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มะม่วงอบกึ๋งแห้ง(รemi-dried) มีความชื้น 30% และลำใยอบกึ๋งแห้งมีความชื้น 16% 
ได้บรรจุ ในถุงพลาสติด โพลีเอทธีลีนชนิดความหนาแน่นตํ่า (Low density Polyethylene) ถูก 
ฉายรังสีที่! 0 , 2 , 4 , 6 และ 8 กิโลเกรย์ โดยโคบอลต์-60 และเก็บรักษาไว้ที่อุณหภูมิ 14°c 
และ 30 °c  ซึ๋งการตรวจสอบปริมาณกรด, นํ้าตาล, แคโรทีน, วิตามินซี และโดยทางประสาท 
สัมผัสปรากฎว่าไม่มีความแตกต่างเมื่อ ทดสอบ ทางสถิติ ที่ระดับความเชื่อมั่น 95% ผลของ 
การฉายรังสี 2 ก ิโลเกรย์ ปรากฎว่า พอเพียงต่อการป้องกันการเจริญเติบโตของ จุลินทรีย์ และ 
ท่ี 8 ก ิโลเกรย์ ก็ไม่สามารถลดปริมาณของเชือยีสต์และราได้ทังหมด

การฉายรังสีมะม่วงอบกึ๋งแห้งและลำใยอบกึ๋งแห้งที่ 2 กิโลเกรย์รวมกับการเก็บรักษาที ่
14° C สามารถที่จะช่วยยืดอายุการเก็บรักษา ได้โดยที่ไม่มีการเปลี่ยนแปลงคุณภาพ
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ABSTRACT

Semi dried mango (30 % m.c.) and longan (16 % m.c.) packed in low density 
polyethylene were irradiated at doses o f 0, 2, 4, 6 and 8 kGy using Cobalt-60 and stored at 
14°c and 30°c. Irradiation had no significant effect (p>0.05) on acidity, total and reducing 
sugars, total carotenes, vitamin c  content and sensory quality o f the product. An irradiation 
dose o f 2 kGy was sufficient to prevent the growth of microorganisms but a high dose o f 8 
kGy failed to reduce the viable yeast-mold count to neutrality. Irradiation o f semi-dried 
mango and longan at a minimum dose o f 2 kGy and subsequent storage at 14°c prolonged 
the shelf life without significant changes in quality.
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INTRODUCTION
Consumers' demand for "semi-dried" fruits has considerably increased in the recent 

years to their tenderness, high palatability, and a good source o f energy, minerals and 
vitamins. They are a potential ingredients for secondary processing and are eminently suited 
for combat rations as compared to fully dried or canned foods (Brockman, 1970). But these 
fruits undergo microbial and insect attack in few days uni ess treated with antimycotic agents. 
Industries are now using sorbic acid or its sodium or potassium salts and ethylene oxide as 
antimycotic agents. The use o f ethylene oxide (EO) may lead to the formation o f ethylene 
chlorohydrin (ECH) where both the EO and ECH are mutagen and are suspected of causing 
chronic or delayed toxic effects (Ehrenberg & Hussain, 1981).

Growing consumer interest on the safety and wholesomeness o f treated foods has 
necessitated the search for an efficient ฟtemative means o f treating foods that could bring 
maximum technological benefits with minimum expense in quality. Irradiation, by itself or in 
combination with other measures is an effective means of extending the shelf-life o f treated 
foods. It has been known that foods irradiated up to 10 kGy do not become radioactive and 
the radiolytic products so formed in minute amounts are similar to some of the natural 
components or their concentrations are too low to cause any health hazard (Moy, 1986).

Little work has been done on the irradiation of semi-moist fruits (Nury & Brekke, 
1959; Gillies, 1961) dealing mostly with microbiological aspect rather than chemical or 
sensorial parameters. The influence of combination treatment (irradiation & low temperature 
storage) on microorganisms as well as chemical and sensorial quality o f semi-dried fruits has 
not been studied. Therefore, this study aimed at investigating the possibility o f using gamma 
irradiation combined with temperature storage in order to produce preservative free semi
dried mango and longan with extended shelf life.

MATERIALS AND METHODS 

Product preparation
Unripe, matured mangoes (Magnifera indica L. var. Keaw) were ripened with 

calcium carbide. Only those mangoes having uniform yellow flesh but still firm enough were 
used for the experiment. Properly ripe mangoes were washed, peeled and sliced into halves 
with a stainless steel knife. The slices were blanched in saturated steam for 3 min, and 
osmosed for 1 h in 60 °Bx syrup. After osmosis, the excess o f syrup adhered on the slices 
was removed by rinsing them in running tap water. The osmosed slices were dehydrated to 
an average moisture content o f 30 % (w.b.) at 66 ± 1 °c in a hot air oven. After drying the 
product was cooled and packed in low density polyethylene bags (207.68 sq cm surface area 
and 6.64x1 O’3 cm thickness).

