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ABSTRACT

The South African (SA) avocado industry is export driven and requires reliable disinfestation treatments for
existing and new markets. This requirement is true for markets that have suitable climates for SA quarantine
pests. Gamma irradiation has proven to be a reliable disinfestation treatment but the effect of this treatment on
SA avocados needed to be investigated. Two cultivars of avocado, ‘Carmen’ and ‘Hass’ (early , mid- and late-
season) were subjected to gamma irradiation (Co®°) at three different dose levels, 100 Gy, 200 Gy and 400 Gy.
The experimental design was divided into two treatments, i.e., irradiation in country of export and irradiation in
country of import. Both of these treatments consisted of a 28 day sea freight simulation at 5.5°C. The fruit was
evaluated externally and internally. In terms of external quality, only few differences were detected between the
non-irradiated control fruit and the irradiated fruit (100 Gy, 200 Gy and 400 Gy). However, the internal quality of
irradiated avocado compared to non-irradiated avocado was poor. The results indicated that avocados are very
sensitive to Gamma irradiation as low as 100 Gy, and therefore are not suitable for use of irradiation as a quar-

antine treatment.

INTRODUCTION

Gamma irradiation has been a successful alternative
disinfestation treatment for various fruits and vegeta-
bles (Torres-Rivera & Hallman, 2007; Hallman, 2008).
Regulations for the irradiation of fresh fruit and veg-
etables as a disinfestation method have been estab-
lished by the United States Department of Agriculture’s
(USDA) Animal and Plant Health Inspection Services
(APHIS). However, not all fruits and vegetables can tol-
erate gamma irradiation (Kader, 1986). Some of the
fruits that are known to tolerate irradiation include: ap-
ple, mango, strawberry and papaya (Kader, 1986).
Gamma irradiation is not only used as a disinfestation
method but may also be used to prolong the shelf life
of fresh fruits such as avocados which can be beneficial
during exportation when the fruit is shipped over long
periods of time (Young, 1965).

South African avocados are attacked by different insect
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pests (De Villiers & Van den Berg, 1987). Fruit flies are
considered the most serious pests from a quarantine
perspective (De Villiers & Van den Berg, 1987). The
accepted generic irradiation dose for fruit flies in South
Africa is 150 Gy (IPPC, 2007), although the required
doses for individual species in South Africa may be as
low as 100 Gy (Torres-Rivera & Hallman, 2007; Hall-
man, 2008). These low doses of irradiation do not nec-
essarily kill the quarantine pests, however; this treat-
ment does prevent these pests from developing into
adults or in some cases render them sterile (Hallman,
2008).

Avocado fruits are known to be sensitive to irradiation
doses above 150 Gy (Follett & Neven, 2006), but Arva-
lo et al. (2002), Follett and Neven, (2006) and Torres-
Rivera and Hallman (2007) suggested that irradiation
of avocados at approximately 100 Gy may be feasible.
Low dose irradiation can form part of a systems ap-
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proach (or even a single quarantine treatment) against
quarantine pests of avocado in South Africa (Follett &
Neven, 2006).

The aim of the study was to investigate fruit quality
after applying low gamma irradiation doses to two avo-
cado cultivars at different times of the season while
simulating irradiation in South Africa and the import
country.

MATERIALS AND METHODS

Two avocado cultivars, i.e., ‘Carmen Hass’ and ‘Hass’
(early, mid- and late-season) were harvested and
packed according to standard packhouse treatments
(fungicide and waxing) at the Westfalia Packhouse in
Tzaneen, SA. The 4 kg cartons consisted of size 16
count fruit.

Two main irradiation treatments, irradiation “in country
of import” (Treatment 1) and irradiation “in country of
export” (Treatment 2), were conducted. Both of these
treatments consisted of a 28 day sea freight simula-
tion at 5.59C. The former treatment entailed irradiation
after cold storage for 28 days and the latter treatment
irradiation before cold storage for 28 days.

