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SAMEVATTING ABSTRACT 

Die Read op Atoomkrag (RAK) net in Julie 1376 'n 
navorsingsooreenkoms met die Internationale 
Atoornenergieagentskap ( IAEA) gesluit. Dit is op 
uitnodiging wan die Agentskap gedoen. as deal van sy teak 
oni navorsingtprogremrrte te kodrchneer en te help om die 
wisselwerking tussen wetenskaplikes met soortgelyke 
bdengstellings uit te brei. Die betrokke navorsingsprojek 
van die RAK is die sirelingspreservering van subtropiese 
vrugte wat dee) van die IAEA se gekoordineerde program 
oor die Tegnologiese en Ekonomiese Uitvoerbaarheid van 
v*oedselbestraling uitmaak. Hierdie verslag is ingevolge die 
Ooreenkoms in Oktober 1 9 7 6 op 'n 
Navorsingskoordineringtvergadering in Wageningen, 
Nederland, voorgelê. 

In hierdie verslag word die resultate van etlike seisoene se 
navjrsing bespreefc wat die RAK in samewerking met die 
Navorsingsinstituut vir Sitrus en Subtropiese Vrugte, 
Netspruit, oor die stralingtbehandeling van subtropiese 
vrugte uitgevoer het. In die geval van mango's het bestraling 
tesame met warmwaterbehandeling wat swamme en insekte 
bestry, die seevervoer van vrugte na Europa moontlik 
gemaak. 'n Betekenisvolle neweproduk hiervan, nl. 
vertraagde rypwording, het ook nog vir 'n betekenisvolle 
verbetering in die binnelandse verspreiding gesorg. 'n 
Kommersiële uitvoerbaarheidstudie word beknop weergegee 
en planne vir aanvooraanlegbedryf word bespreek. 

Soortgelyke belowende resultate is ook met 
siefciebestryding en vertraagdt oudwording van papajas 
verkry, en dieselfde resultate wat vir mango's beskryf is, 
kan in 'plaaslike' en in uitvoertocstande verkry word. 
Lietsjiesiektes is ook in 'n groot mate met 
stralingtbehandeling verminder, maar hierdie werk is nog in 
die beginttadium. 

In die geval van avokedopere, het 'n groot: iks verminderde 
dosis tesame met 'n ligte hittebehandeling, vertraagde 
rypwording sonder 'n betekenisvolle nadelige uitwerking 
gelewer, wat die rakletftyd met ongeveer ses dae verleng 
het. 

Die verkreë resultate toon dat die bestraling van subtropiese 

vrugte groot belofte inhou wat verminderde verliese, beter 

vrugtegehelte, verbtterde verspreidirtg en grootmaatuitvoer 

battel Met die wearskynlikheid van internasionale 

goedkeuring binne die afsienbare toekoms, behoort 

kommersialisering van die proses met verloop van tyd te 

volg. 

In July 1976. the Atomic Energy Board (AEB) entered into 

a Research Agreement with the International Atomic 

Energy Agency (IAEA). This was done at the invitation of 

the Agency, as part of its function of coordinating research 

programs and assisting in broadening the contact of 

scientific investigators with similar interests. The relevant 

AEB research project is that involving radiation 

preservation of subtropical fruits, which forms part of the 

IAEA's coordinated program on Technological and 

Economic Feasibility of Food Irradiation. This report was 

presented at a Research Coordination Meeting convened at 

Wageningen in the Netherlands in October 1976, in terms 

of the Agreement. 

The report describes the results o* several seasons' research 
carried out at the AEB in conjunction with the Citrus and 
Subtropical Fruit Research Institute, Nelspruit, on the 
radiatio.i treatment of subtropical fruits. In the case of 
mangoes, irradiation, in combination with hot-water 
treatment, by controlling fungal and insect attack, makes 
possible the transport of fruits to Europe by sea and, with 
the additional 'spin-off' of delayed ripening, a marked 
improvement in national distribution is also achieved. A 
commercial feasibility study for mango processing is 
summarised and plans for pilot-plant operation are 
described. 

Equally promising results have been obtained with respect 

to disease control and delayed senescence in papajas, and 

similar benefits to those described for mangoes can be 

achieved under 'local' and export conditions. Disease in 

litchis was also markedly reduced by irradiation treatment, 

but work on this fruit is still at an early stage. 

In the case of avocados, a greatly reduced dose, with a Tiild 
heat treatment, produced delayed ripening without 
significant adverse effects, and results in a shelf-life 
extension of about six days. 

The results obtained show that the irradiation of 

subtropical fruits holds considerable promise in terms of 

reduced losses, better fruit quality, improved distribution 

and large-scale exports. With the likelihood of international 

clearances within the foreseeable future, commercialisation 

of the process jhould follow in due course. 
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A. MANGOES 

1. INTRODUCTION 

Almost the entire current production of mangoes in 
South Africa is consumed by the local market, leaving the 
potential of European markets virtually untouched. Not 
only are these markets economically important to the 
South African producer, but, because the harvest occurs 
from December to April when European fruit supplies are 
extremely limited, the nutritional value of these fruits 
would be of considerable benefit to consumers. 
Furthermore, with the introduction of the relatively new, 
fibreles» mangoes in recent years, a fruit of much greater 
appeal to European taste* is being produced as compared 
with the traditional fibred mangoes. Large plantings of 
these new mango cultivers have been made in South Africa 
during recent years, and yields of 16 to 20 million trays are 
predicted within the next five years, as compared with the 
present production of three million trays. It is evident that 
in order to achieve full commercial potential, it is necessary 
to export substantial quantities of these fruits to European 
markets, and the only economical way of doing this is by 
utilising sea transport, 

2 . THE PROBLEMS 

Owing to the long distances involved and the 
perishable rwtun of this commodity, tht task becomes 
problematical for two principal reasons, viz. the mango 
weevil, and the fungal diseases which attack the fruit. 
Although temperature control may be used to limit fungal 
attack to a certain degree, shipping cannot be carried out 
much below 10 °C, a* cold-Injury develops in the fruit 
below this temperature. 

most of the experimental fruit and for advice on 
commercial 3$pects of the subtropical fruit industry. 

The Department of Health is thanked for advice on 
wholesomeness considerations, and the National Food 
Research Institute of the CSIR for contributions to the 
chemical studies. 

The authors are indebted to Dr R.A. Basson, Advisor 
to the AEB on Radiation Applications in Agriculture, for 
his advice and participation, while Dr W.J. de Wet (Director 
of Chemistry) and Dr L Alberts (Vice-President) are 
thanked for their interest and support of the program. 

Finally, the enthusiasm and endeavour of all members 
of the research team at Peiindaba are greatly appreciated. 

2.1 The Mango Weevil 

The mango weevil (Sternochetus mangiferg* 
Fabncius) can cause severe losses in stored mango fruits. 
This pest has spread from the East to all mango-growing 
areas of the world The female deposits her eggs singly on 
the surface of young fruits, after which the larva penetrates 
the skin and burrow: through the edible portion to the 
seed. During the growth of the fruit, any damage caused by 
this action is r< aired and becomes invisible. The duration 
of the developmental stages of the weevil coincides to a 
large extent with the maturing stages of the mango, but in 
the late-maturing, fibreless cultivars the duration of the 
weevil's development becomes significantly shorter than 
that of the maturation of the fruit. The adult weevil, which 
grow» to between 8 and 10 mm in length, subsequently 
leaves the seed and tunnels through the edible portion of 
the fruit, thereby causing considerable damage to the fruit 
and providing access for secondary infection. Although 
proper orchard sanitation and spraying with insecticide 
during early spring can reduce the infectior control is 
restricted by the fact that the life cycle of the insect is 
completed inside the fruit, thereby eliminating the 
possibility of chemical control of the immature stages of 
the weevil. 

2.2 Diseases of the Mango Fruit 

Mangoes ar$ afflicted by two major fungal diseases. 
The most common and widespread of these is anthracnose, 
caused by the fungus Coilttotrichum glomporioidn. Most 
of the infection takes place from the beginning of the 
blossoming period, and becomes active and severe as centres 
of decay when the fruit reaches maturity. As the fruit 
ripens, spots on the skin develop rapidly into centres of 
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decay, thereby causing considerable losses during transit or 
storage. 

Severe losses in mangoes have been experienced in 
South Africa due to a soft brown rot (SBR) which sets in 
when fru'ts art kept in cold storage for prolonged periods. 
This rot, Hendenonia crecewm» Syd. and Butl. no», spec., 
is similar to Oiptodia rot. but is not confined to the 
stem-end of the fruit. This rot becomes significant where 
sea transport over long distances at reduced temperatures is 
necessary. 

