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Abstract

The effect of irradiation at doses of 125, 250, 375, and 500 Gy, commonly used for quarantine
treatment, on the quality of Maroc-late orange, the most common export variety of Morocco was investigated. In
the first study fruits were irradiated without any previous cold conditioning treatment as practiced by the export
trade for quarantine purposes. In the second study fruits obtained from the normal chain after conditioning was
irradiated. Storage of irradiated fruits was studied at room temperature and 10°C and at 0°C in case of control
fruits. The parameters studied included juice yield, total solids, reducing and total sugars, total acids and volatile
acids, dry weight and weight loss. The results showed that irradiation did not affect the technological quality of
citrus fruits during four weeks storage. The result thus far points to the possibility for the successful application
of irradiation as an alternative quarantine treatment to the classical methods, which result in browning of the peel.
The browning phenomenon could be controlled by waxing and will be the subject of a future study.

1. INTRODUCTION

Citrus fruits occupy a very important place in the Moroccan agriculture with a yearly
production of about 1.5 MT. In 1998, the production in citrus fruits was 1.237 MT (SASMA).
More than third of this production are destined for export and constitutes a foreign exchange
resource and therefore is important for the Moroccan economy. The more exported varieties
are the navelier, tangerines, Clementines and the Maroc-Late. However the Moroccan citrus
fruits suffer, as all countries of the Mediterranean area, from the attack by the Mediterranean
fruit fly (Ceratitis capitata) that causes considerable losses. In view of this there is the
necessity for a quarantine treatment to be able to export them. In Morocco, this treatment is
done by refrigeration at temperatures between 0 and 2°C for a period of 16 days coupled with
a fungicidal treatment during the temperature conditioning. However, this method has many
limitations of which most important are the elevated cost of the operation, the difficulty to
reach the faraway markets and the susceptibility of some varieties such as Clementines and
tangerines to low temperature. In this context, the technique of irradiation seems to be a
preferable treatment method in order to reduce the post-harvest losses and to increase the
quantity available for marketing and export. The combination of irradiation and storage at
moderately cold temperatures has another advantage that would permit to replace the cold
treatment at 0-2°C, thus reducing the cost of the treatment. Besides, the United States of
America which constitute a potential market for the Moroccan citrus fruits require a
quarantine treatment by irradiation at a dose of 225 Gy minimum. Therefore, irradiation will
permit the Moroccan citrus fruits to reach this market and consequently to increase the volume
of exports. On the other hand, irradiation could substitute the use of pesticides that has
harmful effects on the human health and the environment. In addition, the interdiction on the
utilization of these products will lead to a ban at medium-term.

In this work, we determined the effect of irradiation on the Moroccan orange quality at
doses commonly used for quarantine treatment. Thus, in the first study we irradiated the most
exported variety (Maroc-Late) without previous cold treatment. In the second study, we
irradiated the same variety obtained from the normal chain of conditioning. The applied doses
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of irradiation were 125, 250, 375 and 500 Gy and a control sample. Temperatures of storage
were the ambient temperature and 10°C for irradiated and 0°C for the control.

2. MATERIALS AND METHODS

2.1. Plant material

In the first study the variety Maroc-Late harvested from the experimental orchards of
El Menzah of the HSfRA, in 1998 were used. These fruits had not undergone any previous
treatment for conservation. Oranges received in bulk lots were sorted out to eliminate the
damaged fruits and divided into 10 Kg lots for different treatments.

In the second study oranges of the same variety previously conditioned from the
station of LUKKUS in Larache were used. Fruit samples were packaged in parallel epipedic
wood boxes of 11, 5 Kg of weight and covered by nets. These boxes served also as containers
for the irradiation.

2.2. Irradiation treatment

In both the studies, fruits were irradiated to doses of 125, 250, 375 and 500 Gy along
with unirradiated control. The choice of these doses was based on an earlier study during the
agricultural campaign of 1997, which established the optimal dose ranges for this variety
without affecting the fruit quality. The results of these studies using doses of 0, 250, 500, 750
and 1000 Gy showed evidence of a faster decomposition of fruits after three weeks of storage
when irradiated to 750 and 1000 Gy, whereas samples irradiated to 250 and 500 Gy could be
stored for 45 to 60 days. Therefore, for the present study doses up to 500 Gy were employed.
Following irradiation fruits were stored at ambient temperature and 10°C, and the control
samples at 0°C.
Before irradiating the experimental samples, dose mapping was carried out to determine the
dose distribution in samples. Different devices were used for irradiation of the samples in the
two studies.