The transportation of the fruit took place overnight
from Tzaneen to Pietermaritzburg, at 9°C in a refriger-
ated truck. The fruit was irradiated at a gamma irradia-
tion facility in Durban (Gamwave [Pty] Ltd., KwaZulu-
Natal, SA). A £8 hr cold chain break occurred due to
transportation to and from the irradiation facility. This
resulted in condensation formation on the fruit.

Each irradiation treatment consisted of five cartons of
fruit that were exposed to the following doses: 100 Gy,
200 Gy and 400 Gy. The dosimetery was conducted ac-
cording to Du Rand et al., 2009. The control consisted
of non-irradiated fruit. All the fruit were ripened at am-
bient temperature at the University of KwaZulu-Natal
in Pietermartitzburg, KwaZulu-Natal, SA.

Fruit evaluation
The fruit was evaluated according to the following cri-
teria once they reached eating ripeness:

External evaluation
Black chilling injury — The fruit was scored on a scale of
0-3 where 0 represents no chilling injury.

Brown chilling injury — The fruit was scored on a scale
of 0-3 where 0 represents no chilling injury.

Lenticel damage - The fruit was scored on a scale of
0-3 where 0 represents no lenticel damage.

Skin colour - The fruit was scored on a scale of 0-3
where 0 represents green skin and 3 represents total
darkening of the skin.

Shrivel — The fruit was scored on a scale of 0-3 where
0 represents no shrivelling.

General appearance of the fruit — The fruit was scored
on a scale of 0-3 where 0 represents unacceptable.
Days to ripe were not determined as it was difficult to
determine if the fruit was soft due to ripeness or post-
harvest disease infection.

Internal evaluation
Anthracnose - The fruit was scored on a scale of 0-3
where 0 represents no anthracnose.

Stem-end rot — The fruit was scored on a scale of 0-3
where 0 represents no stem-end rot.

Grey pulp - The fruit was scored on a scale of 0-3
where 0 represents no grey pulp.

Vascular browning — The fruit was scored on a scale of
0-3 where 0 represents no vascular browning.

Taste - The fruit was scored on a scale of 0-3 where 0
represents unacceptable taste.

Statistics

The data was subjected to one way ANOVA at 95%
confidence levels. The mean differences were separat-
ed using Duncan’s method.

RESULTS AND DISCUSSION

External evaluation

The results of the external evaluations on ‘Carmen’,
early, mid- and late-season ‘Hass’ is presented in Ta-
ble 1-4. Results for Treatment 2 were not available
due to availability of fruit. Some statistical differences
were observed in the external evaluations of irradiated
and non-irradiated fruit, but few were of notable bio-
logical significance.

Table 1. External quality of ‘Carmen’ avocados irradiated at different doses.

Dose
(Gy)

Black chilling

Treatment injury

injury

0.18 £ 0.38a, A

Brown chilling

0.00 £ 0.00 a, A

Lenticel damage

1.48 £ 0.78 a, BC 2.98 £0.16 b, C 0.08 +£ 0.35 a, A

0.43 £0.59b, A 0.00 £+ 0.00a,A 1.98+0.36b,B 2.98 +£0.16 b, C 0.00 = 0.00 a, A

Control  0.25 £ 0.54 a, A 0.05 £ 0.22a,A 1.13+0.69a,A 293+0.27b,C 0.15+0.43b, A

0.38 £ 0.67a, A 0.18 £ 0.45ab, AB 1.30 £ 0.56a, AB 2.98 £ 0.16 b, C 0.00 + 0.00 a, A

*Standard deviation
¥ No significant differences within a given dose level is represented by the same lower-case letters within a treatment (p >.05)
zNo significant differences within a given dose level is represented by the same upper-case letter when treatments were compared (p >.05)
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Internal evaluation

The detrimental effects of irradiation were mainly ob-
served during the internal evaluation of the fruit (Ta-
ble 5-8). The level of anthracnose, stem-end rot, grey
pulp and vascular browning increased considerably
when the fruit was irradiated (Table 5-8). Gamma ir-
radiation is known to cause internal browning in avo-
cados at doses <1 kGy (Kader, 1986). This was found
to be true during this investigation and occurred at a
very low dose of 100 Gy for both ‘Carmen’ and ‘Hass’
(early, mid- and late-season) (Table 5-8). The high
level of anthracnose infection is similar to research

conducted by Cia et al. (2007), who found that irradia-
tion doses <1 kGy increased anthracnose, Collectotri-
chum gloeosporioides, sporulation in papaya. The level
of anthracnose was found to increase with irradiation
(Table 5-8).