3. RESULTS 

This section will, for convenience, be divided into 
four parts. The first part consists of preliminary 
experiments on weevil and fungal control, and 
simulated-shipping studies. These experiments showed that 
irradiation could play an important role in solving the 
mango problems, and so the project developed into its 
second stage, which consisted of more detailed studies en 
the weevil and on the two fungal pathogens. This was 
accompanied by the sending of a small-scale, overseas 
shipment of fruits for evaluation in Europe. The fourth part 
was made up of a number of follow-up experiments 
resulting from the trial overseas shipment, ITOS) and 
designed to optimise treatment and storage parameters. 

3.1 Preliminary Experiments 

Initial experiments, carried out to determine the 
effect of irradiation upon the weevil, showed that even at 
the lowest applied dose 10,50 kGy), mortality figures for 
the pupal and larval stages were 100 %, but those for the 
adult beetle were significantly lower (30 % and 45 % at 
0,50 and 0,75 kGy respectively). Furthermore, increasing 
the dose from 0,90 to 2 kGy had little effect on the 
mortality hgures lew. 83%) at the time of inspection 
(usually 2 - 3 weeks). More important, however, is the fact 
that even at 0,30 kGy, emergence of the beetle from the 
seed is reduced almost to zero, and at 0,75 kGy its 
mactivation is sufficient to completely exclude emergence. 

The next step was to establish the effsnt of 
irradiation in this dose range, either alone or in 
combination with heat treatment, upon the fungal diseases. 
Experiments carried out on several cultivars clearly showed 
that whereas irradiation alone exerted a much smaller 
degree of control upon the fungi than the conventional 
hot-water-tfip treatment (56 "C for Smin), a significant 
synergistic effect VMM observed when irradiation was used in 
conjunction wit the heat treatment. The synergism was 
most marked in the fibred Peach and Sabre varieties, but 
was also present in the fibrelesi type. 

In experiments in which hot fungicide replecw hot 
water in the dip treatment, a slight wrinkling of the skin 
occurred which adversely affected the appearance of the 
fruits, although slightly better fungal control was obtained. 
This factor, together with the additional cost involved, 
makes the use of fungicide undesirable. 

In addition to weevil control and the synergistic 
effect of hot water on fungal disease, irradiation also 
produces a 'spin-off' effect in that it causes a slight delav in 
the physiological processes leading to ripening of the fruit. 
with a consequent 1 — 2 d extension in the shelf lite, over 
and above that achieved by disease control. Phytotoxicity. 
which largely eliminates die possibility of an irradiation 
treatment for many other fruits, is not detected in the 
fibretus cultivars after doses of up to 1,5 kGy. at which 
dose scalding of the skin becomes noticeable. Even at 
1,5 kGy, however, organoleptic testing by a trained taste 
panel could detect no difference between irradiated and 
unirradiated fruit 

Having established a treatment which controlled the 
weevil and the fungi, it was then necessary to determine 
whether or not the degree of control achieved was 
sufficient to enable the fruit to endure the long sea voyage 
to Europe. For thi« purpose, simulated-shipping studies 
were carried out in which treated and untreated fruits were 
kept at the optimum temperature (11 °C) for the estimated 
transport period, from packhouse to port of arrival (21 to 
25 d). After this period the fruit was allowed to ripen at 
ambient temperature, and assessments of general 
appearance and incidence of disease showed that fruits 
given the combination treatment exhibited a marked 
improvement on both counts over those given heat 
treatment alone. Wastage was reduced to limits well within 
those required by a commercial operation. 

3.2 Detailed Studies 

3*2.1 INACTIVATION OF THE MANGO WEEVIL* 

As a result of some conflicting opinions as to the 
radiation dose required for weevil control, a closer 
investigation of this problem was carried out. Fruits of 
early and late-maturing mango cultivars were irradiated at 
doses ranging from 0,30 to 0,85 kGy. Weekly counts wee 
made of mortality within the seeds and of emergence of 
weevils from the seeds. The data for the eariy-matui ing 
fruit are shown in Table I. It can be seen that irradiation to 
0,50 kGy and above is 100 per cent effective in preventing 
the emergence of weevils from seeds of this cultivar 
(Peach). At all doses there is also a high percentage of 
mortality of all stages of the weevil, although 100 per cent 
mortality is not achieved. 

In the treated fruits, the number of immature insects 
decreased far more slowly with successive evaluations than 
in the case of the untreated Controls. For example, at the 
sixth evaluation only 3 % were still immature in the Control 
samples, compared with 44 % in the 0,50 kGy sample. This 
reflects the retardation in development of the weevil caused 
by irradiation. Those weevils found to be still alive inside 
the intact, treated seeds were all moribund. 

'Summarised from: "Inactivation of Mingo Seed Weevil, 
ttemocnatus Meogrferae, by Irrediêtion", by D.L Milne, 
I. B. Kok, A. C Thorrm end D. H. Swart, iubmitted to Citrus 
A Subtropical Fruit Journal 
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TABLE I 
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Table II show» the results for • late-maturing, 
fibrefoes cuttivar. Tht grMttr resistance of the mora 
advanced stages of tho weevil is shown by tht decreased 
mortoHty figures. It «an also observed that weevil 
emergence occurred much earlier than in the case of the 
early curtivar, indicating the greater susceptibility of the 
later cuhivars to weevil damage in marketed fruits. The 
effect of irradiation on emergence is illustrated in Pig. 1, 
from which it can be seen that dotes above 0,60 kGy 
essentially preclude emergence. Furthermore, it has been 
shown that even if weevils were to be accidentally released 
from treated seeds, such individuals will be sterile, thereby 
providing satisfactory phytosanitary protection for 
importing countries. 

TABLE II 

Mortittty — LtVtv Cutthrsr 

DOSS HOLSltSflOS MOW-HOUOSftDS 
(DOr) 

fta^^aaa^^ B^^É^MÉ %of Infnftd NetMDaW Of % Intend Mortality 
S M * S M * (AtfuHfl 

0 73 35* S3 40,4 •* 
0,30 17 33* •2 37* m 037» 13 I»,1 M 3S.7 30* 
0,60 1 1A 7» 37* •nA 
0,7» 0 0 to 3 M 47,7 
0.SS 0 0 at 40* »7,7 

o 
III i 

35 

301" 

0 W0 020 030 0*0 090 ON 0* 
IRRADIATION 00M: kOy 

FI0.1 EFFECT OF IRRADIATION UPON EMEMOENCE 

3 L U FUM6AL STUDIES IN CULTURE 

Experiments ware conducted with mycelial plugs of 
the fungus Hmdmtoni* cnburrkm. isolated from soft 
brown rot infections, and grown on potato dextrose agar 
(PDA). These plugs were heet-treeted and then irradiated at 
a dose of 0,75 kGy before being placed on PDA plates and 

l f o M 0 d a t ~ 2 3 O C 

Results given in Fig. 2 show that a complete 
inhibition of mycelial growth was obtained witfi the 
combination treatment, heat (55 °C for 2.5,5 or 10 min) 
followed by 0.75 kGy. The heat-only (10 min) dip 
treatment was effective, but this treatment cannot be 
recommended in practice because of the problem of fruit 
phytotoxicity. Heat-only (5 min), the acceptable standard 
dip treatment, was fairly effective in inhibiting fungal 
growth. Less affective was heat-only (2,5 mm), and least 
effective was the irradiation-only treatment The synergistic 
effect obtained by combining the heat and irradiation 
treatments is dearly demonstrated in this experiment end 
confirms the results obtained in practice, where the most 
effective treetment for the control of soft brown rot was a 
heated dip at 56 °C for 5 min followed by 0,75 kGy. 

1 0 0 r " HEAT«55*C H0T-V*rEREMP 

75 

50 

25 

0,75 kGv 

FIG 2 

1 2 3 * 5 6 7 
TIME AFTER TREATMENT tdoys) 

TREATMENT ON HlHKnSOSu* 
cMteitoMA 

in experiments with Collttotrichum g/ototporíoidm 
Pens (the cause of anthracnote on mangoes), it it clear that 
1 kGy was vary effective in both the oxygen and control 
treatments, while in nitrogen the percentage kill was 
disappointing even at 1,5 kGy (tee Fig. 3). It it obvious 
from these results that the type yf atmosphere used during 
irradiation plays a significant role. It was previously 
suggested that nitrogen get applied during irradiation 
improved the organoleptic quality of tome fruits at 
compared whh that obtained whan irradiating fruit in air. 
However, the retultt of this experiment clearly show that 
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the use of nitrogen gas during irradiation should not be 
considered, especially where ar effective control of fungal 
pathogens is desired. 