Fully ripe longan (var. Edoor) were peeled, deseeded and dehydrated to an average 
moisture content o f 16 % (w.b.) in a hot air oven at 65 °c. After dehydration the product 
was packed in low density polyethylene bags and used for irradiation.



Irradiation of semi-dried mango and longan
One paper carton (29 cm X 19.5 cm X 10.5 cm ) containing 21 packets, each 

weighing 50 ± 0.5 g o f the product, was assigned for each o f the irradiation doses. Irradiation 
was carried out at Thai Irradiation Center (TIC), Thailand with Cobalt-60 o f 215595.564 Ci 
source strength at minimum dosages o f 0, 2 , 4, 6 and 8 kGy in a static mode at room 
temperature. After irradiation, the samples were analyzed and stored at 14° and 30 ๐c . The 
samples were observed for the evidence o f microbid growth and other physical changes.

For longan samples, packets o f dehydrated longan each weighing 25 g were prepared 
and arranged around a cylinder. The cylinder was placed inside the irradiation chamber and 
irradiated at minimum doses o f 0, 2, 4, 6, and 8 kGy at the Office o f Atomic Energy for 
Peace, Thailand, by using Gammacell 220. After irradiation the samples were analysed for 
chemical and microbiological characteristics and stored at ambient and 14 ๐c  conditions.
Chemical Methods 

Determination of moisture content, titrable acidity, sugars and Ascorbic acid content
The moisture content was determined by oven dtying method at temperature o f 50 °c. Titratable acidity was determined by titrating sample solutions against standard 0.1 N  

NaOH using a few drops o f phenolphthalein as indicator and calculated as % andyhrous citric 
acid. The reducing and total sugars were determined by Lane and Eynon method (Ranganna, 
1986). Ascorbic acid is present to a great extent in longan samples and it was determined by
2,6-Dichlorophenol-Indophenol visual titration method (Ranganna, 1986).

Estimation of total carotenes in semi-dried mango samples
Total carotenes was estimated by Acetone - Hexane solvent extraction method 

(Ranganna, 1986). The absorbencies were taken in a visible spectrophotometer (Pye Unicam 
PU 8650, Japan) at 518 nm and the concentration o f total carotenes (as 13-carotene) was 
found from the regression equation obtained from standard curve o f 13-carotene (Sigma 
Chemical Co., USA).

Microbiological method
The number o f colony forming units (cfia) on each plate were counted and presented 

as cfu/g o f the sample.
Sensory evaluation

Sensory evaluation was carried out after 75 days o f storage at 14°c by using nine- 
points hedonic scale (Ihekoronye and Ngoddy, 1985). Eleven semi-trained panelists from 
Agricultural and Food Engineering Program were asked to evaluate the preference o f the 
products. The responses given by the panelists for each sample were given numerical values 
ranging from like extremely (9) to dislike extremely (1).

The experimental data were analyzed by using one-way ANOVA at 95 % 
significance level and the means were compared by DMRT method.



RESULTS AND DISCUSSIONS 

Effect of irradiation on titratable acidity, reducing and total sugars and vitamin c
The changes ๒ average titratable acidity (as anhydrous citric acid) contents o f both 

mango and longan samples irradiated at different dosages were slight but inconsistent change 
in acidities with increasing irradiation dosages were not statistically significant (p>0.05). The 
variations could be attributed to the inherent variability associated with the experimental 
material rather than irradiation.

The total and reducing sugar contents fluctuated slightly through irradiation doses. 
However, the variations were not significant (p>0.05). A direct comparison o f this result 
with those reported so far could not be made because o f the difference in the nature o f the 
product being irradiated. Nevertheless, based on the dose strengths and their responses, this 
result seemed to agree with those reported by Read et ฝ.(1961) and Kashani & Valadon 
(1984). The insignificant effect o f irradiation on sugars may be due to the reduction in water 
content, thereby minimizing the indirect effect as well as to the presence o f certain protective 
substances ๒ the product (Diehl et al., 1978; FAO/IAEA, 1982).

The amount o f vitamin c  in longan decreased with increasing dose (Fig. 1). The 
changes were significant (p<0.05) between irrradiated longan and non-irradiated (control).
Effect of irradiation on total carotene content of semi-dried mango

The total carotene contents decreased with increasing dose levels, but slightly 
increased at 8 kGy compared to 6 kGy dose (Fig. 2) and could be due to the sampling 
variation rather than radiation formation. However, the changes were not significant (p>
0.05).