Significant differences in the internal quality of the
fruit were observed between the non-irradiated control
fruit and the irradiated fruit (100 Gy, 200 Gy and 400
Gy) of ‘Carmen’ and ‘Hass’ (early, mid- and late-sea-
son) with regard to all the internal evaluation criteria
(Table 5-8).

Table 2. External quality of early season ‘Hass’ avocados irradiated at different doses.

Dose
(Gy)

Black chilling

Treatment injury injury

*Standard deviation

Brown chilling

Lenticel damage

¥ No significant differences within a given dose level is represented by the same lower-case letters within a treatment (p >.05)
zNo significant differences within a given dose level is represented by the same upper-case letter when treatments were compared (p >.05)

Table 3. External quality of mid-season ‘Hass’ avocados irradiated at different doses.

Dose
(Gy)

Black chilling

Treatment injury injury

*Standard deviation

Brown chilling

Lenticel damage

¥ No significant differences within a given dose level is represented by the same lower-case letters within a treatment (p >.05)
zNo significant differences within a given dose level is represented by the same upper-case letter when treatments were compared (p >.05)

Table 4. External quality of late-season ‘Hass’ avocados irradiated at different doses.

Black chilling

Treatment injury injury

Brown chilling

Lenticel damage Skin colour Shrivel

*Standard deviation

¥ No significant differences within a given dose level is represented by the same lower-case letters within a treatment (p >.05)
zNo significant differences within a given dose level is represented by the same upper-case letter when treatments were compared (p >.05)
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Table 5. Internal quality of *Carmen’ avocados irradiated at different doses.

Vascular
Treatment Anthracnose Stem-end rot Grey pulp browning

*Standard deviation
¥ No significant differences within a given dose level is represented by the same lower-case letters within a treatment (p >.05)
zNo significant differences within a given dose level is represented by the same upper-case letter when treatments were compared (p >.05)

Table 6. Internal quality of early season ‘Hass’ avocados irradiated at different doses.

Vascular
Treatment Anthracnose Stem-end rot Grey pulp browning

*Standard deviation
¥ No significant differences within a given dose level is represented by the same lower-case letters within a treatment (p >.05)
zNo significant differences within a given dose level is represented by the same upper-case letter when treatments were compared (p >.05)

Table 7. Internal quality of mid-season ‘Hass’ avocados irradiated at different doses.

VER AT
Treatment Anthracnose Stem-end rot Grey pulp browning

*Standard deviation
v No significant differences within a given dose level is represented by the same lower-case letters within a treatment (p >.05)
zNo significant differences within a given dose level is represented by the same upper-case letter when treatments were compared (p >.05)

Table 8. Internal quality of late-season ‘Hass’ avocados irradiated at different doses.

Vascular
Treatment | Dose (Gy) Anthracnose Stem-end rot Grey pulp browning

*Standard deviation
¥ No significant differences within a given dose level is represented by the same lower-case letters when treatments were compared (p >.05)
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CONCLUSION

Gamma irradiation may be a suitable method to use
against quarantine pests but is not necessarily a com-
patible disinfestation method in all types of fruit. This
was found to be true with regard to the gamma irra-
diation of avocados. Detrimental effects were evident
at low doses of gamma irradiation (100 Gy) and the
results obtained did not support the recommendations
of Arvalo et al. (2002), Follett and Neven (2006) and
Torres-Rivera and Hallman (2007), who suggested
that irradiation of avocados at 100 Gy is feasible. Oth-
er methods such as low temperature storage, as sug-
gested by Bower (2005b), are much better suited dis-
infestation methods and have much more promising
results that gamma irradiation of avocados, although
other fruits like citrus types, grapes and apples can
withstand lower temperatures.
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