01 1 1 — 
0.75 100 

DOSE ( k G y ) 

FIG 3 EFFECT OF IRRADIATION ON 
COLLETOTRICHUM GLOEOSPORIOIDES 

3.3 Trial Overseas Shipment* 

3.3.1 PURPOSE 

Although repeated simulated-shipping experiments 
showed that the transport of mangoes to Europe by sea is 
made feasible by the application of a combined 
hot-water/irradiation treatment, i t is always possible that 
one or more of the many parameters whereby the quality 
of the fruit is affected may deviate from the ideal 
conditions obtaining in laboratory work- It was therefore 
deemed desirable to carry out an actual shipment to Europe 
and to evaluate the frui t on arrival in order t o demonstrate 
the practicability of the envisaged process and to pinpoint 
any factors which may cause problems in practice. 

3.3.2 PROCEDURE 

A consignment of 60 trays of f ibretess Kent mangoes, 
obtained from the Tzaneen area of the NE Transvaal, was 
divided into three batches, each of which received one of 
three treatments, viz.: 

'Summarised from a restricted report: "Quality evaluation 
of irradiated mangoes after seaborne trial shipment from 
South Africa", by D. Is. Langerak, H. G. Heins, M. H. Nagvi, 
G.A.A Damen and R. Hovestad, Instituut voor Toepassing 
van Atoomenergie in de Landbou, Wageningen. 

(a) hot water (55 "C for 5 mm) (control) 
(b) hot water + irradiation (0,75 kGy) 
(c) hot fungicide + irradiation (0,75 kGy) 

The consignment was subsequently railed f ' om 
Johannesburg to Cape Town by refrigerated truck t 11 ° C \ 
and then sent by sea to Southampton. Unfortunate;»/, dun 
to the limited size of the consignment, the recomrr.enneci 
storage temperature (11 °C) was not available on hoar! 
ship, and the mangoes were stored at the nearest a».), ab'r-
temperature of 8,5 °C. From Southampton the fruit was 
conveyed by road transport to Amsterdam, and eventually 
to the Instituut voor Toepassing van Atoomenergie in d -
Landbouw, of the Association Euratom-ITAL, at 
Wageningen for evaluation. A period of 23 d elapsed from 
the harvesting of the mangoes until their arrival at 
Wageningen. 

Upon arrival at Wageningen, the fruit was s to i 'd ,it 
ambient temperature (ca. 18 °C) and evaluated in terms of 
the following parameters: 

1. Quality 2. Organoleptic 3. Consumer 4. Weevil 
Properties Evaluation Infestation 

(a) appearance (a) colour (a) odour 
(b) texture lb) odour (b) taste 
(c) disease (c) taste (c) texture 

(d) texture (d) overall 
impression 

3.3.3 RESULTS 

All the fruit, regardless of treatment, arrived dt 
Wageningen in excellent condition. 

(a) Ripening 

The 'control ' fruit ripened more rapidly than the 
irradiated fruit, showing that eradiation has a retarding 
effect on fruit nv- ting. It is believed, however, that the 
irradiated fruit did not achieve full ripeness, probably due 
to a cumulative effect of irradiation and storage at too low 
a temperature during transportation. 

(b) Texture and apoearance 

No significant difference in texture was observed 
between the variously treated fruits and, apart from a more 
rapid yellowing of the control fruit , the only difference in 
external appearance was a slight marking of the 
fungicide-treated fruits, as had previously been observed. 

(c) Disease 

This is the p jrameter which shows the most dramatic 
differences between treatments. The following abridged 
Table gives an indication of the degree of disease control 
achieved by the irradiation process. 
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Treatment Paueniaaja off Diiaaii Frae Fniitt Treatment 

Day 4 Oay6 Oay7 

Hol water only <HW) 
H W + 0 , 7 5 k G y 

Fungicide* 0,75 kGy 

84 
92 
92 

50 
82 
90 

21 
72 
84 

The fungicide treatment is clearly the most effective 
in combating disease, but the hot-water/irradiation 
treatment is only slightly less effective and has the two 
advantages of being considerably less expensive and of not 
producing any phytotoxicity on the fruit. 

(d) Organoleptic evaluation 

Despite the over-extended delay in ripening of the 
irradiated fruit as described above, there was no significant 
difference between the rating of these batches and that of 
the control fruit, although the non-irradiated fruit did in 
fact score slightly higher than the irradiated fruit. 

(e) Consumer evaluation 

No difference in odour or texture was recorded 
between the three batches, but the irradiated fruit was 
(perhaps surprisingly) rated higher on taste than the 
non-irradiated batch, and the 'overall impression' given by 
the irradiated fruit was also considerably better than the 
control fruit, probably due to the much lower incidence of 
rot. 

(f) Weevil infestation 

A very low incidence of weevil infestation was 
recorded. This made it impossible to draw any conclusions 
regarding the efficacy of the radiation treatment in 
combating the emergence of this insect pest. It should 
perhaps be noted that this consignment consisted of 
specially selected fruit of the highest quality, harvested 
from an orchard which had been subjected to a very 
thorough spraying program. Two other batches of fruit 
received at Pelindaba at the same time for other purposes 
were estimated to contain infestations of 15 % and 50 % 
respectively. 

(g) Conclusions 

This small-scale shipment of mangoes to Europe 
demonstrated the following: 

1. Good-quality fruit may be successfully transported to 
Europe by sea, 

2. Excellent disease control can be achieved by a 
combined treatment of irradiation and either hot 
water or hot fungicide. The letter provides the best 
fungal control but this is offset by slight external 
damage to the skin. 

3. Organoleptic and consumer evaluations of the fruit 
showed little difference between the treatments. The 
most significant difference was a better 'overall 

impression' given by the irradiated fruit, believed to 
be due to the lower incidence of rot as compared 
with non-irradiated fruit. 

4. The irradiated fruit ripened more slowly than the 
control fruit, and probably did not attain full 
ripeness. We suspect that this was due to a cumulative 
effect of irradiation and too low a storage 
temperature during transportation. This feature 
emerged from the trial as one deserving further 
investigation. 

3.4 Follow-up Experiments 

3,4.1 SHIPPING TEMPERATURE 

Zill mangoes, after treatment, were held for 21 d at 
one of three storage temperatures, viz. 6 - 8 °C, 
10 - 11 °C, 12 - 13 °C, before being evaluated for disease 
and ripening behaviour at ambient temperatures. The 
results are given in Table I I I , showing clearly the disease 
control achieved by irradiation. A maximum shelf life of 
8 d was exhibited by the irradiated fruits, after which time 
they became over-ripe. External colour and flavour of fruits 
'shipped' at 10 - 11 ° C and 12 - 13 oc were excellent, but 
the 6 — 8 ° C fruits, regardless of treatment, remained green 
even after 8 d at 22 — 24 oc. These findings confirm the 
results obtained in the trial overseas shipment described 
above. 

TABLE I I I 
Disease Incidence in Zill Mangoes 

after Simulated Shipping 
at Different Temperatures 

Percentage Diseased Fruit 

A. After 5 d at 22 o 24 °C 
following simulated shipping 

'Shipping' Temp. Heat Only Heat + 0,75 kGy 
<oC) 165 OC for 5 min) 

6 - 8 79,2 4,2 
1 0 - 11 87,5 11,1 
1 2 - 13 63,2 0 
Average: 80,2 6,7 

B. After 8 d at 2 2 - 2 4 oc 
following simulated shipping 

6 - 8 87,5 4,2 
1 0 - 1 1 91,7 11,1 
1 2 - 13 78,9 9,5 
Average: 87,9 8,8 

As may also be observed from Table I I I , the 
previously accepted optimum shipping temperature 
( 1 0 - 11 OC) gave the highest incidence of soft brown rot, 
and should be amended to the slightly higher value of 
12-130C, 
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3.4.2 RIPENING TEMPERATURE 

Hitherto, all fruit ripening and evaluations had been 
carried out at 22 - 24 °C. In the Wageningen evaluations, 
the ambient temperature was close to 18 ° C In order to 
investigate the effect of ripening temperature on resultant 
fruit quality, fruits were evaluated after various treatments, 
whilst being held at three temperatures between 18° and 
25 °C. At 18 ° and 21 °C, fruits ripened perfectly in terms 
of colour (external and internal) and flavour. At the higher 
temperature (24 - 25 °C), fruits wen greener at the 
edible-ripe stage, slight shrivelling of the skin occurred, and, 
although flavour was not impaired, the fruits looked less 
attractive as a result of the lack of full colour development. 

Mean shelf-life extensions (taken as the time required 
to attain the edible-ripe condition) of four to five days were 
observed in fruits given hot-water/irradiation treatment as 
opposed to not water alone, as shown in Table IV. 