1s t study:
The sample carrier was a container formed respectively of two coaxial cylinders of

diameters 40 and 16 cm with 25 cm of height. The products were placed between the two
cylinders, and this device was conceived in order to have a good uniformity of doses. The
dosimeters were the Red Perspex.
The following table provides data relative to dosimeters:

Dosimeter
DI
D2
D5
D6

2n d studv:

Dose (kGy)
14.97
13.11
15.15
16.82

Dose Uniformity

D=1.40

In this case, oranges were irradiated in the package boxes. Two rotating tables have
been used and the dosimeters used were the Gamma Chrom films. Following the dose
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distribution studies, fruit samples were irradiated to different doses in accordance with the
dosimetric studies.

2.3. Tests for qualify:

• Yield and density of the juice: Five oranges each from samples stored at ambient, 10 and
0°C were weighed and slurried to determine the volume and the mass of the juice.

• The percentage of soluble solids content (Brix) was determined by refractometry.
• Total acidity was determined by volumetric titration.
• Volatile acidity was determined by volumetric titration after distillation of the volatile

part.
• Dry matter of the peel was determined by dehydration under vacuum at 70°C.
• Reducing and total sugars were determined by the method of Bertrand.
• Fruits were weighed periodically to evaluate the loss in weight during storage.

3. RESULTS AND DISCUSSION

3.1. Yield of the juice

There was no considerable variation in the juice yield between unirradiated fruits and
those irradiated to doses of 125, 250, 375, and 500 Gy. The juice yield nearly remained the
same in fruits stored at 10 and 0°C during four weeks of storage, whereas in oranges stored at
ambient temperature, some insignificant variations have been noticed for the 4 doses tested.

These results were confirmed by the values for the density of the juice, which showed
that in fruits irradiated to different doses and stored at any temperature for one month, the
values did not defer from that of the unirradiated control samples.

3.2. Total and volatile acidity:

The results showed no apparent change in the total and volatile acid contents between
control and fruits irradiated to different doses during storage for one month at any of the
temperatures under study.

3.3. Dry matter and Brix

The soluble solids content in the orange juice and the dry matter of the peel were not
affected by irradiation up to 500 Gy or the temperature during storage up to one month. The
variation observed in the dry matter content of peel was probably due to natural evaporation
and not due to irradiation.

3.4. Reducing and total sugars

The results showed that neither the reducing sugar nor the total sugar levels were
changed by doses of irradiation used under any of the temperatures during storage for a period
of one month. These results were similar to that observed for the dry matter content of the
variously irradiated fruits during storage under different temperature conditions. The absence
of variation was probably due to the detection limit of the methods employed.
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3.5. Loss in weight
An examination of the data on the trend in loss of weight in oranges as a function of

the storage period showed that loss in weight increased with increasing irradiation dose. It was
valid for the three weeks of storage for the two storage temperatures studied, namely, ambient
temperature and 10°C However, this variation remained weak and never exceeded 10% of the
loss in weight. This variation of the weight could be explained by increased evaporation due
to alterations in cell wall constituents of the peel as a consequence of irradiation. Ten days
after the irradiation treatment, appearance of brown spot on the peel was observed which may
be due to alterations in the composition of the essential oils or in polyphenols.

After thirteen days of irradiation, three oranges stored at ambient temperature was
found to be spoiled on account of putrefaction caused by Penicillium sp. Indeed citrus fruits
underwent some mechanical injuries during the treatment in the LUKUS station and the
transport.

4. CONCLUSION

Our study showed that irradiation at dose levels required for quarantine treatment did
not affect the technological quality of citrus fruits adversely during four weeks of storage
under the test conditions. This study has to be completed during the coming months by third
assay and entomological aspects. It can be used with success instead of the classical methods
of conditioning to limit the browning of the peel. A future study will examine the use of
waxing to control the browning phenomenon.
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