The negligible radiation damage to carotene could be due to the minimization in free 
radicals formation (Lukton & Mackenny, 1956) and to the protection given by the lipids 
(Koloman & Gerhard, 1974). Furthermore, the presence o f higher amount o f soluble solids 
could have brought about the salting-out effect o f tissue oxygen thereby reducing the amount 
of H20 2 formation through the reaction between hydrated electron and oxygen.
Effect of irradiation on microorganisms with special reference to yeasts and molds

The fate o f yeasts and molds to irradiation were studied since the incidence of 
pathogenic bacteria in foods is reported to be restricted by pH less than 4.5. The results of 
the total colony forming units (cfu) present in both the control and irradiated samples are 
shown in Fig. 3. The average log cfu/g o f products were found to be 2.71, 2.43, 2.12 ,1.67, 
and 0.78 for mango samples irradiated at 0, 2 ,4 , 6 , and 8 kGy doses respectively. Increasing 
radiation dose from 0 to 6 kGy resulted in approximately log linear reduction in cfu, but a 
sudden shift was observed afterwards. However, an irradiation dose o f 8 kGy failed to 
reduce the cfu count to neutrality. The average log o f colony count units per gram o f sample 
(log cfu/g) found in longan samples irradiated at 0, 2, 4, 6, and 8 doses were 2.61, 2.48, 2.23, 
1.98, and 1.51 respectively (Fig. 3). Most o f the colony forming units were found to be yeasts 
indicating that yeasts could be more radio-resistant than molds. This is contrary to the result 
o f Lodge et al. (1985) who reported that molds were considerably more resistant than yeasts 
in frozen gamma irradiated kiwifruit pulp. But the lethal dose for most yeasts are reported to 
be higher than those for molds (FAO/IAEA, 1982). Considering the initial number o f viable 
cells present in the product, the rate o f cfu reduction through radiation was very slow and



could be attributed to the increase in radiation resistant owing to the decrease in water 
content.
Storage study with reference to physical changes and microbial growth

The storage behavior o f the product was studied for three months, based on the 
changes in physical quality attributes (color and smell) and the appearance o f microbid 
growth on the product. Both the control (nonirradiated) and irradiated samples were packed 
in polyethylene bags (LDPE) and stored at ambient condition (30±1°C). The growth of  
yeasts and molds were observed in most o f the controlled mango samples within 10 to 15 
days o f storage whereas no visible growth o f microorganisms was seen on samples irradiated 
even at the minimum dose (2 kGy) up to 3 months o f storage. The color o f the mango 
samples (both the control and treated) were changed from yellow to brownish-yellow and the 
color o f longan samples changed from light reddish brown to dark brown and the smell 
became faint after 20 days o f storage. The typical carotene color and smell o f the mango 
sample almost completely lost after one month of storage. Such a rapid deterioration in color 
and smell o f the products was whether due to irradiation or storage temperature was not 
clear.

In the following experiment, both the control and irradiated samples were stored at 
14±l°c and observed. After two months of storage, visible growth of molds were seen in 
some o f the control samples while no microbid growth was found in the treated samples. 
The color, smell and overall eating quality of the irradiated samples were satisfactory after 75 
days o f storage. This concluded that storage temperature had a profound effect on the color 
and flavor deterioration o f the product and not by irradiation. The main reason of rapid 
quality deterioration was thought to be the oxidation of carotenoid pigment and flavor 
components owing to increased oxygen permeability o f the packaging material at elevated 
temperature.

Effect of irradiation on sensory preference of semi-dried mango and longan
A slight difference in sensory score existed with irradiation dose levels, these 

variations were not statistically significant (p>0.05) and hence, all the products were 
sensorially acceptable. Panelists were also requested to comment on the individual quality 
attributes o f the products, but none reported any off-flavor and color o f the products.

CONCLUSION
Irradiation o f semi-dried mango up to a dose of 8 kGy could not bring significant effect on 
the chemical and overall sensorial quality o f the product, so studied. A minimum irradiation 
dose o f 2 kGy could be sufficient to arrest the growth o f microbes on the product. Storage 
temperature seems to have a profound effect on the quality deterioration o f the product. 
Hence, irradiation at a dose o f 2 kGy, and subsequent storage at 14°c is promising in 
prolonging the shelf-life o f the product. Similar results were also observed for longan 
products.
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Fig.l Effect of Irradiation on Vitamin c Content in Semi-dried Longan

Fig. 2 Effect of Irradiation on Total Carotene Content
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Fig. 3 Effect of Irradiation on Microorganisms in semi dried Mango and Longan