TABLE IV 
Delayed Ripening at Ambient Temperatures 

Produced by Irradiation 

Ripening Temp Time to Achieve Percentage fl ipe Fruit 1 
IDayi) 

" ^ A J <|i. ! 

lb 2(1 30 3b lb ill) /0 8b t *r.-ns.oM 

1 H " C H W I 1G 12 l.'i l b 
HW • % 

' 3 
14 lb 1!) 4 

21 "C HW b 6 8 1 ' 
HW • i 1(1 1? 13 l b b 

74 "C HW 4 b / !) 
HW • , !) 11 12 13 b 

3.4.3 PRE-IRRADIATION DELAY 

An important consideration when siting an irradiation 
facility is the time which is tolerable between 
harvest/hot-water treatment and irradiation. From a 
practical point of view, it may be convenient to treat 
mangoes with hot water at the production area, and later to 
irradiate the consignment at a centralised irradiation facility 
(e.g. at the exit port). Such an operation could involve a 
time lag of several days between the two treatments; the 
objective of this experiment was therefore to determine 
what effect such a delay would have on disease control, 
maturity and colour development cf the fruit. 

Kent mangoes were dipped in hot water, waxed in the 
usual manner and irradiated at intervals between 1 and 8 d, 
Fruits were kept for 25 d at 11 °C to simulate shipping 
conditions, and thereafter at 22 °C to ripen. 

From the results shown in Table V it is obvious that 
disease control falls off rapidly with a pre-irradiation delay. 
Similarly, irradiation within one day of harvest plus heat 

treatment resulted in a delay of 3 to 5 d in maturity and 
colour development. The longer the irradiation-treatment 
delay, the less was the effect on the retardation of fruit 
maturity. 

TABLE V 
Effect of Pre-irradiation Delay 

on Disease Incidence 

Hot Water - Irradiation Percental* Non-Marketable Fruit 
Delay 
(«lays) { • 10 "., infection) 

No day. d t 2 2 « C : 1 2 3 4 
1 0 0 6 2C 
3 0 21 43 58 
6 6 23 76 82 
8 0 36 63 87 

CONTROL 14 43 71 92 
(HWonly) 

3.4.4 INCREASED HEAT-TREATMENT TIMF 

The commonly employed hot-water treatment of 
55 °C for b min has been generally accepted as the 
optimum treatment for mangoes in this country. Increasing 
the temperature produces phytotoxicity, whereas increasing 
the time results in accelerated ripening. As irradiation is 
now known to produce a slight delay in ripening, it was 
decided to determine whether a further improvement in 
disease control could be achieved by increasing the 
heat-treatment time to 10 min. 

A slight improvement in anthracnose control was 
achieved, coupled with a marginal improvement in soft 
brown rot control. However, the increased dipping time was 
sufficient to offset the delay in maturity which normally 
follows irradiation. Of greater importance is the fact that 
slight but significant phytotoxicity was observed on fruits 
given the longer hot-water treatment. This 'scald' effect 
rules out the application of an extended heat treatment and 
it is concluded that the 55 °C for 5 min treatment must be 
strictly adhered to. 

3.4.5 SIMULATED-TRANSPORT TESTING 

Irradiation undoubtedly produces a delay in ripening, 
as evidenced by the delay in colour development and the 
attainment o* an edible-ripe condition in numerous 
experiments jsing simulated-shipping and local-market 
storage conditions. An attempt to quantify this ripening 
delay was made using an Instron Universal Testing 
Instrument and employing a 6 mm diameter probe. On the 
limited numbers of fruits tested, no significant difference 
was observed between irradiated and control fruit. 
Consequently, it was decided to use simulated-transport 
testing (STT) as a means of comparing the ripening delay 

A reduction in physical damage produced in fruits in 
transit, usually accompanied by decreased secondary fungal 
attack, is considered to be a better indication of delayed 
ripening than destructive physical testing. The testing 
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procedure is fully described in the section on papayas in 
part B of this report. Only a limited amount of STT on 
mangoes has been carried out to date. Fig. 4 shows a set of 
curves for such a test, from which the effect of irradiation 
in reducing physical damage and disease may be seen. 

1 0 0 Í . 

DISEASE-FREE 
FRUITS 

80 -

60 

i.0 -

20 -

O HW ONLY 
A HW*075kGy 

PHYSICAL DAMAGE: o HW ONLY 
X HW*0.75kGy 

-L _L 
10 12 

DAYS AT 22°C 

FIG. 4 SIMULATED-TRANSPORT TESTING 
OF MANGOES 

3.4.6 LOCAL-MARKET CONDITIONS 

Although the emphasis in all the work carried out has 
been on seaborne exports, significant expansion of internal 
markets for this fruit can also be attained through extended 
shelf life. Suitable temperature-controlled transport within 
this country is extremely limited, with the result that 
markets distant from the production area can be reached 
only at the expense of considerable fruit losses, sometimes 
amounting to complete rejection of whole consignments. 
This is shown by the figures given in Table IV, from which 
it may be seen that 30 % of non-irradiated fruits maintained 
at 21 o - 24 oc are ripe after 5 - 6 d, which is the 
minimum time taken by fruits to reach distant internal 
markets. In comparison, irradiated fruits only acquire the 
same degree of ripeness after 11 - 12 d. This improvement 
in shelf life, together with reduced transit damage as 
described above, can therefore play an important róle in 
bringing about considerably improved distribution and 
increased sales of mangoes within South Africa. 

4. COMMERCIAL FEASIBILITY* 

At present mangoes cannot be exported by sea 
because of the low probability of the product arriving in 
Europe in an acceptable condition. The cost of exporting 
mangoes by air on a large scale is prohibitive, and the local 

demand will soon be outstripped by rapidly increasing 
production. At present only a small fraction of the crop 
(1 — 3 %) is exported — a situation similar to that which 
applied to avocados in this country some years ago. Thus, if 
it is assumed that sea-exportation presents the same 
opportunities for mangoes as it has done for avocados, an 
export potential of 50% of the crop could be realised 
within a few years. It is reasonable to conclude, therefore, 
that ? real need for mango irradiation exists if the full 
potential of the industry is to be realised. 

After consideration, it appears logical that the fruit 
be treated in its final packaged form in trie manner 
commonly employed for the sterilisation of medical 
products. Over forty such commercial irradiators of this 
type are in operation throughout the world and the 
technology is well developed. A detailed feasibility study of 
this concept has been carried out and is summarised below. 

4.1 Centralistd Processing 

It is estimated that more than 70 % of the country's 
production is localised in the area served by the Letaba 
Cooperative with its main packing, processing and 
distribution centre at Tzaneen. It would thus be quite 
feasible for the major part of the South African mango crop 
to be processed at a central irradiator located in Tzaneen. 

4.2 Utilisation of the Facility 

In view of the almost universal trend in the industry 
towards the cultivation of fibreless mangoes, and because of 
their superior behaviour under irradiation, the proposed 
facility can be expected to operate from approximately 
January—April each year when 'he major fibreless types are 
available. Thus the facility will be idle for eight months of 
the year unless it can be utilised for processing other 
commodities. A real prospect for such utilisation exists, as 
promising results have been obtained on papayas, as will be 
described in part B. The treatment of litchis is also a 
possibility. These two fruits are harvested in the mango 
'off-season' and their treatment will enable relatively good 
source-utilisation to be achieved. However, as the results on 
these fruits have not yet been carried out on anything but 
laboratory scale, it was assumed that the irradiation facility 
would process only mangoes. 

4.3 Demand for the Process 

Close contact has been maintained with both the 
Letaba Cooperative and major producers and it can be 
stated with confidence that once the process has been fully 
demonstrated and once international clearances are 

'Summarised from: "The Role of Gamma Irradiation in 
Expending Export Markets for Subtropical Fruits", by R.A. 
Beuon, FAO/IAEA Advisory Group Meeting on Low-Di.se 
Irradiation of Agricultural Products, Rio de Janeiro, 
October 1975. 

http://Low-Di.se
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obtained, a large proportion of the mango crop will be 
offered for radiation processing and export. At present only 
about 2 % of production is exported, but if sea shipment 
can be utilised, this figure is likely to escalate to nearer 
50 %, as occurred in the case of the avocado. 

It must be emphasised that unless export markets for 
the mango can be substantially increased in future years, 
the local market will be drastically oversupplied and prices 
will fall sharply, to the detriment of the industry. 
Alternatively, by supplying export markets, in addition to 
providing valuable national income from additional exports, 
the producer can obtain a premium price so that the 
industry can develop fully and prosper. 

4.4 Processing Costs 

Based on an average dose of 0,95 kGy with an 
overdosing ratio of 1,5 : 1 , an efficiency of 25 %, and an 
annual throughput of two million trays over a period of 
four months, a unit processing cost of 4,4 cents per tray 
was derived. This cost includes amortisation of capital over 
ten years, interest on the capital at 10 % per annum, cobalt 
replenishment and transportation costs, maintenance and 
labour. As mentioned earlier, the predicted total 
production of 15 to 20 million trays would result in a much 
larger throughput, which would reduce unit costs 
significantly. It is thus quite clear that the cost of radiation 
treatment will be small in comparison with the anticipated 
benefit. The only alternative which might be considered 
would be hot-fungicide dipping. This would be slightly 
cheaper but would suffer from three grave disadvantages -
it would not have any effect on weevil emergence, would 
not retard senescence, and wo'.'ld be subject to increasingly 
stringent residue control measures. Radiation is essentially 
the only method which will combat all the problems 
experienced with export mangoes and, in view of the low 
cost of processing, it is likely to find ready acceptance once 
the remaining obstacles to international trade in irradiated 
produce have been overcome. 

