 
the effects of prc-harvest application of 
ethylene synthesis inhibitors on the post
harvest quality of kiwifruit. 

Jose has accepted 11 PhD scholarship 
funded by the HRDC/AAGF within the 
project on "Field management of avocado 
postharvest discases", managed by Dr 
Lindy Coates ( Plant Protection Unit, In
dooroopilly). He shall be working with Dr 
Peter Hofman (QHI. Ham ilton), Dr Tony 
Whilcy (QHl. Nambour) and Dr Daryl 
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Joyce (UQ Gatton) on the effects of fruit 
nutrition on froit quality and disease after 
harvest. This will extend the work con
ducted by Mr Surachat Vuthapanich (an
other of Peter Hofman's PhD students), 
which identified the very Slrong influence 
offroit minerals on quality of avocado and 
mango. 

The goal of his program will be to iden
tify how nutrition affects postharvest dis
ease, and the tree characteristics that 
influence optimum fruit mineral concen

trations. It is hoped this will ultimately 
result in the selection of rootstocks for 
better fruit nutrition and quality. 

The opportunity of working within 
this project is going to be a very chal
lenging and rewarding experience. both 
personally and professionally for Jose. 
In addition to completing his PhD 
course, he hopes to contribute to the im
provement of the avocado industry in 
Australia. 

Jose arrived in Queensland in March 
with his wife Cristi and his li ttle 'kiwi' 
daughter Anna Luisa, and will be based 
at the Hamilton laboratorits in Bris
bane. He and his fam ily are looking for
ward to experiencing the Australian 
way of life. 

The articles on this page are 
sponsored by HRDC and the 
o\locado industry. 

27 



I 
1 

\ 

Peter Young of Birdwood Nurserv demonstrates grafting 
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