5. FUTURE PLANS 

5.1 Pilot-Plant Operation 

Although the analysis of the viability of a commercial 
irradiator given in the preceding section is considered 
reasonably accurate, it remains a theoretical study. Practical 
problems not envisaged in the study could have a significant 
affect on the validity of the conclusions derived, and a 
physical demonstration of viability is essential before the 
private sector can be expected to invest in a full-scale 
irradiator. Consequently, it has been decided to construct a 
pilot plant for mango irradiation, sited at a production 
centre, to produce sufficient quantities of material for 
product and process evaluation under commercial 
conditions. This decision was taken jointly by the Letaba 
Cooperative and the Atomic Energy Board, and the facility 
will be sited at the Cooperative's peckhouse. The irradiator 
will be a 'so-called' swimming-pool-type facility, in which 

the source is located at the bottom of a 6 m pit filled with 
water which acts as the biological shield. The product is 
lowered in two la>ge, watertight containers which surround 
the plaque source; to provide dose homogeneity, the 
containers are rotated at half the exposure time. This batch 
operation differs considerably from the continuous 
processing which takes place in a package irradiation 
facility. However, in view of the vastly differing cost 
implications, and considering that most of the questions to 
be answered can be resolved in a batch system, it is believed 
that the operation of this pilot plant will serve its purpose 
admirably. 

The irradiator will contain at least 20 kCi of 
cobalt-60 and will be capable of treating over 300 kg of 
fruit at a time. Processing of packaged fruits will occur at 
the end of the present production line, prior to distribution 
by road or rail transport to retail outlets via normal 
channels. 

5.2 Clearances 

To allow the irradiated produce to be retailtj, the 
South African health authorities have issued a clearance for 
a quantity of up to 501 of mangoes to be irradiated, up to 
a maximum dose of* 1,25 kGy. Each carton of irradiated 
fruit will be coded so that its history can be checked, and 
so that prouuet evaluation may be made at the retailing 
points. As it is not the intention to evaluate consumer 
acceptability at this stage, the product will not be 'labelled' 
as having received radiation treatment. In order to test the 
proposed export route for mangoes {viz. by sea tc Europe) 
on a much larger scale than hitherto, negotiations arc in 
progress with the Netherlands authorities with a view to 
allowing the release of limited quantities of irradiated 
mangoes for sale in that country. 

The International Project in the Field of Food 
Irradiation has commissioned a two-year rat-feeding study 
on mangoes. It is anticipated that this study will be finished 
by the end of 1977, so that submission of the data to an 
Expert WHO Committee will be possible in 1978. It is to be 
expected that the majority of national health authorities in 
potential importing countries will be prepared to accept a 
positive recommendation from such an international 
organisation, and so enable multilateral agreements between 
countries for trade in this commodity. 

In South Africa, a combined petition for the 
clearance of mangoes, papayas and strawberries is proposed 
for submission in 'nid-1977. This petition will be based on 
detailed animal-fteding data available for papayas and 
strawberries and on the limited data available for mangoes, 
together with chemical evidence showing the chemical 
similarity of these fruits. Data accumulation on the 
chemical composition of these fruits is at present being 
undertaken in the South African program, accompanied by 
more fundamental chemical studies designed to 
demonstrate the relative significance of small differences 
which t o occur between these fruits. Other chemical work 
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in pioyrtbi involves a comparison of chemical changes 
produced by irradiation with those occurring during 
ripening, or produced by conventional thermal processing 
(canning). It is intended that the chemical evidence 
generated in these studies also be used to support the 
animal-reeding studies on mangoes being carried out on 
behalf of the I HIP, when the data from these studies are 
submitted to an Expert Committee in 1978. 

6. CONCLUSIONS 

The prospects for extending the export markets 
available to subtropical fruits grown in the Southern 
Hemisphere are attractive provided problems involved in 
low-temperature storage and shipment can be overcome. 
The combination of hot-water dippina and 7-irradiation has 
been shown to be particularly effective in controlling fungal 
and insect attack and in delaying senescence in mangoes. 
The concept of a central radiation processing plant is 
attractive and would appear to be economically feasible. 
Trial export-shipping studies have largely verified the 
technological feasibility of the process, and the level of 
commercial interest is high. 

Provided international clearances can be obtained in 
the next few years and the operation of the pilot plant is 
successful, it is firmly believed that full comrrercialisation 
of the process will follow. These findings are of value nor 
only to South Africa but also to a number of developing 
countries where expanded export markets can be as 
important as the need for better preservation of food for 
local consumption. 

B. PAPAYAS 

1. INTRODUCTION 

Development of the papaya industry in South Africa 
during recent years has been severely restricted by diseases 
in the field and post-harvest losses which occur as a result 
of decay and fruit collapse caused by fungal infection and 
over-softening of the fruit, following transport to, and 
storage at, markets. At present the extremely limited 
quantity of papayas exported has to be air-freighted, as sea 
shipment involving prolonged storage is not feasible due to 
the poor shelf life of untreated fruits. Regular aerial 
spraying with fungicide has been shown to provide 
excellent control of field diseases, but the post-harvest 
problems remain a serious limitation on expansion of the 
industry. It is estimated that if fruit quality at distant 
internal markets can be improved, at least a doubling of 
production could be achieved. If exportation by sea could 
be successfully carried out, a further doubling of 
production can be envisaged as a result of the greatly 
reduced shipping costs. 

2. RESULTS 

2.1 Fungal Studies 

Papayas are subject to attack by two major pathogens 
during post-harvest storage. Anthracnose (Colletotrichum 
gloeosporioides Penz) is normally an incipient disease, 
whereas Rhizopus stolonifer (Ehr & Fr) Lind generally 
attacks wounds and sites of physical damage. The effects of 
various heat and irradiation treatments were determined on 
both isolates in culture. 

Fig. 5 shows the effect of heat treatments of 46 °C 
and 50 °C for various durations on Rhizopus spores in 
culture. This temperature range is generally accepted for 
the post-harvest treatment of various fruit crops. It should 
be noted that temperatures above 55 °C are found to be 
injurious to papayas. It may be seen that spore survival 
decreases only slowly with increasing exposure time, and 
falls to 5 % after 20 min treatment. This treatment, which 
hitherto was the accepted one for papayas, is evidently 
inefficient for Rhizopus control. At 50 °C, however, 
complete inhibition of spore germination resulted after a 
treatment time of only 6 min. 

The 50 °C treatment was subsequently selected for 
use in experiments in which irradiation was combined with 
heat treatment in order to achieve more effective control of 
this pathogen. It should be emphasised that in practice it is 
essential to obtain the most effective cot.irol possible 
because in the case of consignments of fruits, as will be 
described later, the heat treatment alone is inadequate. 

In the next series of experiments the effect of 
irradiation applied under various atmospheres was 
determined on the Rhizopus isolate. It was reported above 
that the irradiation of fruits in an inert atmosphere reduces 
the possibility of organoleptic changes and phytotoxicity. 
Results given in Table VI show the effect of a 2 kGy dose 
on R. stolonifer, applied under various gases. At this 
radiation dose the spore mortality in the oxygen treatment 
was excellent (90%), it was good in the undisturbed 
control (75%), but was very poor in nitrogen gas (only 
32%). 

TABLE VI 
Percentage Survival of Rhizopus stolonifer Spores after 

being Subjected to Different Irradiation Doses 
under Various Atmospheres 

TREATMENT 

Irradiation dose 
(kGy) 

% increase in 
kill with 

2 kGy irradiation TREATMENT 
Nil 2 

% increase in 
kill with 

2 kGy irradiation 

Oxygen gas 72,8 7,3 90,0 

Control 
(undisturbed) 

100,0 24,4 75,6 

Nitrogen gas H 98,5 67,0 32,0 
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20 

FIG. 5 EFFECT OF HEAT TREATMENTS ON RHIZOPUS 
STOLONIFER SPORES 

100 
A further series of experiments was conducted in 

which the heat and irradiation treatments were combined. 
The results given in Fig. 6 clearly show that a heat 
treatment (SO °C for 2,5 min) applied prior to irradiation 
markedly improves the effectiveness of the irradiation 
treatment. The effect is especially noticeable with the more 
resistant Rhizopus isolate, where 2kGy applied alone is 
only partly effective; in combination with heat, however, a 
100% kill is achieved. This clearly demonstrates the 
synergistic effect obtained when combining heat and 
irradiation treatments. 

2.2 Studies on Inoculated Fruits 

As a transition from studies in culture to trials on 
naturally infected fruit, a series of experiments was carried 
out in which the various treatments were applied to fruits 
which had been artificially inoculated with spores of 
Rhizopus stoionifer. Inoculations were made at four 
separate positions on each fruit after removal of a small 
area of skin (~1 cm2). 

Irradiation alone to a dose of 1 kGy resulted in a 
70 % reduction in infection. When combined with a heat 
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RHIZOPUSN 

\ NO HEAT 
V IC0LLET0TRICHUM) 

\ 

HEAT(50*C FOR 
2,5min) COUET0TRICHUM 

•AM 
0,75 

DOSE (kOyl 
FIG. 6 EFFECT OF HEAT AND IRRADIATION ON 

TWO FUNGAL ISOLATES FROM PAPAYAS 
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traatmant (50 °C for 7,5 or 10 min). doses of 0,75 and 
1 kGy gave reductions of 85% and 100% respectively in 
soft-rot control. The hot-water teatment alone gave only a 
30 % reduction in infection. 

2.3 Sh«4fLife Extension Studies* 

Experiments were carried out on two types of 
papayas: the large, Hortus Gold cultivar and the Papino 
papaya (trade name for a small fruit, equivalent to the Solo 
cultivar from Hawaii). Preliminary experiments showed 
that, as expected, combined heat and irradiation treatments 
were beneficial in extending shelf life, but that radiation 
doses above 1,5 kGy or temperatures above 55 °C caused 
'scalding' of the skin. 

Fruits were picked at the commercial, half-ripe stage, 
and post-harvest treatments were applied within 48 h. 
Usual y from 15 to 25 fruits were allotted per treatment. 
The heat treatment was carried out by dipping the fruits for 
10 min in a thermostatically controlled water bath 
maintained at 50 °C. After the fruits had dried, they were 
waxed with an organic-base wax. Gamma-irradiation 
treatments were normally carried out within 24 h of the 
heat treatment The irradiations were performed in the 
research 'loop' of a commercial, radiation-sterilisation 
facility (AECL), at an intensity of approximately 1 kGy/h 
as measured by Fricke dosimetry. After treatment, fruits 
were stored at 25 °C (local-market conditions), or at 11 °C 
for at least three weeks (simulated-shipping conditions), 
and then at 20 oc. Ratings of disease, firmness and colour 
were made daily. When individual fruits were rated as 
non-marketable (disease occurring over more than 10 % of 
surface, or overripe), they were discarded. 

Experiments ware carried out from June to December 
to determine the effect of the treatments on fruits 
throughout the entire South African papaya season. Results 
on Papinos for both sets of storage conditions, averaged 
over the entire season, are given in Table VII, and Fig. 7 
shows graphically the results for simulated-shipping 
conditions. Marketability of fruits is influenced by both 
disease incidence and overripening, so that unusual 
inflexions shown by iome of the curves are the result of 
sudden acceleration or delay in the rate of development of 
either of these factors. 

Under local conditions, disease incidence was 
insignificant and shelf-life extension was entirely due to 
delayed senescence, which manifests itself as a holding of 
the edible-ripe stage for an extended period. Using the 75 
per cent non-marketability ? .off, an extension of 8 d over 
the conventional hot-water treatment was achieved by the 
0,75 kGy irradiation. 

After the simulated-shipping period, disease incidence 
in untreated control fruits was so high that only a small 
percentage of fruits was still marketable. The main diseases 
were anthracnose caused by Colletotrichum gloeosporioides 
(Penz), and a stem-end rot caused by Phorna sp, while 
Rhizopus rot caused by Rhizopus stolonifer was 
occasionally observed on summer fruits. As may be seen 
from Fig. 7, fruit decay during shipment was well 
controlled by the heat treatment on its own, but rapid 
overripening occurred when the fruits were subsequently 
kept at 20 °C. The combined heat and irradiation 
(0,75 kGy) treatment resulted in excellent disease control, 
and the effect of delayed senescence further extended the 
shelf life of the fruit As shown in Table VII, 50 % of the 

TABLE VIS 
Effect of Various Treatments on the 
Marketable Life of Fruits according 
to Different Acceptability Limits 

Storage 
Conditions 

% Non-
marketable 

fruit 

Average time (days) to attain 
percentage non-marketable level 

LOCAL 
(20 OQ 

75 
50 
25 

CONTROL HEAT + 0 kGy HEAT+ 0,75 kGy HEAT + 1 kGy 

LOCAL 
(20 OQ 

75 
50 
25 

3% 
2 
1 

5% 
3 
2 

13% 
6 
4 

9% 
6 
4 

EXPORT 
(110C,3 

weeks then 
20 OC) 

76 
50 
25 

2 
% 
0 

7 
5 
3 

18 
11% 
7 

10% 
7 
4 

*Summari$ad from "Studiat on the Uu of Gamma 
Irradiation for Shelf-life extension of Papayas" by H. T. 
Brodrick, AC Thomm, Fransa Vlsser and Marguarita 
Bayart, Plant Disease Reporter, (Sept 1976) v. 60(a) p. 749 
-763. 

fruits are still in good condition after 11% d at 20 oc, a% 
compared with 5d for the non-irradiated batch, whereas 
using the 75 % cutoff limit, an average extension of 9 d is 
achieved. 
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o 2.4 Simulated-Transport Testing (STT) 
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FIG 7 EFFECT OF TREATMENTS ON MARKETABILITY 

OF PAPINOS UNDER EXPORT CONDITIONS 

It is obvious from the results of the above 

experiments that, of the two main effects achieved by heat 

and irradiation, oecay control is the more important under 

export conditions, whereas under local-market conditions 

the effect of delayed softening is of the utmost importance. 

The latter is particularly so because of the lack of 

temperature control en route to and at national 

fresh-produce markets. As a result, large proportions of 

fruit consignments become prematurely ripe and 

consequently suffer marked transport or handling injury, 

with subsequent loss in value or even complete rejection. 

In order to assess the possible beneficial effect of 

irradiation in reducing such losses, several 

si mutated-transport tests were conducted. The STT 

procedure consisted of two parts. In the first, trays of fruit 

were placed for a predetermined time on a table which 

vibrated at a fixed frequency. The second stage involved the 

subjection of the same trays to impact testing by means of 

a series of vertical drops. After the heat + irradiation 

treatment, fruits were assessed for firmness and physical 

damage. The STT was then carried out, followed by a 

re-evaluation of the fruits. Evaluations were performed 

daily for as long as conveniently possible. In the various 

experiments the interval between the heat + irradiation 

treatment and STT was varied between zero and five days, 

to enable the effect of damage on fruits of varying degrees 

of ripeness to be assessed. 

The 1 kGy dose gave consistently poorer results than 

did the 0,75 kGy treatment. No difference in fruit firmness 

could be detected between the two doses and it was 

suspected that, although no visual evidence of external 

damage could be observed even at 1,5 kGy, 1 kGy was 

slightly phytotoxic, resulting »n marginally reduced disease 

control. 

It was also apparent, under both sets of 

post-treatment conditions, that fruits in the irradiated 

treatments developed a fuller and more uniform yellow 

colour than those in either the control or heat-only 

treatments. This is probably because the irradiated fruits 

ripen more slowly and over a longer period as compared 

with the short life of non-irradiated fruits. 

In a series of experiments using Hortus Gold p..;>ayas, 

the same treatments as those described above were applied 

during the period October to December. The average shelf 

life of the fruit in the control, heat-only treatment and 

heat + irradiation treatment were 6,5, 7,0 and 11,0 d, 

respectively, under local-market conditions, and 4,5, 5,5 

and 8,0 d, respectively, under simulated-export conditions. 

Because of their large size and mass, Hortus Gold papayas 

collapse more readily during storage than the smaller 

Papino papaya. It was again especially noticeable that the 

control fruits had a poor colour compared with that of the 

combined heat and 7 treatment. 

Results shown in Fig. 8 clearly indicate the drastic 

effect of STT on fruit quality in both the control and 

heat-only treatments. According to the criteria used, a 

damage rating above 5 0 % indicates that the fruits are 

completely unacceptable for marketing, whereas a rating of 

above 2 5 % would result in a definite lowering of the 

marketable value of the fruit. Results similar to those 

shown in Fig. 8 were obtained in all STT experiments, and 

the reduction in damage resulting frcm the irradiation 

treatment varied from 100 to 300 % as compared with the 

non-irradiated fruits. 

Secondary fungal disease, which invades sites of 

physical damage on fruits, is another factor which was 

highlighted in these experiments. Evidently, fruits which 

are physically damaged are more likely to be affected in 

this manner. Consequently, treated fruits 

(heat + irradiation) were found to be relatively free from 

secondary disease, as compared with the high incidence of 

this in the other treatments. This phenomenon can play an 

important róle in reducing fruit losses following transport, 

over and above the control of incipient diseases in the fruit 

by the combined heat + irradiation treatment. 

2.5 Organoleptic Testing 

In a series of organoleptic tests extending from May 

to December, resuitt of trianglrtest analyses showed no 

significant change in taste, even at a dose of 1,5 kGy. No 
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detrimental changes in fruit texture or appearance were n 
any way evident in these experiments. 
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FIG. 8 SIMULATED-TRANSPORT TESTING 
(STT) OF PAPINOS 

3. FUTURE PLANS 

3.1 Semi-Commercial Studies 

During the present season, larger-scale experiments 
are being undertaken to confirm the findings reported 
above, utilising the treatment of 50 °C for 
10 min +0,75 kGy for export and local-market conditions. 
Arrangements have also been made for semi-commercial 
quantities of irradiated and non-irradiated fruits to be railed 
via normal channels, without temperature control, to Cape 
Town ( - 1 600 km, 8 d ) for evaluation at the Fruit and 
Fruit Technology Research Institute. These trials should 
provide valuable information to back up laboratory studies 
and STT experiments. 

3.3 Clearances 

As was described in the previous report on mangoes, 
the intention In South Africa is to submit a combined 
mango papaya strawberry petition, basid on existing 
ft!i:c<[',u-v.....-iy rk'i.d and chemical data, to trie Department of 
Health in m d 1977. A positive recommendation on 
papayas bv ih<-> Joint F-AO IAEA/WHO Expert Committee. 
held :n Geneva in August and September 1976, wi i l 
ohviú'js'v facilitate a South African clearance and wi l l also 
rn.ihi. iV'Jc'ation:. to be w i i e d out with the view to 
otjtairi'.ng clearances in potential imoorting countries. 

4. ECONOMIC IMPLICATIONS 

4.1 Processing Costs 

i - '•', fortunate from the processing point of view that 
lioaya jnrl mango seasons complement each other to a •h„ 

lai'ji; e«tenr. The mango season extends from January to 
Aor.. and i i i i of papayas from June to November, so that 
good -ourcfl utilisation can be achieved, accompanied by a 
'agnifran! eduction in processing costs. 

4.2 Potential of the Papaya Industry 

Current papay3 production in South Africa is 
siitiin :.(.•:; at R2.2 million per annum. Conservative 
estimates indicate that if better distribution of the frui t 
coui.-.: tie achieved within this country, this figure could be 
at least doubled. Exportation by sea could further double 
this f^ure, so that the true potential of the industry is of 
the order of R10 million per annum. However, as a result o f 
the limitations set by the problem* described in this report, 
the industry is virtually stagnant. It is most unfortunate 
that in today's world of food shortages a fruit containing a 
very high proportion of essential nutrients cannot be fully 
exploitsd. 

Results on the irradiation of papayas on a small scale 
have shown outstanding promise, and if supported by 
similar results on a semi-commercial scale and with the 
necessary approval by health authorities, the 
commercialisation of papaya irradiation will certainly 
accompany that of the mango. 

3.2 Pilot-Plant Operation 

During the 1977 papaya season it is intended that the 
Letaba pilot plant be utilised for the treatment of this fruit . 
The majority of the treated produce will be used for 
distribution to local markets, with particular emphasis on 
those areas which are not attainable at present. A small 
percentage of the product will be shipped overseas for 
evaluation and, subject to suitable agreements being 
reached, a limited quantity will be offered for sale. 

C. L I T C H I S 

1 . I N T R O D U C T I O N 

The litchi industry in South Africa., although well 
established, is relatively small. This is to be expected in 
view of this fruit's short season, which also probably 
accounts largely for the high unit price obtained. 
Production, which is increasing slowly but steadily, is at 
present estimated to be worth nearly R500 000 per annum, 
of which less than five per cent is exported. 
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2. MOTIVATION 

The litchi season falls mainly in December and early 
January. Fortunately, it does not clash with papayas or 
mangoes and so the treatment of this fruit in the same 
radiation facility would serve to improve source utilisation 
even further. In considering the possible benefits which 
could be derived by radiation processing, several 
possibilities arise. These are reduced losses in existing 
air-freighted exports, substantially increased exports by 
using sea transportation, levelling of the production peak, 
and general reduction of losses due to disease on local 
markets. 

2.1 Increased Exports by Air Freight 

All exports of litchis to Europe from this country are 
currently sent by air freight. Even using this method of 
transportation, considerable losses are sometimes 
encountered due to disease. No refrigeration is available in 
flight and as a result of high temperatures and humidities 
which prevail at the loading point and at stops en route, 
rapid fungal growth may be initiated so that entire 
consignments may be rejected on arrival. An effective 
treatment to alleviate such losses would be greatly 
welcomed by exporters and would probably encourage 
producers to make much larger volumes available for 
export. 

2.2 The Possibility of Seaborne Exports 

As in the case of mangoes and papayas, if sh.pment of 
the fruit to Europe by sea were possible, transport costs 
would be dramatically reduced and much larger volumes 
could be successfully exported. Even using a storage 
temperature of 0 ° - 2°C, fungal attack on litchi? during 
the four-week shipping period results in excessive losses 
which at present rule out this method of transport. As in 
2.1 above, a satisfactory treatment is required which will 
give adequate disease control. 

2.3 Peak Levelling 

In addition to its limited duration, the litchi season 
suffers from the extra disadvantage that a large proportion 
of production occurs during a peak per iod of 2 - 3 weeks. 
Consequently, prices drop to a 'low' during the glut 
(~R1,50 per tray) and then become inflated ( R 8 - R12 
k>er tray). If it were possible to store fruits produced during 
the peak period for an interval of 4 - 6 weeks, this would 
serve to flatten the price peak and would be of benefit to 
producer and consumer alike. The requirement, therefore, 
is the same as that described above for sea exports. 

2.4 Reduction of Losses in Local Marketing 
Lossus during normal distribution and marketing 

within this country occur with litchis as with the fruits 
described above. An efficient treatment for disease control 
will be of value in reducing these losses and also in 
extending existing markets. 

3. THE PROBLEMS 

The major problem which affects litchis is attack by 
the fungus Rhizopus stolonifer. The problem is aggravated 
by the fact that litchis are prone to insect stings which 
injure the shell, so that infection can become deep-seated. 
Although cold storage inhibits the growth of this fungus to 
a large extent, development still occurs and extremely rapid 
growth usually results upon subsequent exposure to normal 
temperatures. Occurrences of Peniciflium contamination are 
also frequently observed on litchis and it is suspecter* that 
this may be due to cross infection from citrus plantations, 
which often coincide with litchi plantings. 

4. RESULTS 

4.1 Fungal Studies in Culture 

Studies on Rhizopus in culture were described in the 
previous report on papayas, in which the hot-water 
treatment of 50 °C for 10 min was selected as the 
optimum. Rhizopus is also the major problem on 
strawberries kept at ambient temperatures, and work on 
this fruit has established that a humid-heat treatment 
(50 °C for 10 min at ~ 90 % RH) followed by 2 kGy is the 
most effective treatment, and has no deleterious effect on 
the berries. 

Experiments on various strains of Penicillium 
indicated a much greater sensitivity to radiation than 
Rhizopus, so that an effective treatment for the latter will 
certainly inhibit Penicillium development. 

4.2 Studies on Fruits 

Experiments were conducted in which freshly picked 
litchi fruits from two production areas were inoculated 
with a spore suspension of the fungus Rhizopus stolonifer. 
After inoculation, fruits were kept under humid conditions 
for 24 - tJ8 h to allow infections to develop, before being 
heat-treated and irradiated. 

4.2.1 Simulated-export conditions 

In experiments conducted to simulate typical export 
conditions (~ 2 °C for three weeks), the results {see Fig. 9) 
showed that the combination of hot water (50 °C for 10 or 
15min duration) plus 2 'Gy , resulted in an effective 
control of the waste disease compared with that of the 
untreated control in all three experiments. The reason for 
the treatments not being as effective for the Tzaneen fruit 
as for the Malelane fruit is probably that the latter was in a 
poorer condition and had a large percentage of fruit-fly 
stings. Fruit in this condition would normally not be 
suitable for export. 

4.2 2 Local-market conditions 
The results of three experiments using local-market 

conditions are given in Fig. 10. Humid heat+ 2 kGy, as 
applied to strawberries, was no better than the control 
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t rea tment , whereas t' ie t i o l w a t e r + 0 75 k G y t rea tment 

gave sat isfactory disease c o n t r o l , especially i n exper iment 3 

where good-qua l i ty f ru i t was used. Evident ly the qua l i t y of 

the f r u i t is also an i m p o r t a n t cons idera t ion under 

local-market condi t ions. The fact that the hum:d-heat 

t rea tment was no t ef fect ive s probably due t o a less 

ef fect ive heat penet ra t ion o f the f r u i t tissue compared w i t h 

that achieved by the hot-water t rea tment . This indicates the 

existence of in fect ions w h i c h are not always super f ic ia l , as 

ui the case of strawberries. 
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there was a s igni f icant amount o f b r o w n i n g in the c o n t r o l 

f ru i t . The hot-water t rea tment , however , aggravates t he 

pos i t ion and the ma jo r i t y o f the f ru i ts «re b r o w n af ter th is 

t reatment . 

The real signif icance of the change in f r u i t co lou r , 

f r o m an at t ract ive red t o a du l l b r o w n , is d i f f i c u l t t o assess. 

Undoub ted l y , heat-treated frui ts are not as aesthet ical ly 

at t ract ive as those not given this t rea tmen t , and the change 

wi l l have an adverse ef fect on consumers w h o are fami l ia r 

w i t h fresh l i tchrs. Potential customers at d i s tan t internal or 

e x p o ' t markets are, however, un l i ke ly t o be ser iously 

in f luenced, as a b r o w n l i tch i is cer ta in ly preferable to a 

diseased f ru i t , especially if costs can be kep t to a m i n i m u m . 

4 . 2 . 4 O r g a n o l e p t i c e v a l u a t i o n 

A series of five taste-panel evaluat ions o n I i tch is was 

c . r r i ed ou t between t w o and five days af ter t rea tment . N o 

signif icant d i f ference in f lavour c o u l d be de tec ted at doses 

of 2 kGy and be low, a l though some loss of f lavour occur red 

above this dose. A signi f icant loss o f f l avour occurs in 

l i tchis stored for an ex tended pe r i od , bu t i t is considered 

that i t o red fresh l i tchis are s t i l l far preferable t c the 

al ternat ive of canned l i tchis. 

5. FUTURE PLANS 

Due to the co lour change p roduced b y hot -water 

d ipp ing , and loss of f lavour wh i ch occurs o n ex tended 

storage of l i tchis, the prospects f o r rad ia t i on processing o f 

this f ru i t are not as cer ta in as those fo r mangoes and 

papayas. However, it is considered that the increased 

potent ia l wh i ch cou ld be realised by t he indust ry i f 

e f f ic ient fungal con t ro l cou ld be achieved far ou twe ighs 

these minor disadvantages. It is there fo re in tended t o 

cont inue investigat ions on the l i t c h i . A d d i t i o n a l 

laboratory-scale exper iments and some larger-scale 

semi commerc ia l studies are p lanned; if t he Letaba p i l o t 

p lant is in opera t ion in t ime , it may be used t o t reat small 

quant i t ies of l i tch is f o r eva luat ion b y producers in t he 

com ing season. 

D. AVOCADOS 

1. INTRODUCTION 

4.2.3 Appearance of heat-treated fruit 

I t was observed in all exper iments tha t the hot -water 

t rea tment has a not iceable ef fect o n f r u i t co lour . A l t h o u g h 

the ideal f ru i t co lou r is red , the ma jo r i t y o f f ru i ts in the 

con t ro l t rea tment were 50 : 50 r ed /b rown after removal 

f r o m c o l d storage. Even under loca l -market cond i t i ons 

A t present the avocado is t h e o n l y sub t rop ica l f r u i t 

wh i ch is expo r ted f r o m South A f r i ca t o Europe in 

substantial quant i t ies . T h e expor t marke t is reached b y f*n 

t ranspor ta t ion at 6 ° C , and a per iod o f 2 8 d can elapse 

f r o m harvest t o arrival at the en t ry p o r t . A large p r o p o r t i o n 

o f f ru i ts are there fore at the edib le-r ipe stage o n ar r i va l , and 

thus have a very l im i t ed marKetable l i f e . A i h e l f l i f e 

extension o f even as l i t t l e as 1 - 2 d t h r o u g h oelayed 

r ipen ing w o u l d enable bet ter d i s t r i b u t i o n f r o m the po r t o f 

en t ry to be e f fec ted, and thus increase avai lable markets 

cons iderably . Simi lar cons iderat ions app ly t o t he extens ion 
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of internal markets, as described in parts A and B above. 
Numerous reports of delayed ripening of avocados by low 
radiation doses have been made, but the extreme sensitivity 
of this fruit to radiation damage is widely known. 

2. RESULTS 
Preliminary investigations on South African avocados 

confirmed that at doses above 100 Gy severe blemishes and 
internal discolouration were produced. However, doses of 
10 - 30 Gy, accompanied by a mild heat treatment, were 
found to give a measure of delayed ripening with a 
minimum of phytotoxicity. 

An intensive study was subsequently undertaken in 
which the effect of irradiation, combined with various 
hot-water treatments, was investigated as a means of 
delaying the fruit-ripening process. Treated fruits were 
carefully examined for possible signs of internal and 
external discolouration due to treatment effects. 
Experiments were conducted on fruits of the Fuerte 
cultivar, using simulated-export and local-market conditions 
from May to July in 1975, and March to August in 1976. 
The results from over 3C different experiments may be 
summarised as follows: 

2.1 Local-Market Conditions {- 20 °C) 

(a) The most effective treatment throughout the 
two-year experimental period was a combination of hot 
water (46 oc for lOmin) and ~ 2 0 G y . Neither the 
irradiation-only treatment (20 - 30 Gy), n c the 
hot-water-only treatment was as effective as this 
combination. 

(b) The best extension of shelf life {viz. 3 - 5 d) was 
obtained with early and mid-season fruit (March-July), 
whereas late in the season (end July and August) the 
combined treatment had virtually no delaying effect on 
fruit ripening. 

(c) Early-season fruit (March - April, oil content 
1 1 - 1 5 % ) suffered from external blemishes and internal 
discolouration, and irradiation served to accentuate these 
problems. It is therefore not recommended that fruits be 
treated at this stage of the season. 

(d) During the peak production period (end May - July, 
•<) content 17 ' 0%) fruit blemishes were significantly 

less and the op»mum treatments produced the desired 
ripening delay with little adverse effect. Late in the season 
(August, oil content 23 - 25 %) it appears that radiation 
doses could be doubled or trebled without causing any 
noticeable detrimental effects on the fruit. Work is at 
present in progress on late-season fruit to substantiate these 
observations. 

2.2 Export Conditions (at 6 °C for 3 waeks and 
than at 20 °C until ript) 

(a) Extension of shelf life was only 1 to 2 d with the best 
treatment (46 ©C for 5 min and ~ 20 Gy), 

(b) As with local conditions, early-season fruits showed a 
high incidence of blemishes which irradiation only served to 
amplify. 

(c) June—August fruit consignments were far less prone 
to damage and. although some discolouration occurred, 
treated fruits were acceptable. 

(d) Late-season fruit (August) showed no delayed 
ripening with doses up to 30 Gy, 

2.3 Delayed Irradiation 

A recent series of experiments indicates that a delay 
of 24 h between the heat and irradiation treatments results 
in a greatly reduced incidence of phytotoxicity under both 
sets of storage conditions, without causing any decrease in 
the degree of delayed ripening achieved. 

3. PROSPECTS FOR AVOCADO IRRADIATION 

Although the radiation treatment of avocados 
presents far more problems than encountered with other 
fruits, a limited application of the process seems possible-
There seems little doubt that treatment of early-season fruit 
should not be attempted, but that peak-period production 
can be processed without significant deleterious effect. 
Limited simulated-transport testing of treated avocado; 
showed a similar improvement in handling properties due to 
delayed ripening, as reported above for papayas, and this is 
of considerable significance for improved local distribution. 
The benefits to be derived by fruits stored under 
simulated-export conditions are still somewhat doubtful 
due to the incidence of phytotoxicity, but the results using 
delayed irradiation are encouraging and deserve 
investigation in greater detail. Pilot-plant operation for 
avocados is also intended for the 1977 season and this 
should enable a clearer picture of the prospects of avocado 
processing to be obtained. 

4. ECONOMIC CONSIDERATIONS 

The uncertainties which still exist regarding the 
radiation treatment of avocados would raise grave doubts 
about the justification of a processing facility for treating 
this fruit. However, as the prospects for a mango/papaya 
facility are very good, provided further investigation can 
substantia" that reasonable benefit can be achieved with 
minimum adverse effects, suitable modifications to the 
proposed facility can be made to include avocado 
processing at little additional cost. Although the papaya 
and avocado seasons clash to a certain extent, the fact that 
avocados require a very low dose means that a secondary 
source-pass mechanism, positioned at a greater distance 
from the source and beyond the main system utilised for 
papayas, could be installed for avocados. Even though the 
treatment of fruits for export markets cannot be ruled out 
as yet, the possible benefits to be derived from increased 
internal markets would undoubtedly justify such an 
adaptation of the facility. 



ISBN 0 86960 6530 


